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Abstract

Donor management is the key in the complex donation process, since up to 20% of
organs of brain death donors (DBD) are lost due to hemodynamic instability. This
challenge is made more difficult due to the lack of strong recommendations on
therapies for hemodynamic management in DBDs and more importantly to the
epidemiologic changes in these donors who are becoming older and with more
comorbidities (marginal donors). In the present manuscript we aimed at sum-
marizing the available evidence on therapeutic strategies for hemodynamic
management (focusing on vasoactive drugs) and monitoring (therapeutic goals).
Evidence on management in elderly DBDs is also summarized. Donor mana-
gement continues critical care but with different and specific therapeutic goals
since the number of donor goals met is related to the number of organs retrieved
and transplanted. Careful monitoring of selected parameters (possibly including
serial echocardiography) is the clinical tool able to guarantee the achievement and
maintaining of therapeutic goals. Despide worldwide differences, norepinephrine
is the vasoactive of choice in most countries but, whenever higher doses (> 0.2
mcg/kg/min) are needed, a second vasoactive drug (vasopressin) is advisable.
Hormonal therapy (desmopressin, corticosteroid and thyroid hormone) are
suggested in all DBDs independently of hemodynamic instability. In the single
patient, therapeutic regimen (imprimis vasoactive drugs) should be chosen also
according to the potential organs retrievable (i.e. heart vs liver and kidneys).

Key Words: Brain-dead donors; Hemodynamic; Management; Vasoactive drugs; Hormanal
therapy; Echocardiography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Donor management continues critical care but with different and specific
therapeutic goals since the number of donor goals met is related to the number of
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organs retrieved and transplanted. Careful monitoring of selected parameters (possibly
including serial echocardiography) is the clinical tool able to guarantee the achie-
vement and maintaining of therapeutic goals. In the single patient, therapeutic regimen
(imprimis vasoactive drugs) should be chosen also according to the potential organs
retrievable (i.e. heart vs liver and kidneys).

Citation: Lazzeri C, Bonizzoli M, Guetti C, Fulceri GE, Peris A. Hemodynamic management in
brain dead donors. World J Transplant 2021; 11(10): 410-420

URL: https://www.wjgnet.com/2220-3230/full/v11/i10/410.htm
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INTRODUCTION

The number of patients on waiting list for transplant is increasing with a still high
mortality rate and greater efforts should be made to maximize the organ pool and
optimize organ quality from donors.

Donor management is key in the complex donation process, since up to 20% of
organs of brain death donors (DBD) are lost due to hemodynamic instability[1-3]. This
challenge is made more difficult due to the lack of strong recommendations on
therapies for hemodynamic management in DBDs and more importantly to the
epidemiologic changes in these donors who are becoming older and with more
comorbidities (marginal donors)[4].

In the present manuscript we aimed at summarizing the available evidence on
therapeutic strategies for hemodynamic management (focusing on vasoactive drugs)
and monitoring (therapeutic goals). Evidence on management in elderly DBDs is also
summarized.

A “PubMed” search was made using the words “Brain death donors and hemody-
namics and adults”. Only articles in English language were included referring to
adults, while case reports and investigations on children were not comprised.

RATIONALE

A consistent number of donors are unfortunately lost because not properly treated[5],
underscoring the pivotal role of active critical care to mitigate the imbalance between
demand and supply of organs for transplantation. Though complex, intensive care
management of potential donors, by the achievement of therapeutic goals, was
associated with a 2-fold increase in transplanted organs[6]. This concept is further
proved by the analysis of outcomes of two renal recipients from the same donor and of
failure of multiorgan transplantation from the same donor[7,8].

THERAPEUTIC GOALS

In essence, donor management continues critical care but with different and specific
therapeutic goals.

A checklist of nine therapeutic donor goals (DG) was proposed by eight organ
procurement organization in United Network for Organ Sharing region[9]. The
number of met DGs was reported to progressively increase from the time to diagnosis
of brain death to organ recovery (from 15% to 38%). DG met at the time of consent
were related to the number of transplanted organs, since if more four DGs were met at
the time of cosent, an odd ratio of 2.03 was reported for at least four organs
transplanted. Moreover, if more than 7 DGs were met after consent a reduced need of
dialysis in the first week after transplant was observed[10].

A key question was whether the time of donor treatment could influence the
number and quality of transplanted organs. According the results of prospective
studies, a longer period of donor treatment was associated with a higher number of
organs transplanted in the lack of differences in the number of DGs achieved. This
phenomenon was more evident for heart and lung transplantation probably thanks to
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an efficacious treatment of potential reversible cardiac diseases such as stress
cardiomyopathy[11-14]. In the United States longer periods of management are
common and a “relax and repair approach” was proposed in opposition to a “rush and
retrieve” one (that is, in presence of donor stability a risk of deterioration can be
avoided since little can be achieved).

Due to the frequently encountered hemodynamic instability, historically DG were
developed in order to maintain physiologic homeostasis. An early series of goals, the
so-called series of 100: Systolic pressure > 100 mmHg, urine output > 100 mL/h,
partial pressure of O, (PaO,) > 100 mg and hemoglobin concentration > 100 mg/dL
[15].

In the subsequent years, guidelines for donor treatments and other goals were
introduced, even if there is great worldwide variations in management strategies[16,
17].

DG is shown in Table 1. Despite disparities in guidelines[18], these goals are based
on clinical practice and their clinical significance comes from serial measurements
during donor management and subsequent adaptation of therapies. Each parameter
should be clinically and critically interpreted in the single patient. For instance, high
values of central venous pressure can be observed in patients with chronic cor
pulmonare and moderate tricuspid regurgitation, independently of the volemic status;
in this clinical condition, dynamic changes of central venous pressure should be
considered.

HEMODYNAMIC MANAGEMENT

Hemodynamic management is considered really a challenge due to the quite high
frequency of donor instability. The severity of circulatory changes have been related to
the speed of brain death. More severe hemodynamic alterations were described when
brain death develops in a shorter time[19].

Two are the main physiopathologic steps in hemodynamic derangements: (1) The
sympathetic storm (following the increase in intracranial cerebral pressure and
progressive brainstem ischemia) causes compensatory arterial hypertension and raised
systemic vascular resistance, associated with central redistribution of blood volume. It
follows an increased after load and eventually visceral ischemia; and (2) Peripheral
vasodilation due to the abrupt loss of sympathetic tone. Endocrine changes may
worsen this phenomenon mainly by volume depletion.

In these patients, as brain death develops, treatment for hemodynamic imbalance
shifts from preventing injuries from increased sympathetic tone (ischemic injury) to
counterbalancing systemic injuries due to magnified vasodilation (ineluctably leading
to reperfusion injury).

Despite no major studies specifically addressed which monitoring tools should be
applied in DBDs, the following monitoring sets could be suggested according to
clinical practice: (1) Invasive arterial pressure (mean arteria pressure = 65 mmHg); (2)
Urine output (= 1 mL/kg/h); (3) Central venous pressure (8-10 cm H,0); (4) Lactate
values; (5) Mixed venous oxygen saturation; and (6) Echocardiography (mainly to
assess left and right ventricular functions and to exclude previous or newly developed
cardiac alterations).

Echocardiography has emerged as a clinical useful tool in intensive care unit (ICU)
every day clinical practice. In patients with severe neurologic injury, serial echocardio-
graphic assessments give the opportunity to provide useful information to tailor
hemodynamic regimen in the single patient and, moreover, to identify potential
reversible clinical conditions (i.e. stress cardiomyopathy) whose early treatment could
lead to an increased number of trapiantable hearts and, even in the older donor, to an
hemodynamic stabilization.

The reversibility in left ventricle (LV) dysfunction in patients with severe brain
injury has been described as “neurogenic stunned myocardium”[20], mainly on the
basis of data obtained in experimental models[21-23] and on a few investigations
performed in humans[24,25]. Several papers documented that aggressive treatment in
BD donors was associated with improvement in myocardial function and with an
increased number of transplanted hearts, previously considered not suitable for
transplantation[26-28]. In 49 patients with severe brain injury (potential heart donors),
our group observed that echocardiography performed after ICU admission led to the
identification of LV abnormalities potentially reversible after tempestive aggressive
treatment. Indeed, in our series, two patients were considered eligible for heart
donation, resulting in 20% increase in donor retrieval rate[14].
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Table 1 Donor management goals

Goals Monitoring

MAP 2 65 mmHg Invasive arterial pressure
CVP 210 Central venous catheter
Hemoglobin 210 g/dL Blood gas analysis
Diuresis 21 mL/kg/h

Na 135-155 meq/L

MAP: Mean arterial pressure; CVP: Central venous pressure.

Jaishideng®

In a large analysis[12] (United Network of Organ Sharing database, 2007-2015) of
472 donor hearts with left ventricular ejection fraction < 40%, on initial transthoracic
echocardiography which recovered during donor treatment, it was reported successful
transplantation of these hearts with no increase in adverse outcomes (cardiac
allograph outcome, primary graft failure) when compared to hearts which did not
experienced LV dysfunction. Similarly, in Sweden (dataset 2006-2016) 45 hearts (of 338
donor hearts) with LV dysfunction were transplanted, and after transplantation LV
ejection fraction normalized in all recipients. Short-term outcomes or the composite
end point of death or retransplantation over time were comparable between recipients
of donor hearts with vs without LV dysfunction[29].

All these findings underscore the utility of serial echocardiographic examinations in
severe neurologic acute injury for the identification of potential reversible cardiac
conditions, eligible for early aggressive treatments. Thanks to this clinical and method-
ologic approach, some hearts considered not suitable for transplantation could be
successfully transplanted.

