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Despite organ transplantation being the most successful treatment for end-stage
0 organ dysfunction, the number of annual solid organ transplantations is much
0 lower than that required to satisfy the demand of patients on waiting lists. The
explanation for this phenomenon is the relative scarcity of non-living organ
donors due to several factors, such as: (1) Late arrival of patients with a
neurocritical condition to an emergency service; (2) lack of detection of those
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positive diagnosis of the subject’s death, either due to brain or cardiac death; (6)
difficulty in obtaining legal authorization, either by direct relatives or by the
authority, for the extraction of organs; and (7) deficient retrieval surgery of the
organs actually donated. The recent reports of relatively successful xenotrans-
plants from genetically modified pigs open the possibility to fix this mismatch
between supply and demand, but some technical (organ rejection and opp-
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Core Tip: The recent promising xenotransplants derived from genetically modified pigs (heart and kidneys)
will open a new discussion: to maintain and improve human non-living organ procurement or invest in the
development of solid xenotransplant clinical services. Issues to be solved before reaching that point will be
immunologic (preventing acute and chronic graft rejection), opportunistic infections from pigs (for
example, porcine cytomegalovirus) and economic (how to finance and afford those technically complex
organs for the population).
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INTRODUCTION

The recent promising xenotransplants derived from genetically modified pigs (heart and kidneys) will
open a new discussion: To maintain and improve human non-living organ procurement or invest in the
development of solid xenotransplant clinical services. Issues to be solved before reaching that point will
be immunologic (preventing acute and chronic graft rejection), opportunistic infections from pigs (for
example, porcine cytomegalovirus) and economic (how to finance and afford those technically complex
organs for the population).

Solid organ transplantation has clearly improved medical performance in terms of the treatment of
end-stage organ failure, as in the case of kidney, liver, or heart failure, among others. Consequently, it
has improved the survival and quality of life of patients who suffer from those diseases[1]. Nev-
ertheless, the main limitation in transplanting all patients in need is the availability of donors[2].

For many years it has been suggested that xenotransplantation might provide a solution to the
imbalance between the demand and supply of organs for transplantation[3], but it has remained a
theoretical option. The recent experiences of heart and kidney implants from genetically modified pigs,
however, could mean that solving this imbalance may now be a real possibility and, therefore, it could
mean that the activity of searching for and procuring organs, particularly from non-living donors, could
decline[4-6].

However, this issue is still a subject of extensive technical considerations.

The prevalence of end-stage kidney, liver, or heart diseases increases as a country’s population ages.
Age-related chronic diseases appear along with this shift, and the medical treatments in use allow more
patients to survive the acute phases of those diseases. As a consequence of this, as well as due to general
improvement of road safety measures, potential organ donors no longer come from young subjects who
die due to car accidents or trauma, but increasingly older adults and, often, with prevalent chronic
diseases that reduce the functionality of the organs to be donated[7]. This could explain, in part, the
asymmetries in organ donation rates in different countries, even when they are culturally similar, as
occurs, for example, in those countries belonging to Latin America or those belonging to Western
Europel[8].

If we analyze the figures of non-living donors in the world, we will see that there are marked
differences between countries, ranging from 0.4 donors per million population (pmp) in the Dominican
Republic or 4.4 pmp in Greece, to 38 pmp in the United States or Spain[8]. This implies that there are
significant growth opportunities in the global procurement activity: Carrying out comparative studies of
the realities of the procurement process between different countries and attempting to replicate the "best
practices" of the leading countries could, as a conservative estimate, be enough to increase the global
donation rate in America and Europe to 15-20 pmp, and could, thinking more ambitiously, be enough to
even reach the leading countries[8].

The central question derived from the previous paragraph is why there are so many differences in
countries” donation rates. In this regard, the procurement process (framed under a local legislation
supportive towards organ donation) can be outlined as a series of stages that include: (1) Arrival of
patients with a neurocritical condition (trauma or stroke, for example) to an emergency service; (2)
Detection of that patient as a possible organ donor by health professionals dedicated to procurement
(organ procurement organizations in the United States or procurement coordinators in Spain), or by
clinicians at emergency and intensive care units, for instance; (3) Transfer of the patient to an intensive
care unit to try to recover their health and to provide hemodynamic, ventilatory, and metabolic support
(if there are critical beds available); (4) Confirmation of the physiological status of the possible donor
and the organs to be donated — that is, the ruling out of pathological conditions that contraindicate the
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subject as a potential donor (for example metastatic neoplastic disease, encephalitis due to transmissible
viruses (rabies), and others); (5) Positive diagnosis of the subject’s death, either due to brain or
circulatory death; (6) Legal authorization, either by direct relatives or by the authority, for the retrieval
of organs; and (7) Procurement surgery of the organs actually donated.

In any of these phases, effective donation is likely to be foiled. During the first year of the severe acute
respiratory syndrome coronavirus 2 pandemic, in 2020, we witnessed a natural experiment in which it
was possible to observe how the disease associated with the novel coronavirus disease 2019, reduced the
arrival of patients with serious trauma or strokes to emergency services[9-11]; how hospitalizations in
critical care units were reduced; and how the activity of local procurement units decreased, along with
surgical retrieval activities and donation authorizations by family members[12]. These situations
together explain why donation and transplant figures plummeted in several countries, including those
in the United States and Spain[12,13].

If the failing stages of the process in each country could be improved, it would be feasible to increase
their effective donation rates. For example, stage 1 could be improved with the implementation of
rescue ambulance systems; stages 2 and 3 could be facilitated with the use of information technology
[14]; stages 4 and 5 could benefit from the inclusion of trained professionals; and stage 6 could be
improved by including experts in breaking bad news in the procurement team. These are general
examples, but performing a careful benchmark analysis of the procurement stages in each country
should provide even better improvement opportunities for each country, since the good initiatives
observed in some countries could be adapted for other countries.

How much do the proposed improvements cost? Given that the main difficulty is setting up the
procurement process and most of the countries have already carried out work to that end, the marginal
cost should not be very high, since there would be no significant barriers to implementation of
improvements from the economic point of view, and their cost could be easily apportioned by
increasing organ implants and the savings that they imply for the health systems of each country.

On the other hand, we have the opportunity to use organs from animals with similarities to humans.
Historically, at the beginning of the 20™ century, xenotransplantation was conceived as the solution to
replace failing organs[15]. However, all the experiences concluded that, although the surgical technique
allowed the surgeons to successfully implant the organs, they irremediably did not function as a result
of diffuse thrombosis in all the graft vessels. It was not until the second half of the same century when it
was described that the cause of thrombosis was mediated by preformed antibodies in the recipients,
against vascular antigens from the donor animal. This type of hyperacute rejection was impossible to
overcome even with aggressive immunosuppression techniques in non-human models[16]. The second
limitation was local thrombosis derived from immune aggression and an exaggerated activation of the
complement system[17].

In fact, the cardiac graft implanted in January 2022 came from a transgenic pig with 10 genetic
modifications: Three knock-outs of genes associated with cell membrane carbohydrates (galactose
alpha-1,3-galactose, Sda blood group antigen and N-glycolylneuraminic acid), a knock-out for the
growth hormone receptor, increased expression of CD-46 antigens and “decay accelerating factor” to
mitigate the activation of the complement system, expression of thrombomodulin and protein C genes
to reduce thrombogenicity, and finally, anti-inflammatory proteins CD-47 and heme-oxygenase-1[5].
The three kidneys implanted on similar dates somewhat later had similar genetic modifications,
although in smaller numbers[4,6]. In all these cases, neither hyperacute rejection nor massive intrapar-
enchymal thrombosis occurred, although elements of thrombotic microangiopathy were indeed
observed. An additional element which requires cautious is the eventual transmission of infectious
agents typical of pigs, such as the porcine-derived retrovirus, or the porcine cytomegalovirus, among
others[4-6].

