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High versus low mean arterial pressure target in liver 
transplant patients. An open, controlled, single-center, 
randomized clinical trial - Protocol and methods 
(LIVER-PAM)

SPECIAL ARTICLE

INTRODUCTION

Postoperative patient management after liver transplantation is complex and 
challenging, as there is an increased risk to the viability of the graft and to the 
survival of the patient.(1) In this scenario, hemodynamic optimization may be a 
determining factor in the evolution of the clinical condition.

Renal dysfunction is one of the most frequent postoperative complications 
after liver transplantation and is considered the most important predictor of poor 
long-term outcome,(2) as it is associated with higher mortality(3) and impacts the 
quality of life, as 18.1% of these patients will have a renal clearance < 30mL/
minute/1.73m2 within 5 years.(4) This dysfunction is related to a combination 
of preoperative (previous renal function, hepatorenal syndrome and diuretics), 
intraoperative (ischemia‒reperfusion injury, shock and bleeding) and postoperative 
events (nephrotoxic drugs, water balance and hemodynamic optimization).(4)

One of the classical drivers of renal dysfunction is hypoperfusion, which is closely 
linked to mean arterial pressure (MAP).(5) The classic target of MAP > 65mmHg is 
described as the safety threshold,(6,7) although a trial employing higher MAP levels 
showed lower renal dysfunction in certain subgroups of patients with sepsis.(8) In 
surgical patients, hypotension is associated with a higher incidence of acute renal 
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Objective: To explain the rationale 
and protocol of the methods and 
analyses to be used in the LIVER-
PAM randomized clinical trial, which 
seeks to understand whether a higher 
mean arterial pressure is capable 
of reducing the incidence of renal 
dysfunction postoperatively after liver 
transplantation.

Methods: LIVER-PAM is an open-
label, randomized, controlled, single-
center clinical trial. Patients randomized 
to the intervention group will have a 
mean arterial pressure of 85 - 90mmHg 
in the initial 24 hours of postoperative 
management, while patients in the 
control group will have a mean arterial 
pressure of 65 - 70mmHg in the same 
period. A sample of 174 patients will 
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management of liver transplant patients.
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dysfunction, and this risk increases with the length of the 
insult.(9,10) A reduction in other postoperative complications 
has been observed following hemodynamic optimization for 
achieving a MAP closer to the patient’s baseline.(11)

In the specific scenario of liver transplantation, 
retrospective data adjusted for the propensity score inferred 
the best renal outcome with a MAP > 90mmHg,(12) while a 
physiological evaluation indicated that a reduction in renal 
blood flow occurs below a MAP threshold of 75mmHg.(13)

Preventing renal dysfunction in the postoperative period 
may represent an important way to improve short- and 
long-term patient outcomes, with blood pressure being a 
possible therapeutic target. However, there is no definition 
of the best blood pressure target and the exact relationship 
between different blood pressure levels and renal outcome. 
In addition, there are currently few randomized clinical 
trials in liver transplant intensive care, during which 
renal dysfunction is more frequent.(12) Considering the 
current low availability of organs due to the high number 
of candidate recipients,(14) understanding tools that may 
yield better results and reduce complications and expenses 
is a priority.

Our hypothesis is that pressure optimization in the 
first 24 hours after surgery with higher MAP levels (85 - 
90mmHg) is superior to usual care (MAP 65 - 70mmHg) 
in preventing acute renal failure in the first 7 days after liver 
transplantation surgery.

METHODS

Study design

LIVER-PAM will be a single-center, prospective, 
randomized, open-label, controlled study in which patients 
will be randomized to the intervention group with the 
highest MAP (85 - 90mmHg) or the control group with 
the lowest MAP (65 - 70mmHg) for a period of 24 hours 
after admission to the intensive care unit (ICU) for liver 
transplantation. The study will be conducted in the ICU 
of the Department of Gastroenterology, Hospital das 
Clínicas, School of Medicine, University of São Paulo 
(USP). The authors reinforce their commitment to 
following the guidelines for the reporting of randomized 
clinical trials (CONSORT), the international registry 
of trials and institutional ethical approval. The study is 
registered on ClinicalTrials.gov under identification 
number NCT05068713, and the study was approved by 
the Research Ethics Committee (REC) of the institution 
under opinion 4,887,829, referring to the second version 
of the protocol on September 16, 2022.