VASOACTIVE DRUGS

Dopamine

A retrospective-case control study, performed in Germany in 1999, reported that
dopamine use in DBDs resulted in improved graft survival after kidney transplan-
tation[30-34]. These results were confirmed in a large cohort study of 2704 DBD kidney
grafts (Eurotransplant Registry)[31] and in 254 recipients of kidney transplantation
[33]. The beneficial effects of dopamine on kidney grafts were related not only to the
hemodynamic effects of dopamine but mainly to its ability to scavance reactive oxygen
species (by preventing the depletion of glutathione)[34]. In a randomized controlled
trial including 264 DBDs, the use of low dose dopamine (4 mcg/kg/min) was asso-
ciated with a reduced requirement for dialysis in recipients of the dopamine group
[35]. However, the percentage of patients also on norepinephrine was quite high both
in the dopamine and in the control groups (78.4% and 85.6%, respectively).

According to the follow-up trial, an improved survival was observed only if
dopamine treatment was longer that 7 h till cross clamp. In the same trial, an improved
outcome of heart grafts was observed in dopamine treated patients[36].

Regarding the effects of dopamine use on the outcomes of other organs, data are
more conflicting. Dopamine pretreatment has no effect on liver transplantation
probably because it is rapidly degraded in hepatocytes[34]. Concerning the heart, high
dose of dopamine donor treatment (> 10mcg/kg/min) showed no association with
mortality in 568 heart transplants[37]. In the study by von Ziegler ef al[38] donor pre-
treatment with norepinephrine was compared with dopamine pre-treatment in heart
transplants and no differences were observed in survival between the two subgroups.
However, in a subset population of long term (5-year) follow-up, norepinefrine was
associated with better survival.

In recent years, dopamine was eliminated from routine use in ICU due to large
individual variation in dopamine clearance (with unpredictable adrenergic stimulation
[34,39,40]). Regarding DBD management and based on growing evidence, dopamine
use cannot be advised due to the lack of evidence of beneficial effects in the
multiorgan donor and the scarce vasoconstrictor effect of dopamine at low doses.
Indeed, its use has been progressively replaced by norepinephrine in most countries
worldwide[18].
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Vasopressin

Vasopressin can be used to treat both diabetes insipidus and hypotension thanks to its
action on V2 renal receptors and on V1 receptors on smooth muscle cells. Due to its
short half life, it should be administered by infusion with an usual dosage range of 0.5
to 2.4 units per hour. Higher doses may cause deleterious vasoconstritor effects in
several districts (renal, splachnic, pulmonary and coronary districts[41]). In a large
cohort of 10431 DBDs, donor vasopressor use was an independent predictor of a high
number (> 4 organs) of procured organs. However, this study focuses on donor
hemodynamic parameters and not on allograft outcomes[42]. To date, no data are
consistent with the potential advantage of vasopressin over other vasoactive agents,
even if vasopressin is the drug of choice for hypotension in DBDs in some countries
such as Canada, Ireland and India[18].

Norepinephrine

Norepinephrine is the vasoactive drug of choice in several countries including Europe
[4,18] with an increasing use in the last years, despite not univocal literature data. A
beneficial effect of norepinephrine use was reported in 270 kidney recipients, since
decreased rates of graft rejection and loss followed increased number of norepine-
phrine infusion days[43].

In regard to heart transplantation, conflicting results are reported on norepine-
phrine dosage and graft outcomes[44,45]. According to a survey, in potential heart
donors, most heart transplant centers in United Sttaes are reluctant to accept donors
under moderate dose of catecholamine[46]. High dose norepinephrine was correlated
with right ventricular impairment and adverse 1-year outcome in a prospective invest-
igation[47]. Conversely no differences in short term mortality was observed in a
German Registry between different norepinephrine doses[48].

Based on this conflicting evidence, in potential heart donors we suggest to add
vasopressin (continuous infusion) when a dose of norepinephrine > 0.2 mcg/kg/min
is needed.

Hormonal therapy

The rationale for hormonal supportive therapy in BD donors comes from the phy-
siopathology of brain death. Insulin and glucose management can be considered part
of the intensive care management.

In human brain death, posterior pituitary dysfunction is commonly encountered (as
documented by the frequency of diabetes insipidus), while anterior pituitary function
may be only partially affected, probably thanks to the preserved pituitary blood flow.
Thus, the hormones usually affected are antidiuretic hormone (ADH), thyroid
hormones and cortisol[41].

Deficient levels of vasopressin (also known as ADH) were reported in up to the 80%
of brain dead donors[49] and diabetes insipidus was described in the 77% of donors in
Australia[50]. Low free T3 are frequently encountered in human donors, while
variable concentrations of TSH and T4 are reported. The changes in thyroid hormones
in brain death seem to resemble the euthyroid sick syndrome, commonly seen in
critically ill patients[22,51,52].

Growing evidence does support the use of hormonal replacement therapy in DB
donors, independently of hemodynamic instability[52-55]. In 1995, in an United
Kingdom center, most donors were initiated on hormone replacement therapy by
infusion, which led to the conversion of many of donors initially considered to be
unacceptable, based on hemodynamic parameters, to acceptable donors[56]. In a
cohort of 47 DBDs (2006 to 2011), hormonal replacement therapy initiated in the lack of
hemodynamic instability was independently associated with highly-yield (= 4 organs)
procurement[29]. A shorter duration of norepinephrine administration was also
observed in this subgroup.

Treatment of diabetes insipidus is essential for donor stability. If untreated, diabetes
insipidus causes hypovolemia, and marked hypernatremia which may be detrimental
to organ outcome, especially for liver and kidney graft outcomes[57,58]. Diabetes
insipidus should be suspected in presence of polyuria of 23 mL/kg/h and/or rising
serum sodium levels) and the synthetic vasopressin analogue 1-deamino-8-D-arginine
vasopressin (DDVAP) should be used. It selectively acts on V2 renal receptors and it
does not have vasoconstrictor activity. DDV AP can be given as an intravenous bolus of
between 2 and 6 mcg since it has a much longer half-life than vasopressin. At higher
doses (0.3 mecg/kg) DDVAP exerts procoagulant effects (Table 2).

Administration of thyroid hormone has been highly suggested in guidelines and
reviews[54,59-62]. According to animal and humans studies[63,64], replacement of
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Table 2 Vasoactive drugs and hormonal therapy in brain death donors—proposed regimen

Dosage Comments
Vasoactive
Norepinephrine < 0.2 meg/kg/min, if higher dosage needed add vasopressin  In potential heart donors, the lowest dosage is preferable
(mcg/kg/min)
Vasopressin (U/h) Upto25U/h

Hormonal replacement therapy

Idrocorticosteroid 100 mg bolus, 200 mg/24 h infusion

T3 4 mcg intravenous bolus, followed by infusion of 3 mcg per T3 could be preferred since it is immediately available to
hour tissues

Desmopressin (DDVAP) 4 mcg intravenous bolus eventually repeat every 6 to 8 h as
needed

DDVAP: 1-deamino-8-D-arginine vasopressin.

thyroid hormone is able to restore and reactivate mitochondrial energy metabolism. At
the cardiac level, it induces an increase alpha heavy chain formation and a decrease in
beta heavy chain formation, and an improvement in calcium handling, up regulation
of beta adrenergic receptors, leading to a positive inotropic effect[65].

In an interesting review[66], it was reported that all retrospective analyses
documented that thyroid hormone administration was beneficial. Recent evidence[64,
67] does support the notion that thyroid administration in brain death is associated
with an increased number of organ transplanted and improved survival of heart
recipients. A 5-year recipient survival improvement was documented in heart
recipients when thyroid hormone had been administered[68].

T3 may be initiated with a 4 mg intravenous bolus followed by infusion of 3 mg per
hour alternatively, T4 may be given initially with a 20 mg intravenous bolus followed
by infusion of 10 mg per hour.

The rationale for the administration of cortisols, the third component of hormal
replacement therapy, relies on replacing steroid in pituitary-adrenal dysfunction, on
supplementing steroid because of a “functional” or “relative” adrenal insufficiency,
and on the immunomodulatory and anti-inflammatory beneficial effects of steroids.

Evidence supports this notion. Weaning of norepinephrine was more frequent in the
80 BD donors who received steroids than the 128 ones who did not, although no
benefit was observed in primary functional recovery of transplanted grafts[69].
Recipients of donor livers who had received steroids showed less ischemia-reperfusion
injury and acute rejection[70]. Low-dose of steroids is preferred since high dose did
not show differences in number of retrieved and transplanted organs[52,71-73].

Different regimens of steroids were described with no documented benefit of one
over the other[18]. Based on our experience, we suggest the use of hydrocortisone 100
mg bolus followed by 200 mg/d (continuous infusion).

AGE AND BRAIN DEAD DONORS

The characteristics of the pool of BD donors have deeply changed over the past years
especially in developed Western countries. While DBDs were once largely young and
declared dead due to traumatic brain injury, they are now older, with more comor-
bidities and declared dead due to cerebrovascular injury[74,75]. This phenomenon was
confirmed in Italy (Tuscany Region) in a cohort of 1286 potential heart donor (aged <
60) over a 15-year period in whom we observed an age increase and a change in brain
dead causes (mainly a reduction in the incidence of traumatic brain injury)[4].

After BD development, the only variation observed with advancing age is lower
values of diastolic blood pressure, which is most likely related to arterial changes due
to aging[76]. Diastolic blood pressure is known to increase up to the age of about 50
years due to the rise in arteriolar resistance, but, later in life, the large artery stiffening
contributes a wider pulse pressure including a decreased diastolic blood pressure. In
the BD donor, this phenomenon may affect perfusion pressure, highlighting potential
difficulties in hemodynamic management in older donors, and it may be worsened by
the age-related reduction in B-receptor function[77]. In 92 consecutive DBDs[78],
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advancing age was associated with a more pronounced vasodilatation (lower values of
diastolic blood pressure) probably due to age-related reduction in arterial stiffness and
beta-receptor function (conditioning a reduced response to endogenous and/or
exogenous norepinephrine stimulation).