Despite these complications and the disastrous outcome of the recipient with the heart graft, these
preliminary experiences are certainly auspicious and appropriate clinical studies will surely elucidate
the real usefulness of xenotransplants from genetically modified pigs raised in highly controlled
environments.

Assuming that this new xenotransplantation continues to develop favorably, one wonders how much
each organ will cost and how many real patients it will benefit, with “real patients” being those who are
not part of a clinical trial and who, therefore, must pay (themselves or their insurers) for the xenotrans-
plantation and its associated pharmacological treatments.

One way to calculate the aforementioned cost could be using the economic benefit for society of
transplantation with a traditional non-living donor as a reference, and based on these numbers, roughly
estimate the value that each heart or kidney could have.

The cost per quality adjusted life year (QALY) of a heart transplant in someone who is on the waiting
list receiving exclusive pharmacological therapy is close to US$97000, a figure that increases to
US$226000 if the person waiting is connected to a left ventricular assist device[18]. If we consider that in
the United States a figure of US$100000/ QALY is considered acceptable for a heart transplant, this
treatment would be economically viable only in the first group of patients and would therefore force
transplant teams to enroll those who suffer from advanced heart failure early. For kidney tran-
splantation, the cost per QALY is slightly less than US$50000[19,20].
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Table 1 Organ procurement process and opportunities for improvement

Process

Improving opportunities

(1) Arrival of patients with a neurocritical condition to an emergency service Implementation and improvement of rescue ambulance systems

(2) Identification as a possible organ donor by health professionals Training health professionals, use of information technology

(3) Transfer to an intensive care unit to provide full support Use of information technology, critical care bed selective dedication

(4) Confirmation of suitability to be a donor Inclusion of trained health professionals

(5) Diagnosis of the subject’s death, either due to brain or circulatory death Availability of on-site neurologists and perfusionist specialists.

(6) Procurement surgery of the organs actually donated Inclusion of experts in breaking bad news in the procurement team

Jaishideng®

The problem is, however, that the US$100000/ QALY threshold is not necessarily valid for other
countries. In fact, the willingness to pay of each country is correlated with its gross domestic product
(GDP) per capita and, therefore, the cost-effectiveness analyses and the QALYs improved by a
successful transplant should be adjusted for each country. By doing this, it becomes clear that the
US$100000 for the United States does not compare fairly with the US$ < 10000 for Thailand or the
US$20000-30000 for various South American and European countries which, in turn, also have lower
GDP per capita[21].

The implications of the economic data presented are that the price to be paid for a desirable new good
correlates with the expected benefit that good is estimated to provide. The price to be paid also
correlates with the need for the return on investment demanded by the shareholders who own the
companies that develop these improved goods. Finally, these two figures should be adjusted for the risk
that such assets have to be successful in the market[22]. If we use the market price of onasemnogene
abeparvovec-xioi for spinal muscular atrophy of €1.9 million as a reference, we may find that an
independently calculated price would be close to €1.7 million[22]. The €200.000 (10% of €1.9 million)
difference between both prices is, in the best of cases, an error in the calculation methodology or, in the
worst scenario, an appropriation of “consumer surplus”. The latter could imply that the price of an
organ from a genetically modified pig would be close to the total QALY gained from the transplant
(QALY/year multiplied by additional years of graft or host survival) plus a “consumer surplus” of 10%,
which could be no less than US$500000 for a heart or US$250000 for a kidney (assuming that both grafts
last only 5 years, which is a very conservative estimate) which, obviously, could be paid by very few
people only from the wealthiest countries and certainly even the world strongest public health systems
could not finance those transplants[21].

CONCLUSION

So, going back to our initial question: Is the near coming xenotransplantation era relieving us from
having to look for more non-living organ donors? Our answer is "not at the moment"; even thinking that
xenotransplants will have the same survival as allografts from human donors, their market prices will
be prohibitive in many countries, forcing those countries to necessarily continue improving their actual
procurement processes from non-living human donors (Table 1). Wealthy countries, however, are likely
to be able to improve their transplant rates, at least in the short term, with organs from genetically
modified pigs raised in highly controlled environments. Nevertheless, as the xenotransplantation
technology and production processes improve, the prices will decrease allowing more consumers to
afford a genetically modified xenograft. We did not include a discussion on allografts from living
donors as besides the costs, it raises an ethical dilemma that was out of our scope.
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Abstract

Significant scarcity of a donor pool exists for heart transplantation (HT) as the
prevalence of patients with end-stage refractory heart failure is increasing
exceptionally. With the discovery of effective direct-acting antiviral and favorable
short-term outcomes following HT, the hearts from hepatitis C virus (HCV)
patient are being utilized to increase the donor pool. Short-term outcomes with
regards to graft function, coronary artery vasculopathy, and kidney and liver
disease is comparable in HCV-negative recipients undergoing HT from HCV-
positive donors compared to HCV-negative donors. A significant high incidence
of donor-derived HCV transmission was observed with great success of achieving
sustained viral response with the use of direct-acting antivirals. By accepting
HCV-positive organs, the donor pool has expanded with younger donors, a
shorter waitlist time, and a reduction in waitlist mortality. However, the long-
term outcomes and impact of specific HCV genotypes remains to be seen. We
reviewed the current literature on HT from HCV-positive donors.

Key Words: Heart transplant; Hepatitis C-positive donors; Direct-acting antiviral; Coronary
allograft vasculopathy; Allograft rejection
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Core Tip: Given the favorable preliminary data and ongoing opioid epidemic, the utilization of hepatitis C
virus-positive hearts is on the rise, which is aiding in the closure of the gap between heart transplantation
candidates and donors. Additionally, with future studies evaluating long-term outcomes and standard-
ization of direct-acting antiviral therapy, more transplant centers will accept hepatitis C virus-positive
organs.
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INTRODUCTION

Heart failure (HF) prevalence is increasing, with 6.2 million adults diagnosed from 2013 to 2016
compared to 5.7 million from 2009 to 2013. The prevalence is estimated to increase to more than 8
million by 2030[1,2]. In 10%-15% of patients, end-stage refractory HF will develop requiring advanced
therapies including orthotopic heart transplantation (OHT) or durable mechanical support therapies|2,
3]. There is a substantial mismatch between donors and recipients as there is an increasing prevalence of
HF over the years with a constant rate of OHTs performed. During 2018, 268 patients died while waiting
for OHT with 3883 patients being added to the transplant list and 3440 OHTs performed[4]. Expanding
the donor pool with utilization of organs from hepatitis C virus (HCV)-positive individuals is an
opportunity to close this gap.

Historically, HCV-positive donors were not considered due to high risk of HCV transmission,
ineffective and unsafe HCV treatments, and overall inferior survival following heart transplantation
(HT)[5,6]. With the discovery of direct-acting antivirals (DAAs), the donor pool has expanded with the
addition of HCV-positive donors due to great success of treating HCV, limited interaction with
immunosuppression, and optimal short-term outcomes following HT. Data of long-term outcomes are
scarce, and there is a wide variation with the use of different DAA agents and optimal initiation among
the studies. Therefore, we reviewed the current literature of HT from HCV-positive donors in HCV-
negative recipients and discussed the epidemiology, outcomes of HT in the pre- and post-DAA era,
complications, and potential barriers for more widespread utilization of HCV-positive donors.

MATERIALS AND METHODS

We searched the terms “heart transplant,” “organ transplant,
combinations in Medline through November 2021.

