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SUMMARY: Intensive care unit outcomes following orthotopic
liver transplantation: single-center experience and review of
the literature.
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Background/Aim. Orthotopic Liver Transplantation (OLT) is the

treatment of choice for patients with end stage liver disease, acute liver

Jailure, hepatocellular carcinoma and metabolic disorders. As a result of
improvement in surgical and anesthesiological skills, advanced under-

standing of transplant immunology and better critical care management

of complications, patients survive longer after liver transplantation. It has

been gradually achieved one-year survival rates of 80-90%. During the

early post-operative period, all patients undergoing OLT are admitted to

the intensive care unit, as they need a management of both preexisting pa-

tient’s conditions and post-operative complications, usually due to either
adverse intra-operative or post-operative events. The purpose of this re-

view is the detailed recording, understanding and interpretation of im-

mediate post-operative complications occurred in patients undergoing
OLT, in intensive care unit. This could help to improve patient’s treat-

ment and reduce the incidence of complications, with further reduction

of morbidity-mortality and cost. We also present our experience from the
Jfirst 32 OLT patients from Liver Transplantation Unit of Laiko General
Hospital, the only Liver Transplantation Unit in Athens. Materials and
methods. This literature review was performed using the MEDLINE
database. The key words were; Orthotopic liver transplantation; intensive
care unit; post-operative complications; outcomes. One hundred-sixteen
articles published in English until 2018 were used. We also use all the re-
sults from our 32 patients from our Liver Transplantation Unit during
the period 07/2006 to 07/2009. Results. All patients undergoing OLT
admitted to the intensive care unit for a period of time, depending on the
occurrence of post-operative complications. The incidence of primary fai-
lure ranges between 2-14%, whereas post-operative bleeding ranges
berween 7-15%. The treatment is usually conservative, although surgical
repair may need in 10-15%. Acute renal failure post-operative is not an
infrequent problem too, and has been reported to occur in 9% to 78% of
cases. Acute rejection normally occurs 7-14 days after OLT. Additionally,
the delay of the weaning from mechanical ventilation in the immediate
post-operative period could increase the complications. Infectious compli-
cations are quite common almost from the first post-operative day in in-
tensive care unit. Conclusions. Prolonged intensive care stay could in-
crease the complications post-operative Infectious complications, renal
and respiratory impairment are among the most common causes of early
post-transplant morbidity and mortality.
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Research on the possibility of orthotopic liver
transplantation (OLT) began in 1956 by Cannon,
with relevant experiments in dogs. The first human
OLT was performed by Dr. Thomas Starzl in The
University of Colorado, Denver, United States, in
March 1963 (1). This patient died, as four other pa-
tients transplanted in Boston and Paris did, during
the next two years. However, in July 1967 T. Starzl
performed the first OLT with longer than a year
postoperative survival (2). Despite the development
of viable surgical techniques, OLT remained experi-
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mental procedure through the 1970s, with an ap-
proximately 15% first-year survival rate.

The introduction of cyclosporine in human ca-
daveric transplantation by Sir Roy Calne, Professor
of Surgery Cambridge in 1979, markedly improved
patients’ outcomes (3). During the 1980s, OLT be-
came a widely accepted method for a plethora of liv-
er diseases. In June 1983, a Consensus Development
Conference Statement, National Institute of Health
(NIH) of USA, stated that OLT is the treatment of
choice for patients with end stage liver disease (4).
Improvement of surgical and anesthesiological skills,
advanced understanding of transplant immunology
and better critical care management of complica-
tions contributed in achieving longer survival after
liver transplantation; one-year survival rates of 80-
90% have been gradually achieved. Usually, all pa-
tients undergoing OLT are admitted to the intensive
care unit (ICU) during the early postoperative peri-
od. OLT patients need both their preexisting condi-
tions and post-operative complications to be ad-
dressed in ICU, usually due to either adverse intra-
operative events or post-operative ones.

Indications for orthotopic liver
transplantation

OLT is indicated for most causes of acute or
chronic liver disease. Cirrhosis accounts for more
than 80% of transplantations performed in adults,
with hepatitis C and alcohol abuse being the second
most common diagnoses (5). Other indications in-
clude the cholestatic liver disorders (primary biliary
cirrhosis, primary sclerosing cholangitis, biliary atre-
sia in children), chronic hepatitis (hepatitis B, au-
toimmune hepatitis), metabolic disease (Wilson
Disease, non alchoholic steatoepatitis), fulminant
hepatic failure and non-metastatic hepatocellular
carcinoma (HCC) in cirrhosis. Major pediatric indi-
cations for OLT include biliary atresia and metabol-
ic liver disease. Non-metastatic primary hepatic ma-
lignancies - mainly hepatomas - are considered as an
ideal indication for OLT. Other treatments for
HCC patients (such as resection, percutaneous alco-
hol ablation, chemotherapy and embolization) have
not significantly improved survival rates (6). Ac-
cording to the Milan Criteria, acceptable tumor di-
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mensions for patients with HCC under considera-
tion for OLT are those with a single lesion less or
equal to 5cm, or, if multiple, 3 or fewer lesions with
the largest < 3cm in diameter (8).

Yao et al. presented data on expansion of the Mi-
lan Criteria for OLT for HCC to a single lesion
<6.5cm or up to 3 lesions with none >4.5cm and
with total tumor diameter < 8 cm. In this study of
168 patients followed for at least six months after
OLT, the 5-year recurrence free survival rate exceed-
ed 88%. However, most liver transplant centers still
use the Milan Criteria (9).