Main objective

The primary goal of the study will be to evaluate whether 
higher (85 - 90mmHg) versus usual MAP levels (65 - 
70mmHg) in the first 24 hours after liver transplantation are 
associated with a reduced incidence of acute renal dysfunction 
at 7 days, according to the adaptation of the KDIGO 
criteria,(15) using a 1.5-fold increase in baseline creatinine as a 
cutoff point (Appendix 1). Patients who die within the first 7 
days will be considered positive for the main outcome measure.

Secondary objective

To evaluate whether higher (85 - 90mmHg) versus usual 
MAP levels (65 - 70mmHg) in the first 24 hours after liver 
transplantation surgery are associated with 28-day mortality; 
retransplantation in 28 days; renal replacement therapy in 7 
days; surgical site infection within 7 days; days alive and free of 
renal dysfunction in 7 days; renal dysfunction according to the 
values of neutrophil gelatinase-associated lipocalin (NGAL) 
at admission and after 48 hours; length of stay in the ICU; 
length of hospital stay; days alive and hospitalization-free in 
28 days; liver graft dysfunction (initial poor function subtype) 
in 7 days; liver graft dysfunction (primary nonfunction) at 10 
days and major adverse kidney events at 28 days (MAKE28).

Other outcomes (safety)

The safety outcomes to be assessed are the incidence 
of major postoperative bleeding at 7 days, transfusion of 
blood components at 7 days and incidence of arrhythmias 
requiring drug or electrical therapy at 7 days.

Definition of outcomes

The definitions of the outcomes cited above are 
described in appendix 1 with their respective references.

Inclusion criteria

All patients older than 18 years of age admitted to the ICU 
after liver transplantation will be evaluated for randomization. 
All patients who receive a confirmed offer of an organ for 
liver transplantation and are referred to the operating room 
to begin the procedure will be screened for inclusion in the 
study. At the end of surgery, patients admitted to the ICU and 
who are eligible according to the criteria described here will be 
randomized within 2 hours of admission.

Exclusion criteria

The exclusion criteria were defined with the goals 
of safety and limiting confounders, as follows: liver 
transplantation due to fulminant hepatitis; liver-kidney 
transplants; hepatorenal syndrome being treated within 48 
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hours pretransplantation; renal replacement therapy in the 
15 days prior to transplantation; persistent refractory shock 
intraoperatively or on ICU admission (noradrenaline > 1 
mcg/kg/minute associated with a second vasopressor for 
more than 2 hours); cardiorespiratory arrest intraoperatively 
or on admission; refusal of the physician responsible for the 
care; contraindication to the prolonged use of vasopressors; 
pregnancy; and retransplantation at an interval of less than 
6 months.

Patients or family members will be informed of their 
right to interrupt the intervention if they wish to withdraw 
from participation at any stage of the study. The team of 
professionals involved in the care of these patients will be 
informed of their rights to interrupt the protocol according 
to clinical judgment or in the event of a serious adverse 
event attributed to the intervention.

Randomization and blinding

Patients will be randomized within 2 hours of ICU 
admission after liver transplantation using a simple 
1:1 allocation sequence without group stratification. 
The randomization will be performed electronically 
by the randomization tool of the Redcap® system. The 
randomization sequence will be generated online and entered 
into the system by a staff member who will not participate 
in the participant tracking process, in obtaining informed 
consent from the patient or in the clinical management 
of the cases. The researcher will also not participate in the 
evaluation of the study outcome data in order to ensure 
compliance with the allocation concealment process.

As the interventions in both groups are based on target 
MAP levels to be followed by the professionals involved in 
the care, the authors chose not to blind the interventions, 
which, although possible, would be complex to perform in 
the center in question. However, the professional responsible 
for collecting the outcome data will be an external research 
nurse, with no affiliation with the institution where the 
study is conducted and who is not involved with the care 
offered to each patient. The same care will be taken to hire 
the statistician who will analyze the results, ensuring that he 
or she will not be aware of the allocated groups. To minimize 
the risk of bias, an objective primary outcome was chosen 
based on test results measured by a certified laboratory.

