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44.1 Introduction
Single organ liver and kidney transplants are well
established as standards of care for selected
patients with severe liver and kidney disease,
respectively [1]. Severe dysfunction in multiple
organ systems, either due to a single pathological
process or as a consequence of single system dis-
ease, creates a challenge for transplant medicine.
Studies have demonstrated relatively poorer out-
comes in patients with multiple organ dysfunc-
tion undergoing single organ transplant [2, 3].
This has led to an expansion of combined solid
organ transplantation over recent years [4]. Renal
insufficiency is very common among ESLD
patients awaiting liver transplantation (LT) and
affects clinical outcomes both before, and fol-
lowing LT [3]. Since renal function plays signifi-
cant role in the outcome of patients awaiting LT,
the model for end-stage liver disease (MELD)
has almost universally replaced other wait list
criteria which failed to incorporate a measure of
renal function [5].

With implementation of the MELD allocation
system, the proportion of combined liver—kidney
transplantation (CLKT) has increased signifi-
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cantly. CLKT has become the procedure of
choice for patients with severe primary disease of
both organs [6]. Simultaneous replacement of
two failing organs offers the advantage of single
surgery, lower immunosuppression dose, and
improved survival compared to single organ
transplantation with significant disease remain-
ing in the non-transplanted organ. However, the
decision for CLKT can be difficult in the setting
of the subtle differences in the natural history of
kidney dysfunction associated with ESLD includ-
ing hepatorenal syndrome (HRS), acute renal
failure (ARF), and chronic kidney disease (CKD).
The decision of single vs. combined transplant
relies on multidisciplinary evaluation to discrimi-
nate patients with reversible and irreversible kid-
ney failure.

Perioperative care of CLKT is challenging
and requires thorough understanding of the dis-
ease specific physiology and implications as well
as knowledge of the surgical procedure.
Standardization of protocols for individual trans-
plant centers may improve patient care and safety,
ultimately leading to better outcomes.

44.1.1 Renal Function, Liver Disease,
and Liver Transplantation
The kidney is a sensitive organ which may be

negatively impacted by changes in renal hemody-
namic derangements due to systemic disease as

595

V. Vohra et al. (eds.), Peri-operative Anesthetic Management in Liver Transplantation,

https://doi.org/10.1007/978-981-19-6045-1_44


http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-19-6045-1_44&domain=pdf
mailto:sonja.payne@lhsc.on.ca
mailto:nelson.gonzalez@lhsc.on.ca
mailto:nelson.gonzalez@lhsc.on.ca
mailto:achal.dhir@lhsc.on.ca
https://doi.org/10.1007/978-981-19-6045-1_44#DOI

596

S.Payne et al.

well as direct damage due to local effects such as
infection. Portal hypertension reduces effective
circulating blood volume, increasing the risk of
renal dysfunction and acute kidney injury (AKI)
in patients with ESLD, especially in the setting of
pre-existing renal disease. End-stage renal dis-
ease (ESRD) can cause hyperkalemia, platelet
dysfunction, pulmonary edema, pericardial effu-
sion, and coronary artery disease [1]. This physi-
ological burden is compounded in combined
kidney and liver disease leading to potentially
significant metabolic acidosis, chronic anemia,
and reduced drug metabolism with important
perioperative implications [7, 8].

The perioperative period for LT exposes the
patient to an acute kidney injury due to signifi-
cant fluctuations in systemic and renal hemody-
namics. The glomerular filtration rate (GFR)
often decreases by about 10 mL/min immediately
following LT with potential for further deteriora-
tion if the postoperative course is complicated [9,
10]. Unsuccessful recovery of kidney function
after LT negatively impacts graft survival, patient
survival, and quality of life [3, 11]. Prediction of
renal recovery following liver transplantation in
patients with preoperative renal dysfunction is
challenging. Pre-existing comorbidities, pres-
ence of intrinsic renal disease, perioperative
hemodynamic perturbations, and post-transplant
immunosuppression are probably the most influ-
ential factors.