Kim et al. reviewed the outcome of patients
transplanted for hepatitis B in the US using the UN-
OS (United Netword of Organ Sharing) database.
With the development of hepatitis B immune glob-
ulin (HBIG) and subsequently the use of lamivu-
dine, researchers suggested that the liver transplanta-
tion era should be divided into three periods: pre-
HBIG (before 1991), HBGI (1991-1996) and HB-
GI + lamivudine (1997-present). They reported that
patient survival increased with each ensuing era, re-
sulting in no difference in survival for patients trans-
planted for hepatitis B virus (HBV) infection, as
compared with other indication for OLT when HB-
GI + lamivudine was used for HBC recurrence pro-
phylaxis (10).

Brandsaeter et al. reported long term follow up
and outcomes in 255 Nordic patients with primary
sclerosing cholangitis waitlisted for OLT from 1990
to 2000. 87% of patients underwent transplantation
and 13% died awaiting OLT. One in five patients
was found to have hepatobiliary malignancy at
transplantation and those with cholangiocarcinoma
fared the worst, with 5-year survival at only 28%

(11).

Complications of orthotopic liver
transplantation

The severity of surgery and the pathology of re-
cipients predispose to a significant number of post-
liver transplantation complications (12) (Figure 1).
There are frequent complications on both the graft
and the organs of the recipient. The most common
complications are described in the following para-
graphs.
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Figure 1 - Post-operative complications oc-
curred in patients undergoing orthotopic li-
ver transplantation, in intensive care unit.
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Primary graft failure

Primary graft failure is characterized by the inca-
pacity of the new graft to maintain the recipient’s
metabolic homeostasis. It is associated with high
percentage of mortality without an emergency re-
transplantation. The incidence of primary liver fail-
ure ranges between 2-14% (13). The signs of graft
dysfunction including significant Central Nervous
System (CNS) changes, coma, serious coagulopathy,
oliguria, jaundice, hypoglycemia, increase of liver
transaminase (often greater than 5000 U\L), Factor
V (< 10%) and prothrombin time < 20% (14).

Post-operative bleeding and coagulopathy

Poor graft function, imperfect hemostasis, slip-
page of a tie, hypersplenism, hypocalcemia and dilu-
tion may lead to bleeding that necessitates transfu-
sion or surgical re-exploration. During the first post-
operative hours, intra-abdominal and wound “ooz-
ing” may also be the result of heparine release from
the implanted graft along with hyperfibrinolysis
(15-17). The risk of bleeding is increased by throm-
bocytopenia, mainly caused by platelet activation -
consumption and sequestration following graft
reperfusion and platelet—associated immunoglobulin
M and immunoglobulin A antibody production.
Other causes of thrompocytopenia include viral in-

fection, cytomegalovirus-induced hematophagic his-
tiocytosis and treatment with antiviral therapy.
Thrombocytopenia usually regresses within two
weeks, but it sometimes lasts longer due to persistent
splenomegaly (18-20). The postoperative incidence
of bleeding ranges between 7-15%. The treatment is
usually conservative and surgical repair is needed in
10-15% (12).

Acute renal failure

The occurrence of acute renal failure (ARF) in
patients undergoing OLT is associated with reduced
patient and graft survival not only in the periopera-
tive period but also in the longer term (21, 22), with
reports of 10% progressing to end-stage renal failure
(23). ARF reduces patient survival and leads to in-
creased health care costs because of increased ICU
and hospital stays (21, 22). Furthermore, increasing
evidence supports the fact that even relatively minor
deteriorations in renal function not requiring con-
tinuous veno-venous hemodiafiltration (CVVHDF)
are associated with inferior renal outcomes in longer
term; this underlines the importance of the early
identification of individuals at risk and the need
to identify preventative strategies (21, 22). Unfortu-
nately, there are no uniform guidelines on the opti-
mal timing when CVVHDF should be initiated

465



C. Damaskos et al.

(23). Post-OLT ARF is not an infrequent problem
and has been reported to occur in 9% to 78% of cas-
es (22-26). This marked variability in the reported
incidence rates can be predominantly attributed to
the different underlying etiologies and definitions of
ARF used. Definitions of acute kidney injury (AKI)
have varied, and only relatively recently has a con-
sensus definition based on the Risk, Injury, Failure,
Loss, and End Stage Kidney Disease (RIFLE) crite-
ria have been introduced (Table 1) (27). This stag-
ing system has been modified by the Acute Kidney
Injury Network (AKIN) to define AKI as a rise in
serum creatinine levels within a 48-hour time frame
and also stresses the importance of even relatively
small rise in serum creatinine levels (27, 28) (Table
1). More recently, the Kidney Disease: Improving
Global Outcomes Group has taken elements from
both the RIFLE and AKIN definitions. The etiology
of post-OLT AKI can be multifactorial, as these pa-

tients are quite often critically ill in the perioperative
period. Renal insults can occur during septic
episodes or periods of hemodynamic instability and
hypovolemia due to intraoperative blood loss (29,
30). Vasodilatation at anesthesia induction can also
result in pre-renal failure or ischemic injury (29,
30). The initiation of renal support remains a clini-
cal decision. Fluid overload and electrolyte distur-
bances are the most common trigger factors (Table
2) (31), and they are followed by metabolic acidosis
rather than urea and creatinine level itself (32).

