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ABSTRACT

Liver transplantation is the major treatment for end-stage liver disease. Postoperative care is a great challenge to reduce
morbidity and mortality in patients. In this sense, management in the liver ICU allows hemodynamic management, coagulation
monitoring, renal support, electrolyte disturbances, respiratory support and early weaning from mechanical ventilation and
evaluation of the liver graft. Objective: The present study shows the results of the management of liver transplant patients
in 20 years of experience in a transplant center in a low- to middle-income country. Materials and methods: The medical
records of 273 adult patients in the ICU in the immediate postoperative liver transplant were reviewed, from March 20,
2000 to November 30, 2020, including the effect of the pandemic caused by COVID-19. Liver-kidney, retransplanted, SPLIT,
and domino transplant patients were excluded. Results: The most frequent etiology for LTx was NASH (35%), the mean age
was 49 years, MELD Score ranged 15 - 20 (47.5%), 21 - 30 (46%) > 30 (6.2%). ICU pre transplant stay 7%, average ICU
stay: 7.8 days. APACHE average admission: 14.9 points. Weaning extubation of 91.8% patients in ICU and Fast Track in
8.2%. The most frequent respiratory complication was atelectasis 56.3%, pneumonia (31.3%); AKI 1 (60.9%), and 11.1% with
hemodyalisis support (AKI3). Immunosuppression: Tacrolimus (8.9%). Post-operative ICU mortality was 6.2%. Conclusions:
The management of liver transplantation in the ICU is essential to achieve optimal results in patients who present advanced
liver disease and require advanced life support in the immediate postoperative period and thus optimize graft survival.
Keywords: Liver transplantation; Intensive care unit; Liver diseases (source: MeSH NLM).

RESUMEN

El trasplante de higado es el principal tratamiento para la enfermedad hepatica en etapa terminal. El cuidado postoperatorio
es un gran desafio para disminuir la morbimortalidad en los pacientes. En este sentido, el manejo en la UCI hepatica permite
manejo hemodinamico, monitoreo de coagulacion, soporte renal, alteraciones electroliticas, soporte respiratorio y destete
temprano de ventilacién mecanica y evaluacién del injerto hepatico. Objetivo: El presente estudio muestra los resultados del
manejo de pacientes trasplantados de higado en 20 anos de experiencia en un centro de trasplante en un pais de ingresos
bajos a medios. Materiales y métodos: Se revisaron las historias clinicas de 273 pacientes adultos en UCI en el posoperatorio
inmediato de trasplante hepatico, desde el 20 de marzo de 2000 hasta el 30 de noviembre de 2020, incluyendo el efecto de
la pandemia provocada por el COVID-19. Se excluyeron los pacientes con trasplante de higado-rifién, retrasplantados, SPLIT
y dominé. Resultados: La etiologia mas frecuente para LTx fue NASH (35%), la edad promedio fue de 49 anos, MELD Score
vari6 15 - 20 (47,5%), 21 - 30 (46%) > 30 (6,2%). Estancia pretrasplante en UCI 7%, estancia media en UCI: 7,8 dias. Admisi6n
media APACHE: 14,9 puntos. Extubacion weaning del 91,8% de los pacientes en UCl y Fast Track en el 8,2%. La complicacién
respiratoria mas frecuente fue atelectasia 56,3%, neumonia (31,3%); FRA 1 (60,9%) y 11,1% con soporte de hemodidlisis (FRA
3). Inmunosupresion: Tacrolimus (8,9%). La mortalidad postoperatoria en la UCI fue del 6,2%. Conclusiones: El manejo del
trasplante hepético en UCI es fundamental para lograr resultados 6ptimos en pacientes que presentan enfermedad hepatica
avanzada y requieren soporte vital avanzado en el postoperatorio inmediato y asi optimizar la supervivencia del injerto.
Palabras clave: Trasplante de higado; Unidades de cuidados intensivos; Hepatopatias (fuente: DeCS BIREME).
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Liver transplantation in the Intensive Care Unit

In the late 1950s, transplantation models in dogs
were developed for all intra-abdominal organs. The
most fruitful of these efforts involved the liver ™. Liver
transplantation remains the only definitive treatment
for patients with fulminant liver failure and irreversible
liver injury. In 1963 Dr. Thomas Starzl performed the
first liver transplant in humans, in Denver - USA ©;
in Peru, Dr. Jose Chaman; successfully started liver
transplantation activity in March 2000 at the Guillermo
Almenara National Hospital (EsSalud).