Older DBDs usually donate liver and/or kidney. Though the monitoring set and
hemodynamic goals do not differ from younger DBDs, clinical peculiarities in
management may apply to older DBDs. Due to the coexistence of atherosclerotic age-
related disease (involving also small vessels), the lowest dosage of vasoactive drugs
should be used, able to achieve and grantee the best perfusion of abdominal organs, as
mainly indicated by urine output and dynamic lactate values. Though fluid restriction
is not required, close monitoring of sodium is needed in potential liver donors. In
older DBDs, the possibility of ex vivo perfusion should be considered, mainly in
presence of comorbidities (in primis diabetes and hypertension) and not optimal
indices of organ perfusion (i.e. Transaminases values).

TIMING FOR AN OPTIMAL MANAGEMENT

The main target of “an early management” is the achievement of good systemic
perfusion since ICU admission in a patient with severe neurologic injury, despite
his/her potential non favorable outcome. According to our experience, three steps can
be identified for an efficacious treatment. The first one starts with ICU admission of a
patient with severe neurologic injury and it is strictly part of critical care, consisting of
hemodynamic, metabolic and infectious monitoring. In this phase, an echocardio-
graphic assessment allows the detection of previous (eventually unknown) heart
disease as well as new-onset cardiac conditions, such as stress cardiomyopathy, which
deserve targeted therapies. Dosages of vasoactive drugs should be tailored in order to
avoid excessive organs’ vasoconstriction, possibly by means of close monitoring of
hemodynamic targets (in primis central venous pressure and lactate values). The
second step is represented by treatments during brain death development and it
mainly consists in the management of hemodynamic and metabolic deragements.
Finally the third step, that is properly “DBD management”, since brain death diag-
nosis to the operating theatre.

KEY MESSAGES

Intensive care management should begin on ICU admission of a patient with severe
acute neurologic injury at risk of developing brain death. With the aim to reach
optimal systemic organ perfusion and identify all reversible clinical conditions (i.e.
stress cardiomyopathy) elegible for efficaceous treatment.

In the single patient, therapeutic regimen (imprimis vasoactive drugs) should be
chosen also according to the potential organs retrievable (i.e. heart vs liver and
kidneys).

Donor age may affect management due to peculiarities of brain death in older
donors.

The utility of serial echocardiographic examinations in severe neurologic acute
injury for the identification of potential reversible cardiac conditions, eligible for early
aggressive treatments. Thanks to this clinical and methodological approach, some
hearts considered not suitable for transplantation could be successfully transplanted.

Hormal replacement therapy should be initiated in DBDs independently of hemo-
dynamic instability.

CONCLUSION

Donor management continues critical care but with different and specific therapeutic
goals since the number of DG met is related to the number of organs retrieved and
transplanted. Careful monitoring of selected parameters (possibly including serial
echocardiography) is the clinical tool able to guarantee the achievement and
maintaining of therapeutic goals. In the single patient, therapeutic regimen (imprimis
vasoactive drugs) should be chosen also according to the potential organs retrievable (
i.e. heart vs liver and kidneys).
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Abstract

BACKGROUND

As the population of the United States ages, there has been an increasing number
of elderly patients with cirrhosis listed for transplant. Previous studies have
shown variable results in terms of the relative survival benefit for elderly liver
transplant (LT) recipients. There may be factors that are associated with a poor
post-transplant outcome which may help determine which elderly patients should
and should not be listed for LT.

AIM
To identify factors associated with futility of transplant in elderly patients.

METHODS

This was a retrospective study of all patients above the age of 45 who underwent
liver transplantation at our tertiary care center between January 2010 and March
2020 (n = 1019). “Elderly” was defined as all patients aged 65 years and older.
Futile outcome was defined as death within 90 d of transplant. Logistic regression
analysis was performed to determine what variables, if any were associated with
futile outcome in elderly patients. Secondary outcomes such as one year mortality
and discharge to facility (such as skilled nursing facility or long-term acute care
hospital) were analyzed in the entire sample, compared across three age groups
(45-54, 55-64, and 65 + years).

RESULTS
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There was a total of 260 elderly patients who received LT in the designated time
period. A total of 20 patients met the definition of “futile” outcome. The mean
Model of End-Stage Liver Disease scores in the futile and non-futile group were
not significantly different (21.78 in the futile group vs 19.66 in the “non-futile”
group). Of the variables tested, only congestive heart failure was found to have a
statistically significant association with futile outcome in LT recipients over the
age of 65 (P = 0.001). Of these patients, all had diastolic heart failure with normal
ejection fraction and at least grade I diastolic dysfunction as measured on echocar-
diogram. Patients aged 65 years and older were more likely to have the outcomes
of death within 1 year of LT [hazard ratio: 1.937, confidence interval (CI): 1.24-
3.02, P = 0.003] and discharge to facility (odds ratio: 1.94, CI: 1.4-2.8, P < 0.001)
compared to patients in younger age groups.

CONCLUSION

Diastolic heart failure in the elderly may be a predictor of futility post liver
transplant in elderly patients. Elderly LT recipients may have worse outcomes as
compared to younger patients.

Key Words: Liver transplantation; Liver cirrhosis; Heart failure; Diastolic; Medical futility;
Liver diseases; Organ transplantation

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This was a retrospective study to identify factors associated with futility of
liver transplant (LT) in elderly recipients, as well as investigate the risk of certain
outcomes such as discharge to facility in elderly LT recipients. Diastolic congestive
heart failure (CHF) was found to be a predictor of futility of LT in elderly recipients (P
=0.001). Elderly patients also had nearly twice the risk of being discharged to a facility
and had decreased survival at one year. Diastolic CHF may be an important comor-
bidity for liver transplant committees to consider when deciding whether or not to list
elderly patients.

Citation: Kleb C, Faisal MS, Quintini C, Miller CM, Menon KVN, Modaresi Esfeh J. Factors
predicting futility of liver transplant in elderly recipients: A single-center experience. World J
Transplant 2021; 11(10): 421-431

URL: https://www.wjgnet.com/2220-3230/full/v11/i10/421 . htm

DOI: https://dx.doi.org/10.5500/wjt.v11.i10.421

INTRODUCTION

As the population of the United States ages, the average age of patients awaiting liver
transplantation has increased as well[1]. In 2018, adults aged 65 or older made up
24.1% of the United States liver transplant waiting list. This is twice the proportion of
patients in this age group on the waiting list 10 years prior[2]. Along with the aging of
the entire United States population, the increase in older patients awaiting transplant
can also in part be attributed to the aging of those born between 1945 and 1965, a
cohort that has high rates of hepatitis C virus infection[1,3]. The current American
Association for the Study of Liver Disease (AASLD) guidelines state that age by itself
is not a contraindication to liver transplant (LT), and when deciding whether or not to
list a patient aged 70 years or older, functional status and comorbidities must be
considered[4].

Transplant committees are faced with a difficult decision when deciding whether to
list elderly recipients for LT. Despite efforts to expand the donor organ pool through
practices such as living donor, split organ, and expanding eligible organs to include
donation after cardiac death organs, there remains a critical shortage of donor organs
in the United States[5]. Considering the scarcity of organs, transplant committees may
be more motivated to allocate this precious resource to patients who would benefit the
most from organ transplantation in terms of survival. For these reasons, avoiding
futility in LT plays a major role in decision making.
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In the literature, futility in LT has been defined in several different ways. Various
definitions include situations in which the patient’s post-transplant mortality is greater
than the waiting list mortality, death within one year of transplant, death within 90 d,
or more qualitative definitions such as poor quality of life and inability to survive
outside of an intensive care unit (ICU) setting post-transplant[6].

Despite the extensive amount of research that exists on this topic, there is no
conclusive guideline for how to select which elderly patients are suitable for LT.
Nevertheless, it is important to avoid futility in transplant, especially when the donor
pool is scarce. The purpose of this study is to identify LT recipient factors in the
elderly associated with futility of LT. We also aimed to investigate whether certain
secondary outcomes such as mortality at one year, discharge to facility [such as skilled
nursing facility (SNF) or long-term acute care hospital] and hospital length of stay
(LOS) are more common in elderly LT recipients.

MATERIALS AND METHODS
Futility analysis

This was a study of patients who underwent LT at our center. Inclusion criteria
included having received LT between January 2010 and March of 2020, and age of 45
years and above. Exclusion criteria included patients who had multi-organ transplants
or repeat transplants. This study was approved by our center’s Institutional Review
Board. All statistical work was done using SPSS v.26.0.

From these patients, we sought to identify factors associated with futility of LT. We
defined a “futile” outcome as death within 90 d after transplant. We defined “elderly”
as a patient aged 65 years or older. Student t-test or Mann-Whitney-U test were used
to compare continuous variables. Kruskal Wallis test was used to compare continuous
variables across three categories. Categorical variables were compared using chi-
square tests or Fisher exact test.

From these results, multifactorial binary logistic regression analysis was carried out
to analyze futile transplant data for ages greater than 65 years. Variables that were
thought to have higher effect size and high clinical significance were chosen for the
model [Model of End-Stage Liver Disease (MELD)-Sodium, Child-Pugh Score (CPS),
age at transplant].

Additional post-LT outcomes and survival analysis

In addition to the futility analysis, we also investigated several other outcomes (one
year mortality, ICU LOS, hospital LOS, and discharge to facility) in three age groups
(45-54 years, 55-64 years, and 65 years and older). For comparison of ICU LOS and
total hospital LOS, patients with death during the hospitalization were excluded to
eliminate bias in the results, as they would have a falsely decreased LOS. Multi-
variable Cox proportional survival analysis was done to calculate hazard ratio (HR)
for 1-year mortality and a Kaplan-Meier curve was constructed for comparison of the
three groups. Time to event started from the date of transplant. Individuals who were
lost to follow up are included until that time in the analysis.