Rejection

Acute cellular rejection following OLT has de-
creased in incidence with the use of potent immuno-
suppressive agents, but it still affects 15 to 25 % of
OLT recipients (33, 34). In liver transplantation,
hyperacute rejection, although described, is quite

TaBLE 1 - RISK, INJURY, FAILURE, LOSS, AND END STAGE KIDNEY DISEASE (RIFLE) SCORING SYSTEM FOR ACUTE

KIDNEY INJURY.
AKI Stage Serum Creatinine Criteria Urine Output Criteria
Risk Serum creatinine > 0.3 mg/dL <0.5ml/kg/hour for > 6hours
(AKIN-1 or

Serum creatinine > 150%-200%

above the baseline

Injury (AKIN-2)

Serum creatinine > 200%-300%

above the baseline

<0.5ml/kg/hour for >12 hours

Failure (AKIN-3) Serum creatinine > 300%
above the baseline
or
Serum creatinine > 4.5 mg/dL

with an acute rise > 0.5 mg/dL

<0.3ml/kg/hour for 24 hours

or
anuria for 12 hours

AKI: Acute Kidney Injury; AKIN: Acute Kidney Injury Network

TABLE 2 - INDICATIONS GENERALLY USED TO START RENAL REPLACEMENT TRANSFUSION IN PATIENTS WITH
ACUTE KIDNEY INJURY AFTER ORTHOTOPIC LIVER TRANSPLANTATION IN STANDARD CLINICAL PRACTICE.

Biochemical Indications

- Refractory hyperkalemia > 6.5 mmol/L
- Serum urea > 30 mmol/L
- Refractory metabolic acidosis (pH : 7.1)

- Refractory electrolyte abnormalities: hyponatremia or hypernatremia and hypercalcemia

Clinical Indications

- Refractory volume overload

- Urine output < 0.3 mL/kg for 24 hours or absolute anuria for 12 hours
- AKI with primary graft non function or multiple organ failure

- End organ damage: pericarditis, encephalopathy, neuropathy, myopathy, and uremic bleeding
Creation of intravascular space for plasma and other blood product infusions and nutrition

: Renal Replacement Trasfusion; AKI: Acute Kidney Injury
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rare (35). Early acute cellular rejection mostly occurs
within 90 days of the liver transplantation. Early
acute rejection episodes do not adversely affect graft
or patient outcomes, except in patients transplanted
for hepatitis C virus, who demonstrate worse out-
comes in the setting of bolus glucocorticoid therapy
(36). Late cellular rejection episodes are often asso-
ciated with low blood cyclosporine or tacrolimus
concentrations and have been associated with re-
duced graft survival (37). Ramjii et al. reported late
acute rejection (after more than 180 days) occurred
in 97 of 415 patients (23%). Most (73%) responded
to pulse intravenous steroids, while 5% were steroid-
resistant. Late rejection appeared to be less likely in
those who underwent transplantation for a viral eti-
ology (38). Soin et al. reported that in a series of 717
liver transplantation recipients, 7.5% had at least
one episode of late acute rejection. Most occurred
within the first year, but some were seen as late as
one to six years (39). Thus, the term “acute” seems
inappropriate for describing this type of rejection. In
a cohort of 762 consecutive adult liver transplanta-
tion recipients, Wiesner et al. reported that 490
(64%) developed at least one episode of rejection,
most occurring during the first six weeks after trans-
plantation. Approximately 20% of these patients de-
veloped a second rejection episode within one year
of transplantation (40).

In addition to low blood levels of immunosup-
pressive therapy, several other risk factors for acute
cellular rejection have been identified. In the study
discussed above, independent variables associated
with acute cellular rejection within 42 days of trans-
plantation included lower recipient age, fewer hu-
man leukocyte antigen (HLA)-DR matches, cold is-
chemia time of at least 15 hours, and donor age of at
least 30 years (40). Some variables associated with
early allograft dysfunction have been described as in-
dicators of poor long-term graft and patient survival;
these include donors older than 50 years, cold is-
chemia time greater than 15 hours, donor pre-pro-
curement acidosis, and recipient prothrombin time
or bilirubin that remains steadily elevated (41). It
has been suggested that in some cases, donor-specif-
ic HLA alloantibodies (DSAs) have the ability to
persist after liver transplantation and potentially
contribute to both acute cellular rejection and allo-

graft injury (42).

A low incidence of cellular rejection was observed
in patients transplanted for alcoholic liver disease,
while patients transplanted for autoimmune diseases
had higher rates of rejection. Nutritional status may
play a role in the development of acute cellular rejec-
tion. In a multivariate analysis of pre-transplant pa-
tient characteristics, depleted mid-arm muscle cir-
cumference was associated with the absence of acute
rejection (43). Cytomegalovirus genotype gB1 infec-
tion is associated with an increased rate of acute re-
jection (44). The identification of additional clinical
risk factors may permit a more individualized ap-
proach to immunosuppressive therapy.

A variety of clinical signs and symptoms may be
observed in patients with rejection, and include
fever, malaise, abdominal pain, hepatospleno-
megaly, and rarely, increasing ascites. However,
none of these is specific for rejection (45).

Acute cellular rejection is generally suspected
based upon the development of hepatic biochemical
test abnormalities, which may include elevations of
some or all of the following: serum aminotransferas-
es, alkaline phosphatase, gamma-glutamyl transpep-
tidase (GGT), and bilirubin levels. However, these
abnormalities are neither sensitive nor specific for
distinguishing acute cellular rejection from other
causes of hepatic allograft dysfunction and do not
correlate with the severity of the rejection episode
(46-48).