The key factors affecting post-liver transplant survival
are the severity of the recipient's pre-transplant disease
and the quality of the graft used ®. The more severe
encephalopathy there is at the time of surgery or the
severity of multisystem organ failure, the less likely
the surgery will be successful. There are several risk
factors that have been associated with a decrease in
the probability of survival of the patient after liver
transplantation, including a history of life support,
recipient age > 50 years, recipient BMI >= 30 kg/m?,
and serum creatinine > 2.0 mg/dL“. The main causes
of death in the post-transplant period are sepsis and
multi-organ failure ©.

The different phases of transplantation, from the
search and qualification of the recipient to subsequent
management, immunosuppression and itscomplications,
have been notably systematized, achieving progressively
better results. However, the low organ donation rate
in Peru (2.28 pmp) continues to be a challenge, so an
uninterrupted commitment is necessary.

Liver transplantation at the beginning was associated
with large volumes of bleeding and the need for blood
products with long and difficult post-transplant ICU
course, however, advances in surgical and anesthetic
techniques have streamlined the intraoperative course,
now being a “routine”, allowing modifications of the
practice to reduce perioperative complications and
costs. The MELD score established for organ distribution
in the USA in 2002, as well as in most liver transplant
centers and in Peru in 2008, as a disease severity score,
with a greater acceptance of donors with expanded
criteria and, the acuity of the receptors, more patients
are admitted to the operating room from the ICU,
where they have required support in the face of
respiratory failure, hemodynamic instability or severity
of portosystemic encephalopathy.

More than 20 years of experience have passed with
favorable results, and with different types of medical-
surgical complications. In this sense, the present study
aims to present the results of our experience in the
Intensive Care Unit since March 23, 2000 to October
31, 2020.
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Management in the intensive care unit requires
specialists in intensive medicine that provide evidence-
based therapeutic interventions, providing support for
multiple organs, with a holistic view of the patient. The
intensivist with training in transplant complications
management and immunosuppression is ideally trained
in an international or national transplant center and
accredited by government entities.

MATERIALS AND METHODS

A descriptive, retrospective, cross-sectional study
was conducted that included 243 adult patients with
orthotopic liver transplantation. The inclusion criteria
were all patients over 18 years of age, liver transplants
who were treated in the Intensive Care Unit in the
immediate postoperative period, the exclusion criteria
were those under 18 years of age, double transplants
(liver - kidney), retransplants, SPLIT or domino
transplants. The data were obtained from the medical
records and the database of the Transplant Department
at the Guillermo Almenara National Hospital.

The statistical analysis consists of the description of
the different sociodemographic, clinical and surgical
variables of the patients under study, mentioning the
pre-transplant situation, intra- and post-operative
variables in ICU and hospitalization. The Microsoft
Office Excel and SPSS (version 25) programs were used.

RESULTS

During the study period, 243 patients were included
out of a total of 302 transplants.

Pretransplant findings:

Sex and gender: average age: 49 years range: 18 to
70 years, gender: male (63.8%). Etiology: NASH
(35%), autoimmune hepatitis (15.3%), ASH (11.5%),
primary biliary cirrhosis (9%), viral hepatitis among
others (Table 1), other etiologies in many fewer were
alpha 1 antitrypsin deficiency, Caroli's disease, Wilson's
disease, Budd Chiari syndrome, and polycystic hepato-
renal disease among others. Severe hepatopulmonary
syndrome predominated in 10 patients (50%), 197
(81.1%) patients had hepatocarcinoma, average BMI
at 26 kg/m?, CHILD C (53.1%), MELD score: 15 - 20
points (47.5%). The patients origin: domicile in 214
(88.1%) and ICU: 17 (7%). Tables 1 and 2.

Operating room findings:

Ascites 4219 ml, intraoperative bleeding: mean 6393
cc. Red blood cell transfusion: average 9.3 units.
Ranges: 1-81. Use of cell saver: 165 (80.8%) patients.
Average 2251 cc. Cold ischemia time: average 6 hours
30 minutes. Range 2 hours 35 minutes - 13 hours 30
minutes. Average warm ischemia time: 1 hour. Ranges:
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Table 1. Etiology of liver transplantation.

Etiology n %

NASH 85 35

Autoimmune hepatitis 37 15.3
ASH 28 1.5
Primary biliary cirrhosis 22 9

Hepatitis C virus 20 8.2
Overlap syndrome 16 6.6
Hepatitis B virus 10 42
Cryptogenic 8 3.3
Alpha 1 antitrypsin deficiency 2 0.8
Wilson disease 2 0.8
Others 12 48

30 minutes - 3 hours 15 minutes. Ischemia time: 7
hours 32 minutes’ average. Surgical time: 9 hours 43
minutes. Intraoperative lactate: 5.6 mmol/L. Ranges:
1.3 - 21 mmol/L. Reperfusion syndrome 45 (25.7%)
patients. Table 3.

