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Abstract
This editorial describes the indications and technical aspects of the simultaneous 
retrieval of thoracic and abdominal organs in Maastricht III donors as well as the 
preservation of such organs until their implantation.
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medication means that indications for transplant are continually increasing. However, 
the imbalance between supply and demand of organs for transplantation means that the 
existing number of donors is insufficient for the large number of patients on waiting 
lists. Donation of organs after death needs to become an integral consideration as part of 
end-of-life care.
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INTRODUCTION
Organ transplantation is one of the most important advances in modern medicine, making it possible to 
increase the longevity and quality of life of transplant recipients, with patient and graft survival rates 
that were unimaginable just a few decades ago.

Every year approximately 100000 transplants are performed worldwide, which together with good 
success rates and the improvement of immunosuppressive medication means that indications for 
transplant are continually increasing. However, the imbalance between supply and demand of organs 
for transplantation means that the existing number of donors is insufficient for the large number of 
patients on waiting lists. Donation of organs after death needs to become an integral consideration as 
part of end-of-life care.

In Spain, due to efficient organization and public trust in the system and management of available 
resources, donation rates stand at 49 per million population (the highest in the world), although this 
supply still does not meet existing needs. There is, therefore, a need to further optimize the management 
of donation by tapping into new sources of organs. Currently, the most common type of donor for 
transplantation is the brain-dead donor, although in some centres, living donor transplantation 
programmes have been developed as an alternative, primarily for the kidney and liver.

Currently, we are witnessing renewed interest in organ procurement from donors after cardiocircu-
latory arrest. This type of donor was not previously accepted by most transplant teams due to the 
prolonged periods of ischaemia after cardiac arrest resulting in significant cell damage due to hypoxia. 
It should be remembered that before the brain death law was implemented in 1968, many organ donors 
were of this type, as it was necessary to wait for cardiocirculatory arrest to occur before harvesting 
organs.

In the 1980s transplant groups, especially in the United States and northern European countries, 
began including donation after cardiocirculatory arrest into their programmes. Kidneys were obtained 
either from living donors or from donors in asystole, who in English-language terminology have been 
called Non Heart Beating Donors, Donors after Cardiac Death or more recently and due to consider-
ations related to the diagnosis of death Donors after the Circulatory Determination of Death (DCDD). 
Controlled Donation after Circulatory Determination of Death (cDCDD) is gradually becoming an 
important source of organs in countries with active programmes[1-4]. In Spain from 2010-2019, cDCDD 
accounted for up to 28% of total organ procurement activity[5].

In 1995, the first symposium on donation after cardiocirculatory arrest was held in Maastricht (The 
Netherlands), where three fundamental aspects were agreed upon: (1) Classification of donors after 
cardiac arrest (Non Heart Beating Donors) into four categories (Table 1); (2) Criteria for determining 
death after irreversible cardiac arrest; and (3) The period of time to wait between cardiac arrest and the 
start of organ harvesting.

In 1998, the United States Institute of Medicine published the consensus on transplantation with 
donors in irreversible cardiac arrest, recommending a non-touch time of 5 min, which became the 
standard time period for most groups[6]. However, a “no-touch period” attempts and varies widely 
between countries-protocols, ranging from 5 to 20 min[7].

Therefore, potential type III asystole donors are those patients with no apparent contraindications for 
donation who due to their admission pathology and subsequent evolution are expected to go into 
cardiorespiratory arrest after withdrawal of life-support measures within a period of time compatible 
with organ donation. The selection of donors is decided jointly with the family.

MAJORITY OF POTENTIAL MAASTRICHT TYPE III DONORS
The majority of potential Maastricht type III donors are patients with severe neurological pathology 
with a catastrophic functional prognosis and in whom progression to brain death is not foreseeable. 
Other patients may come from respiratory and/or cardiological medical pathologies with unfavourable 
evolution and prognosis, in whom the therapeutic measures applied have proved ineffective. There is 
no absolute age limit for controlled asystole donation, but it tends to be more restrictive than for brain 
death donation. In general, it depends on the organ to be transplanted, but a limit of 65-70 years has 
been established, although this limit is likely to be re-evaluated as experience is gained with this type of 
donation.