Liver histology remains the gold standard for the
diagnosis of acute cellular rejection. Figure 2 de-
scribes the histologic findings of acute cellular rejec-
tion. Despite its utility, liver biopsy carries a small
risk of complications in liver transplantation recipi-
ents. One study found a 1.8% rate of significant
complications after each biopsy in this setting, in-
cluding an increased rate of sepsis (49). In another
report, infectious complications of liver biopsy were
associated with the presence of biliary strictures and
biliary anastomosis by choledochojejunostomy (50).

Prolonged mechanical ventilation

Weaning of the mechanical ventilator is the grad-
ual withdrawal of ventilation support through uti-
lization of a variety of ventilator modes, periods of
total spontaneous ventilation, and appropriate rest
periods for muscle unloading (51). The risks of pro-

longed mechanical ventilation include infections
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Figure 2 - Portal tract lesions in acute liver allograft rejection. A) Portal tract with dense mixed, lympocytic predominant inflamma-
tory infiltrate. Interlobular bile duct with cholangitis (arrow). Portal vein showing subendothelial inflammatory infiltration with lifting

of the endothelium (endothelitis) (arrowhead) (HE X100); B) Interlobular bile duct showing moderate infiltration by inflammatory cel-
Is, particularly lymphocytes and focal disruption of the basement membrane (HEX200); C) Portal vein showing a mixed subendothe-

lial inflammatory infiltration, with lifting and focal disruption of endothelial cells (endothelitis) (HEX200).

(ventilator associated pneumonia), muscle decondi-
tioning and tracheal injury. Evidence shows that
prolonged mechanical ventilation is associated with
increased mortality (52). Candidates for tracheosto-
my are patients who fail in multiple weaning at-
tempts, those who continue to present with poor
mental status and those who experienced prolonged
respiratory failure. Neelakanta et al. retrospectively
compared 18 patients who immediately extubated
after the operation to 17 patients who underwent
delayed extubation (immediate extubation was de-
fined as extubation in the operating room) (53). Im-
mediate extubated patients had often a lower pH
and higher arterial carbon dioxide partial pressure in
comparison with those patients who had a late extu-
bation. In a retrospective study from 2 centers,
Mandell et al. reported that 41 out of 173 patients
were extubated immediately at the end of the opera-
tion, and only 2 patients required re-intubation
(54). To qualify for early extubation, patients need-
ed a good donor liver function and an alveolar - ar-
terial oxygen gradient less than 150 mmHg. Patients
with a successful OLT and receiving less than 10
units of packed red blood cells, extubated early.
Their length stay in the ICU was reduced and the
overall cost was also substantially reduced. Bian-
cofiore et al. retrospectively studied 168 patients
who had undergone OLT (181 procedures in all).
One hundred fifteen patients (64%) were extubated
within 3 hours of surgery, whereas 19 more patients
were extubated within 8 hours (55). The identified
risk factors for delayed extubation are presented on
Table 3. After examining OLT procedures between
1999 and 2004, they updated their data: they found
that 207 out of 354 patients (58.5%) were extubated
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immediately at the end of the procedure. They also
reported that in the last 2 years of the study, 82.5%
of their patients were extubated at the end of sur-
gery. The best predictor of extubation success was a
Model for End - Stage Liver Disease (MELD) score
less than 11 (56). Anesthetic management may also
contribute to the success of early extubation (57). In
a randomized study, the use of short - acting anes-
thetic and analgesic agents instead of longer acting
agents was associated with significantly shorter times
to extubation (58). Although the majority of post
OLT patients are candidates for early weaning and
extubation, this is not possible for some. Weaning
for these patients should follow the best practices
identified for all ICU patients. Among the identified
parameters (Table 3), frequency / tidal volume ratio
is the most well studied one. Yang and Tobin found
that rapid shallow breathing, as measured by the fre-
quency/ tidal volume ratio, was the most accurate
predictor of weaning failure. A frequency/ tidal vol-
ume ratio over 100 breaths / minute / L meant that
weaning failure was likely to occur (59). Specific
techniques used for weaning assessment have been
studied. Esteban et al. compared 4 methods of
weaning patients from mechanical ventilation in a
randomized, prospective, multicenter study involv-
ing 546 patients. They reported that spontaneous
breathing trials (SBTs) once daily were superior to
intermittent mandatory ventilation and pressure
support ventilation methods and were just as effica-
cious as multiple SBTs. On this basis, they recom-
mended that all mechanically ventilated patients be
weaned with SBTs once daily. Most ICU patients
require sedation to tolerate mechanical ventilation,
yet there is increasing evidence that sedation results
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TABLE 3 - PREDICTORS OF SUCCESSFUL VENTILATOR
WEANING.

Predictors

Respiratory rate

Tidal volume

Minute ventilation

Maximal inspiratory force
Frequency / tidal volume ratio

in an increased duration of mechanical ventilation
(60). The same organizational issues that limit the
evaluation of patients for ventilator weaning affect
the sedation process. Likewise, it is difficult for pa-
tients to tolerate SBTss if they are over-sedated. Kress
et al. randomized 128 ICU patients to daily sedation
interruption (the intervention group) or the usual
physician - led treatment (the control group). Daily
sedation interruption led to a significant reduction
in the duration of mechanical ventilation (from 7.3
to 4.9 days) and reduced the length of the ICU stay
(from 9.9 to 6.4 days). Studies by Kress and Girard
have demonstrated that protocol driven ventilator
and sedation weaning can result in a reduced dura-
tion of mechanical ventilation without additional
costs or complications (61). These authors recently
collaborated on a randomized prospective trial com-
bining paired sedation and ventilator protocols (61,
62). They randomized 336 patients to either a com-
bination of daily sedation interruption and an SBT
or routine sedation management with a daily SBT
(the control group). The combination of the two in-
terventions led to significant reduction in the dura-
tion of mechanical ventilation, the length of the
ICU and hospital stays, and the one-year mortality.
The findings of the aforementioned trials suggest
that the current standard of care in any ICU should
include both daily SBT's and daily sedation interrup-
tion (63-65).