RESULTS

Sample demographics

From our original sample of all patients who received LT at our center between
January 2010 and March of 2020 aged 45 years and older (n = 1147), 128 patients who
had multi-organ transplants or repeat transplants were excluded, resulting in a total
sample size of 1019 patients. 266 patients were between the ages of 45 and 54 (26.1%),
and 493 patients were between the ages of 55 and 64 (48.4%). 260 patients (25.5%) were
65 years of age or above. The average ages in the 45-54, 55-64, and 65 years and older
groups were 50.7, 59.5 and 67.8, respectively. 67.3% of patients in the study population
were male and 32.7% were female. All three age groups were majority male as well
(63.2%, 71.0% and 64.3% in the 45-54, 55-64 and 65 years and older age groups,
respectively). The most common underlying causes of liver disease were alcohol
related cirrhosis (33.1%) in patients aged 45-54, viral hepatitis in the 55-64 years age
group (33.7%) and non-alcoholic steatohepatitis in the 65 years and older age group
(33.1%). The mean MELD-Na scores in the 45-54, 55-64, and 65 years and older groups
were 21.4, 20.4 and 19.8, respectively (P = 0.236).
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Futility analysis

Of the 260 patients above the age of 65, twenty of these met the definition of futile
outcome (death within 90 d after transplant). The mean MELD-Na in the futile group
was 21.8, compared with 19.7 in the non-futile group (P = 0.236). The mean age in the
futile group was 67.3 years and 67.8 years in the non-futile group (P = 0.821).

Of the factors we investigated, including various comorbidities, Karnofsky
performance index (KPI), and indicators of severity of liver disease (MELD-Na and
CPS), only congestive heart failure (CHF) was more common in the patient group with
futile outcome (30% in the futile group as compared to 5% in the non-futile group, P =
0.001) (Table 1). Chart review indicated that all these patients in both the futile and
non-futile group had heart failure with preserved ejection fraction, and all had
diastolic dysfunction seen on echocardiogram prior to LT. Four of these patients (20%)
had grade I diastolic dysfunction, and 16 (80%) had grade II diastolic dysfunction.

We performed binary logistic regression analysis to determine if CHF was an
independent predictor of the outcome of death within 90 d of transplant after
adjusting for possible confounders such as MELD-Sodium, age at transplant, and CPS.
We found that even after adjusting for these factors, a diagnosis of diastolic CHF was
still associated with mortality within 90 d of transplant with an adjusted odds ratio
(OR) of 9.44 [confidence interval (CI): 2.89-30.81, P < 0.0001]. MELD-Sodium, age, and
CPS were not predictors of 90 d mortality (Table 2).

Ad(ditional post-LT outcomes analysis

In addition to investigating factors associated with futility of LT, we also investigated
several additional outcomes in patients split into three age groups, to see if these
outcomes were more likely to occur in the older cohort. Table 3 shows the results of
our analysis of secondary outcomes between the three age groups. Our analysis found
that patients aged 65 and older were more likely to have the outcome of death within
one year of LT, and had longer total hospital lengths of stay (16.8 +/- standard
deviation of 23.9 d, compared to 13.22 +/- 15.4 and 14.14 +/- 24 d in the 45-54 years
and 55-64 years age groups, respectively). Patients aged 65 years and older were also
less likely to be discharged to home or home with home health care, compared to
discharge to facilities such as rehabilitation or nursing facilities. Patients 65 or older
were almost twice as likely to be discharged to a facility: Long term acute care
hospital/SNF/acute rehab facility, OR: 1.94 (CI: 1.4-2.8, P < 0.001) compared to
patients younger than 65. Patients who died during hospitalization following LT were
excluded from this analysis.

Survival analysis

In addition, we also performed Cox Regression Survival Analysis to determine if
patients 65 years and older had increased mortality after one year after adjusting for
severity of liver disease and comorbidities (Table 4, Figure 1). This showed that even
after adjusting for severity of liver disease with MELD-Sodium and multiple co-
morbidities, patients aged 65 years and older had higher one year mortality as
compared to patients younger than 65 (HR: 1.937, CI: 1.244-3.017). This difference was
not seen when comparing the 45-54 years age group to the 55-64 years age group.

DISCUSSION

The purpose of this study was to identify factors that are associated with futility of LT
in elderly recipients, in order to help with difficult decisions LT selection committees
face when choosing whether to list elderly patients. Regardless of their age, LT
candidates must go through rigorous screening processes before being listed for LT
[4]. This is to ensure that the donor organ, which is a scarce resource in our country[5]
is going to candidates that will benefit the most from it. This decision is made even
more complex when the candidate in question is elderly, and by virtue of age already
has a shorter life expectancy than younger candidates.

Previous research has produced conflicting results about survival in elderly LT
recipients as compared to younger patients. A 2007 single-center study of survival
outcomes in orthotopic liver transplantation recipients aged 70 years and older as
compared to those aged 50 to 59 years found that the unadjusted patient survival at 1,
3, 5 and 10 years was not significantly different between these two groups. This study
also found that on multivariate analysis in this population, age = 70 was not an
independent predictor of increased mortality in this population[7]. However, a 2018
Korean study found that patients aged 70 years or older had a fourfold higher risk of
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Table 1 Comparison of patients over the age of 65 who underwent transplant and died within 90 d from transplant compared to those

who survived beyond 90 d

Characteristic Death within 90 d, N =20 Survival beyond 90 d, N = 240 P value

Age, mean + SD 67.30£1.78 67.81+2.71 0.821

Year of transplant, median (percentiles) 2014 (2012-2016) 2015 (2013-2018) 0.183

Comorbid conditions, 1 (%)

Obesity 6 (30.0) 57 (23.8) 0.590

CHF 6 (30.0) 12 (5.0) 0.001°

CKD 1(5.0) 23 (9.6) 0.705

HTN 14 (70.0) 152 (63.3) 0.550

DM 9 (45.0) 109 (45.4) 0.971

CAD 8 (40.0) 73 (30.4) 0.374

PH 2 (10.0) 9(3.8) 0.203

Arrhythmias 3 (15.0) 32 (13.3) 0.739

Pre-transplant severity of disease

Ascites

None 2 (10.0) 34 (14.2) 0.269

Mild 7 (35.0) 111 (46.3)

Moderate 3 (15.0) 45 (18.8)

Severe 8 (40.0) 50 (20.8)

Encephalopathy

None 3 (15.0) 61 (25.4) 0.397

Grade 1-2 17 (85.0) 172 (71.7)

Grade 3-4 0(0) 7 (2.9)

Child-Pugh Score 9.8+/-1.7 9.08 +/-2.0 0.127

A 0(0) 26 (10.5) 0.257

B 8 (40) 116 (48.3)

C 12 (60.0) 98 (40.8)

Karnofsky performance index 53.50 +£20.1 55.69 +21.6 0.555

Indication for transplant, n (%)

Cirrhosis 16 (80.0) 147 (56.5) 0.143

NASH 6 (30.0) 54 (22.5) 0.419

Autoimmune 2 (10.0) 3(1.3) 0.049

Alcohol 2 (10.0) 32 (13.3) 0.999

Hepatitis C 2 (10.0) 18 (7.5) 0.658

Cryptogenic 1(5.0) 14 (5.8) 0.999

PSC 0(0) 11 (4.6) 0.999

PBC 2 (10.0) 11 (4.6) 0.263

Hemochromatosis 0(0) 4(1.7) 0.999

HCC and cirrhosis 4 (20.0) 87 (36.3) 0.143

Acute liver failure 0(0) 6 (2.5) 0.999

Primary etiology of liver disease, r (%)

Alcohol related cirrhosis 2 (10) 46 (19.2) 0.55
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NASH cirrhosis 8 (40) 78 (32.5) 0.49
Cirrhosis due to viral hepatitis 2 (10) 48 (20) 0.38
Other 8 (40) 68 (28.3) 0.27

Lab values, mean + SD

Sodium 135.70 +4.3 136.12+4.3 0.678
INR 1.51+0.4 149+05 0.241
Creatinine 1.68+1.0 145+1.0 0.133
Total Bili 6.34+6.8 546+7.8 0.271
MELD-Sodium 21.78 £8.6 19.66 £9.0 0.236
Albumin 316+ 0.6 3.18+0.6 0.889

2P < 0.05. CHF: Congestive heart failure; CKD: Chronic kidney disease; HTN: Hypertension; DM: Diabetes mellitus; CAD: Coronary artery disease; PH:
Pulmonary hypertension; NASH: Non-alcoholic steatohepatitis; PSC: Primary sclerosing cholangitis; PBC: Primary biliary cholangitis; HCC: Hepatocellular
carcinoma; INR: International normalized ratio; MELD: Model of End-Stage Liver Disease.

Table 2 Binary Logistic Regression analysis to calculate adjusted odds ratio for death within 90 d of transplant

Variable Adjusted OR Confidence interval P value
MELD-Na 1.02 0.95-1.09 0.615
Age at transplant 1.09 0.89-1.32 0.421
CPS-C vs CPS A and B 3.25 0.86-12.25 0.081
CHF 9.44 2.89-30.81 <0.0001

OR: Odds ratio; MELD: Model of End-Stage Liver Disease; CPS: Child-Pugh Score; CHF: Congestive heart failure.

in-hospital mortality when adjusting for baseline cause of liver disease, and a threefold
higher risk of in-hospital mortality when controlling for cause of liver disease and
perioperative complications such as need for vasopressor support, ventilator support
and extracorporeal membrane oxygenation[8]. A large-scale study utilizing data from
the United Network for Organ Sharing (UNOS) transplant database found that post-
transplant survival decreased with increased age. However, when stratifying patients
with the same MELD score into different age groups, there was no statistically
significant difference in survival benefit at five years between these groups. However,
this study noted that the reason that the survival benefit was preserved in older age
groups was likely because pre-transplantation survival (i.e., waitlist mortality) and
post-transplantation survival were equally reduced in older patients. Therefore, the
net difference in waitlist and post-transplantation life expectancy was the same
between elderly patients and younger cohorts[1].