” o ” o

transplant,” and “hepatitis C” in various

DONOR HCV STATUS CLASSIFICATION

HCYV infection in donors can be classified using two serological markers: HCV antibodies (Ab), which
typically present after 6-8 wk of exposure to HCV[7]; and nucleic acid testing (NAT), which is present
during an active infection occurring after 3-4 d of exposure to HCV[8,9].

HCV Ab-positive NAT-negative
Donors that are HCV Ab-positive and NAT-negative have spontaneously cleared the virus or were

treated with antiretrovirals. There is low to no risk of transmission of the virus to the HT recipient[10,
11].

HCV Ab-positive NAT-positive
Donors that are HCV Ab-positive and NAT-positive have an ongoing infection or chronic active
hepatitis. There is a high risk of HCV transmission to the HT recipient.

HCV Ab-negative NAT-positive

Donors that are HCV Ab-negative and NAT-positive have an acute HCV infection without adequate
time for Ab production against HCV. There is a high risk of transmission in solid organ transplant
recipients.
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HCV Ab-negative NAT-negative

Donors that are HCV Ab-negative and NAT-negative are in the eclipse period (within a week) of
acquisition of HCV when NAT is not detectable with negative HCV Ab. This serological classification
typically includes high-risk donors and intravenous drug users (IVDU). The potential of such donors is
32.4 per 10000 in the United States[12].

EPIDEMIOLOGY AND HCV-POSITIVE DONOR POOL

HCYV, a single-stranded RNA virus, is the most frequent blood-borne infection common among IVDUs
[13,14]. The World Health Organization reports that the HCV worldwide prevalence is 71 million with
an annual incidence of 50300 in 2018 in the United States and a 3-fold increase from 2009 to 2018 with a
rate of 0.3 to 1.2 per 100000 population[15].

The prevalence of HCV infection among IVDUs increased from 28% in 2008 to 40% in 2015 in North
America[14,16], and it is estimated to increase by 43% by 2030[17]. The pool of HCV-positive donors is
increasing by 10-fold due to the current opioid epidemic in the United States and to the increase in
deaths related to overdose since 2000, which is on the rise from 15.1% in 2010 to 26.1% in 2018[18]. In
2020, 81230 deaths due to opioid overdose increased by 38.4% over a 12-mo period from June 2019 to
May 2020. These younger victims without significant comorbidities are a potential for prolonged organ
survival following HT[19,20]. The United Network of Organ Sharing reported HT from HCV-positive
donors is on the rise from 247 to 362 HT from HCV-positive donors from 2018 to 2019. A single center
reported doubling their transplant volume by utilizing HCV-positive hearts from 130 to 260 from 2013
to 2018, with a reduced mean waiting period of 4 d[21]. Nationwide utilization of HCV-positive donors
can increase the number of HTs resulting in reduction in the waiting period and closing the gap
between donors and recipients.

HCV-POSITIVE TRANSPLANT IN THE PRE-DAA ERA

Limited data are available on HT from HCV-positive donors in the pre-DAA era (Table 1)[5,22-31].
Studies reported a high transmission rate of HCV with an inferior survival rate of 70% at 1 year
compared to 89% in controls[5] and a 10-year survival rate of 25% in the HCV-positive group vs 53% in
controls[31] due to a higher incidence of cardiac allograft rejections, cardiac allograft vasculopathy,
progression to chronic HCV infection, and liver disease[5]. Haji et al[30] reported HCV seropositivity as
an independent risk factor for overall mortality by 2.8-fold and increased incidence of cardiac allograft
vasculopathy by 3-fold. Historically, interferon-based therapy was being utilized for HCV infection,
which demonstrated poor tolerability and a risk of interaction with immunosuppressants[32]. Due to
these complications and decreased overall survival, the use of HCV-positive donors diminished until
recent years following the discovery of DAAs.

HCV-POSITIVE TRANSPLANT IN THE POST-DAA ERA

In 2011, DAAs were introduced demonstrating high efficacy in eradicating HCV and achieving
remission[33]. In 2013, the combination of sofosbuvir and simeprevir achieved 92% sustained virologic
response (SVR) at 12 wk after completion of the antiretroviral regimen without the addition of historical
medications such as interferon and ribavirin[34]. In 2014, a four-drug combination was approved for
acute HCV infection with ombitasvir, paritaprevir, ritonavir, and dasabuvir, which achieved 100% SVR
[35]. These DAAs used in post-transplant recipients achieved comparable SVR to non-transplanted
patients[11,33,36-38]. The overall survival in HCV-negative recipients receiving hearts from HCV-
positive donors is comparable to HCV-negative donors (Table 2)[10,11,21,33,36,37,39-52].

POTENTIAL COMPLICATIONS OF HT IN HCV-NEGATIVE RECIPIENT FROM HCV-POSI-
TIVE DONOR

HCYV contraction

HCV contraction is 82% to 100% from HCV NAT-positive donors. Schlendorf et al[11] demonstrated
95.7% of donor-derived HCV from HCV NAT-positive donors, and the risk of acquiring HCV from
HCV Ab-positive and NAT-negative donors is low. One study demonstrated no viremia up to 1 year in
10 HCV-negative recipients receiving hearts from NAT-negative donors[11]. The risk of developing
HCV is variable across all the studies, but it appears to be reduced with the use of HCV NAT-negative
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Table 1 Heart transplantation from hepatitis C virus-positive donors in the pre-direct-acting antivirals era

Ref. Study type Study group Outcome

Pereira et al[22], Retrospective, 6 HCV-negative recipients underwent HT from  50% of recipients acquired HCV infection and higher

1991 observational HCV Ab-positive donors incidence of liver disease was noted

Hayashi et al[23],  Case Report 46-yr-old male with end- stage cardiomyopathy =~ Fulminant liver failure and patient died in less than 2 yr

1994 receiving HT from HCV Ab-positive donor

Lim et al[24], 1994  Case Report 51-yr-old male undergoing HT from HCV Ab- Fulminant hepatitis, which was treated successfully with
positive donor interferon-based therapy; Died due to pulmonary

aspergillosis

Zein et al[25],1995  Observational 1 HCV-negative recipient underwent HT from Cholestatic liver disease and liver failure-related mortality
HCV Ab-positive donors

Pfau et al[26], 2000 Retrospective 5 recipients without HCV infection underwent 1 out of 5 recipients became HCV Ab-positive; Elevated
HT with HCV Ab-positive donors liver enzymes were noted and normalized by 12 mo

Marelli et al[27], Retrospective 20 recipients (10 were status I and 10 were status ~ Overall survival was 90% in status I and 80% in status II

2002 IT) without HCV infection underwent HT from group; Higher incidence of rejection and CAV were noted
HCV NAT-positive donors

File et al[5], 2003 Retrospective 10 recipients without HCV infection underwent  All recipients became HCV NAT-positive, 6 out of 9
HT from HCV-positive and NAT-positive recipients developed hepatitis and severe liver injury

occurring in 2 patients; Inferior survival of 70% was noted

Gudmundssonet  Retrospective 7 recipients without HCV infection underwent Opverall 5-yr survival was 71.4%; 3 developed chronic

al[28], 2003 HT from HCV Ab-positive donors active hepatitis, 1 died from liver failure

Wang et al[29], Retrospective 4 recipients without HCV infection underwent 1 recipient became HCV Ab-positive without clinical

2004 HT with HCV Ab-positive donors hepatitis

Haji et al[30], 2004  Retrospective 34 recipients without HCV infection underwent  75% of recipients became HCV seropositive; Higher
HT from HCV Ab-positive donors and evaluated mortality by 2.8-fold and accelerated CAV by 3.0-fold was
overall mortality and CAV noted compared to the control group

Gasink et al[31], Retrospective, 261 recipients without HCV infection underwent Overall inferior 1-yr, 5-yr, and 10-yr survival compared to

2006

registry-based,

HT with HCV Ab-positive donor

control; Higher incidence of liver disease and CAV were

cohort noted

Ab: Antibodies; CAV: Cardiac allograft vasculopathy; HT: Heart transplant; HCV: Hepatitis C Virus; NAT: Nucleic acid test.
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donors compared to HCV NAT-positive donors. All patients with donor-derived HCV achieved SVR
across all studies with DAA treatment.

