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Perioperative care of patients undergoing liver transplantation (LT) is very complex. Metabolic derangements,
hypothermia, coagulopathy and thromboses, severe infections, and graft dysfunction can affect outcomes.
Advances in pre-transplant evaluation, surgical technique, and an increased understanding of the pathophysiology
of cirrhosis significantly improved patient outcome. Due to the increasing demand for organs, a higher number of
extended criteria grafts (ECD) are being used for transplantation. The use of ECD grafts has been shown to be
associated with a higher rate of early allograft dysfunction (EAD), which results in dysfunction of other organ

systems.

liver hemostasis graft dysfunction

| 1. Infection Prophylaxis

Infection prevention is an important problem in the care of liver transplantation (LT) recipients. The incidence of

infection after LT varies from 53% to 79%, with most infections occurring in the first month after transplantation &,

In 2009, a survey was sent out to all LT centers who are members of the European Liver and Intestine Transplant
Association [&. This survey analyzed the differences in prophylactic antimicrobial regimens used in LT recipients.
For elective LT, beta-lactam antibiotics or co-trimoxazole were used as first-line antibiotic prophylaxis in 25% of all
centers; third or fourth generation cephalosporins, as well as glycopeptide, carbapenem, or antipseudomonas were
used in 73% of centers; and 2% of centers used a 6-month rotation strategy using two different types of broad-
spectrum antibiotics. Antifungal prophylaxis was administered in 35% of centers for all LT recipients; only in
patients at risk in 53% of centers; and in 12% of centers, antifungal prophylaxis was not used. The duration of

antibiotic prophylaxis was also different between centers, from 24 h to 1 week.

In 2019, Berry et al. published a randomized controlled trial (RCT) comparing 72 h of perioperative antibiotic
prophylaxis protocols . Their initial hypothesis was that 72 h preoperative prophylaxis would decrease rates of
surgical site infection (SSI) in LT patients when compared with intraoperative antibiotic prophylaxis alone. A total of
102 patients were randomized as follows: 51 patients to the extended antibiotic group, and 51 to the intraoperative
antibiotic group. Rates of SSI and nosocomial infection were not different between groups. Moreover, ICU and
hospital length of stay (LOS), 30-day mortality, and time to infection were also similar in both groups. Patients
developing infections had longer ICU and hospital LOS and a higher prevalence of reoperation. These results

suggest that intraoperative antibiotic prophylaxis alone is acceptable for LT without increased risk of infection.
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There is a general recommendation to use antifungal prophylaxis in high-risk patients with a MELD score above 20
Bl Antifungal treatment is also recommended for patients with MELD scores above 30, patients needing
reoperation (for bleeding or bile leak), on renal replacement therapy, receiving pulsed dose cortisone for rejection,

or categorized as at high-risk for fungal infection.

In 2006, Cruciani et al. published a meta-analysis that included six RCT evaluating antifungal prophylaxis in LT
recipients 8. They found a reduced rate of colonization, fungal infection, and fungal-related deaths in the groups
where antifungal prophylaxis was performed. Compared to controls, however, the rate of resistant Candida spp.
was higher in the prophylaxis group; although, the overall mortality was not different. In 2014, Evans at al.
published a similar meta-analysis encompassing 14 RCT that included echinocandins (a new drug for prophylaxis)
. The results were similar: the use of antifungal drugs as prophylaxis was protective against colonization, invasive

fungal infection (IFI), and IFI-related deaths, but overall mortality was not affected.

In a multicenter, retrospective study, Raghuram et al. evaluated the rate of fungal infections in high-volume US LT
centers over a period of 5 years 8. They found that the rate of IFl was 11.5%. The main fungus isolated was non-
albicans (58%), and only 28% were isolated as C. albicans, 15% aspergillosis, and 3% Cryptococcus. Among
the C. albicans, only 44% were susceptible to fluconazole. One hundred percent of C. parapsilosis were resistant
to fluconazole. The authors concluded that the use of antifungal prophylaxis did not reduce the rate of IFI.
Moreover, infections with fluconazole-resistant Candida spp. were associated with a higher mortality. In another
cohort study published in 2008, the incidence of IFl was 6.1% 2. At that time, all patients received antifungal
prophylaxis with fluconazole. Thirteen years later, the same group reported an IFI rate of 5.6%, but without
antifungal prophylaxis 9. It is interesting to note that in the second period study, the patients’ MELD scores were
higher (14 vs. 20).