Pre-LT renal function has been found to be an
independent predictor of post-LT patient and
graft survival. Preoperative renal failure is asso-
ciated with high perioperative morbidity and
mortality during LT. There is higher incidence of
primary nonfunction and 30-day mortality as
well as lower long-term patient and graft sur-
vival in patients with pre-LT renal failure [3].
Studies have identified early liver allograft dys-
function, early development of stage 3 AKI fol-
lowing LT, and requirement for RRT at the time
of liver transplantation as independent risk fac-
tors for the development of ESRD within first
year of LT [11].

44.1.2 Why Is CKLT Important?

Patients with ESLD on dialysis undergoing liver
transplantation have significantly better survival
when CLKT is performed, compared to LT alone
[12]. Five-year patient survival rates among
patients selected to receive CLKT range from
64% to 76% [13]. Prior to introduction of the
MELD score for allocation of LT in the USA,
CLKT accounted for 1.7% and 2.5% in 1990 and
2001, respectively. It rose significantly to 8.2% in
2014 and 10% by 2017 after adoption of the
MELD allocation system [14]. A 178% increase
in the number of CLKT performed during the
9-year period post-MELD (n =2914), when com-
pared with the preceding 9-year period in the pre-
MELD era (n = 1049) has also been reported
[15]. At the authors’ institute, the current rate of
CLKT is also around 10% of all LTs. Data on
renal outcomes after CLKT in the highest MELD
recipients are scarce, as are accurate predictors of
recovery of native kidney function. Well-designed
clinical trials evaluating transplant futility in
CLKT recipients are currently lacking.
Controversy remains that MELD scoring system
inappropriately prioritizes LT candidates with
renal dysfunction [16].

44.1.3 Who Benefits from CKLT?

The decision to list a patient for CLKT carries
important clinical implications. Ethical debates
exist that discuss the inequity of organ distribu-
tion with transplantation of multiple organs in a
single recipient [4]. Apart from having greater
operative complexity, CLKT utilizes a precious
resource from an already depleted kidney donor
pool. CLKT is a clear treatment decision for
patients with metabolic disease due to primary
genetic defects of the liver, such as primary hyp-
eroxaluria, or for patients with noncirrhotic dis-
eases involving both liver and kidneys, such as
polycystic organ disease where disease progres-
sion is certain. However, in many other clinical
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scenarios, decision-making is more complex for
several reasons. Controversy is founded in the
difficulty of predicting reversibility of renal
function post-LT. CKD often deteriorates during
and following LT due to the reasons described
above. On the other hand, patients with hepatore-
nal syndrome (HRS) may have full renal recov-
ery post-LT, even after in excess of 8 weeks of
pre-transplant renal replacement therapy (RRT)
[17, 18]. Though CLKT for patients with HRS is
generally not recommended, improved outcome
was observed with sequential kidney transplant if
patients were RRT-dependent for over 8 weeks
post-LT [19]. There is also uncertainty regarding
the generalized survival benefit of combined kid-
ney transplant in LT recipients. A large retrospec-
tive review of transplantation outcomes in the US
demonstrated shorter kidney graft and patient
survival in CLKT recipients compared to LT
alone [20]. However, the same study found better
patient and liver graft survival in CLKT recipi-
ents on long-term RRT prior to transplantation.

The mortality for LT candidates waiting for a
kidney transplant is substantially higher than
candidates on kidney alone wait list [21]. This
may be explained by longer waiting times for two
acceptable organs simultaneously, successful
management of AKI or CKD with RRT, or the
combined burden of disease.

In the universal setting of a finite donor
pool, appropriate patient selection is critical to
ensure best patient outcomes following
CLKT. Heterogeneity in the criteria for CLKT
allocation has resulted in significant variation
across centers and regions. Currently in the
USA, listing policy for CLKT is based on prior
consensus recommendation, including factors
such as duration of AKI, need for RRT, and
evidence of CKD (Table 44.1) [22, 23].
However, other variables that may impact
recovery of renal function after LT, such as
age, comorbidities, etiology of AKI, and the
fluctuation of renal function pre-LT, are not
included in the CLKT selection criteria [24].