Cardiac allograft rejection

Transplant allograft rejection, either cellular or antibody-mediated, is associated with poor allograft
survival and increased mortality[53]. In the pre-DAA era, the studies demonstrated an increased rate of
allograft rejection in HT recipients from HCV-positive donors, and the risk was directly associated with
viremia post-HT[5,27,54]. Two potential pathways are linked with allograft rejection from HCV
infection. The first is the activation of lymphocytes, predominately T cells, through direct and indirect
pathways affecting the endothelium, and the second is direct allograft injury is mediated by upregu-
lation of interferon-alpha and apoptotic and proliferative genes[55].

The incidence of allograft rejection was 58% in 12 HCV-negative recipients undergoing HT from HCV
NAT-positive donors compared to 30% in 13 HCV NAT-negative donors with a mean follow-up of 147
d[56]. Another study demonstrated allograft rejection of 12% and 3% in HCV-negative recipients from
HCV Ab-positive NAT-positive compared to HCV Ab-positive NAT-negative donors at 180 d follow-
up, respectively. The time to first event of rejection was earlier in recipients with NAT-positive
compared to NAT-negative donors demonstrating viremia directly played a role in acute allograft
rejection[54]. Schlendorf et al[42] reported two events of acute cellular rejection requiring treatment in
recipients who became viremic at a mean of 4 d, and the initiation of DAAs was delayed as they were
introduced on an outpatient basis at a mean of 33 d. Therefore, early detection and aggressive
implementation of DAAs are required to decrease the incidence of allograft rejection. Overall short-term
survival in the current era is similar, but the long-term risk of allograft rejection remains to be seen.

Cardiac allograft vasculopathy

Cardiac allograft vasculopathy (CAV) is the major cause of morbidity and mortality following HT with
an incidence of 8% at 1-year and 50% at 10-year[57], and the risk of CAV is increased by 3-fold in donor-
derived HCV recipients[30]. The pathophysiology of CAV is not completely understood but presumed
to be immune-mediated endothelial injuries observed with elevated intracellular adhesion molecule-1 in
HCV-infected patients[58]. The risk was observed to be further increased with B cell cross-reactivity in
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Table 2 Heart transplantation from hepatitis C virus-positive donors in the post-direct-acting antivirals era

Ref. Study type Study group Outcome
Gottliebetal ~ Case report 1 recipient without HCV infection underwent HT A recipient acquired HCV infection on day 9, and it was
[33], 2017 with HCV NAT-positive donor; treated with cured at 12 wk
sofosbuvir/velpatasvir for 12 wk
Jawad et al Case report 1 recipient without HCV infection underwent HT Patient acquired HCV infection in 2010 without any
[39], 2018 with HCV-positive donor; in 2014, after approval of ~ clinical sequelae and with treatment of DAA in 2014 it
DAA, the patient was treated with sofosbuvir and was eradicated; Progressive CAV was noted
daclatasvir for 8 mo
Moayedietal  Single center, single 2 recipients without HCV infection underwent HT ~ Low cost of HCV treatment compared to alternative
[40], 2018 arm with HCV NAT-positive donors treatment with mechanical cardiac support; Potential for
300-500 more HT annually noted
Moayedietal  Retrospective, registry- From 2013 to 2017, 64 (5%) underwent HT from Comparable survival was noted in recipients of HCV-
[41], 2018 based HCV-positive donors; Total of 1305 HCV-positive positive donors to HCV-negative donors
donors were recovered during this time period
Patel et al[10], ~ Single center, single 14 HCV-negative recipients underwent HT in 2017  None developed HCV infection
2018 arm case series from HCV Ab-positive and NAT-negative donors
Schlendorf et Single center, single 13 HCV-negative (1 was treated) recipients 69% of these recipients acquired HCV, and all of them

al[42], 2018

McLean et al
[36], 2019

Woolley et al
[43], 2019
Frager et al

[44], 2019

Schlendrof et
al[11], 2019

Reyentovich
et al[37], 2019

Aslam et al
[45], 2019

Morris et al
[46], 2019

Lebeis et al
[47], 2019

Gaj et al[48],
2019

Kilic et al[21],
2020

Zhu et al[49],
2020

Jaishideng®

arm prospective
observational case
series

Single arm, single
centered, prospective
case series

Non-randomized,
single center,
prospective trial

Single arm, single
center, prospective
trial

Single arm, single
center, prospective
observational case
series with a 1-year
follow-up

Non-randomized,
single center,
prospective observa-
tional case series

Retrospective, single
center, observational

Single center,
retrospective

Single center,
retrospective

Single center,
retrospective

Multicenter,
retrospective, registry-
based

Single center,
retrospective

WJT | https://www.wjgnet.com

underwent HT from HCV-positive donors and
treated with DAA

10 HCV-negative recipients underwent HT with
HCV NAT-positive donors, treated with
elbasvir/ grazoprevir after viral detection

8 HCV-negative recipients underwent HT from
HCV NAT-positive donors; Treated with
sofosbuvir-velpatasvir for 4 wk; Overall survival
was compared to 12 recipients undergoing HT from
HCV-negative donors

6 HCV-negative recipients underwent HT from
HCV NAT-positive donors; multiple regimens of
DAA were implemented

80 HCV-negative recipients underwent HT from
HCV Ab-positive and/or NAT-negative donors;
Multiple DAA regimens utilized

12 HCV-negative recipients underwent HT with
HCV NAT-positive donors treated with
glecaprevir/pibrentasvir for 8 wk compared to 13
controls undergoing HT from HCV-negative donors

21 HCV-negative recipients underwent HT with
HCV Ab-positive and NAT-negative or positive
donors

25 HCV-negative recipients underwent HT from
HCV Ab-positive and NAT-positive (n = 23) or
negative (n = 2) donors; DAA regimen was
implemented, and outcomes were compared to 37
recipients undergoing HT from HCV- negative
donors

23 HCV-negative recipients underwent HT with
HCV-positive donors compared to control group

receiving hearts from HCV donors

Baseline characteristics were assessed in 111 HT; 23
of these organs came from HCV-positive donors

Of 7889 HT, 343 HCV-negative recipients received
hearts from HCV-positive donors

10 HCV-negative recipients underwent HT from
HCV-positive donors between 1997-2019

398

achieved SVR following therapy with DAA except 1 who
died due to pulmonary embolism

Overall 9/10 recipients achieve SVR following DAA; 1
recipient died due to Ab cross-match leading to rejection,
graft failure, and multiorgan failure

100% SVR was noted; Comparable survival rate at 12 mo
in both groups

4 achieved SVR; 5 with 1R-2R rejection and 2 with stable
chronic kidney disease; Decreased time on the waiting list
noted

95.7% of recipients acquired HCV infection from donors
with HCV NAT-positive; DAA SVR was achieved in all
recipients; No recipients acquired donor-derived HCV
from NAT-negative recipients; Comparable 1-yr survival
of 90.7% in both groups, and median wait time of 4 d was
noted

Equivalent survival rate in both groups; Mean waiting
period of 62 d noted

All recipients of NAT-positive donors acquired HCV
infection; With DAA treatment 100% SVR was achieved;
All recipients (2/2) were Ab-positive but NAT-negative
and did not acquire HCV infection