There have been a few studies investigating what factors are associated with futility
of LT. One study found that in patients who received LT while requiring ICU level
care, factors associated with the primary outcome of 90-d mortality included high pre-
transplant lactate level and the presence of acute respiratory distress syndrome[9]. A
second study identifying factors associated with futility of LT in patients with MELD
score > 40 (defined as death within 90 d of transplant) found that pretransplant septic
shock, cardiac risk, and comorbidities were independent predictors of this outcome
[10]. There have also been some studies investigating which recipient factors are
associated with a poor outcome in elderly patients. A study of LT patients above the
age of 60 who received LT between 2004 and 2010 at our own center showed that
hepatic encephalopathy, significant thrombocytopenia (platelet count less than 45000),
total serum bilirubin > 3.5 mg/dL, and hypoalbuminemia (< 2.65 mg/dL) were
independent predictors of one year mortality[11]. A second study using data from the
UNOS database found that on multivariate analysis, factors such as low albumin,
recipient diabetes mellitus, elevated creatinine, and recipient hepatitis C positivity
were associated with increased mortality in LT recipients above the age of 60 years[12].
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Table 3 Outcomes analysis for different age groups

Age category 45-54 years 55-64 years 2 65 years P value
30-d mortality (1, %) 8 (3.0) 12 (2.4) 10 (3.8) 0.55
1-yr mortality (i1, %) 32 (12.0) 75 (15.2) 59 (22.7) 0.03
ICU LOS

mean + SD 3.80£6.8 3.99+6.8 417+6.6 0.320
Median (IQR) 2.0 (1.0-3.0) 2.0 (1.0-4.0) 2.0 (1.0-4.0)

Total hospitalization
mean + SD 13.22+154 14.14 £24.0 16.8 £23.9 0.034
Median (IQR) 10.0 (7.0-14.0) 10.0 (7.0-15.0) 11.0 (8.0-17.0)

Discharge disposition (1 = 890) (1, %)

Home 182 (76.2) 314 (73.4) 133 (59.6) 0.000
Home or HHC 190 (79.5) 329 (76.9) 142 (63.7) 0.000
Any facility other than home [excluding patients who died during hospitalization, n 42 (18.1) 84 (20.3) 67 (32.1) 0.001
=854)]

Acute Rehab 13 (5.4) 7 (4.0) 9 (4.0)

LTAC 9(3.8) 21 (4.9) 13 (5.8)

SNF 20 (8.4) 45 (10.5) 45 (20.2)

Deceased 7 (2.9) 15 (3.5) 14 (6.3)

Hospice 0 1(0.2) 0

ICU: Intensive care unit; LOS: Length of stay; IQR: Interquartile range; HHC: Hand hygiene compliance; LTAC: Long-term acute care hospital; SNF: Skilled
nursing facility.

Table 4 Cox Regression Survival Analysis for comparison between different age groups for 1-year mortality

95%Cl
Factor Hazard ratio P value

Lower Upper
MELD-Na 1.011 0.174 0.995 1.028
CHF 1.425 0.210 0.819 2.480
Obesity 0.907 0.618 0.617 1.333
Hypertension 0.967 0.839 0.697 1.341
Type 2 diabetes 1.210 0.252 0.873 1.678
Coronary artery disease 1.054 0.781 0.726 1.532
Age 55-64 vs Age < 55 1.252 0.293 0.824 1.902
Pulmonary hypertension 1.209 0.539 0.660 2.217
Age > 65 vs Age <65 1.937 .003 1.244 3.017

MELD: Model of End-Stage Liver Disease; CHF: Congestive heart failure.

For the purpose of this study, we defined “futile” as death within 90 d of transplant.
This definition was derived from previous studies that have defined futility in this
way[9,10]. Our study found that patients who had a futile outcome after LT were
significantly more likely to have a diagnosis of heart failure with preserved ejection
fraction, with diastolic dysfunction seen on echocardiogram (30% vs 5%, P = 0.001).
This association persisted with logistic regression modeling adjusting for MELD, age
at transplant and CPS. Other factors such as KPI, MELD, CPS or other comorbidities
did not show any significant difference in scale or incidence between the futile and
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Figure 1 Kaplan-Meier survival curve for different age groups. We generated a Kaplan-Meier survival curve to compare the one-year mortality of the
three age groups (45-54 years, 55-64 years, = 65 years). One year survival was significantly lower in the group of patients aged 65 years and older.
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non-futile groups.

Though to our knowledge ours is the first study to demonstrate the strong linkage
between futility of LT in elderly patients and diastolic heart failure, there has been
some research in the past on diastolic dysfunction’s role in patients with cirrhosis. One
study found that diastolic dysfunction seen on echocardiogram was associated with
decreased survival, was a predictor of hepatorenal syndrome, and that survival
decreased with increased severity of diastolic dysfunction (i.e., grade I vs grade II)[13].
This is thought to be due to the phenomenon of “cirrhotic cardiomyopathy”, charac-
terized by a blunted cardiovascular response to stress and impaired relaxation of the
ventricles. Cirrhotic cardiomyopathy has been attributed to various physiologic and
chemical changes in cirrhotic patients, and is essentially heart failure due to impaired
diastolic function that occurs in the absence of primary heart disease. It is thought that
in patients with cirrhotic cardiomyopathy, after an event such as liver transplantation
there is a dramatic increase in preload to a heart that has profound diastolic dys-
function, which may result in worsened heart failure and pulmonary edema[14]. This
physiologic change may account for the increased probability of futile outcome in our
sample of elderly patients with diastolic CHF.

Since we have found that diastolic CHF was an independent predictor of futile
outcome in elderly patients, it may be useful to screen elderly patients more carefully
for diastolic dysfunction, and use this as a tool when deciding whether to list elderly
patients for LT. However, heart failure with preserved ejection fraction is difficult to
diagnose based on echocardiogram as there are many different echocardiographic
features that can be associated with diastolic heart failure, but few that are diagnostic
[15]. The clinical diagnosis of heart failure with preserved ejection fraction includes the
presence of exertional dyspnea and peripheral edema; however, these are symptoms
that can be seen as a result of liver disease as well, so it may be difficult to make the
diagnosis of diastolic heart failure in these patients[14].

The presence of coronary artery disease (CAD) was not significantly different
between the futile and non-futile group, nor between patients who died within one
year of transplant and patients who survived beyond one year. Interestingly, this is in
contrast to a 2014 study done at our institution of patients aged 60 years or older who
received LT between the years of 2004-2010, which found that CAD was an in-
dependent predictor of both short-term mortality (defined as within 30 d of LT) and
the composite outcome of mortality and/or graft failure at one year[11]. One possible
explanation for this difference could be improved screening methods for coronary
disease in LT recipients over the past 10 years. In addition, while the aforementioned
study included heart failure in their data analysis by way of left ventricular ejection
fraction, this would exclude patients with diastolic heart failure (otherwise known as
heart failure with preserved ejection fraction) from their analysis[11].

A clear limitation to our futility analysis is the small number of people who met our
definition of “futile outcome”, or death within 90 d of LT. In our sample, only 20
patients aged 65 and older died within 90 d of LT, out of 260 total patients in this age
group that received LT at our center. This small number reduced our study’s power.
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Therefore, it may be that some of the factors we investigated (MELD, CPS, KPI and
various comorbidities) are linked to futility and our small sample size prevents us
from seeing these associations. An interesting future direction would be to expand this
analysis to include multiple centers to see if any of the other factors we investigated
would be significantly associated with futility if the study were adequately powered.
The small sample size also prohibited us from adjusting for more than a few covariates
in our logistic regression analysis. We chose to adjust for MELD, CPS, and age at
transplant since we thought these might be the biggest confounders, but there are
other factors such as concurrent comorbidities that may have confounded our data.

The fact that elderly LT recipients have longer hospital LOS and are more likely to
be discharged to facility is an important finding because both longer LOS and facility
care are costly to our healthcare system[16]. This is also important because im-
provement in functional status is likely important to patients pursuing LT, and if they
are less likely to return home due to need for an extended period of recovery or a
higher level of care, this should be considered. It is important to note that our study
did not account for the patients’ previous living situation (home, nursing facility, etc.)
and did not investigate how long these patients needed to stay in facilities after
discharge from the hospital. This would be an interesting future direction.

Survival analysis showed that patients aged 65 years or older had decreased one-
year survival even when adjusting for severity of liver disease and comorbidities. This
adds to the body of literature that has produced somewhat conflicting results about
whether age has a significant impact on post-LT survival. However, it should be noted
that though we found that one year mortality after LT was higher in elderly patients, it
may be that these results are confounded by the fact that elderly patients have
decreased survival overall. One previous study accounted for this in their survival
analysis and found that though survival after LT is reduced in elderly patients, the
survival benefit is preserved[1]. It may be that this is also the case in our patient
population, but calculation of survival benefit is complex and beyond the scope of this

paper.

CONCLUSION

In conclusion, heart failure with preserved ejection fraction and diastolic dysfunction
should be used as an important tool when prognosticating elderly LT candidates.
Diastolic dysfunction may be an indicator of cirrhotic cardiomyopathy, which is
associated with very severe liver disease[14] and may be an indicator of poor outcome
after LT as well. It may be useful to consider screening for diastolic heart failure more
aggressively in elderly patients. When considering elderly patients for LT, patients and
transplant committees should be aware that elderly LT recipients may be more likely
to need post-acute placement in a facility and have a longer hospital course, which
have important financial implications. It is important to consider the impact of
transplanting elderly individuals may have on healthcare expenditures, and make
these patients aware of the possible need for an extended recovery. We hope that this
study will contribute to the body of evidence on this topic to aid LT selection
committees in the allocation of a precious resource.

ARTICLE HIGHLIGHTS

Research background

The average age of patients awaiting liver transplant (LT) in the United States is
increasing. Previous research on the effect of age on post-LT outcomes has produced
conflicting results.

Research motivation
The donor pool for LT remains limited and donor organs is a precious resource. Thus,
avoiding futility of transplant is important.