Current protocol recommendations are that the time elapsed between extubation and cardiores-
piratory arrest should not exceed 2 h, although this time is debatable, as the haemodynamic and 
respiratory conditions of the patient after extubation are potentially more important.

The medical criteria for organ selection do not differ from the general criteria for brain death 
donation, although they are usually more restrictive. With regard to family consent, specific consent 
must be obtained for femoral vessel cannulation, heparin administration as well as administration of 
organ preservation drugs prior to death. Once mechanical ventilation has been withdrawn, periods of 
hypotension, hypoxia or anuria should be recorded. Sedation should be administered as necessary to 
ensure the patient’s comfort and well-being, in accordance with recommendations on the management 
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Table 1 Donors after Cardiac Death Maastricht classification

Category Type Circumstances

1 Uncontrolled Dead on arrival

2 Uncontrolled Unsuccessful resuscitation

3 Controlled Cardiac arrest follows planned withdrawal of life sustaining treatments

4 Either Cardiac arrest in a patient who is brain dead

of the critically ill patient at the end of life from the relevant bioethics committee.
The death of the patient will be confirmed by a doctor responsible for the Critical Care Unit where the 

patient is admitted and who is not involved in the donation process, after confirming the absence of a 
curve in the arterial monitoring, the absence of breathing and the absence of response to stimuli for a 
period of 5 min. International recommendations on the type III donation procedure have recently been 
published that help define and clarify the most debated aspects of this type of donation[8].

In many hospitals, the multiorgan harvesting of abdominal organs in cDCDD is performed using a 
rapid harvesting technique. However, in recent years, the procurement of organs from asystole has 
developed significantly in Spain. Several centres are now pioneering the use of abdominal 
normothermic regional perfusion (NRP) with extracorporeal membrane oxygenation (ECMO) devices as 
a strategy for in situ blood reperfusion in both controlled and uncontrolled Donors after Cardiac Death
[9-11]. Simultaneous thoracic and abdominal organ harvesting in controlled asystole type III donors is 
based on normothermic ECMO technology. NRP has the potential to decrease or ameliorate ischaemic 
injury and facilitate the testing of graft viability, reducing the percentage of organs discarded before 
transplantation.

One of the important advantages of the Spanish system is that it is legally authorised to initiate 
anticoagulation manoeuvres and placement of cannulae with consent.

Functional warm ischaemia time for abdominal grafts is defined as the time from systolic blood 
pressure < 60 mmHg to the onset of NRP (5 min of non-contact period included). For functional warm 
ischaemia time, an upper time limit of 30 min is set for the liver, pancreas and heart and 60 min for 
lungs and kidneys. In the intensive care unit, heparin administration (300-500 units/kg) and 
cannulation of the femoral vessels is performed prior to withdrawal of life support therapies. The 
femoral artery and femoral vein are cannulated, and an aortic balloon occlusion is placed in the 
contralateral groin to prevent cerebral and coronary perfusion during NRP. The goal of performing 
abdominal NRP is to maintain a pump flow of 2.0-2.4 L/min. A continuous pressure of 60-65 mmHg 
and a temperature of 37 °C should be maintained at the femoral arterial cannula; bicarbonate is 
administered after NRP is initiated to maintain a pH of 7.35-7.45, and a haematocrit > 25% is targeted.