Intervention

General management (both groups)

All patients will be treated according to the current 
care protocol of the institution, which aims to achieve 

normal oxygenation (oxygen saturation - SpO2 ≥ 94%), 
hemoglobin (≥ 7g/dL), body temperature (≥ 35°C) and 
cardiac index (> 2.5L/minute/m2) levels. Professionals 
on duty not participating in the study will determine 
fluid infusion based on clinical criteria including heart 
rate, cardiac index, blood pressure, urine output, core-
peripheral temperature gradient, serum lactate level and 
base excess. The MAP will be determined according to 
the allocated group until 24 hours after admission to 
the ICU have passed. The use of antibiotic prophylaxis 
will be defined by the team of transplant infectiologists 
before patient randomization; the initial and subsequent 
immunosuppressive doses will be defined by the surgical 
team according to the institutional protocol. The 
hemodynamic variables will be monitored by means of 
an invasive pressure catheter, pulmonary artery catheter 
and/or ultrasonography. Our priority is to construct a 
pragmatic protocol that could increase adherence to the 
trial. Given that the study setting is a public ICU in a low/
middle income country with limited human resources,(16) 
the heterogeneity of the actors involved and the widespread 
number of admissions for transplants, the indications for 
fluids, the type of fluid and the rate to be infused will 
be left to the discretion of the attending physician; these 
data will be collected and described in the results. The 
discretion of the attending physician also extends to the use 
of inotropes because although the institutional practice is 
to use such inotropes only when the cardiac index is below 
the reference value mentioned above, this practice requires 
individualization in cases of portopulmonary hypertension, 
in that the use of milrinone may be requested individually.

Specific management of the intervention group

The intervention will begin upon admission to the 
intensive care unit and will continue for 24 hours after arrival 
at the ICU. The MAP target of the intervention group will be 
85 - 90mmHg in the first 24 hours after surgery. The MAP 
will be measured using an invasive blood pressure catheter, 
measured at 1-hour intervals during the first 12 hours and 
at 2-hour intervals thereafter until the 24 hours have been 
completed (according to the protocol of the ICU). Patients 
with a MAP lower than the established target may receive 
fluids or vasopressors according to the discretion of the 
attending physician to achieve the established target MAP.

Noradrenaline will be the initial vasopressor of choice, 
and the second will be determined by the attending 
physician. In hypotensive patients with reduced cardiac 
output as monitored by pulmonary artery catheter or 
transthoracic echocardiogram, inotropes may be used at 
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the discretion of the assistant team. Patients who naturally 
present with a MAP > 90 mmHg even after complete 
weaning from vasopressors will not receive additional 
vasodilators to reduce the MAP to the study target. The 
use of vasodilators in hypertensive patients for the purpose 
of blood pressure control will be determined according to 
the decision of the attending physician.

Specific management of the control group

Patients in the control group will undergo the care 
regimen described above, the only difference being the 
target MAP, which in this group will be 65 - 70mmHg 
during the first 24 postoperative hours. The MAP will be 
measured using an invasive blood pressure catheter. Patients 
who naturally present with a MAP > 70mmHg even after 
complete weaning from vasopressors will not receive 
vasodilators to reduce the MAP to the target range. The 
use of vasodilators in hypertensive patients for the purpose 
of blood pressure control will be determined according to 
the decision of the attending physician. The MAP will be 
measured using an invasive blood pressure catheter at the 
same intervals described for the intervention group.

Serious or unexpected adverse events

Any adverse events identified to be related to the study 
intervention, whether serious or unexpected, as assessed 
by researchers or professionals involved in the care will 
be immediately reported to the competent authorities, in 
particular to the management of the unit, the management 
of the hospital and the responsible REC. The patient 
will receive all necessary care to reverse or minimize any 
damage resulting from the study. Given the suspicion of 
such events, if the patient is in the intervention group, 
the intervention will be interrupted, and the data will be 
analyzed according to an intention to treat protocol, except 
in cases in which the patient or family members request 
withdrawal of the individual from the study. We believe 
that safety should be the priority in a randomized clinical 
trial. The absence of an external committee in our study 
is the result of extensive discussion in the design of the 
study, in which the safety of the intervention chosen and 
the additional costs that the committee would represent 
to the project were considered. The final decision not to 
include a monitoring committee was defined, described 
and sent to the REC responsible for the original project.

Data collection

The following data will be collected from all patients: 
name, sex, age, race, height, weight, hospital identification 

number, date of birth, etiological diagnostic indicator of 
transplantation, pretransplantation Model for End-stage 
Liver Disease (MELD) score, origin before transplantation 
(ICU, ward or home), comorbidities (diabetes mellitus, 
heart failure, arterial hypertension, nondialytic chronic 
renal failure, active cancer, previous stroke or transient 
ischemic attack or immunosuppressive therapy in the last 
30 days before surgery), preoperative creatinine, donor risk 
index (DRI) and use of nephrotoxic drugs in the week 
before transplantation.