Research objectives

The objective of this study was to identify factors associated with futility of LT in
elderly patients, to help inform the decision whether or not to list elderly patients with
liver disease for transplant. We also aimed to investigate relevant post-transplant
outcomes in elderly patients.
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Research methods

This study included all patients above the age of 45 who underwent LT at our center
over a ten-year period (2010-2020). Of these patients, 260 were 65 years of age or older.
In the elderly cohort, several patient factors were analyzed to determine if they were
associated with a “futile” outcome defined as death within 90 d after transplant. We
also analyzed three different age groups for secondary outcomes such as hospital
length of stay (LOS), intensive care unit LOS and discharge to facility.

Research results

Diastolic congestive heart failure (CHF) was independently associated with futility of
LT after adjusting for potential confounders. Elderly LT recipients had higher one year
mortality, longer hospital LOS and were more likely to be discharged to a facility.

Research conclusions
Diastolic CHF may be a prognostic indicator for futility of LT in elderly patients. This
comorbidity should be considered as part of the pre-LT evaluation.

Research perspectives

Further research is needed with a larger sample size, perhaps including multiple
centers to determine if there are any other patient comorbidities (or other factors such
as functional status and primary cause of liver disease) are associated with futility of
LT in elderly patients.
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Abstract

BACKGROUND

Solid organ transplantation is a life-saving intervention for end-stage organ
disease. Post-transplant diabetes mellitus (PTDM) is a common complication in
solid organ transplant recipients, and significantly compromises long-term
survival beyond a year.

AIM
To perform a systematic review and meta-analysis to estimate incidence of PTDM

and compare the effects of the 3 major immunosuppressants on incidence of
PTDM.

METHODS

Two hundred and six eligible studies identified 75595 patients on Tacrolimus,
51242 on Cyclosporine and 3020 on Sirolimus. Random effects meta-analyses was
used to calculate incidence.

RESULTS

432 October 18,2021 | Volume1l | Issuel0 |


https://www.f6publishing.com
https://dx.doi.org/10.5500/wjt.v11.i10.432
http://orcid.org/0000-0003-3144-503X
http://orcid.org/0000-0003-3144-503X
http://orcid.org/0000-0002-0447-3871
http://orcid.org/0000-0002-0447-3871
http://orcid.org/0000-0002-7398-1554
http://orcid.org/0000-0002-7398-1554
http://orcid.org/0000-0001-8897-3904
http://orcid.org/0000-0001-8897-3904
http://orcid.org/0000-0003-1699-7039
http://orcid.org/0000-0003-1699-7039
http://orcid.org/0000-0002-9943-2692
http://orcid.org/0000-0002-9943-2692
http://orcid.org/0000-0002-9328-6399
http://orcid.org/0000-0002-9328-6399
http://orcid.org/0000-0002-9328-6399
http://orcid.org/0000-0003-1960-8449
http://orcid.org/0000-0003-1960-8449
http://orcid.org/0000-0003-1960-8449
mailto:sreelakshmi.kotha@gstt.nhs.uk

fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution
NonCommercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See: htt
p:/ / creativecommons.org/ License
s/by-nc/4.0/

Manuscript source: Unsolicited

manuscript
Specialty type: Transplantation
Country/Territory of origin: Canada

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): B
Grade C (Good): 0

Grade D (Fair): 0

Grade E (Poor): 0

Received: June 20, 2021
Peer-review started: June 20, 2021
First decision: July 28, 2021
Revised: August 27, 2021
Accepted: September 19, 2021
Article in press: September 19, 2021
Published online: October 18, 2021

P-Reviewer: Gonzalez FM
S-Editor: Ma Y]

L-Editor: A

P-Editor: Yuan YY

Jaishideng®

WJT | https://www.wjgnet.com

Kotha S et al. PTDM in solid organ transplant

Network meta-analysis estimated the overall risk of developing PTDM was
higher with tacrolimus (OR = 1.4 95%CI: 1.0-2.0) and sirolimus (OR = 1.8; 95%ClI:
1.5-2.2) than with Cyclosporine. The overall incidence of PTDM at years 2-3 was
17% for kidney, 19% for liver and 22% for heart. The risk factors for PTDM most
frequently identified in the primary studies were age, body mass index, hepatitis
C, and African American descent.

CONCLUSION

Tacrolimus tends to exhibit higher diabetogenicity in the short-term (2-3 years
post-transplant), whereas sirolimus exhibits higher diabetogenicity in the long-
term (5-10 years post-transplant). This study will aid clinicians in recognition of
risk factors for PTDM and encourage careful evaluation of the risk/benefit of
different immunosuppressant regimens in transplant recipients.

Key Words: Post-transplant diabetes mellitus; solid organ transplantation; Tacrolimus;
Cyclosporin; Sirolimus
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Core Tip: The aim of this study is to perform a systematic review and meta-analysis to
estimate incidence of post-transplant diabetes mellitus (PTDM) and the relative effects
of the 3 major immunosuppressants on incidence of PTDM. This study will aid
clinicians in recognizing the risk factors for PTDM and careful evaluation of the
risk/benefit of different immunosuppressant regimens in transplant recipients.

Citation: Kotha S, Lawendy B, Asim S, Gomes C, Yu J, Orchanian-Cheff A, Tomlinson G, Bhat
M. Impact of immunosuppression on incidence of post-transplant diabetes mellitus in solid
organ transplant recipients: Systematic review and meta-analysis. World J Transplant 2021;
11(10): 432-442

URL: https://www.wjgnet.com/2220-3230/full/v11/i110/432.htm

DOI: https://dx.doi.org/10.5500/wjt.v11.i10.432

INTRODUCTION

Solid organ transplantation (SOT) has achieved an excellent long-term survival in
various end-stage organ diseases. However, it is still associated with several complic-
ations including post-transplant diabetes mellitus (PTDM) in the transplant recipients.
PTDM may result from both transplant-related factors like immunosuppression as
well as traditional risk factors like obesity, ethnicity, lifestyle and genetics. It is
associated with significant morbidity and mortality, with increased cardiovascular
risk, infection and graft failure [1,2]. The reported incidence of PTDM has been
variable due to varying definitions over time, diverse transplant patient populations
and variation in immunosuppression regimens. The reported incidence ranges from
4%-25% in renal transplant recipients, 2.5%-25% in liver transplant recipients, 4%-40%
in heart transplant recipients, and 30%-35% in lung transplant recipients[3,4]. In some
instances, hyperglycemia develops in response to steroid doses and pulsed steroids
required during episodes of acute rejection rather than baseline immunosuppression
and care must be taken in making the diagnosis.

Based on the 2013 International Consensus meeting[3], the older term new onset
diabetes after transplant has been replaced by PTDM, which is defined as newly
diagnosed diabetes post-transplant irrespective of timing or whether it was present
but undetected prior to transplant. The criteria for diagnosis of PTDM are symptoms
of diabetes plus random plasma glucose (PG) concentrations > 200 mg/dL (11.1
mmol/L) or fasting blood glucose = 126 mg/dL (7.0 mmol/L) (on two occasions) or 2-
hour PG 2200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test or HbA1C >
6.5%[3]. However, these guidelines mainly focus on kidney transplant patients as most
studies were conducted in this cohort.
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Historically, PTDM has been attributed to insulin resistance like type 2 diabetes
mellitus (DM2). The pathophysiology is incompletely understood, both insulin
resistance and impaired insulin secretion due to destruction of pancreatic B-cells have
been implicated[5,6]. PTDM is associated with traditional DM2 risk factors such as
older age, ethnicity, obesity, family history of DM2 and unique post-transplant risk
factors such as immunosuppressant use, CMV positivity, hepatitis C and weight gain
[7,8].

PTDM has a significant impact on post-transplant outcomes. Various studies have
reported decreased graft survival and an increase in cardiovascular, renal and
infection complications[1,2]. Identification of risk factors is helpful in guiding the
implementation of measures to prevent PTDM and its associated morbidity and
mortality in solid organ transplant recipients. A network meta-analysis (NMA) allows
for the comparison of multiple treatments in a single analytical model, allowing direct
and indirect comparisons between several treatments.

The objective of this NMA is to determine the relative impact of the 3 main
immunosuppressants ie tacrolimus, sirolimus and cyclosporine used in transplant
medicine on the incidence of PTDM, thus providing information on clinical risk strati-
fication and prompting physicians to carefully evaluate risk-benefit ratios in transplant
recipients.

MATERIALS AND METHODS
Study design

We performed a systematic review and meta-analysis as per the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA) statement standards. An
experienced librarian at the University of Toronto performed the literature search on
February 16, 2017.

A systematic literature search was performed in peer reviewed databases of
Medline, Medline epub/in-process, EMBASE, CDSR and CCRCCT (search last
conducted on February 16, 2017 including studies from 1995 onwards). The search
strategy was developed using a combination of database-specific subject headings and
text words. Additional key words were mined from sample articles and generated
through input from subject specialists on the team. The search strategy was then
customized for each database. Appendix 1 outlines the detailed search strategy.

Selection criteria and data extraction
Two independent reviewers screened the titles and abstracts using the inclusion
criteria. Disagreement was resolved after discussion.

The inclusion criteria were: (1) English-language studies; (2) Studies with an adult
(> 18 years old) human patient population; (3) Studies published between 1995 and the
date of the search; (4) Studies using an intervention of maintenance immunosup-
pression with standard-dose tacrolimus, cyclosporine or sirolimus; (5) Studies about
solid-organ transplant recipients (i.e., not hand, pancreatic islet, stem cell transplant);
and (6) Studies with a follow-up period of 1 year or longer.

Statistical analysis

Estimation of incidence: Random effects meta-analyses of the treatment-specific
incidence of PTDM overall (using the earliest reported time in each study) as well as at
various time points post-transplant (1 year, 2-3 years, and 5 or more years) were
conducted using generalized linear mixed models; the input data were the number of
patients with follow-up and the number with PTDM at the time point. In this analysis,
we only pooled data from cohort and randomized studies where patients with pre-
existing DM were excluded. Heterogeneity was assessed using Cochran’s Q, and .
Meta-regression was used to quantify the variation in incidence attributable to the
following study characteristics: mean patient age, mean body mass index (BMI),
percentage male, concomitant use of steroids and study design.