Surgical complications:

Relaparotomy: 67 patients. Hemoperitoneum: 20
(29.9%) patients, diagnostic laparatomy: 10 (14.9%)
patients, and hepatic artery thrombosis: 7 (10.4%).

Intensive Care Unit findings:

APACHE admission: 14.9 points (ranges: 4 - 25 points).
ICU admission pH: 7.35 (ranges: 7.01 - 7.59) Lactate
admission to ICU: 4.1 mmol / L (ranges: 0.8 - 20 mmol
/L). ICU extubation: 223 (91.8%) patients and fast track
(OR): 20 (8.2%). Mechanical ventilation time: < 24
hours: 146 (69.9%) patients; 1-3 days: 31 (14.8%); 4-7
days: 26 (12.4%). Maximum: 25 days. Average stay in
ICU was 7.8 days, minimum 1 day and maximum: 62
days. Readmissions to ICU: 7 patients (2.9%). Tables 4
and 5.

Table 3. Intraoperative parameters of liver transplantation.

Cerron Cabezas CA, et al.

Table 2. Clinical characteristics of liver transplants.

Age, years, n, mean (range) 243,53 (18 - 70)
Gender, n (%) 243 (100)
Male 155 (63.8)
Female 86 (35.4)
BMI*, kg/m?, n, mean (range) 243,26 (16.8 - 39.7)
Blood type, n (%) 243 (100)
0 161 (66.3)
A 53(21.8)
B 21(8.6)
AB 7(2.9)
Blood factor, n (%) 243 (100)
Positivo 241(99.2)
Negativo 2(0.8)
Child, n (%) 243 (100)
A 18 (7.4)
B 96 (39.5)
C 129 (53.1)
Meld, n (%) 243 (100)
15-20 116 (47.8)
21-30 112 (46)
31-40 15 (6.2)
Hepatopulmonary syndrome, n (%) 20 (100)
Mild 3(15)
Moderate 4 (20)
Severe 10 (50)
Very severe 3 (15)
Hepatocarcinoma 243 (100)
Yes 46 (18.9)
No 197 (81.1)

* BMI: Body mass index.

ICU Complications:

Reintubation: 31 (12.8%) patients due to septic shock:
15 (48.4%) and calcineurin inhibitors related severe
neurotoxicity: 4 (12.9%). Table 4.

Transfusions, unit, n (mean) (range)
Red blood cell
Blood retriever, ml, n (%) (mean) (range)
Yes
No
Ischemia time, hour minutes, n, mean (range)
Cold
Warm
Total

Surgical time, hour minutes, n (mean) (range)
Lactate, mmol/L, n (mean) (range)

Reperfusion syndrome, n (%)
Yes
No

192 (9.3) (1 - 81)

165 (80.8) (2251) (240 - 41400)
39(19.2)

6h 30m (2h35m - 13h30m)
1h (30m - 3h15m)
7h32m (2h15m - 15h27m)

188 (9h 43m) (4h 19m - 17h 45m)
173 (5.6) (1.3 - 21)

45 (25.7)
130 (74.3)
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Table 4. Intra-ICU characteristics of liver transplants.

233 (14.9) (4 - 45)
206 (7.35) (7.01 - 7.59)
203 (4.1) (0.8 - 20)

Apache, n (mean) (range)
Arterial pH, n (mean) (range)
Lactate, mmol/L, n (mean) (range)

Extubation place, n (%) 243 (100)
ICU 223 (91.8)
Operations room 20 (8.2)

Days in mechanical ventilation, n (%) 209 (100)
Less 24 hours 146 (69.9)
Day1-3 31(14.8)
Day4-7 26 (12.4)
>= 8 days 6 (2.9)

Reintubation, n (%) 243 (100)
No 212 (87.2)
Yes 1(12.8)

Indication of reintubation, n (%) 31(100)
Sepsis 15 (48.4)
Calcineurinic neurotoxicity 4(12.9)
Post transplant encephalopathy 2 (6.5)
TRALI 1(3.2)
Air embolism 1(3.2)
Alveolar hemorrhage 1(3.2)
Others 7(22.6)

Respiratory complicacion, n (%) 96 (100)
Atelectasia 54 (56.3)
Pneumonia 30(31.3)
TRALI 5(5.1)
Edema agudo de pulmén 3(3.1)
Others 4(4.2)