Infectious complications

It has been calculated that more than half of pa-
tients will develop an infection during the first year
after OLT (66-68) and many of these infections will
require care in the ICU. The risk of infection is gen-
erally determined by the intensity of the exposure to
infectious agents in the hospital environment, the
community settings and the state of immunosup-
pression. During the first postoperative month,

most infections are related to surgical issues and hos-
pitalization (67). With potential breaks in areas of
high microbial loads (i.e., the gastrointestinal tract),
the exposure to infectious pathogens during pro-
longed hospitalization, the presence of urinary and
vascular catheters, and the occasional need for pro-
longed ventilatory support predispose OLT patients
to nosocomial bacterial and fungal infections during
the first post-OLT month (64). The urgent nature
of some OLT procedures (i.e., those for fulminant
hepatic failure) diminishes the available time for op-
timizing patients for OLT, and this may further in-
crease their risk (67). Fulminant hepatic failure per
se is particularly associated with an increased risk of
opportunistic viral and fungal superinfections.

Abdominal re-exploration surgery (for re-trans-
plantation, abdominal bleeding, biliary leaks and
vascular thrombosis) and the type of biliary anasto-
mosis (eg, choledochojejunostomy) increase the risk
of bacterial and fungal infections as well (67, 68).

Bacterial and fungal wound infections, urinary
infections, bloodstream infections, pneumonia and
Clostridium difficile-associated diarrhea are common
during this period (69). Carbapenem - resistant
Klepsiella pneumonia infections are very severe often
associated with relevant morbidity (70).

Prolonged and complicated surgical procedure
and the volume of blood loss directly correlate with
mortality and the risk of infection after OLT.
Wound infections, pneumonia, peritonitis, cholan-
gitis, urinary and catheter-related infections,
Clostridium difficile colitis, and liver abscesses are
similar to the hospital-acquired infections observed
in other surgical patients (71). Coagulase-negative
and coagulase-positive Staphylococci, Enterococci,
anaerobes, and Gram-negative bacteria such as Es-
cherichia coli, Enterobacter species, and Pseudomonas
aeruginosa are common in surgical—site infections
(72). Pneumonia after OLT is usually caused by
Gram-negative bacilli, Enterobacter species, Serratia
marcescens and methicillin-susceptible or methi-
cillin-resistant Staphylococcus aureus. Enterococci are
frequent pathogens, and infections with vancomycin
resistant Enterococci (VRE) have become a trouble-
some complication. Risk factors for VRE bacteremia
include Roux-en-Y choledochojejunostomy, biliary
strictures, prolonged ICU stay, and Cytomega-
lovirus (CMYV) infection (73).
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The risk of infections after OLT is reduced by
standard perioperative antibacterial prophylaxis.
The early administration of effective empirical an-
timicrobial therapy is crucial in the management of
infections after OLT, and for this, knowledge of the
local antibiogram profile of the hospital is essential.
No single agent is widely recommended for peri-
transplant antibacterial prophylaxis, although third-
generation cephalosporins are preferred. Despite
prevention efforts, infected bilomas, intra-abdomi-
nal abscesses, and surgical site infections caused by
drug susceptible and drug-resistant bacteria (eg,
Staphylococcus aureus, coagulase-negative Staphylo-
cocci, Enterococci, gram-negative bacilli, and anaero-
bic organisms) and fungi (eg, Candida albicans) may
occur (74-77). The clinical manifestations of these
infections vary widely and include fever, leukocyto-
sis, erythema, purulent draining, and dehiscence of
surgical wounds; in severe cases, these infections can
lead to bacteremia and sepsis, which would require
care in the ICU. These early-onset infections often
lead to prolonged hospitalization, which further in-
creases the risk of nosocomial and ventilator-associ-
ated pneumonias, catheter-associated urinary tract
and bloodstream infections, and antibiotic-related
C. difficile-induced diarrhea (74).

Surveillance cultures or other methods such as
polymerase chain reaction (PCR) are used to identi-
fy infections before their clinical manifestation. Sur-
veillance using rectal swab and stool specimens can
be employed to identify colonization with drug-re-
sistant bacteria such as vancomycin-resistant Entero-
cocci in an effort to interrupt nosocomial transmis-
sion (75).