Common indications for CLKT are summa-
rized in Table 44.2.

Table 44.1 CLKT summit consensus guidelines

Persistent AKI > 4 weeks | CKD for 3 months with one

with one of the following | of the following
Stage 3 AKI as defined | eGFR <40 mL/min
by modified RIFLE (MDRD-6) or

criteria:
¢ Threefold increase
in serum creatinine
from baseline or
e SCr >4 mg/dL with
an acute increase of
>0.5 mg/dL or
¢ On renal
replacement
therapy
eGFR <35 mL/min
(MDRD-6) or GFR
<25 mL/min
(iothalamate clearance)

GFR < 30 mL/min
(iothalamate clearance)
Proteinuria >2 g/day
Kidney biopsy: >30%
global glomerulosclerosis
or > 30% interstitial
fibrosis

Metabolic disease

AKI acute kidney injury, CKD chronic kidney disease,
eGFR estimated glomerular filtration rate, RIFLE risk,
injury, failure, loss, end-stage renal disease, SCr serum
creatinine

Table 44.2 Indications for CLKT

LT candidates with
kidney disease

Kidney transplant candidates
with liver disease

e ESLD with * ESRD patients and liver
CKD cirrhosis
» ESLD with AKI * ESRD because of
hyperoxaluria

* polycystic kidney and

liver disease with ESRD
ESLD end-stage liver disease, CKD chronic kidney dis-
ease, AKI acute kidney injury, ESRD end-stage renal
disease

Transplant programs often follow locally
adapted decision-making processes ensuring
optimization of pre-transplant renal function
while considering the appropriateness of CLKT.

Recent evidence demonstrates consistency in
CLKT allocation criteria for patients with ESRD
and cirrhosis and patients with cirrhosis and
CKD [25]. However, allocation criteria in the set-
ting of cirrhosis with AKI are quite variable,
highlighting the clinical challenge in the diagno-
sis and predict reversibility of AKI in the setting
of ESLD. Despite institutional guidelines, the
final decision is best determined by a multidisci-
plinary discussion of individual patients. Ethical,
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social, and cultural context should also be con-
sidered in order to optimize the allocation
process.

In line with many transplant centers in North
America, the criteria for CLKT at the authors’
institution have evolved over time. Criteria have
been refined in the context of best evidence,
growing clinical experience, and the contribution
of Kidney Special Considerations Committee. In
August 2017, the United Network for Organ
Sharing (UNOS) /Organ Procurement and Organ
Transplantation (OPTN) implemented a new
CLKT allocation policy based on estimated GFR
(eGFR) [26]. The primary reason for this change
was driven by the fact that female patients were
disadvantaged with the old MELD or NaMELD
allocation system [27].

At the authors’ institute, the current criteria to
support CLKT include the following.

e Patients with ESLD and CKD who have been
on dialysis for a period that is comparable to
current wait times for kidney transplant alone.

e Patients with ESLD and CKD who are highly
sensitized and would benefit from organs from
the same donor. (Sequential transplant allows
cross-match positive kidney transplants to
proceed AFTER the liver transplant.)

e Patients with liver disease and CKD second-
ary to primary hyperoxalosis. One run of plas-
mapheresis should be performed prior to
transplant.

e Patients with HRS who have required a mini-
mum of 6 weeks RRT.

» Patients with metabolic disorders who have:
— ESLD with eGFR less than 30.

— ESLD and eGFR 3040 may be considered
for CLKT if the patient has either small
sized kidneys or proteinuria (after discus-
sion with Kidney Special Considerations
Committee); kidney after liver transplant
could be considered in these cases if there
is a suitable living donor and kidney trans-
plant can occur 1-3 months following LT.

e Patients with polycystic liver disease are
assessed on a case by case basis considering
the renal function to support the postopera-
tive LT.