22 of 23 recipients received hearts from HCV viremia
acquired HCV infection; No difference in overall survival,
rejection, hospitalization, and CAV between 2 groups;
Delay in HCV treatment was due to insurance coverage

Recipients receiving preemptive treatment with DAA had
preserved early allograft function receiving hearts from
HCV-positive donors

20% of recipients underwent HT from HCV-positive
donors, and the donors were younger with a mean of 37
compared to 40 yr old; Short-term outcomes were similar
in both groups

1-yr survival rate was indifferent between 2 groups; From
2016-2018, 28% of transplant centers utilized HCV-
positive donors

1-yr survival was 80%; 4 recipients acquired donor-
derived HCV, and 3 of them demonstrated cure with
DAA treatment
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McMaster et al - Single center, 12 HCV-negative recipients underwent combined A shorter median waitlist time for HCV-positive organs;

[50], 2020 retrospective heart and kidney transplant from HCV Ab-positive ~ Both groups had similar perioperative cardiac and renal
and 10/12 were NAT-positive donors and were function; Creatinine was higher in HCV-positive
compared to 27 HCV-negative donors recipients at 3 mo compared to the control group, but at 1-

Zalawadiya et
al[51], 2020

Reyentovich e
et al[52], 2020

yr it was similar in both groups; 80% of recipients
acquired donor-derived HCV infection, and with DAA
treatment 100% SVR was noted

Single center, 45 HCV-negative recipients underwent HT between Data from 23 recipients were available at 12 wk and 18
retrospective 2016-2018 from HCV Ab-positive and NAT-positive recipients at 1 yr; No significant change in renal function
donors; Renal function was assessed following up to 1-yr was noted
transplantation
Single center 22 HCV-negative recipients underwent HT between All recipients acquired donor-derived HCV; 20 recipients
prospective observa-  2018-2019 from HCV NAT-positive donors; Data achieved 100% SVR following DAA therapy; Comparable
tional were compared to 28 HCV NAT-negative recipients outcomes with Ab-mediated rejection in both groups

Ab: Antibodies; CAV: Cardiac allograft vasculopathy; DAA: Direct acting antiretroviral; HT: Heart transplant; HCV: Hepatitis C Virus; NAT: Nucleic acid
test; SVR: Systemic viral response.

Jaishideng®

HCV-positive heart recipients[30]. CAV has been associated with increased alloimmune response[59,
60]. CAV directly affects the longevity of the graft, but treatment with DA As rapidly clears viremia, and
studies have demonstrated no statistically significant risk of CAV at 1 year following HT from HCV-
positive donors[11,59]. Zalawadiya et al[61] reviewed intracoronary ultrasound of 54 HCV-negative
recipients from HCV-positive hearts treated with ledipasvir and sofosbuvir for 12 or 24 wk following
HT and up to 1-year follow-up. They found no significant difference in CAV compared to the control
group. Schlendrof et al[11] also showed that 29 recipients receiving hearts from HCV-positive donors
had no statistically significant incidence of CAV compared to HCV-negative donors. All current studies
are single centered and small sample size with short-term follow-up of 1 year. However, compared to
the pre-DAA era, the evidence shows that there is a decreased reduction in the incidence of CAV
secondary to rapid and effective clearance of HCV with DAA-based therapy. Long-term risk of CAV
and its impact on graft survival remains to be explored.

Liver disease

A higher incidence of liver disease was noted in the pre-DAA era attributing to increased mortality in
HCV-positive recipients[31]. HCV is a known cause of progressive liver disease leading to liver cirrhosis
and risk of hepatocellular carcinoma (HCC)[62]. Early eradication of HCV reverses the liver damage
that is caused by inflammation from HCV and decreases the incidence of downstream effects. Untreated
HCV in transplant patients resulted in fulminant liver failure, cholestatic liver disease, and chronic
hepatitis[23-25].

Pre-DAA recipients receiving hearts from HCV-positive donors had higher liver-related mortality
with a hazard ratio of 5.9[63]. In immunocompromised hosts, the progression to advanced liver disease
and cirrhosis was accelerated by a median of 2 years to 10 years compared to 30 years in immunocom-
petent individuals[64], and the recipients receiving an anti-lymphocyte preparation peritransplant had a
higher risk of liver disease[22].

HCYV has 6 different genotypes, with 1 to 4 being the most the common worldwide[65,66]. Genotype
1b and 3b are associated with a higher rate of liver disease compared to other genotypes[67,68].
Genotype 2 carriers have an improved overall HCC survival, and other genotypes can lead to
progressive liver disease and HCC[69]. Both antiviral therapies, including interferon and DAAs, reduce
the risk of HCC following achievement of SVR[70], but DAAs are more tolerable and efficacious
compared to interferon[71]. All HCV genotypes can be responsive with various combinations of DAA
treatment. However, relapse of HCV has been observed after DAA treatment[72,73].

DAA in HT recipients

No data are available on the optimal initiation for DAA-therapies following HT. However, recent
studies report an increased risk of rejection with delayed treatment[54]. Empirical initiation of DAAs
have decreased the viral load and shown the rapid clearance of HCV in 10 d[74]. Hence, early initiation
of DA As post-transplant while in the hospital should be highly encouraged[11,75]. Fluctuating kidney
function following HT limits the use of DAAs as some agents like sofosbuvir may adversely affect
kidney function, but DA As have been used successfully in renal transplant recipients with no impact on
renal function[51].

DAAs are well tolerated with no major adverse effects, and recipients typically suffer from self-
limiting constitutional symptoms like headaches, fatigue, or insomnia[75]. Overall cost of a 12-wk
course of DAAs are expensive, ranging from $80000 to $100000, but recently the cost has been reduced
to as low as $30000 in 2020[33,40,49]. This is far less compared to the cost of a mechanical cardiac
support device with an average cost of hospitalization of $726000 and a yearly cost ranging from $30000
to $80000 for follow-up and maintenance[32,76]. The burden of caring for durable mechanical support
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by the patient and their families should also be noted.

Overall survival

In the pre-DAA era, the overall mortality was increased by 2-fold in recipients receiving hearts from
HCV-positive donors[5,6]. With the effective treatment against HCV with DAAs, the 1-year survival
rate is 90.4% in HCV-positive recipients similar to HCV-negative recipients[37,48,61]. However, there is
a scarcity of available data beyond 1 year. Larger studies are currently ongoing for evaluating long-term
outcomes[11,37]. The average waiting period for HT is reduced and thereby decreasing waiting list
mortality[11,37]. Data on multiorgan transplants are limited. McMaster et al[50] demonstrated equi-

valent survival rates in combined heart and kidney transplants with preservation of renal function[48-
50].

Future of HCV-positive donor utilization

The studies have demonstrated comparable 1-year outcomes following HT from HCV-positive donors
compared to HCV-negative donors with a potential for younger donors[47]. Generally, the recipients
have an uncomplicated course following HT with rapid clearance of viremia with the use of DAAs with
minimal interactions with immunosuppressants and few side effects[77,78]. One-year outcomes of HT
recipients from HCV-positive donors are encouraging, but further studies are needed to evaluate the
risk of allograft rejection, development of CAV, long-term sequela of liver disease and potential HCC
risk, HCV genotype-specific effects, and recurrence of HCV and its impact on morbidity and mortality
beyond the 1*year. In 2020, only 28% of the transplant centers were utilizing HCV-positive hearts[21],
but with more experience and reassuring long-term outcomes, more transplant centers will begin accept
HCV-positive organs.