Herpes simplex virus (HSV) reactivation disease
is the most common opportunistic viral infection
during this early period, although antiviral prophy-
laxis (with acyclovir or ganciclovir) has markedly re-
duced its incidence (78). If left untreated, a reacti-
vated HSV infection can progress from limited oro-
labial ulcerative lesions to disseminated multiorgan
infections (eg, fulminant hepatitis) with high mor-
bidity and mortality rates. Latent or unrecognized
active infections involving the donor or recipient
liver (eg, Histoplasma capsulatum, Coccidioides immi-
tis, Cryptococcus neoformans, Toxoplasma gondii, and
Mycobacterium tuberculosis) can manifest with severe
atypical disease during the early period after OLT
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(79-81). The prevention of infections is essential in
the management of all OLT recipients. Initially, a
broad-spectrum antibacterial therapy is reccommend-
ed for the treatment of bacterial sepsis and other in-
fectious syndromes requiring admission to the ICU.
Resuscitation and hemodynamic management
should follow the guidelines for early goal-directed
therapy, which are discussed in detail in the accom-
panying review of critical care for the pre-transplan-
tation patient. These infections should be treated
aggressively with antimicrobial therapy and guided
by susceptibility tests (82), as these infections have
been associated with poor allograft and patient sur-
vival (83). It is important to control the source of
the infection, and thus the drainage of infected fluid
collections (eg, infected hematomas and abscesses),
the debridement of surgical infections, and the re-
moval of infected vascular and urinary catheters is
essential (82, 83).

Postoperative infection is one of the most com-
mon complications in liver transplant recipients.
Gram-negative bacteria, especially Enterococcus faeci-
um and Escherichia coli, is the predominant bacterial
pathogens and Candida albicans is the most com-
mon fungal pathogen (84). Post-operative bile leak-
age is an independent risk factor for bacterial infec-
tion. Patients with post-operative bile leakage suf-
fered from longer abdominal drainage, which may
increase the risk of intra-abdominal and wound in-
fection (85). Additionally, bile leakage can cause
biloma that often progress to an infected abscess
(86). It is interesting that patients’ age over 45 years
was a risk factor for postoperative bacterial infection
to occur. Nayaranan et al. suggested patients’ age
over 42 years was significantly associated with a poor
long-term survival (87). This finding suggested the
incidence of post-operative bacterial infection may
be increased with the increasing of recipient age.
John et al. suggested pre-transplant diabetes was as-
sociated with increased post-operative morbidity
and mortality (88). Recently, Ling et al. confirmed
preexisting diabetes was not a contraindication for
liver transplantation, as well controlled diabetes
does not increase the risk of post-operative compli-
cation. After transplantation, the administration of
immunosuppressive agents, including cyclosporine,
steroids and tacrolimus, may cause post-operative
hyperglycemia (89). Ata et al. confirmed postopera-
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tive hyperglycemia was the most important risk fac-
tor for surgical site infection in general surgery pa-
tients (90). Rueda et al. reported hyperglycemia
would increase the risk for and severity of pneumo-
nia among non-diabetic patients (91). Prolonged
ICU stay and hyponatremia were associated with
post-operative bacterial infection. Mnatzaganian et
al. confirmed the incidences of bloodstream and uri-
nary infections of patients in ICU were higher than
those in regular ward (92). Suljagic et al. confirmed
the incidence of nosocomial bloodstream infection
of ICU patients was higher than non-ICU patients
(93). Stormont et al. confirmed hyponatremia was
associated with pneumonia (94). Zilberberg et al.
suggested hyponatremia was associated with wors-
ened clinical outcomes among patients with pneu-
monia (95). Although the relationship between mas-
sive RBCs transfusion and bacterial infection was
well established in previous studies, there was little
information of the correlation of massive RBCs
transfusion and fungal infection. Broad-spectrum
antibiotics might lead to dysbacteriosis and increase

fungal infection (96).

Small for size syndrome

This syndrome is described in patients receiving
a split liver or a partial liver graft from a live donor.
Clinical signs include delayed synthetic function,
poor bile production, cholestasis, sepsis infections,
including (97, 98). Supportive care of multiorgan
failure and of infections are critical for patients’ sur-
vival.

Vascular complications

Hepatic artery thrombosis (HAT) is the most fre-
quent vascular complication after OLT that range 4-
12% in adults and 40% in children (Figure 3A).
Risk factors are the discrepancy between the donor
artery and the native vessel, the prolonged ischemia
of the graft and ABO incompatibility (99). Poor ar-
terial inflow, artery avulsion during anastomosis and
hypercoagulability are all considered risk factors, as
well (12). In early HAT, graft is endangered, while
in late HAT, the graft is usually safe, but bile ducts
complications occur. Clinical signs are moderate in-
crease in liver enzymes, bile links, biliary stenosis or
ischemia, recurrent bacteremia, or fulminant hepatic
necrosis (100, 101). Diagnosis is set by either ultra-

sound Doppler examination or digital subtraction
angiography. Treatment is open or endovascular
revascularization, and if these fail, urgent re-trans-
plantation is necessary (101, 102).

Hepatic artery stenosis is the second most fre-
quent complication that an average range 5% during
the first quarter near the anastomosis. If not treated,
may lead to hepatic artery thrombosis and progres-
sive ischemia of the graft with liver failure, biliary
stenosis, sepsis and graft rejection. Treatment op-
tions include surgical repair or transluminal balloon
angioplasty (101).

Portal vein stenosis and thrombosis are not fre-
quent after OLT and occur in 1-3% of cases (Figure
3B). It is caused by technical problems, coagulation
disorders, and pre-operative poor inflow (12). Clin-
ical signs are portal hypertension, liver failure, as-
cites and edema. Treatment options include percu-
taneous transhepatic angioplasty with or without
stenting, and surgical repair with either venous by-
pass or thrombectomy. Coagulation is necessary in
those cases where recurrence of portal vein thrombo-
sis is expected (101).

Vena cava stenosis appears in approximately 1%
of all cases. Clinical signs are pleural effusions, he-
patomegaly, ascites and edema. Treatment of this
complication is balloon angioplasty with or without
stenting (101).