Comparisons of relative incidence: To compare incidence between the three
immunosuppressants, NMA was used. This allows comparison of multiple treatments
in a single analytical model, allowing for direct and indirect comparisons between
numerous treatments, so all studies could be included simultaneously. The direct and
indirect estimates were compared using the node-splitting procedure. For example, the
directly estimated odds ratio from studies comparing sirolimus and tacrolimus can be
compared to the indirect estimate that would be expected based on the comparisons of
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each of them to cyclosporine. When these direct and indirect estimates are consistent,
the pooled network estimate can be more precise than the direct estimate. Odds ratios
(OR) between pairs of treatments were calculated as well as the 95% credible intervals.
All analyses were done in R 4.02 using the Meta package for meta-analysis of
incidence and the gemtc packages for NMA[9-11].

Quality grading of studies: The quality of each study in the analysis was assessed
based on Newcastle-Ottawa scale (NOS). The scale includes three categories, using
scores of 1-9 for assessment. The total score is 9, comprising of 4 for selection, 2 for
comparability, and 3 for outcome. Total score > 7 represents a high-quality study.

RESULTS

The literature search yielded 7638 records. Following elimination of 1768 duplicates,
5870 articles were identified for screening, of which 5144 records were excluded by
title and abstract, leaving 726 eligible for full-text assessment. Case reports/series,
conference proceedings, and editorials, reviews, articles in which PTDM was not the
primary or secondary outcome of interest, or there was unclear duration of follow-up,
or the intervention was not an immunosuppressant regimen of interest and articles
with inadequate information were excluded after a full text review. Ultimately, 206
studies were included in our study as shown in the PRISMA diagram (Figure 1). Most
of the studies had a NOS score of 7, with a mean of 7.2 indicating that the overall study
quality was high. The median year of publication was 2009, and most of the papers
were published between 2006 and 2013. The breakdown of the studies by design was
as follows: 151 studies were cohort studies, 6 were case-control studies, 10 were cross-
sectional studies and 39 studies were randomized controlled trials. The studies
included various solid organ transplant patients, with the majority being kidney
transplant (163 studies) and liver transplant (26 studies).

Population characteristics

A total of 206 eligible studies identified 75595 patients on Tacrolimus, 51242 on
Cyclosporine and 3020 on Sirolimus. All patients underwent SOT and received
immunosuppression. The mean age of the patients was 45 years old, 62.4% were male
and the mean BMI was 24.7.

Outcome measures

Incidence of PTDM: Figure 2 illustrates the first reported time point per study for
incidence of PTDM presented by immunosuppressant and stratified by studies
reporting the number of patients with pre-transplant diabetes. It is important to note
the wide heterogeneity of incidence rates within every time point. Most studies
reported the first time point, with PTDM incidence within the first-year post-
transplant.

One hundred and twenty-one studies were used in the meta-analysis of the
incidence of PTDM at one-year post-transplant. Forty-five, 65, and 11 studies were
used in the analysis of the one-year incidence in studies, which used cyclosporine,
tacrolimus, and sirolimus respectively as the main immunosuppressant. The overall
proportion of patients developing PTDM at 1 year was 12.3% (95%ClI: 10.6%-14.3%, I?
= 95.4 %). Among patients on cyclosporine as the main immunosuppressant, the
proportion of patients developing PTDM was 9.9% (95%ClI: 7.6%-12.7%, I* = 96.1%).
Whereas the proportions of patients developing PTDM at one year were 14.9% (95%Cl:
12.4%-17.8%, I*= 94.3 %) with tacrolimus and 9.5% (95%CI: 6.1%-14.5%, I* = 77.0%)
with sirolimus.

The analysis of incidence of PTDM at 2-3 years post-transplant included 103 study
arms. Forty-one, 46 and 16 studies used cyclosporine, tacrolimus and sirolimus
respectively. The overall proportion of patients developing PTDM at 2-3 years was
18.1% (95%ClI: 16.2%-20.3%, I* = 98.2%). The percentages of patients who developed
PTDM with each immunosuppression therapy were 15.3% for cyclosporine (95%CI
12.9%-18.1%, I* = 94.2 %), 20.7% for tacrolimus (95%CI: 17.4%-24.4%, I*= 99.1%), and
20.8% for sirolimus (95%CI: 17.3%-24.9%, I> = 58.6%).

The analysis of incidence of PTDM at 5-10 years post-transplant included 78 study
arms, 8 with cyclosporine, 31 with tacrolimus, and 9 with sirolimus as the main
immunosuppressant. The overall proportion of patients developing PTDM at 5-10
years was (95%CI: 0.1362-0.1840, I* = 93.2%). The percentages of patients who de-

WIT | https://www.wjgnet.com 435 October 18,2021 | Volume1l | Issuel0 |



Kotha S et al. PTDM in solid organ transplant

Records identified throh database
searching
(n = 7638) MEDUNE 1958; MEDLINE
epub/in-process 132; EMBASE 5103;

Central 395; CDSR 50

A J

Records after duplicates removed

(n = 5870)

Y
Records screened
(n = 5870)

A J

Full-text articles assessed for eligibility

(n=726)

Y

Studies included in
quantitative synthesis
(meta-analysis)
(n = 206)

Records excluded (n = 5144)
Reasons for exclusion

Not about NODAT (n = 1444)
Reviews/meta-analyses (17 = 1950)
Letters (n = 148)

Editorials (n = 135)

Conference proceedings (n = 77)
Case reports/series (n = 599)
Pediatric population (n = 156)

Follow up for NODAT < 1 yr (n = 268)
Gestational diabetes (n = 35)

Not solid organ transplant (7 = 246)
Not immunosuppressant regimen of interest (17 = 60)
Not a human study (n = 24)

Diabetes insipidus (7 = 1)
Cystic-fibrosis related diabetes (7 = 1)

Full-text articles excluded (n = 518)
Reasons for exclusion

Follow-up time not clear (n = 14)

Not enough information (n = 233)

No incidence given (n = 135)

Not immunosuppressant regimen of interest (7 = 138)

Figure 1 PRISMA flow diagram illustrating the results of search strategy and study selection. NODAT: New onset diabetes after transplantation.
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veloped PTDM with each immunosuppression therapy were 12.6% for cyclosporine
(95%CI: 10.51-14.99, I* = 91.7%), 19.9% for tacrolimus (95%CI: 15.89%-24.81%, I* =
90.8%), and 19.2% for sirolimus (95CI: 10.03-33.69%, I?*= 91.4%).

NMA comparing tacrolimus, sirolimus and cyclosporine: The results of the NMA are
presented in Figure 3. The direct and indirect estimates were inconsistent, with the
exception of one comparison at 5 year that involved a study with zero events in one
arm. The overall odds of developing PTDM were higher when tacrolimus or sirolimus
were used as main immunosuppressant than with cyclosporine. Across all time points,
compared to cyclosporine, the odds of developing PTDM were 1.4 times higher
(95%ClI: 1.1-1.9) with sirolimus and 1.7 times higher (95%CI: 1.5-2.1) with tacrolimus.
The odds ratio between tacrolimus and sirolimus was 1.2 (95%CI: 0.9-1.6). The
increased risk with tacrolimus compared to cyclosporine was seen at all time points
post-transplant (1-year: 1.6, 95%CI: 1.2-2.3; 2-3 years: 1.7; 95%CI: 1.4-2.1; 5 or more
years: 1.7; 95%CI: 1.1-2.6). The increased risk with tacrolimus compared to cyclos-
porine appeared mainly in the studies reporting 5+ years of follow-up data (OR 2.3;
95%ClI: 1.2-4.5).

Subgroup analysis by type of solid organ transplanted: Table 1 shows the incidence
of PTDM, number of studies in the analysis, incidence, 95%CI and I* by organ
transplanted (liver, kidney, heart and lung) at various time points. This analysis
excluded studies where pre-existing DM was unknown. At 2-3 years post-transplant,
incidence of PTDM was 18.9% (95%CI: 14.2-24.7) in liver transplant patients, 17.2%
(95%CI: 14.9-19.8) in kidney transplant patients, 22.4% (95%CI: 17.1-28.8) in heart
transplant patients and 18.8% (95%Cl: 8.6-36.3) in lung transplant patients. Hetero-
geneity in the incidence of PTDM was related to X, Y and Z in meta-regression, but the
I? for each organ-time combination remained high even after accounting for differences
between studies in these characteristics.

Risk factors for developing PTDM: We did not conduct a meta-analysis of predictors
of developing PTDM. However, for each variable assessed as a predictor any paper in
the review, we present the number of studies assessing it, and the number of studies
that found it to be statistically significant in multivariable analyses (Table 2). Some of
the noteworthy variables and the proportions, where they were significant include age
(44/50), BMI (36/39), HCV (14/18), and African American ethnicity (22/52).
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Table 1 Incidence of post-transplant diabetes mellitus stratified by organ transplanted at various time points

Organ Year Number of studies Incidence (%) 95%Cl P (%)
Liver Year 1 7 123 5.6-24.8 89.3
Liver Years 2-3 16 18.9 14.2-24.7 94.4
Liver Years 5+ 5 9.0 2.9-245 95.0
Kidney Year 1 108 122 10.5-14.1 95.3
Kidney Years 2-3 73 17.3 15.1-19.7 98.2
Kidney Years 5+ 71 16.3 13.9-19 93.2
Heart Year 1 3 29.3 9.5-62 84.9
Heart Years 2-3 10 224 17.1-28.8 93.6
Heart Years 5+ 2 17.7 14.1-22 0.0
Lung Year 1 3 6.4 0.9-34 92.8
Lung Years 2-3 5 18.8 8.6-36.3 96.8
Lung Years 5+ 0 N/A N/A

Incidence of post-transplant diabetes mellitus by organ transplanted and year. Number of studies, incidence, 95%CI and I* by organ and year.