CONCLUSION

As the IVDUs and opioid epidemic is on the rise in the United States, the donor pool, including HCV-
positive hearts is going to increase in the coming years. With highly effective DAA therapy and
comparable short-term outcomes following HT, it is reasonable to utilize these organs to meet the
increasing prevalence of end-stage refractory HF patients. However, a multidisciplinary team approach
and close monitoring of these recipients are needed with close observation for long-term sequelae.
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Abstract

BACKGROUND

Over the last few years, the deceased donor organ donation rate was declined or
remained stable, whereas the live donor organ donation rate has increased to
compensate for the demand. Minimally invasive techniques for live donor
nephrectomy (LDN) have also improved the live donor kidney donation rates.
This increase has led to an interest in the surgical procedures used for LDN.

AIM

To evaluate the LDN techniques performed in Turkey, the structure of surgical
teams, and the training received. Additionally, the number of kidney transplant-
ations at different centers, the surgeon experience level, differences in surgical
approach during donor surgeries, and outcomes were assessed.

METHODS

A questionnaire was sent to the Turkish Ministry of Health-accredited transplant
centers. It inquired of the number of LDN surgeries, surgical techniques, complic-
ations, optimization protocols, the experience of surgeons, and the training.
Descriptive statistics were outlined as follows: Discrete numeric variables were
expressed as medians (minimum-maximum), while categorical variables were
shown as numbers and percentages. As a result of the goodness-of-fit tests, if the
significance of the differences between the groups in discrete numerical variables
for which the parametric test statistical assumptions were not met, data were
analyzed with the Mann Whitney U test and the y* test.

RESULTS
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The questionnaire was sent to 72 transplant centers, all of which replied. Five centers that reported
not performing LDN procedures were excluded. Responses from the remaining 67 centers were
analyzed. In 2019, the median number of kidney transplants performed was 45, and the median
number of kidney transplants from living donors was 28 (1-238). Eleven (16.5%) centers performed
5-10, while 34 (50.7%) centers performed more than 100 live donor kidney transplants in 2019.
While 19 (28.4%) centers performed the LDN procedures using the open technique, 48 (71.6%)
centers implemented minimally invasive techniques. Among the centers preferring minimally
invasive techniques for LDN, eight (16.6%) used more than one surgical technique. The most and
the least common surgical techniques were transperitoneal laparoscopic (43 centers, 89.6%) and
single port laparoscopic LDN (1 center, 2.1%) techniques, respectively. A positive association was
found between the performance of minimally invasive techniques and the case volume of a
transplant center, both in the total number and live donor kidney transplants (15 vs 55, P = 0.001
and 9 vs 42, P < 0001 respectively). The most frequently reported complication was postoperative
atelectasis (n = 33, 49.2%). There was no difference between the techniques concerning complic-
ations except for the chyle leak.

CONCLUSION

Turkish transplant centers performed LDN surgeries successfully through various techniques.
Centers implementing minimally invasive techniques had a relatively higher number of live donor
kidney transplants in 2019.

Key Words: Kidney donation; Live donor nephrectomy; Laparoscopic donor nephrectomy; Donor
complications; Minimally invasive techniques; Donation rate

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: This study showed that centers using minimally invasive techniques had a relatively higher
number of live donor kidney transplants in 2019. It also demonstrated that Turkish transplant teams
performed live donor nephrectomy surgeries successfully through various techniques by considering that
donor safety and center experience were the essential determinants when selecting the optimal approach
for each donor.

Citation: Mankiev B, Cimen SG, Kaya 10, Cimen S, Eraslan A. Current practice of live donor nephrectomy in
Turkey. World J Transplant 2022; 12(12): 405-414

URL: https://www.wjgnet.com/2220-3230/full/v12/i12/405.htm

DOI: https://dx.doi.org/10.5500/wjt.v12.i112.405

INTRODUCTION

Over the last few years, deceased donor organ donations have decreased[1]. In 2019, the overall organ
donation rate was 46.5 per million population in Turkey[2]. This figure demonstrated a decline from the
preceding years. However, this decline was less remarkable than in other European countries since live
organ donation was promoted to compensate for demand. In line with this, countries like Turkey
reported a rise in the number of living donor kidney transplantations during the pandemic. In 2019
according to the Turkish Ministry of Health data, 3963 kidney transplantations were performed in
Turkey[2]. Among these patients, 3548 were transplanted from live donors. This increased living donor
rate stimulated interest in Turkey’s surgical techniques and live donor nephrectomy (LDN) practices.

The introduction of laparoscopic donor nephrectomy was by Ratner et al[3]. Various minimally
invasive techniques have been described and performed for live kidney donation. These include hand-
assisted laparoscopic, retroperitoneoscopic, single port, natural orifice, and robotic nephrectomy
techniques[4]. Meanwhile, the open donor nephrectomy technique remained a gold standard for
patients with variant anatomies and previous abdominal surgeries. Studies conducted in Europe and
the United States showed that minimally invasive donor nephrectomy improved the live kidney
donation rates[5,6]. Due to shorter recovery time, less post-surgical pain, and better cosmetic results,
live kidney donors preferred minimally invasive techniques. Therefore, many transplant centers
implemented these techniques with considerable success.

Despite the high number of live donor kidney transplantations in Turkey, the surgical techniques for
LDN have not been widely studied. This study evaluates the LDN techniques performed in Turkey, the
structure of surgical teams, and the training received. Additionally, the number of kidney transplant-
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ations at different centers, the surgeon experience level, differences in surgical approach during donor
surgeries, and outcomes were assessed.

MATERIALS AND METHODS

This study was conducted by the University of Health Sciences, Diskapi Training and Research
Hospital, Department of Surgery after approval from the institutional ethical review committee (83/06).
A previously used questionnaire to screen kidney transplant centers in Europe was modified for
Turkish transplant centers and used for study purposes[7]. The questionnaire was prepared using
online survey software (SurveyMonkey®, California, United States). It was sent via e-mail to the
transplant surgeon, nephrologist, or urologist working in the transplant centers registered with the
Turkish Ministry of Health. The e-mail addresses were retrieved from the Turkish Ministry of Health
database and several national transplant society websites.

In May 2020, the first round of questionnaires was sent out, while the second round was sent in
September 2020. Data collection was closed after the last questionnaire was received on December 2,
2020. The questionnaire consisted of questions regarding the number of living donor nephrectomies
performed in 2019, surgical techniques used, the experience of primary surgeons, and the training they
had received. Data regarding average blood loss, donor warm ischemia time (DWIT), surgical complic-
ations, preferred nephrectomy side, and kidney extraction site were also interrogated. All donors
included in the study were live and related to the recipient.

Statistical analysis

Data analysis was performed using IBM SPSS (Statistical Package for Social Sciences) Statistics 17.0 (IBM
Corporation, Armonk, NY, United States) software. The Shapiro-Wilk test was used to determine
whether the distribution of discrete numerical variables was close to normal. Descriptive statistics were
outlined as follows: Discrete numeric variables were expressed as medians (minimum-maximum); and
categorical variables were shown as numbers and percentages. As a result of the goodness-of-fit tests, if
the significance of the differences between the groups in terms of discrete numerical variables for which
the parametric test statistical assumptions were not met, data were analyzed with the Mann-Whitney U
test. In the 2 x 2 cross-tabs, if the expected frequency was below 5 in at least one-quarter of the cells, the
categorical data were evaluated by Fisher’s exact probability test. The ¥ test with continuity correction
was used when the expected frequency was between 5-25. If no more than one-fifth of the cells had
expected values equal to or less than 5, the categorical data were evaluated using the Fisher-Freeman
Halton test. For P < 0.05, the results were considered statistically significant.