44.2 Anesthetic Considerations

Robust scientific evidence for combined liver-
kidney transplant is limited by small case num-
bers. Practice guidelines often rely on
extrapolation of best evidence from single organ
transplant, results of cohort studies, and expert
consensus.

44.2.1 Preoperative

Thorough preoperative assessment of potential
transplant recipients is fundamental to achieving
optimal patient outcomes. The overarching goals
of preoperative evaluation are to facilitate appro-
priate patient selection for listing and to mini-
mize post-transplant morbidity and mortality. A
multidisciplinary approach facilitates identifica-
tion, assessment, and potential optimization of
multi-system involvement of end-organ failure,
as well as relevant comorbidities. Particular
emphasis is given to cardiorespiratory evaluation.
Due to the unpredictable timing of transplant sur-
gery, the optimal frequency to update pertinent
investigations after listing to assess for interval
change is not clear.

Cardiovascular disease is a leading cause of
morbidity and mortality after single organ liver
and kidney transplantation [28, 29]. The com-
bined burden of dual-organ failure and significant
physiological stress of transplant underpins the
need for meticulous cardiovascular preoperative
assessment. The American Heart Association
issued a scientific statement of “Cardiac Disease
Evaluation and Management Among Kidney and
Liver Transplantation Candidates” [30]. Although
this document provides guidance for single organ
transplant surgery, the thorough review of best
evidence remains useful in the context of com-
bined solid organ transplantation. Relevant rec-
ommendations include the following.

e All stable patients on the waiting list should
have resting ECG and echocardiogram
repeated annually.

* Non-invasive cardiac stress testing (i.e.,
Dobutamine stress echocardiography) may be
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considered even in the absence of active car-
diac disease. The presence of multiple CAD
risk factors represents an indication for non-
invasive testing, regardless of functional
status.

e A designated cardiology consultant may assist
consideration of invasive cardiac evaluation,
taking into account the risk of contrast-
induced acute kidney injury.

e Patients deemed high risk for cardiovascular
complications should be referred to a cardiol-
ogist for further evaluation and management.

In addition to preoperative assessment of fea-
tures of end-stage liver disease, an evaluation of
the impact of renal disease is essential. Local list-
ing criteria may not necessitate the commence-
ment of RRT. As such, a spectrum of functional
volume and electrolyte status may exist.
Abnormalities of sodium and potassium concen-
trations should be identified and optimized if
time permits. In patients already initiated on
RRT, an assessment of need for preoperative dial-
ysis must be ascertained. Arteriovenous fistula
and hemodialysis catheters may be present and
must be protected in case of post-transplant renal
graft failure. Intravenous access may be chal-
lenging in this patient population due to previous
cannulation for dialysis resulting in vascular
thrombosis/stenosis. Preoperative vascular map-
ping may be considered.

44.2.2 Intraoperative

There is sparsity of data in the literature concern-
ing anesthetic and fluid management in
CLKT. Hemodynamic goals vary during differ-
ent stages of a combined liver-kidney transplant.
Patients who have undergone hemodialysis with
fluid removal prior to surgery may demonstrate
increased cardiovascular instability during induc-
tion of general anesthesia and drainage of ascites.
Substantial bleeding may occur during hepatic
dissection in view of the fragile coagulation bal-
ance of end-stage liver disease, compounded by
platelet dysfunction and anemia associated with
chronic renal disease. In preparation for caval

clamping prior to the anhepatic phase, judicious
volume loading with potassium-deplete fluids
can be guided by hemodynamic monitoring.
Where possible, a piggyback caval clamping
technique will assist in the preservation of pre-
load. Avoidance of fluid overload during the neo-
hepatic phase will minimize the risk of liver
allograft congestion. Completion of vascular and
bile duct anastomoses will provide time for stabi-
lization of coagulation and volume status prior to
commencement of renal transplantation.