Tracheostomy indication, n (%) 9 (100)
Prolonged intubation 4(44.4)
Neurological sequela 4 (44.4)
Difficult airway 1(11.2)

Acute kidney injury, n (%) 243 (100)
No 37 (15.2)
Yes 206 (84.8)
Before trasplant 4(1.7)
AKI 1 2(0.85)
AKI 2 0
AKI 3 2(0.85)
Then trasplant 202 (83.1)
AKI 1 148 (60.9)
AKI 2 27 (11.1)
AKI'3 27 (11.1)

Respiratory complications: atelectasis: 54 (56.3%),
pneumonia: 30 (31.3%), TRALI: 5 (5.1%), acute lung
edema: 3 (3.1%). Tracheostomy: 9 patients (prolonged
intubation: 4; 44.4%), neurological sequela: 4 (44.4%)
and difficult airway: 1 (11.2%). Acute renal injury:
206 (84.8%) patients; prelTx: 4 (1.7%) and post
transplantation in 202 (83.1%). AKI-1 post-transplant:
148 (60.9%), AKI-2: 27 (11.1%) and AKI-3: 27 (11.1%)
with  hemodialysis.  Neurological  complications:
calcineurin neurotoxicity: 43 (47.8%) patients, post-
transplant encephalopathy: 18 (20%) patients. Antibiotic
prophylaxis: 82 monotherapy (39.2%), double therapy:
127 (60.8%). Antibiotic scheme: Ampicillin - Sulbactam:
88 (39.6%) patients, Piperacillin-Tazobactam: 65
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Table 5. Evolution of liver transplants in the Intensive Care Unit.

Origin before liver transplant, n (%) 243 (100)
Home 214 (88.1)
ICU 17.(7)
Hospitalization 12 (4.9)

Return to ICU, n (median) (range) 243 (7.8) (1-62)

Reingreso a UCI, n (%) 243 (100)
No 236 (97.1)
Yes 7(2.9)

Destination, n (%) 243 (100)
Discharge hospital 226 (93)
Deceased in ICU 15(6.2)
Transfer to other center 2(0.8)

(29.3%), Meropenem: 61 (27.5%). Culture results:
Escherichia coli ESBL (+): 6 (14.3%) patients, Klebsiella
pneumoniae 5 (12%) patients. Table 6.

Immunosuppression :

Immunosuppressive  induction:  Basiliximab: 109
(44.9%). Maintenance therapy: Tacrolimus 216 (88.9%)
patients.

Table 6. Infection and positive cultures of liver transplants in the
Intensive Care Unit.

Positive blood culture, n (%) 42 (100)
Escherichia coli BLEE (+) 6(14.3)
Klebsiella pneumoniae 5(12)
Acinetotacter baumanii sensible 3(7.1)
Multidrug-resistant (MDR) Pseudomona aeruginosa 3(7.1)
Enterobacter cloacae 3(7.1)
Others 22 (52.4)
Positive bronchial aspired, n (%) 12 (100)
Pseudomona aeruginosa sensible 2(16.7)
Escherichia coli BLEE positivo 2(16.7)
Stenotrophomona maltophilia 2(16.7)
Multidrug-resistant (MDR) Pseudomona aeruginosa 1(8.3)
Multidrug-resistant (MDR) Acinetobacter baumanii 1(8.3)
Others 4(33.3)
Positive peritoneal liquid culture, n (%) 12 (100)
Staphilococcus aureus 2(16.7)
Candida sp 2(16.7)
Escherichia coli 2(16.7)
Klebsiella pneumoniae sensible 1(8.3)
Enterococcus faecium 1(8.3)
Others 4(33.3)
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DISCUSSION

Liver transplantation is the standard treatment for
end-stage liver disease, that affects all organs in
different forms and intensity and, after an optimal
postoperative period, multisystem functionality should
be resolved. The optimal monitoring and management
in the operating room and in the Intensive Care Unit is
essential and transcendental since the use of marginal
donors of our country is increasing, in addition to
the multi-organ commitment of the recipient that is
not reflected in the MELD score. An early evaluation
and recognition of the different organ complications
is essential in the ICU since it has an impact on the
structure and functionality of the graft and, therefore,
on the morbidity and mortality of the patient.

Although no single factor is responsible, advances
in surgical and anesthetic techniques, a better
understanding of liver physiology, and improved
perioperative management have contributed ©.
Most of the postoperative management problems
after liver transplantation are unique and require a
broader understanding of liver metabolism and the
pathophysiology of liver disease ©.