RESULTS

The questionnaire was sent to 72 kidney transplant centers, all of which replied. Five centers that
reported not performing live donor kidney transplants were excluded. The responses from the
remaining 67 centers were analyzed. In 2019, the median number of kidney transplants performed was
45 (1-484), and the median number of kidney transplants from living donors was 28 (1-238) (Table 1).
Eleven centers (16.5%) reported performing 5-10, whereas 34 (50.7%) reported performing more than
100 live donor kidney transplants during 2019. Nineteen (28.4%) centers performed LDN using the open
technique and 48 (71.6%) using minimally invasive techniques.

Composition and training of the surgical team

LDNs were carried out by a transplant surgeon in 27 centers (40.3%), by a general surgeon in 24 centers
(35.8%), and by a urologist in 16 centers (23.9%) (Table 1). The surgical experience was 5 or more years
in 42 centers (62.7%), whereas 12 centers (17.9%) were newly established with 1-3 years of experience in
donor nephrectomies. In addition, the technique for LDN was adopted through fellowship training in 28
centers (41.8%), surgical residency training in 22 centers (32.8%), workshops and courses in 14 centers
(20.9%), and other routes in 13 centers (19.4%). Fifty-seven centers (85.1%) reported having a second
surgeon as a backup. Only 10 centers (14.9%) did not have a backup surgeon. The average blood loss
ranged between 0-100 mL during LDN in 52 centers (77.6%). Ten centers (14.9%) reported an average of
100-200 mL blood loss. Sixty-one centers (91%) reported a DWIT of 1-5 min, while DWIT was 5-10 min
in 4 centers (0.6%) and 10-15 min in 2 centers (0.3%). Forty-nine centers (73.1%) recorded surgeries for
optimization. Technical troubleshooting protocol was in place in 61 centers (91%).

Minimally invasive techniques

Among the 48 centers preferring minimally invasive techniques for LDN, 8 (16.6%) implemented more
than one surgical technique. The surgical techniques and number of centers using these methods are
displayed in Figure 1. As can be seen in this figure, transperitoneal laparoscopic donor nephrectomy
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Table 1 Transplant center characteristics, composition, and training of the surgical team

Characteristics Values
Number of kidney transplants performed in 2019 45 (1-484)
Number of kidney transplants from living donors in 2019 28 (1-238)

Number of donor nephrectomies performed in 2019 percenter

5-10 11 (16.5%)
11-25 6 (9.0%)
26-50 9 (13.4%)
51-100 7 (10.4%)
>100 34 (50.7%)

Primary surgeon

General surgeon 24 (35.8%)
Urologist 16 (23.9%)
Transplant surgeon 27 (40.3%)

Live donor nephrectomy technique
Open donor nephrectomy 19 (28.4%)
Minimally invasive techniques 48 (71.6%)

Number of years using the preferred technique

13 yr 12 (17.9%)
3-5yr 13 (19.4%)
>5yr 42 (62.7%)

Type of training received by the surgeon

Fellowship training 28 (41.8%)
Residency training 22 (32.8%)
Surgical courses 14 (20.9%)
Other 13 (19.4%)

was the most commonly performed technique, while single port laparoscopic donor nephrectomy was
the least common technique.

The left donor nephrectomy was favored in 26 transplant centers (54.3%). The conversion rate was
below 1% in 58 centers (86.5%). Eight centers (11.9%) reported a conversion rate between 1%-3%, and
only 1 center (1.5%) reported a conversion rate of 3%-5%. The most frequent reason for conversion was
venous bleeding (n = 10, 20.8%). Other reasons were abdominal adhesions (n = 8, 16.7%), technical
problems related to gadgets and devices (1 = 7, 14.6%), arterial bleeding (n = 5, 10.4%), adjacent organ
injury (n =1, 2.1%), and miscellaneous (n =1, 2.1%).

Thirty-four surgeons (50.7%) stated having performed more than 100 donor nephrectomies as the
primary surgeon with the accustomed technique in 2019 (Table 1). On the other hand, 11 surgeons
(16.5%) reported performing 5-10 donor nephrectomies as the primary surgeon. There was a positive
association between the performance of minimally invasive techniques and the case volume of a
transplant center regarding both the total number of transplants and live donor kidney transplants (15
vs 55, P =0.001 and 9 vs 42, P < 0.001 respectively) (Figure 2).

Variations in the minimally invasive techniques

Nine centers (18.8%) reported using hand assistance, whereas 39 centers (81.2%) did not. While 41
centers (85.4%) reported using vascular staplers for division of the renal pedicle, 6 centers (12.5%) used
self-locking surgical clips, and 1 center (2.1%) titanium clips. Modification of the surgical technique due
to anatomical variations or body mass index of the donor was not preferred in 56.7% and 68.7% of the
centers, respectively. Pfannenstiel incision was the most preferred extraction site for the kidney (n = 30,
62.5%). It was followed by the paramedian (1 =9, 18.7%), midline (n = 7, 14.6%), and modified incisions
(n=2,42%).
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Figure 1 Distribution of minimally invasive techniques for donor nephrectomy.
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Figure 2 Association of minimally invasive technique usage and case volume.

Jaishideng®

Complications of donor nephrectomy surgeries

The most frequently reported complication was postoperative atelectasis (n = 33, 49.2%), while the
second most frequent complication was bleeding requiring blood transfusion (n = 25, 37.3%) (Figure 3).
Wound infection, hernia, and chyle leak were also reported (n = 22, 33.8%). Thirty-nine centers (81.2%)
reported an incisional hernia rate of 1%-5%, while 6 centers (12.5%) reported a rate of 5%-10%, and 3
centers (6.3%) reported 10%-20%. Surgical site fluid collections, ileus, deep venous thrombosis,
pneumonia, and urinary retention were also reported. Graft loss due to inadvertent intraoperative
damage was encountered in two transplant centers (2.9%) (Figure 3). The rates of these declared
complications did not differ among the centers using open and minimally invasive techniques except for
the chyle leak (Table 2). Chyle leak was reported significantly more frequently by centers using the
minimally invasive techniques (P = 0.006).

DISCUSSION

Persistent organ shortage has led to increased interest in live organ donation. As a result, the number of
live kidney transplantations is increasing annually. It was previously reported that minimally invasive
techniques for LDN might increase the number of donations. Nonetheless, the critical principle in live
organ donation is the safety of the donor[8]. Therefore, donor safety should always be the greatest
determinant when deciding on the LDN technique[9]. This study presented a cross-sectional view of the
techniques of LDN, transplant team composition, training, and the list of the complications encountered
at Turkish kidney transplant centers.

Our findings were similar to those of Klop et al[10]. They reported that 59 of the transplant centers in
Europe performed minimally invasive techniques for LDNJ[10]. In their survey, 48 European transplant
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Table 2 Rates of declared postoperative complications

Centers performing open donor nephrectomy, n  Centers performing minimally invasive techniques, n P

=19% =48% value

Bleeding 7 (36.8%) 18 (37.5%) >0.999
Chyle leak 1(5.3%) 21 (43.8%) 0.006
Surgical site fluid 5(26.3%) 14 (29.2%) >0.999
collection

Urinary retention 0(0.0%) 2 (4.2%) >0.999
Atelectasis 11 (57.9%) 22 (45.8%) 0.536
Pneumonia 0(0.0%) 2 (4.2%) >0.999
Deep vein thrombosis 3 (15.8%) 1(2.1%) 0.066
Ileus 0(0.0%) 6 (12.5%) 0.173
Hernia 5(26.3%) 17 (35.4%) 0.670
Graft loss 1(5.3%) 1(2.1%) 0.490
Wound infection 7 (36.8%) 15 (31.3%) 0.880

w
wv

w
o

25

[ - N
o (5] o

wv

Number of centers encountered the complication

Atelectasis Bleeding  Wound Hernia Chyle leak Surgical Ileus Deep venous Pneumonia Graft loss Urinary
infection site fluid thrombosis retention
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Figure 3 Complications of donor nephrectomy surgeries.
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centers used the laparoscopic approach, and 9 centers used the retroperitoneoscopic approach. In our
study, 48 centers reported performing minimally invasive techniques. Among those, 43 used the laparo-
scopic approach, and 5 used retroperitoneoscopic methods. In line with the American and European
centers, robotic surgery is also used for LDN in Turkey[11,12]. Five transplant centers in our study
reported implementing robotic-assisted techniques. In 2009, only two centers in Europe used robotic-
assisted techniques. However, this number increased gradually, with several case series being published
in the literature[13-16].