Graft function is dependent on adequate oxy-
gen delivery. Therefore, careful assessment of
transfusion requirement, volume status, and
maintenance of adequate perfusion pressure is
essential at this stage [31]. Overzealous infusion
for volume expansion may precipitate liver graft
congestion, adversely affecting function.
Although robust evidence is lacking to support
the administration of mannitol to minimize
ischemic-reperfusion and acute kidney injury in
renal transplantation [32], mannitol is still widely
used prior to renal reperfusion. However, the
adverse effects of significant diuresis and poten-
tial hypovolemia due to diuretic administration
must be considered in the setting of combined
liver-kidney transplantation.

Due to significant hemodynamic changes
observed during combined liver-kidney trans-
plantation, invasive blood pressure monitoring is
a standard of care. There is lack of clarity regard-
ing the need for peripheral arterial monitoring
(radial), central monitoring (femoral) or both.
Some studies have demonstrated lack of correla-
tion between invasive peripheral and central arte-
rial pressure measurements, likely due to
differences in vascular tone between measure-
ment sites [33]. If invasive femoral artery pres-
sure monitoring is to be considered, a discussion
with the surgical team regarding the site of renal
vascular anastomosis is required to avoid place-
ment of an indwelling catheter in the operative
field.

Pulmonary artery catheters (PAC) have long
been a mainstay of hemodynamic monitoring
during liver transplantation. The PAC allows
direct measurement of pulmonary pressures, an
estimate of left-heart filling volume and a means
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of intermittent measurement of cardiac output
through thermodilution. The PAC may be used
postoperatively for cardiac output monitoring in
the intensive care unit. Limitations to use include
the dependence on surrogate measurements for
cardiac monitoring and the well-known risks of
PAC placement and use. However, the use of
PACs has decreased significantly worldwide.

Transesophageal echocardiography (TEE) is
increasingly recognized as a useful method of
real-time monitoring of cardiac function and vol-
ume status during non-cardiac surgery. Its use is
supported by the American Society of
Anesthesiology (ASA) when the nature of the
surgery or the patient’s underlying cardiovascular
pathology may result in severe hemodynamic
compromise. The greatest advantage of intraop-
erative TEE in liver transplantation is the contin-
uous, direct assessment of the right and left sides
of the heart in the setting of sudden changes in
preload [33, 34]. There is growing consensus
within the literature advocating for routine use of
TEE during liver transplant surgery [35]. Given
the complexities of hemodynamic goals during
CLKT and the potential for hemodynamic insta-
bility, it seems sensible to extrapolate this stan-
dard of care to dual-organ transplant surgery. The
use of TEE is likely to provide a more accurate
assessment of intravascular volume status than
the traditional CVP measurement [36]. There is a
collective consensus in the current literature that
TEE may be performed safely in patients with
documented low-grade esophageal varices
(Grade 1 and 2) without a recent acute upper gas-
trointestinal bleed [35].

Electrolyte abnormalities are common during
combined liver-kidney transplantation. Pre-
existing hyponatremia must be carefully consid-
ered as rapid correction may lead to central
pontine myelinolysis. Commonly used therapies
during liver transplantation, such as sodium
bicarbonate and fresh frozen plasma, contain
high concentrations of sodium. An alternative
buffering agent THAM, devoid of sodium, has
been discontinued by the manufacturer leaving
little other options for management of severe aci-

dosis. Clotting factor concentrates contain sig-
nificantly less sodium. Hyperkalemia occurs
commonly during liver transplantation in patients
with normal renal function. Intraoperative man-
agement is compounded by ESRD. “Washing”
packed red cells prior to transfusion dramatically
reduces potassium load [37]. The availability of
intraoperative  renal  replacement therapy
(IORRT) offers the advantage of relative electro-
lyte stability [38].

44.2.2.1 Renal Replacement Therapy
Intraoperative renal replacement therapy during
LT has shown to be a feasible, safe, and effective
approach to manage fluid shifts and electrolyte
imbalance during surgery [38—40]. Although
benefits of IORRT have been described in obser-
vational studies, namely prevention of signifi-
cant electrolyte abnormalities and intravascular
fluid removal, the evidence is not sufficiently
robust to offer firm recommendations regarding
its use. Institutional guidelines may aid decision-
making and the successful implementation of
this therapy. At the authors’ institute, a multidis-
ciplinary agreed trigger criterion has been devel-
oped to identify patients who may potentially
benefit from IORRT (Table 44.3). Local logistics
unique to each center, such as the availability of
appropriately trained staff to operate the RRT
machine, also play a significant role in this
decision-making.