The following intraoperative data will also be collected: 
anesthesia time, total and cold ischemia time of the liver 
graft, presence of ischemia‒reperfusion syndrome, time of 
admission to the ICU, use of blood products, antibiotic 
prophylaxis, initial value of arterial lactate, peak arterial 
lactate, final value of arterial lactate, use of basiliximab, 
use of fluids, type of fluids, episodes of intraoperative 
hypotension and loss of fluids.

The following postoperative data will also be collected: 
length of hospital stay after transplantation; length of stay 
in the ICU; time of mechanical ventilation; duration of 
vasopressor use and maximum vasopressor dose; need 
for renal replacement therapy; need for postoperative 
transfusion; primary graft dysfunction; secondary graft 
dysfunction; need for retransplantation; surgical site 
infection; Sequential Organ Failure Assessment (SOFA) 
score on admission to the ICU; D1, D3 and D7; daily 
creatinine, to evaluate the presence of acute kidney failure 
(AKI) in the first 28 days after transplantation or until 
hospital outcome if this occurs before the described period; 
admission and 48-hour urinary NGAL; presence of surgical 
site infection in the first 7 days after transplantation; 
arrhythmias requiring chemical or electrical treatment in 
the first 7 days after transplantation; diagnosis of acute 
coronary syndrome in the first 7 days after transplantation; 
volume of crystalloids infused in the first 24 hours after 
surgery; volume of colloids infused in the first 24 hours 
after surgery; diuresis in the first 24 hours after surgery; 
drainage output in the first 24 hours after surgery; presence 
of major bleeding in the first 24 hours after surgery; need 
for transfusion in the first 24 hours after surgery; antibiotic 
prophylaxis in the first 24 hours after surgery; use of 
nephrotoxic drugs in the first 7 days; immunosuppression 
in the first 7 days and maximum tacrolimus level within 7 
days; new surgery within 7 days after randomization; ICU 
readmission for treatment of complications within 7 days 
after randomization; need for retransplantation within 28 
days and ICU and hospital outcome in 28 days (discharge, 
hospitalization or death).
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Data collection will be performed by an external 
professional (research nurse) with no connection to the 
unit. This professional will have access to the data described 
but will not have any role in the randomization and 
management of patients participating in the study. Such 
data will be collected in an electronic form via Redcap® and 
will remain protected by a nontransferable password. The 
professional will perform serial evaluations to ensure the 
follow-up of all patients until the 28th postoperative day. 
The final result collected will be available, also by means 
of a password, to the external professional in charge of the 
statistical calculations, as well as to the main researcher.

Data handling and record keeping

The confidentiality of the information related to the 
participants will be protected by the team involved in the 
conduction of the research project, and the identity of 
the patients will at no time be revealed, as provided in 
Resolution 466/12 of the National Health Council, item 
III.2.i, and other legislation in force. The data will be stored 
electronically with access protected by a password.

Sample size calculation

Based on the primary outcome incidence of 73.7% 
(acute renal dysfunction within 7 days) obtained from a 
database of the same population and location, 174 patients 
will be required to demonstrate an absolute reduction of 
20% in the primary outcome, with a power statistic of 
80% and alpha of 5%. The data used for this calculation 
were obtained by calculating the incidence of AKI based 
on an increase in serum creatinine by 1.5 times the baseline 
value. The criterion used to choose the effect (20% absolute 
reduction in the AKI outcome) was chosen based on the 
principle of clinical relevance. All patients selected for 
transplantation will be evaluated regarding the inclusion 
and exclusion criteria and will be informed of the study in 
a standardized way if able to participate.