In our survey, 19 centers reported using the open technique for donor nephrectomy. This result was
in accordance with the findings of the European survey, which reported that 37 centers performed open
donor nephrectomies[10]. This similarity indicates the international trend for minimally invasive
techniques. As per the literature, the total number of kidney transplants and live donor kidney
transplants is in line with the increased use of minimally invasive donor nephrectomy techniques in
Turkish transplant centers[4,7,10].

A comparison of the centers regarding case volumes revealed a significant variation among centers in
this regard. Thirty-four centers performed more than 100 live donor kidney transplants in 2019. These
centers represented 50.7% of the transplant centers enrolled in our study. While these centers performed
more than 3400 kidney transplants, the remaining 33 centers performed approximately 200 live donor
kidney transplants in total. This disproportionate distribution can be explained by the higher number of
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live donations in highly populous cities of Turkey, such as Istanbul and Ankara. On the other hand, in
Europe, as of 2009, only four centers were performing more than 100 live donor kidney transplants per
year, while 30 centers were performing fewer than 100 live donor kidney transplants[10].

The spectrum of postoperative complications did not differ between the centers performing
minimally invasive donor nephrectomy and those performing open donor nephrectomy. Among all
complications, only chyle leak was more frequently encountered in the centers using minimally invasive
techniques. Two centers reported graft loss due to intraoperative damage of the graft: One from a center
using open donor nephrectomy and the other from a minimally invasive center. In our study, the
relationship between the caseload of the transplant center and the complication of graft loss could not
be analyzed due to the small numbers.

The team setup and staff training in Turkish transplant centers demonstrate similar results with the
other transplant centers in the United States and Europe, where 41.8% of the staff have received
fellowship training for organ transplantation[17,18]. Our findings revealed that most (i.e., 40.3) of the
LDN procedures were performed by transplant surgeons in Turkish transplant centers. A scientific
committee that consists of experienced transplant surgeons, nephrologists, transplant coordinators, and
hepatologists evaluates the surgical trainee in terms of scientific and surgical qualifications for
transplant proficiency. If the requirements are satisfied, then a certificate is given to the surgeon as a
transplant surgeon. This certificate grants the surgeon to lead a transplant surgical team and perform
transplants in his/her hospital.

The average blood loss ranged between 0-100 mL in 77.6% of the transplant centers in Turkey. The
amount of blood loss and DWIT were compatible with the literature[19-22]. Technical troubleshooting
protocol was in place and intraoperative video recording was routinely performed in the majority of the
transplant centers in Turkey.

Eight centers in our study reported using more than one surgical technique. As a matter of course,
performing LDN with more than one surgical technique provides advantages. These advantages are
selecting the best technique for the donor and the ability to adapt the preferred technique to the donor
anatomy, body mass index, surgical history, and abdominal adhesions. As an additional advantage, it
can reduce the risk of conversion to open surgery. For example, in cases of venous bleeding, which was
reported as the most common cause of conversion in our study, the surgeon can complete the surgery
with a hand-assisted technique by placing an additional hand port.

To our knowledge, this is the first study evaluating donor nephrectomy techniques in Turkey. All
transplant centers performing LDN responded to the survey and were included in our analysis.
However, this study has some limitations which need to be considered while evaluating its findings.
First, it is a survey study, and the reliability of the data depends on the accuracy of the answers and the
honesty of the responders. Second, our findings could have been affected by a recall bias. However, this
study provides an overview of the centers performing LDN in Turkey despite these limitations. The
results of this study and future similar studies may act as instruments revealing any weaknesses that
may need improvement.

CONCLUSION

Turkey is one of the leading countries for live organ donation. In this article we explored the transplant
climate in Turkey via a detailed survey sent to transplant program directors. The questionnaire was sent
to 72 kidney transplant centers, all of which replied. In 2019, the median number of kidney transplants
performed was 45 (1-484), and the median number of kidney transplants from living donors was 28 (1-
23). Among the 48 centers preferring minimally invasive techniques for LDN, 8 (16.6%) implemented
more than one surgical technique. Transperitoneal laparoscopic donor nephrectomy was the most
commonly performed technique, while single port laparoscopic donor nephrectomy was the least
common technique. There was a positive association between the performance of minimally invasive
techniques and the case volume of a transplant center regarding both the total number of transplants
and live donor kidney transplants. To our knowledge, this is the first study evaluating donor
nephrectomy techniques in Turkey. Therefore, this study represents the national transplant envir-
onment in Turkey.

ARTICLE HIGHLIGHTS

Research background

Minimally invasive surgical techniques for live donor nephrectomy (LDN) are varied. These techniques
include hand-assisted laparoscopic, retroperitoneoscopic, single port, natural orifice, and robotic
nephrectomy techniques. Turkey has a high number of live kidney donors. The reports regarding LDN
in Turkey are missing. In this study, we demonstrated the center volume, preferred techniques for LDN,
complications, team setup, and training of transplant teams.
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Research motivation

In 2019 according to the Turkish Ministry of Health data, 3963 kidney transplantations were performed
in Turkey. Among these patients, 3548 were transplanted from live donors. This increased living donor
rate stimulated interest in various surgical techniques applied in Turkey and LDN practice.

Research objectives
To gain insight into the practices of LDNs in Turkish transplant centers.

Research methods

A questionnaire was sent to the Turkish Ministry of Health-accredited transplant centers. It inquired of
the number of LDN surgeries, surgical techniques, complications, optimization protocols, the experience
of surgeons, and the training. Descriptive statistics were outlined as follows: Discrete numeric variables
were expressed as medians (minimum-maximum), while categorical variables were shown as numbers
and percentages. As a result of the goodness-of-fit tests, if the significance of the differences between the
groups in discrete numerical variables for which the parametric test statistical assumptions were not
met, data were analyzed with the Mann Whitney U test and the y? test.

Research results

The questionnaire was sent to registered transplant centers in Turkey. All 72 centers replied. In 2019, the
median number of kidney transplants performed was 45 per center, and the median number of kidney
transplants from living donors was 28. There was a wide range between the centers in terms of
transplant numbers (1-238 transplant per year). The open technique was preferred by 19 centers (28.4%).
The minimally invasive LDN was performed by 48 centers (71.6%). Among the centers, 8 (16.6%) used
more than one surgical technique. A positive correlation between the performance of minimally
invasive LDN and the case volume of a transplant center, both in the total number of transplants and
live donor kidney transplants, existed (15 vs 55, P = 0.001 and 9 vs 42, P < 0.001 respectively). The most
frequently reported complication was postoperative atelectasis (n = 33, 49.2%).

Research conclusions

The analysis of the questionnaire answers revealed that Turkish transplant centers successfully
performed LDN operations using various techniques. A relatively higher numbers of living donor
kidney transplants were performed in 2019 at centers using minimally invasive techniques.

Research perspectives

The data regarding the annual kidney transplant numbers, complication rates, and center successes
should be released by the Ministry of Health in Turkey. This would allow the control and improvement
of the transplant centers when necessary. Despite this, the current status of Turkish transplant centers,
as observed in the results of this study, is comparable to transplant centers in Europe and the United
States.
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