Any single major criteria or two and more
minor criteria are generally sufficient to trigger a
discussion on activation of CRRT in the operat-
ing room.

Table 44.3 Triggers for IORRT discussion

Major trigger

(Recipient) Minor trigger

e Acute liver failure | * DCD donor

* MELD >30 * Prolonged cold ischemic
* CRRT/IHD time

* Severe metabolic
derangement (Na+, K+) in
recipientSS

pre-liver transplant
* Two vasopressors
* Redo-liver

transplant
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44.2.3 Postoperative

CLKT patients tend to have higher incidence of
bacterial infections and blood transfusion require-
ments with longer ICU and hospital stay com-
pared to LT only patients. Though the incidence
of renal dysfunction 6 months post-LT was simi-
lar, CLKT patients had quantitively worse renal
function [41].

44.3 Conclusions

Combined liver and kidney transplantation can
be a life-saving procedure for selected patients
with combined liver and kidney failure. However,
criteria for and timing to listing presents the liver
and kidney transplant teams with challenges, as
acute kidney injury may potentially be reversible.
As well there is an issue of scarcity of organs and
prioritization of allocation to combined organ
failure patients over kidney failure patients on
dialysis. As in all multi-organ failure, the addi-
tional presence of renal failure or the failure of
recovery of renal function post-liver transplant is
associated with increased mortality. The con-
cerns raised in deciding the need for CLKT
mainly rely on the benefit to the recipient in
CLKT versus liver alone transplant and the fact
that kidneys can potentially be diverted away
from kidney alone patients on the waitlist who
may derive greater benefit. In selected patients,
CLKT is an appropriate use of a scarce resource,
but better prognostic indicators for selection of
patients are still needed. Further well-designed
prospective studies as well as a reliable model to
guide the decision-making in CLKT might help.

References

1. Stites E, Wiseman AC. Multiorgan transplantation.
Transplant Rev (Orlando). 2016;30(4):253-60.

2. Gonwa TZ, McBride MA, Anderson K, Mai ML,
Wadei H, Ahsan N. Continued influence of preop-
erative renal function on outcome of orthotopic liver
transplant in the US: where will MELD lead US? Am
J Transplant. 2006;2:2651-9.

10.

11.

12.

13.

14.

15.

16.

. Nair S, Verma S, Thuluvath PJ. Pretransplant renal

function predicts survival in patients undergo-
ing orthotopic liver transplantation. Hepatology.
2002;35:1179-85.

. Organ Procurement and Transplantation Network.

Ethical implications of multiorgan transplant. 2019.
https://optn.transplant.hrsa.gov/media/2801/eth-
ics_publiccomment_20190122.pdf. Accessed 26 Aug
2019.

. Schilsky M, Moini M. Advances in liver transplan-

tation allocation systems. World J Gastroenterol.
2016;22(10):2922-30.

. Davis CL, Gonwa TA, Wilkinson AH. Identification

of patients best suited for combined liver-
kidney transplantation: part II. Liver Transpl.
2002;8:193-211.

. Sampaio MS, Martin P, Bunnapradist S. Renal dys-

function in end-stage liver disease and post-liver
transplant. Clin Liver Dis. 2014;18(3):543-60.

. Chancharoenthana W, Leelahavanichkul A. Acute

kidney injury spectrum in patients with chronic liver
disease: where do we stand? World J Gastroenterol.
2019;25(28):3684-703.

. 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.

Ruebner R, Goldberg D, Abt PL, et al. Risk of end-
stage renal disease among liver transplant recipi-
ents with pre transplant renal dysfunction. Am J
Transplant. 2012;12:2958-65.