The etiology of liver transplantation in our experience
was predominantly NASH (35%), autoimmune hepatitis
(15.3%) and ASH (11.5%), in comparison with other
experiences ”, a North American study of 5 years where
it shows that its most frequent incidence in recent
years was ASH (40.3%), NASH (33.9%) in patients
without hepatocarcinoma and that the most frequent
incidence in patients with hepatocarcinoma was HCV
infection (35.9%, although decreasing due to the new
regimens of direct-acting antiviral agents), followed by
NASH (34.7%). In this same study, the mean age was
56.8 years and the female sex represented 34.8%, in
comparison with our study that the average age was 53
years and the female sex had a similar percentage of
35.4%. In a similar Brazilian study ¥, the most frequent
aetiology of transplantation was ASH (31%), HCV
(20.2%), NASH (14%), in this same study CHILD - B
was the most frequent with 44.2%, compared to ours,
which was CHILD - C with 53.1%. Regarding the MELD
on the waiting list, they had an average of 21.6 points
and, in our study, it ranged between 15 - 20 points
(47.8%). The incidence of hepatopulmonary syndrome
was 8.23% in our entire series, a similar percentage to
the study carried out in the same series but with a lower
number of transplants ©, where the incidence was
9.45%. Severe hepatopulmonary syndrome was the
most frequent in our study (50%) compared to another
study where it was only 16.7% 9.

Regarding the intraoperative parameters, the mean
blood pack transfusion was 9.3 units, compared to the
mean of 8.1 blood pack units ™.
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The average APACHE in our study was 14.9%, similar
to other study ©, who had an average of 13.8%, which
may or may not be associated with the mortality rate
according to the studies reviewed.

In our study, 69.9% of the patients were extubated
in the first 24 hours, compared to 75.5% in early
extubation 2. According to other center 3, the
average number of hours on mechanical ventilation was
22 hours and the percentage of patients without post-
operative respiratory failure was 20% . In addition,
6% of the patients required mechanical ventilation
equal to or greater than 8 days, a figure compared
with ventilatory support between 7 - 30 days after
transplantation, in 7% 4.

A round a quarter (25.7%) of the transplanted
patients presented post reperfusion syndrome, a result
consistent with other studies 9. This syndrome was
defined as a decrease in mean arterial pressure greater
than 30% of the value observed in the anhepatic phase,
for more than 1 minute during the first 5 minutes
after reperfusion of the graft "%, using the Piggy Back
Technique, the factors associated with this syndrome
are not entirely clear, but intraoperative hemodynamic
changes influence the postoperative morbidity of liver
transplantation 7017,

Nosocomial pathogens include gram negative and
gram positive bacteria, the intensity, exposure time
and virulence of the pathogen affect mortality and
morbidity . There are no recent data to know the
incidence of colonization and infection by ESBL-
producing gram-negative organisms. It seems likely that
thereisasignificantvariation worldwide inits prevalence,
multidrug-resistant bacteria and Burkhodelia cepacia
have been less studied and their incidence varies
according to the geographical area ™. Given the
potential for serious infection-related complications in
this population, it is essential to identify patients at risk
and provide appropriate treatment in a timely manner.

Inamain center of France ??, found a two times higher
risk of fungal infection in liver transplant recipients who
had a MELD score between 20 and 30 and a four times
higher risk in those with a MELD score > 30. Although
the spectrum of Infection varies by region and between
centers, infections caused by gram-negative bacteria
are generally the most common, causing 50-70% of
bacterial infections, although nearly a third of infections
can be polymicrobial ?". Common organisms include
Escherichia coli, various species of Pseudomonas,
Klebsiella, Acinetobacter, and Enterobacter; as well as
gram-positive organisms such as Staphylococcus aureus
and Enterococcus species. Our results show a similar
prevalence to previous reports. As with other high-risk
populations, multidrug resistant (MDR) organisms are
becoming more prevalent after liver transplantation
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with higher mortality than drug-susceptible infections.
With targeted prevention, prophylaxis, and monitoring
before and after transplantation, many infections can
be prevented or identified early, allowing for the rapid
initiation of appropriate therapy.

The length of stay in the ICU was 7.8 days in our study,
compared with 8.8 days in other study ®?, related to
arterial lactate of 4.1 mmol/L. In our study lactate was
2.7 mmol/L related to bleeding in the operating room,
in our study 6393 ml, compared with 4550 ml in the
aforementioned study.

Our results show the experience of the most important
liver transplant center in Peru. Many factors will
determine the final outcome of a patient after a liver
transplant, be it a short or long stay in the ICU, the need
for intensive support in the pre-transplant, medical
surgical complications, as well as the provision of high
quality care in the ICU, a key element of the hospital
infrastructure necessary to deliver excellent results.
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