Biliary complications

Biliary complications are a common consequence
of necrosis at the surgical anastomosis, technical er-
rors or biliary tract ischemia (103). Remains a com-
mon cause of morbidity in rate of 5-30% after OLT
and mortality up to 10%. The frequency of biliary
complications is higher during the first months after
OLT and decreases at first year. These complica-
tions include extensive bile leaks, anastomotic steno-
sis (Figure 4), gallstone (cholelithiasis), cholangitis
and functional disorders of sphincter di Oddi. Dur-
ing the first postoperative month, the most frequent
complication is bile leakage. The absence of bile
outflow through a drain, an increase of cholestatic
enzymes, and leucocytosis are indicative of a biliary
complication. Ultrasound scanning, percutaneous
cholangiography and abdominal CT scans may
show ductal dilation or bile collection (104). Bile
leakage can be addressed wither conservatively or
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Figure 4 - Imaging findings of common bile duct anastomotic stenosis. A) Cholangiography; B) Computed tomography.

surgically. Treatment options include endoscopic-
retrograde cholangio-pancreatography (ERCP) with
biliary stenting or percutaneous transhepatic cholan-
giography (PTC) with external drainage, or surgical
repair (105).

Our experience

The Liver Transplantation Unit of Laiko General
Hospital of Athens, undertook 32 OLTs in the peri-
od from 07/2006 to 07/2009; 36 months. Trans-
plantation patients were predominantly males (25
males; 7 females). Mean age was 51.2 years. Figure

5 and Tables 4, 5, and 6 show the basic clinical char-
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acteristics of patients and their respective primary
cause to undergo transplantation.

In this study, all patients were transferred to the
ICU intubated, aiming in early weaning from me-
chanical ventilation and extubation under carefully
controlled conditions. Mean stay in ICU was 15.9
days and four patients had to be readmitted in the
ICU (12.5%). Our center’s length of stay (LOS) in
the ICU exceeded what is currently reported in the
literature, especially data coming from centers of ex-
pertise that have already minimized ICU LOS or
have adopted fast-track protocols (106-109). Crite-
ria for early extubation were patient to be normoth-
ermic, haemodynamically stable, needing FiO2
<50% and maintaining satisfactory gas exchange as
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Deaths: 10: 32.2%

Male

Female

Figure 5 - Results of the Tran-
splant Unit of Athens General Ho-
spital ‘Laikon’.

TABLE 4 - CLINICAL CHARACTERISTICS OF PATIENTS OF THE TRANSPLANT UNIT OF ATHENS GENERAL HOSPITAL

‘LAIKON’.
Total patients Age Sex
R:25-71y
<35Y 36-45Y 46-55Y 56-65Y 66Y > M F
N 32 6 4 8 11 3 25 8
N% 100 19 13 25 34 9 78,2 21,8

N: number; R: range; Y: years; M: male; F: female

TABLE 5 - PRIMARY CAUSE TO UNDERGO TRAN-
SPLANTATION FOR PATIENTS OF THE TRANSPLANT
UNIT OF ATHENS GENERAL HOSPITAL ‘LAIKON’.

Disease N N%
HCC + HCV 6 19
HCC + HBV 5 16
Alcoholic cirrhosis 5 16
HBV 4 13
Primary biliary cirrhosis 4 13
Primary sclerosing cholangitis 3 9
Acute liver insufficiency 3 9
Cryptogenic cirrhosis 2 6

HCV: Hepatitis C virus; HBV: Hepatitis B virus

reported by Arterial Blood Gase (ABG) checks,
without electrolytes unbalance, or hemorrhage. De-
creased urine output and/or renal failure were not
taken under consideration in order to extubate the
patient or not, as the patient could be supported
with CVVHDEF.

Nine patients (28%) were extubated during the
first 3 post-operative days, ten patients (31%) be-
tween the 4% and 7t post-operative days, and five
patients (16%) between 10™ and 16™ post-operative

days. Two patients were re-intubated; one on the 6th
post-operative day due to respiratory infection and
acute respiratory failure, the other on the 11th post-
operative day due to acute pulmonary edema. The
second patient was readmitted to the ICU.

Samples of respiratory secretions wedged in the
distal airway that were collected with non-broncho-
scopic techniques (through the endotracheal tube or
tracheostomy) isolated Acinetobacter baumanii in
five patients (15.6%), Pseudomonas aeruginosa in
four (12.5%), Klebsiella pneumonia in three (9.4%),
Candida albicans in two (6.25%) and Staphylococcus
aureus in two (6.25%) patients. (Table 7) Blood
samples isolated Klebsiella pneumoniae in one patient
(3.1%), Carbapenemase-producing Klebsiella pneumo-
nia (KPC) in one patient (3.1%) and Klebsiella pneu-
moniae verona integrin-encoded metallo-f-lactamase
(VIM) in one (3.1%) patient. Cultures from re-
moved Central Venous Catheter (CVC) tips isolated
Klebsiella Pneumoniae in two patients (6.25%), me-
thicilline-resistant Staphylococcus aureus (MRSA) in
one (3.1%), Staphylococcus aureus in one patient
(3.1%), Pseudomonas aeruginosa in one patient
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TaBLE 6 - RESULTS OF THE TRANSPLANT UNIT OF ATHENS GENERAL HOSPITAL ‘LAIKON’.