Statistical analysis

The analyses will be performed according to the 
“intention-to-treat” principle; all randomized patients 
will be included in the analysis according to the treatment 
group to which they were randomly assigned. Summary 
statistics per group, with treatment effects, 95% confidence 
intervals and p values, will be presented for the primary 
and secondary outcomes. Continuous variables will be 
tested for normality using the Shapiro‒Wilk test after 
graphic analysis by histogram. Parametric continuous 
variables between two groups will be compared with the 

unpaired t test and within the same group with the paired 
t test. If analysis among more than two groups is required, 
analysis of variance (ANOVA) will be used. Nonparametric 
continuous variables will be evaluated using the Wilcoxon 
test or the Mann‒Whitney U test between two groups and 
the Kruskal‒Wallis test between three or more groups. 
Categorical variables will be evaluated using the chi-square 
test or Fisher’s exact test, as appropriate. P values < 0.05 
will be considered statistically significant. The outcomes 
of hospitalization-free days or renal dysfunction over time 
will be calculated based on the 7- and 28-day follow-up, 
respectively, using Cox regression models. The calculations 
of survival curves will be performed with the Kaplan‒Meier 
method. For the statistical analysis of outcomes, the results 
will be adjusted for previous renal function, and logistic 
regression will be used to adjust for other confounding 
factors that generate inconsistency in the baseline that were 
not corrected by the randomization of the study (use of 
nephrotoxic drugs, maximum tacrolimus level in the first 
week, intraoperative fluid balance and intraoperative major 
bleeding). No statistical adjustments will be provided for 
multiple comparisons in the case of secondary outcomes, 
and therefore, we suggest that these be interpreted as 
exploratory analyses.

The existence of missing data will be described in the 
publication and managed with simple exclusion from the 
analysis. For this study, no interim analyses are foreseen.

Subgroup analysis

As previously sent to the REC, the following subgroup 
analyses are planned: present or absent previous renal 
dysfunction, present or absent liver graft dysfunction, 
from home or hospitalized, use or nonuse of antibiotics 
for > 48 hours, serum tacrolimus value > 15 in 7 days, 
present or absent major bleeding.

Ethics and consent form

This study was submitted to and approved by the 
REC of the institution and will follow all the norms and 
precepts of the national and international resolutions, as 
described in resolution 466, of December 12, 2012, and 
complementary resolutions of the National Council of 
Health/Ministry of Health. This is a clinical trial in which 
interventions to be performed in both arms are considered 
physiological by the current literature, respecting the 
principle of clinical equipoise. All patients must have 
provided informed consent before randomization in 
this study. The informed consent form will be obtained 
by the principal researcher, who will be unaware of the 
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allocation sequence. Such collection may be performed 
from the patient or legal guardian. All patients selected 
for transplantation will be included in the screening of 
the study; those eligible according to the inclusion and 
exclusion criteria will be informed about the protocol in a 
standardized way for deciding on participation, including 
information about the intervention and possible laboratory 
collections. The protocol will be submitted for publication 
in order to ensure methods transparency, and the final 
results will be disclosed to those involved and sent for 
publication under peer review, with a description of the 
degree of contribution of the authors.

Study perspectives

According to the updated status on Clinicaltrials.gov, 
the study is currently in the randomization phase and has 
reached 67.8% of the required sample as of February 28, 
2023. Maintaining the current randomization rate, the 
predicted end of inclusion will be at the end of the first 
half of 2023.

COMMENTS

The present study was designed to evaluate a simple 
strategy with easy clinical application for a frequent, 
morbid and challenging outcome in liver transplantation. 
The decision for the primary outcome is based on biological 
plausibility, avoiding the previous scientific trend of seeking 
gross reductions in mortality. We understand that the 
single-center design may raise questions regarding the 
external validity of the outcomes, although we believe that 
the construction of evidence-based medicine occurs by the 
sum of the different efforts initiated in physiological and 
observational studies. The postoperative period following 
liver transplantation is an infrequent topic in randomized 
studies worldwide. We believe that the study presented 
here, with its simple and pragmatic description, may 
help to promote the current expansion of clinical trials in 
Brazilian intensive care.

The LIVER-PAM study presented here seeks to 
understand whether a target of higher (85 - 90mmHg) 
versus lower mean arterial pressure (65 - 70mmHg) for a 
period of 24 hours after admission to the intensive care unit 
for liver transplantation is sufficient to reduce the incidence 
of renal dysfunction in this scenario. Using a single-center, 
prospective, randomized, controlled and open-label model, 
we sought to answer a gap in the management of these 
patients, who are infrequently evaluated by randomized 
clinical trials. If our hypothesis proves to be true, we will 
contribute to the description of a potentially safe and 

inexpensive tool in the prevention of renal dysfunction 
following liver transplantation.