Wadei HM, Lee DD, Croome KP, Mai ML, Golan
E, Brotman R, et al. Early allograft dysfunction
after liver transplantation is associated with short-
and long-term kidney function impairment. Am J
Transplant. 2016;16(3):850-9.

Hmoud B, Kuo YF Wiesner RH, Singal
AK. Outcomes of liver transplantation alone after
listing for simultaneous kidney: comparison to simul-
taneous liver kidney transplantation. Transplantation.
2015;99(4):823-8.

Singal AK, Salameh H, Kuo YF, Wiesner
RH. Evolving frequency and outcomes of simultane-
ous liver kidney transplants based on liver disease eti-
ology. Transplantation. 2014;98(2):216-21.

Formica RN, Aeder M, Boyle G, Kucheryavaya A,
Stewart D, Hirose R, et al. Simultaneous liver-kidney
allocation policy: a proposal to optimize appropri-
ate utilization of scarce resources. Am J Transplant.
2016;16(3):758-66.

Pham PT, Lunsford KE, Bunnapradist S, Danovitch
GM. Simultaneous liver-kidney transplantation or
liver transplantation alone for patients in need of liver
transplantation with renal dysfunction. Curr Opin
Organ Transplant. 2016;21(2):194-200.

Thompson JA, Lake JR. The impact of MELD allo-
cation on simultaneous liver-kidney transplantation.
Curr Gastroenterol Rep. 2009;11(1):76-82.


https://optn.transplant.hrsa.gov/media/2801/ethics_publiccomment_20190122.pdf
https://optn.transplant.hrsa.gov/media/2801/ethics_publiccomment_20190122.pdf

602

S.Payne et al.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

Wong F, WI L, Al Beshir M, Marquez M, Renner
E. Outcomes of patients with cirrhosis and hepatorenal
syndrom type 1 treated with liver transplantation.
Liver Transpl. 2015;21:300-7.

Ruiz R, et al. Long-term analysis of combined liver
and kidney transplantation at a single center. Arch
Surg. 2006;141(8):735-41.

Ruiz R, Barri YM, Jennings LW, Chinnakotla S,
Goldstein RM, Levy MF, et al. Hepatorenal syn-
drome: a proposal for kidney after liver transplanta-
tion (KALT). Liver Transpl. 2007;13(6):838-43.
Locke JE, Warren DS, Singer AL, Segev DL, Simpkins
CE, Maley WR, et al. Declining outcomes in simulta-
neous liver-kidney transplantation in the MELD era:
ineffective usage of renal allografts. Transplantation.
2008;85(7):935-42.

Cassuto JR, Reese PP, Sonnad S, Bloom RD,
Levine MH, Olthoff KM, et al. Wait list death and
survival benefit of kidney transplantation among
nonrenal transplant recipients. Am J Transplant.
2010;10(11):2502—-11.

Eason JD, Gonwa TA, Davis CL, Sung RS, Gerber D,
Bloom RD. Proceedings of consensus conference on
simultaneous liver kidney transplantation (SLK). Am
J Transplant. 2008;8(11):2243-51.

Davis CL, Feng S, Sung R, Wong F, Goodrich NP,
Melton LB, et al. Simultaneous liver-kidney trans-
plantation: evaluation to decision making. Am J
Transplant. 2007;7(7):1702-9.

Cannon RM, Jones CM, Davis EG, Eckhoff
DE. Effect of renal diagnosis on survival in simulta-
neous liver-kidney transplantation. J Am Coll Surg.
2019;228(4):536-44 3.

Singal AK, Ong S, Satapathy SK, Kamath PS,
Wiesner RH. Simultaneous liver kidney transplanta-
tion. Transpl Int. 2019;32(4):343-52.

Cullaro G, Hilrose R, Lai JC. Changes in simulta-
neous liver-kidney transplant allocation policy may
impact postliver transplant outcomes. Transplantation.
2019;103:959-64.

Cholongitas E, Thomas M, Senzolo M, et al. Gender
disparity and MELD in liver transplantation. J
Hepatol. 2011;55:500-1.