In conclusion, recent studies have demonstrated that prolonged (more than 24 h) antibacterial prophylaxis is not
required. Antifungal prophylaxis should be considered in high-risk patients; however, a clear survival benefit has

not been demonstrated.

Viral infections are also a significant problem in the postoperative period, with human cytomegalovirus (CMV) being
most common in LT recipients. The main risk factor for developing CMV is a recipient's CMV-seronegative status.
Without prophylaxis, the prevalence of CMV has been reported to be 78-88% in seronegative recipients (R-)
obtaining a seropositive organ (D+). This incidence decreases to 13% if donor and recipient are CMV-seronegative
(L1 Oral valganciclovir and intravenous gancicilor are used for both prophylaxis and treatment 22 The
recommended dose of valganciclovir is 900 mg/day, which should be adjusted when kidney function is impaired.
The duration of prophylaxis in high-risk patients (D+/R-) has not been specified, but is generally recommended for

6 months 13, For R+ recipients, the recommend duration of therapy is 3 months.

The management of chronic hepatitis B infections (HBV) is very complex and beyond the scope of this research. In
the absence of prophylaxis, recurrence of HBV cirrhosis after LT is very high 4. The use of hepatitis B

immunglobulin (HBIG), becoming available only within the last 20 years 3, together with antiviral medications
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such as lamivudine, entecavir, and tenofovir, improved 5-year survival from 45% to 85% after LT [26]. Based on this
success, HBs-Ag-positive or Anti-HBc-positive donor organs are recognized as extended criteria organs and can
be used for LT. Prophylaxis with antiviral medication, with or without HBIG, is recommended to prevent

transmission of HBV, if these grafts are used for LT (a7,

In conclusion, the recommended CMV prophylaxis includes valganciclor or ganciclovir for D(+) and R(-) organs. In
patients transplanted due to hepatitis B, or if a HBc-positive donor organ is used, prophylaxis should be performed

using HBIG and the antiviral medications, entecavir or tenofovir.

| 2. Management of Coagulopathy
2.1. Coagulopathy Assessment

The first attempts at human LT were associated with very high mortality. Uncontrolled bleeding (and in few cases,
thromboembolism) were the major causes of death in these patients. This was only partially related to surgical
expertise. An even greater problem was a lack of experience in the management of coagulopathy in patients with
end stage liver disease (ESLD). It was quickly understood that standard laboratory tests (SLTs) do not accurately
reflect the coagulation profile in patients with ESLD. In 1981, Ewe et al. published a paper evaluating bleeding after
liver biopsy 28, The authors raised a concern that SLTs did not correlate with the bleeding time after procedure.
The number of patients with a completely normal coagulation profile had prolonged bleeding, whereas other
patients with an international normalized ratio (INR) above 3 did not have significant bleeding. Several patients with
a platelet count above >100/nL had prolonged bleeding, and several patients with a platelet count below 20/nL did
not bleed. These observations were confirmed in a meta-analysis performed by Haas et al. 22 They evaluated 53
studies related to the overall management of the bleeding (not just in patients with ESLD), and found that SLTs are
not useful in guiding bleeding management. SLTs frequently do not correctly reflect the overall coagulation picture
in patients with ESLD because they are designed to assess only procoagulants (in patients with ESLD, levels of
both pro-and anti-coagulants are decreased). SLTs are measured in plasma (with the addition of thrombin and
calcium) resulting from centrifuged citrated blood. This approach does not reflect the interaction between the
different branches of the coagulation cascade. Viscoelastic tests (VET) can be used as an alternative to SLTs. As
opposed to SLTs, VETs are performed on whole blood and reflect the interaction between pro- and anti-coagulants,
and platelets 291,

The use of VET for managing hemorrhagic shock and other bleeding disorders is recommended by the European
Society of Anesthesiology 2. In two RCTs, the use of VET to guide transfusion in patients with ESLD was
significantly associated with decreased blood product use without increasing spontaneous or procedure-related
bleeding 22231, The use of VET for managing coagulopathy during LT was recently recommended in the ERAS
project performed by the ILTS [24],