REFERENCES

1.		 	 Feltracco P, Barbieri S, Galligioni H, Michieletto E, Carollo C, Ori C. Intensive 
care management of liver transplanted patients. World J Hepatol. 
2011;3(3):61-71.

2.		 	 Watt KD, Pedersen RA, Kremers WK, Heimbach JK, Charlton MR. Evolution 
of causes and risk factors for mortality post-liver transplant: results of the 
NIDDK long-term follow-up study. Am J Transplant. 2010;10(6):1420-7.

3.		 	 Horvatits T, Pischke S, Proske VM, Fischer L, Scheidat S, Thaiss F, et 
al. Outcome and natural course of renal dysfunction in liver transplant 
recipients with severely impaired kidney function prior to transplantation. 
United European Gastroenterol J. 2018;6(1):104-11.

4.		 	 Ojo AO, Held PJ, Port FK, Wolfe RA, Leichtman AB, Young EW, et al. 
Chronic renal failure after transplantation of a nonrenal organ. N Engl J 
Med. 2003;349(10):931-40.

5.		 	 Mohmand H, Goldfarb S. Renal dysfunction associated with intra-
abdominal hypertension and the abdominal compartment syndrome. J Am 
Soc Nephrol. 2011;22(4):615-21.

6.		 	 Varpula M, Tallgren M, Saukkonen K, Voipio-Pulkki LM, Pettila V. 
Hemodynamic variables related to outcome in septic shock. Intensive Care 
Med. 2005;31(8):1066-71.

7.		 	 Bourgoin A, Leone M, Delmas A, Garnier F, Albanese J, Martin C. 
Increasing mean arterial pressure in patients with septic shock: effects on 
oxygen variables and renal function. Crit Care Med. 2005;33(4):780-6.

8.		 	 Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane B, Anguel N, Mira JP, 
Dequin PF, Gergaud S, Weiss N, Legay F, Le Tulzo Y, Conrad M, Robert R, 
Gonzalez F, Guitton C, Tamion F, Tonnelier JM, Guezennec P, Van Der Linden 
T, Vieillard-Baron A, Mariotte E, Pradel G, Lesieur O, Ricard JD, Hervé F, du 
Cheyron D, Guerin C, Mercat A, Teboul JL, Radermacher P; SEPSISPAM 
Investigators. High versus low blood-pressure target in patients with 
septic shock. N Engl J Med. 2014;370(17):1583-93.

9.		 	 Walsh M, Devereaux PJ, Garg AX, Kurz A, Turan A, Rodseth RN, et al. 
Relationship between intraoperative mean arterial pressure and clinical 
outcomes after noncardiac surgery: toward an empirical definition of 
hypotension. Anesthesiology. 2013;119(3):507-15.

10.		 Sun LY, Wijeysundera DN, Tait GA, Beattie WS. Association of intraoperative 
hypotension with acute kidney injury after elective noncardiac surgery. 
Anesthesiology. 2015;123(3):515-23.

11.		 Futier E, Lefrant JY, Guinot PG, Godet T, Lorne E, Cuvillon P, Bertran S, Leone 
M, Pastene B, Piriou V, Molliex S, Albanese J, Julia JM, Tavernier B, Imhoff 
E, Bazin JE, Constantin JM, Pereira B, Jaber S; INPRESS Study Group. 
Effect of Individualized vs standard blood pressure management strategies 
on postoperative organ dysfunction among high-risk patients undergoing 
major surgery: a randomized clinical trial. JAMA. 2017;318(14):1346-57.

12.		 Kwon HM, Moon YJ, Jung KW, Jeong HW, Park YS, Jun IG, et al. Low mean 
arterial blood pressure is independently associated with postoperative 
acute kidney injury after living donor liver transplantation: a propensity 
score weighing analysis. Ann Transplant. 2018;23:236-45.

13.		 Skytte Larsson J, Bragadottir G, Redfors B, Ricksten SE. Renal effects 
of norepinephrine-induced variations in mean arterial pressure after liver 
transplantation: a randomized cross-over trial. Acta Anaesthesiol Scand. 
2018;62(9):1229-36.

14.		 Toniutto P, Zanetto A, Ferrarese A, Burra P. Current challenges and future 
directions for liver transplantation. Liver Int. 2017;37(3):317-27.

15.		 Khwaja A. KDIGO clinical practice guidelines for acute kidney injury. 
Nephron Clin Pract. 2012;120(4):c179-84.

16.		 Machado FR. All in a day’s work - equity vs. equality at a public ICU in 
Brazil. N Engl J Med. 2016;375(25):2420-1.