Delville M, Sabbah L, Girard D, Elie C, Manceau S,
Piketty M, et al. Prevalence and predictors of early
cardiovascular events after kidney transplantation:
evaluation of pre-transplant cardiovascular work-up.
PLoS One. 2015;10(6):e0131237.

Nicolau-Raducu R, Gitman M, Ganier D, Loss GE,
Cohen AJ, Patel H, et al. Adverse cardiac events after
orthotopic liver transplantation: a cross-sectional
study in 389 consecutive patients. Liver Transpl.
2015;21(1):13-21.

Lentine KL, Costa SP, Weir MR, Robb JF, Fleisher
LA, Kasiske BL, et al. Cardiac disease evaluation and

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

management among kidney and liver transplantation
candidates: a scientific statement from the American
Heart Association and the American College of
Cardiology Foundation: endorsed by the American
Society of Transplant Surgeons, American Society
of Transplantation, and National Kidney Foundation.
Circulation. 2012;126(5):617-63.

Calixto Fernandes MH, Schricker T, Magder S,
Hatzakorzian R. Perioperative fluid management
in kidney transplantation: a black box. Crit Care.
2018;22(1):14.

Lugo-Baruqui JA, Ayyathurai R, Sriram A,
Pragatheeshwar KD. Use of mannitol for ischemia
reperfusion injury in kidney transplant and partial
nephrectomies—review of literature. Curr Urol Rep.
2019;20(1):6.

Rudnick MR, Marchi LD, Plotkin JS. Hemodynamic
monitoring during liver transplantation: a state of the
art review. World J Hepatol. 2015;7(10):1302—11.
Burtenshaw AJ, Isaac JL. The role of trans-
oesophageal echocardiography for perioperative
cardiovascular monitoring during orthotopic liver
transplantation. Liver Transpl. 2006;12(11):1577-83.
Dalia AA, Flores A, Chitilian H, Fitzsimons MG. A
comprehensive review of transesophageal echocar-
diography during orthotopic liver transplantation. J
Cardiothorac Vasc Anesth. 2018;32(4):1815-24.

Aref A, Zayan T, Sharma A, Halawa A. Utility of
central venous pressure measurement in renal trans-
plantation: is it evidence based? World J Transplant.
2018:8(3):61-7.

Bansal I, Calhoun BW, Joseph C, Pothiawala M,
Baron BW. A comparative study of reducing the
extracellular potassium concentration in red blood
cells by washing and by reduction of additive solu-
tion. Transfusion. 2007;47(2):248-50.

Nadim M, Annanthapanyasut W, Matsuoka L,
Appachu K, Boyajian M, Ji L, Sedra A, Genyk
Y. Intraoperative hemodialysis during liver trans-
plantation: a decade of experience. Liver Transpl.
2014;20:756-64.

Baek SD, Jang M, Kim W, Yu H, Hwang S, Lee SG,
et al. Benefits of intraoperative continuous renal
replacement therapy during liver transplantation in
patients with renal dysfunction. Transplant Proc.
2017:49(6):1344-50.

Zimmerman MA, Selim M, Kim J, Regner K, Saeian
K, Zanowski S, et al. Outcome analysis of continuous
intraoperative renal replacement therapy in the high-
est acuity liver transplant recipients: a single-center
experience. Surgery. 2017;161(5):1279-86.

Baccaro M, et al. Combined liver—kidney transplan-
tation in patients with cirrhosis and chronic kidney
disease. Nephrol Dial Transplant. 2010;25:2356-63.



	44: Combined Liver and Kidney Transplant
	44.1	 Introduction
	44.1.1	 Renal Function, Liver Disease, and Liver Transplantation
	44.1.2	 Why Is CKLT Important?
	44.1.3	 Who Benefits from CKLT?

	44.2	 Anesthetic Considerations
	44.2.1	 Preoperative
	44.2.2	 Intraoperative
	44.2.2.1	 Renal Replacement Therapy

	44.2.3	 Postoperative

	44.3	 Conclusions
	References