Complication N | N% | Post OLT day Cause
Re-intubation 1 |6 6 Respiratory infection
1 11 Acute pulmonary edema
Urgent reoperation 1 |6 1 Intraabdominal hemorrhage
1 13 Obstructive ileus
Acute renal failure 7 |22
Septic shock 1 ]9 5
1 13
1 23
Urgent retransplantation 1 |3 9 Thrombosis of the right hepatic artery

(3.1%), and Acinetobacter baumanii in one (3.1%)
patient. Cultures of wound specimens isolated Kleb-
siella pnewmoniae in one patient (3.1%), Staphylococ-
cus aureus in one (3.1%), and Acinetobacter bau-
manii in one patient (3,1%). Cerebrospinal fluid
(CSF) cultures isolated with Acinetobacter Bau-
manii and Staphylococcus Aureus in one patient
each. Cultrures of plural effusion fluid was potisive
for VIM in one patient (3.1%). Four patients
(12.5%) had positive urine cultures; two (6.25%)
for Escherichia coli and two (6.25%) for Enterococcus
spp. One patient (3.1%) had positive stool culture
for Proteus mirabilis. Out of the 32 patients, 25 had
a positive culture for one or more of the above-men-
tioned microbes. As a result of these infections, three
liver transplant recipients (9.4%) died from septic
shock on 5%, 13% and 23 days, respectively. Cul-
ture results from our patients follow what is already
described in existing literature, both in types of mi-
crobes and in infection rates.

Seven patients (21.9%) presented with postoper-
ative surgical complication. Three patients (9.4%)
developed a stenosis of the vascular anastomoses
without clinical significance urging for surgical solu-
tion. A patient with a good postoperative outcome,
underwent urgent re-transplantation, because of
thrombosis of the right hepatic artery and liver is-
chemia on the 9% postoperative day. Eventually the
patient died because of infarcts in the spleen and
septic shock. Three patients (9.4%) had postopera-
tive hemorrhage and had to undergo laparotomy.
On the first day after OLT, one of them underwent
urgent reoperation due to intra-abdominal hemor-
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rhage; no single source of bleeding was found, but
diffuse oozing from the surgical field was present.
Bleeding control was performed in the other two
cases. The 9.4% incidence of early postoperative
bleeding and reoperation in our center is marginally
lower than the reported 10% (12). One patient
(3.1%) underwent exploratory laparotomy for ob-
structive ileus on 13™ post-operative day with satis-
factory outcomes.

Twelve patients (37.5%) experienced confusion,
disorientation, seizures, delirium and or en-
cephalopathy during the postoperative period. All of
these patients received proper antipsychotic, anti-
convulsive or sedative medication and symptoms
gradually resolved. It is important to mention here,
that all patient in the list had pre- transplant psychi-
atric and neurological assessment and post-trans-
plant psychiatric and neurological follow up.

No strokes occurred in the liver recipients. In our
center, neurological complications were minimal
and transient without permanent and/or grave alter-
ation of the patient’s preoperative neurological sta-
tus.

One patient (3.1%) presented with primary
transplant dysfunction, while five more (15.6%) had
light to moderate acute graft rejection during their
staying in ICU.

All patients had normal preoperative renal func-
tion. Postoperatively, seven patients (22%) had AKI
and were supported with CVVHDE. Twenty-one
patients had decreased urine output and received di-
uretics, resulting in restoring good diuresis. Six of
these patients (18.8%) developed ascites and nine
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had to undergo temporary dialysis. Upon
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More than half the patients’ group
—|= (53.1%) had a complication from the res-
piratory system, something that is expect-

Urine

ed and well reported in OLT (111).
Twelve patients (37.5%) had pleural effu-
alal | sion, nine (28.1%) had atelectasis, three
(9.4%) had pulmonary oedema, and one
(3.1%) had pneumothorax. Two of these

Cerebrospinal
fluid (CSF)

patients (6.25%) had a chest tube placed
and four (12.5%) had to be re-intubated.
The clinical meaning of respiratory com-
plications in OLT is great, as these are
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and received inotropes and vasoconstric-
tors. Only one patient (3.1%) presented
with hypertension, which resolved after
receiving the indicated antihypertensive
medication. Since cardiovascular compli-
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cations are related to high postoperative
e © morbidity and mortality, our results are
satisfactory as they are within the reported
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TABLE 7 - RESULTS OF POSITIVE CULTURES FOR VARIOUS SPECIMENS OF THE TRANSPLANT UNIT OF ATHENS GENERAL HOSPITAL ‘LAIKON’.
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TABLE 8 - POSTOPERATIVE COMPLICATIONS OF THE
TRANSPLANT UNIT OF ATHENS GENERAL HOSPI-
TAL ‘LAIKON’.

Complication Number of patients | %
Surgical 7 21.9%
Infectious 25 78.1%
Primary graft dysfunction | 1 3.1%
Neurological 12 37.5%
Graft rejection 5 15.6%
Gastrointestinal 2 6.3%
Renal 21 65.6%
Dialysis 9 28.1%
Cardiovascular 15 46.9%
Conclusions

The patient’s management is very important in
ICU because of various complications. Issues related
to infectious, organ rejection, renal disease, weaning
from mechanical respiration and biliary complica-
tions. Despite advances in OLT morbidity and mor-
tality due to infectious complications remains a ma-
jor problem. The risk of infections and type of infec-
tions differ based upon the time after OLT, al-
though with changes in immunosuppressive agents
over time and the institution of prophylaxis for var-
ious infections, the timeline of infection has been al-
tered to some extent.
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