17 Pedro RA, Scharranch BC, Araújo LO, Brandão LS, Andrade LC, Andraus W, et al.

Crit Care Sci. 2023;35(1):11-18

APPENDIX 1 - DEFINITIONS OF OUTCOMES

Protocol: Comparison between different mean arterial pressure targets in patients undergoing liver transplantation in an 
open-label, controlled, single-center, randomized clinical trial.

□ Acute renal dysfunction
Only patients with an increase in serum creatinine by 1.5 times the baseline value (last value prior to transplantation) 
will be considered to have renal dysfunction according to the adaptation of the KDIGO criterion referenced in the main 
text. For this, the diuresis criterion was ignored, as it can be difficult to interpret the real meaning of these data in the 
postoperative period and in cirrhotic patients. An increase of 1.5 times was used instead of the criterion of an increase of 
0.3mg/dL because the calculated sample was based on the criterion of 1.5 times the baseline creatinine.(1)

□ Death within 28 days
Death within the first 28 days after liver transplantation.

□ Retransplantation in 28 days
Conduction of a new liver transplantation within the first 28 days after the initial transplantation.

□ Renal replacement therapy in 7 days
Administration of renal replacement therapy in the first 28 days after liver transplantation by any modality, prescribed by 
a specialist team of the institution itself, based on the classic indications (refractory hyperkalemia, refractory hypervolemia, 
refractory acidosis, refractory hypernatremia or uremia). Patients undergoing renal replacement therapy for ammonia 
clearance will not be considered.

□ Surgical site infection
Infection at the site of the surgical incision that appears to be related to the surgical procedure, manifesting as purulent 
secretion through a drain placed in the incision of the organ/cavity; organisms isolated from a positive culture of secretions 
or tissue of the organ/cavity obtained aseptically; presence of abscess or other evidence of infection, involving the organ/
cavity, identified in direct examination, during a new surgery, or through histocytopathological examination or imaging, 
which results in surgical approach and/or initiation of a new regimen of antibiotic therapy, as indicated together by the 
surgical and infectious diseases teams.

□ Days alive and free of renal dysfunction in 7 days
Number of days during the first 7 postoperative days that the patient was alive and did not meet the criteria for renal 
dysfunction consistent with the primary outcome

□ Acute renal dysfunction according to urinary NGAL assessment
Number of days during the first 7 postoperative days that the patient was alive and did not meet the following criteria 
for renal dysfunction: urinary NGAL value > 150ng/mL. This outcome will be assessed at admission and at 48 hours.(2)

□ Primary graft dysfunction - initial poor function subtype at 7 days
Development of one of the following laboratory criteria within the first 7 days after liver transplantation: bilirubin > 10mg/
dL on the seventh day after transplantation; international normalized ratio > 1.6 on the seventh day after transplantation; 
alanine aminotransferase or aspartate aminotransferase > 2,000IU/L in any of the first 7 days after transplantation.(3)

□ Primary allograft dysfunction - primarily nonfunctional subtype at 10 days (Broering)
Need for retransplantation in the first 10 days after transplantation or death due to a nonfunctioning graft.(3)

□ Major adverse kidney events in 28 days (MAKE28)
The incidence of death, need for renal replacement therapy or persistent renal dysfunction at 28 days after liver transplantation.(4)
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□ Days alive and hospitalization-free in 28 days
Number of days among the first 28 postoperative days in which the patient was alive and hospitalization-free.

□ Major postoperative bleeding at 7 days
Dichotomous outcome of bleeding that indicates, on the same day, the transfusion of more than two units of packed red 
blood cells or the need for surgical intervention indicated in the first 24 postoperative hours.

□ Transfusion of blood components in 7 days
Number of blood components transfused in 7 days separated into packed red blood cells (one unit equal to one bag), 
fresh frozen plasma (one unit equal to one bag), fibrinogen concentrate (one unit equal to 1g) and tranexamic acid (one 
unit equal to 1g).

□ Arrhythmias requiring chemical or electrical therapy within 7 days
Description in the prescription or medical records of antiarrhythmic or electrical cardioversion therapy for the first 7 days 
for treating abnormal rhythm. A maximum of one event per patient will be considered dichotomously, as the same event 
can be reentrant.
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