Jaishideng®

DISCUSSION

PTDM is a recognized complication of SOT, with reported incidence varying widely
between 10 and 40%, depending on the transplanted organ[3,4]. This variability is
mainly due to lack of definitive diagnostic criteria. PTDM is associated with substan-
tially increased risk of cardiovascular disease, graft failure and premature death across
all organ transplant groups|[1,2]. Various factors have been noted to influence the
development of PTDM.

In this systematic review and meta-analysis, we estimated incidence of PTDM for
each of the 3 major immunosuppressants used in SOT (tacrolimus, sirolimus and
cyclosporine), both overall and at key time points post-transplant, and used NMA to
compare incidence between agents. A total of 206 eligible studies involving 129857
post-transplant patients fulfilling the inclusion criteria were included in one or more
parts of the meta-analysis. Renal transplant recipients constituted the largest number
of participants.

The overall pooled incidence of PTDM was higher in arms using tacrolimus and
sirolimus than in those using cyclosporine across all SOT. The pattern across agents
was similar at one, two and 5-10 years following SOT. In NMA combining studies that
examined two or more immunosuppressants, tacrolimus had a consistently higher
odds of PTDM at each time point than cyclosporine, with increased risk from sirolimus
compared to cyclosporine being mainly restricted to the period 5-10 years post-
transplant.

There is biological plausibility to sirolimus inducing insulin resistance in the longer
term, with in vivo evidence that chronic usage of Sirolimus leads to insulin resistance
and diabetes. It has been demonstrated that Sirolimus induces gluconeogenesis in liver
and well as downregulation of GLUT-4 Leading to the development of severe glucose
intolerance[12,13]. These effects are mediated through the blockade of the mTOR/
S6K1 pathway. Moreover, there is evidence of increased B-cell toxicity induced by the
chronic mTOR inhibitor treatment also possibly leading to insulin resistance and
diabetes[14]. Conversely, tacrolimus affects the pancreatic B-cells, thereby decreasing
insulin secretion resulting in hyperglycemia.

This review found that the variables most frequently associated with PTDM were
age, BMI, tacrolimus use and hepatitis C virus. In the literature, numerous risk factors
such as age, race, ethnicity, family history, hepatitis C infection, BMI, acute rejection
and immunosuppressive agents have been implicated in the development of PTDM
(15-19). Increased age as a risk factor for PTDM has been investigated in numerous
studies within the transplant population. Khalili et al[20] reported increased age as a
predictor of PTDM in 555 Liver transplant recipients whereas Mirabella et al[21]
reported an increased age at transplant (> 45 years) as a risk factor in a cohort of 899
recipients. In contrast, studies by Saliba et al[22] and Driscoll et al[23] reported no
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Table 2 Most commonly reported predictors for developing post-transplant diabetes mellitus

Predictor n Fraction
African-American 59 27/59
Age 56 51/56
BMI 43 39/43
Tac use 31 24/31
HCV 20 15/20
BPAR 13 10/13
Male 11 4/11
Family history of diabetes 7 6/7
Pre transplant triglycerides 7 7/7
Pre transplant impaired fasting glucose 6 6/6
CMV infection 5 2/5
Proteinuria at post-operative day 5 3 3/3
Number of rejections 3 2/3
Triglyceride lipid increase 2 2/2
HLA mismatch 2 0/2
HBV 1 1/1
Non-Caucasian 1 1/1
Cystic fibrosis 1 1/1
Cadaveric donor 1 1/1

BMI: Body mass index; HCV: Hepatitis C virus; BPAR: Biopsy proven acute rejection; CMV: Cytomegalovirus; HLA: Human leukocyte antigen; HBV:
Hepatitis B virus.

association with age. Biopsy proven acute rejection is a risk factor for PTDM as bolus
doses of steroids along with increase in maintenance immunosuppression with
tacrolimus, cyclosporine or sirolimus is used as standard of treatment which lead to
increased risk of PTDM.

Evaluating the incidence and predictors of PTDM is important, aspatient survival is
significantly compromised by renal disease, cardiovascular disease and infection[24].
However, there is variable evidence regarding the relationship of PTDM with
mortality in the post-transplant cohort. In a study by Kasiske et al[7], PTDM was
associated with mortality (P < 0.0001), graft failure (P < 0.0001), and death-censored
graft failure (P < 0.0001). In contrast, a retrospective analysis of the UNOS/OPTN
database (n > 37000) by Kuo et al[25] did not demonstrate the negative impact of
PTDM on transplant survival or cardiovascular mortality. Similarly, a retrospective
analysis of the UNOS/OPTN database by Kuo et al[26] consisting of over 13000 Liver
transplant recipients demonstrated that the presence of both PTDM and acute rejection
at 1-year post-transplant but not PTDM alone was associated with higher overall graft
failure and mortality risk. This suggests that more robust studies are required to
investigate this association further.

Strengths of this study include: (1) Use of a comprehensive and exhaustive search
strategy, in order to identify all potentially relevant studies; (2) Evaluation of eligible
studies and data extraction by two investigators independently, with discrepancies
resolved by consensus; (3) The large total number of studies and participants; (4) Use
of rigorous analytic methods to summarize and compare estimates and investigate
heterogeneity; (5) Tabulation of all identified risk factors for PTDM across solid organ
transplant groups; and (6) Adherence to the PRISMA guidelines and use of standar-
dized tools for quality assessment of cohort studies.

Limitations
An important limitation to the interpretation of results is the significant clinical hetero-
geneity across studies in immunosuppression protocols, patient populations, and
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Figure 2 First-reported Incidence of post-transplant diabetes mellitus in each study plotted against the timing of the assessment,
grouped according to mainstay of immunosuppression, with separate estimates of average incidence for studies excluding and not-
excluding patients with pre-existing diabetes mellitus. Plotting symbols indicate the number of patients contributing to the estimate. The red data points
denotes the studies which did not report the percentage of diabetes pre-existing before transplant. The black data points denote the studies, which report the
percentage of pre-transplant diabetes in the patients. NODAT: New onset diabetes after transplantation.
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criteria used to define PTDM. In meta-regression, such study-level variables explained
only a small amount of heterogeneity in incidence estimates. I?, with or without meta-
regression, mainly fell in the range of ‘substantial heterogeneity, meaning that most
variability in incidence remains unexplained. Where a study reported incidence at
multiple times, we used the earliest time to minimize issues related to loss-to-follow-
up in the individual study. This has consequences for the comparisons of incidence of
PTDM at different time points; these comparisons should be made with the proviso
that the estimates may be based on somewhat different types of patients, as a result of
differential drop-out and death. In the NMA, where we compare risk of PTDM
between immunosuppressant regimens, RCTs and observational studies were com-
bined. This would not be recommended practice when the outcome in the meta-
analysis is the outcome in the original studies, as there could be confounding in the
observational studies. However, the choice of immunosuppressant at the time of
transplant is largely made without regard to long-term risk of PTDM, so confounding
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should be minimal. Another important limitation is that PTDM could be related to
pulses of steroids required for treatment of rejection and increasing doses of im-
munosuppressant, however the studies did not report this consistently and thus this
factor was not included in our meta-analysis. Finally, the summary of the predictors of
PTDM may be subject to publication bias, as it would be common for individual
studies not to report variables that were investigated but found to be non-statistically
significant.

Nonetheless, our study represents the most comprehensive study review and meta-
analysis to date on the relative impact of the principal maintenance immunosup-
pressants.

CONCLUSION

This NMA compares the relative impact of the 3 major immunosuppressants on the
development of PTDM, revealing sirolimus and tacrolimus to be significantly more
diabetogenic than cyclosporine. Tacrolimus has higher diabetogenicity in the short-
term (2-3 years post-transplant), whereas sirolimus tends to exhibit higher diabeto-
genicity in the long-term (5-10 years post-transplant). This research will aid clinicians
in understanding the important risk factors for PTDM, and encourages careful
evaluation of the risk-benefit ratio of different immunosuppressant regimens in the
transplant recipients.

ARTICLE HIGHLIGHTS

Research background

Post-transplant diabetes mellitus (PTDM) is associated with significant morbidity and
mortality, with increased cardiovascular risk, infection and graft failure. The reported
incidence of PTDM ranges from 4%-25% in renal transplant recipients, 2.5%-25% in
liver transplant recipients, 4%-40% in heart transplant recipients, and 30%-35% in lung
transplant recipients.

Research motivation
This research will help clinicians recognise the risk-benefit of various immunosup-
pressants for PTDM.

Research objectives
The aim of this study is to perform a systematic review and meta-analysis to estimate

WJT | https://www.wjgnet.com 440 October 18,2021 | Volume1l | Issuel0 |



Jaishideng®

Kotha S et al. PTDM in solid organ transplant

incidence of PTDM and compare the effects of the 3 major immunosuppressants on
incidence of PTDM

Research methods

The authors performed a systematic review and meta-analysis as per the Preferred
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement
standards.

Research results

This network meta-analysis (NMA) reveals sirolimus and tacrolimus to be signi-
ficantly more diabetogenic than cyclosporine. Tacrolimus is more diabetogenic in the
short-term (2-3 years post-transplant), whereas sirolimus tends to exhibit higher
diabetogenicity in the long-term (5-10 years post-transplant).

Research conclusions

This NMA reveals sirolimus and tacrolimus to be significantly more diabetogenic than
cyclosporine. Tacrolimus is more diabetogenic in the short-term (2-3 years post-
transplant), whereas sirolimus tends to exhibit higher diabetogenicity in the long-term
(5-10 years post-transplant). This research will aid clinicians in understanding the
important risk factors for PTDM, and encourages careful evaluation of the benefit-risk
ratio of different immunosuppressant regimens in the transplant patients.

Research perspectives
Focused studies on patients on sirolimus to get more information on pathophysiology
of PTDM development required.
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