2.2. Thromboembolism in End Stage Liver Disease
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The coagulation system in ESLD patients is in a delicate balance between bleeding and clotting. It can be easily
tilted in either direction 221, One of the first papers confirming that patients with ESLD are prone to thromboses was
based on the Danish National Registry and published in 2009 28], The authors evaluated over 99,000 patients with
venous thromboembolism (VTE) compared to over 400,000 controls. Patients with both cirrhotic and non-cirrhotic
liver disease had an elevated relative risk for thromboses (1.74 and 1.87, respectively). Similar results were
demonstrated later in the US [Z. The causes of hypercoagulability in ESLD are mostly related to endothelial
dysfunction 281231 with release of von Willebrand factor (VWF), factor VIII, and plasminogen activator inhibitor-1 29
[301311(32] from the endothelium combined with a simultaneous decrease in hepatic production of ADAMRS13 (a
cleaving protease regulating VWF) 331, Other causes of hypercoagulability include overproduction of thrombin due
to thrombomodulin resistance B4 and increased clot stability 32, There is also number of genetic mutations
predisposing patients with ESLD to thromboses 381871,

2.3. Use of Coagulation Factor Concentrates

As an alternative to fresh-frozen plasma (FFP), coagulation factor concentrates are available. The most commonly
used products in hepatic surgery or in cirrhotic patients are prothrombin complex concentrates (PCC), which
include factor IlI, VII, IX, and X. Additionally, four-factor PCC contains heparin, and proteins C and S, which makes
this a well-balanced compound. In vitro, PCC has been demonstrated to improve thrombin generation in patients
with ESLD significantly better than FFP 38, The use of factor concentrates appears safe when used in bleeding
patients if it is monitored and guided by VET 321149,

2.4. Preemptive Management of Coagulation

Hemostasis treatment should only be performed in case of bleeding 2. In patients with ESLD, bleeding rarely
occurs solely due to factor deficiency, and is usually associated with portal hypertension 4. Volume expansion
prompts an increasing portal venous pressure and related risk of bleeding. This is the reason why prophylactic
fresh-frozen plasma (FFP) transfusion should be avoided. It has been demonstrated that transfusion of six units of
FFPs will increase the portal pressure by 15 mmHg, which correlates well with increased bleeding risk 42, FFP

transfusion has only a limited effect on either correcting factor deficiencies or improving thrombin generation [43144],

It has also been demonstrated that prophylactic fibrinogen administration in LT recipients did not affect transfusion
requirements 42!,

A recent paper prepared as a part of an ILTS ERAS project did not recommend the use of prophylactic
antifibrinolytics in LT recipients 241, Antifibrinolytics should be used only in the case of fibrinolysis-related clinical
bleeding as diagnosed with VET.

| 3. Thrombotic Microangiopathy
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Thrombotic microangiopathy (TMA) is a very complex condition. Clinical signs of TMA include microthrombotic
hemolysis, thrombocytopenia, and organ injury 8. The most frequent manifestation of TMA is thrombotic
thrombocytopenic purpura (TTP), first reported in 1924 7. Moschcowitz described a case of a 16-year-old girl
initially presenting with weakness, fever, and hemiparesis. Her condition deteriorated and she died 14 days after
admission. Autopsy demonstrated massive thrombi in arterioles and capillaries in the kidneys. TTP can be
hereditary or acquired. Hereditary TTP is due to a mutation in ADAMTS 13, and acquired TTP is associated with
autoantibody production against ADAMTS 13. Both lead to an increased concentration of von-Willebrand factor
(VWF) 28] TMA presents as microthrombotic hemolytic anemia with thrombocytopenia. Patients develop kidney
failure and neurologic deficits. TMA can also present as an atypical hemolytic-uremic syndrome (HUS). HUS is
principally caused by Shiga-toxin producing E. coli “9. Cell damage occurs when Shiga binds to
globotriaosylceramide (GB3) on endothelial, mesangial, and tubular cells. This results in an inflammatory reaction
and cell apoptosis with subsequent release of VWF from endothelial cells 48, Atypical HUS is complement-
mediated.

Cyclosporine and tacrolimus may also induce TMA by inhibiting prostacyclin and vascular-endothelia growth factor
(VEGF). This results in damage to endothelial cells and TMA in glomeruli. Treatment includes discontinuing
cyclosporine or tacrolimus.

Outcomes with TMA after LT have been described by Takatsuki et al. BY. The authors reported on 98 LDLT patients
who developed TMA soon after transplantation. The 1-, 3-, and 5-year survival were 66.9%, 64.6%, and 62.2%,

respectively. The only independent risk factor for mortality was dialysis-dependent kidney failure.
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