Whilst NRP appears to be the ideal method for abdominal grafts, the lungs are removed from the 
donor in controlled asystole using the rapid extraction technique, by lowering the lung temperature 
with topical cooling as quickly as possible. This combined method was first described in the United 
Kingdom[12]. Our group has proposed a variant of the technique with premortem interventions, in 
which the risk of possible trans-diaphragmatic cooling of the liver is minimized[13]. However, there is 
still some reluctance among practitioners to combine the lung cooling and rapid retrieval technique with 
NRP for abdominal grafts. This method increases the complexity of the procurement procedure and 
might injure the grafts due to double temperature (low temperature affecting the liver and 
normothermia affecting the lungs) or due to inadequate perfusion pressure in the pump as a result of 
bleeding in the thorax after removal of the cardiopulmonary block or after vena cava clamping. From a 
technical point of view, once death is determined and NRP is initiated, a rapid sternotomy is performed. 
At the same time, the donor is reintubated and ventilated 5 min after NRP with 100% oxygen and a 
positive end-expiratory pressure of 5 cm H2O. The pulmonary artery is cannulated for cold lavage 
perfusion with Perfadex® (50 mL/kg). One litre of saline at 4 °C is administered in both hemithoraces for 
topical cooling, and the superior vena cava is ligated to separate the thoracic and abdominal 
compartments. Once the lungs are preserved with Perfadex® solution, lung extraction is performed 
using the same technique as for Donors after Cardiac Death donors.

To avoid low blood flow in the pump due to the absence of venous return from the thorax and head, 
1.0-1.5 L of saline are administered to the cDCDD donor just before ligation of the vena cava. After 
perfusing the pulmonary artery with preservation solution, a laparotomy is performed to assess the 
appearance of the abdominal grafts by placing a cannula in the inferior mesenteric vein. After 2 h of 
NRP, the ECMO device is stopped, and a rapid dual cold organ perfusion is performed.

The retrieval of the kidneys, pancreas and liver is performed in the conventional way with the same 
surgical technique used in brain death donation, as haemodynamic stabilisation due to perfusion with 
NRP allows a completely controlled sequence of dissection and extraction. Perfusion with preservation 
solutions allows the kidneys, pancreas and liver to be obtained in optimal conditions for implantation.
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Blood samples are taken from the ECMO device immediately after starting the NRP and at least every 
30 min. Biochemistry, serum lactate levels and haematocrit are analysed. If alanine transaminase or 
aspartate transaminase exceed four times the upper limit of normal during NRP, the liver and pancreas 
are ruled out, even with a normal macroscopic appearance. Lactate levels are also monitored during 
NRP.

Ethical questions have been raised about the use of abdominal NRP and premortem interventions in 
cDCDD such as the possibility of restoring cerebral circulation after declaration of death if the aortic 
balloon occlusion technique fails. A specific methodology to avoid restoration of cerebral circulation 
after determination of death when using NRP and antemortem cannulation has recently been described 
and validated in a multicentre study[14]. This approach avoids the aforementioned ethical concern by 
guaranteeing the absence of cerebral resuscitation.

In the last 5 years the use of thoraco-abdominal NRP (TA-NRP) has made heart transplantation 
feasible and allows practitioners to assess heart function before organ procurement without any 
negative impact on the preservation of abdominal organs. The combined retrieval of lungs, heart and 
abdominal grafts using TA-NRP has been performed successfully in our centre. The use of TA-NRP in 
cDCDD heart donors in conjunction with cold storage following retrieval can eliminate the need to use 
ex situ machine perfusion devices, making cDCDD heart transplantation economically possible in other 
countries[15-17].

CONCLUSION
In summary, the use of TA-NRP for heart, lung and abdominal grafts or the combined approach (rapid 
recovery of the lungs and NRP for abdominal grafts) offers a remarkable recovery rate and is safe for 
thoracic organs (heart and lungs). Furthermore, abdominal grafts can benefit from the use of NRP as a 
preservation procedure. As this is a promising initial experience, further studies are needed to confirm 
our findings in the combined thoracic and abdominal procurement procedure.
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Abstract
Children infected by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) seem to have a better prognosis than adults. Nevertheless, pediatric solid 
organ transplantation (SOT) has been significantly affected by the unprecedented 
coronavirus disease 2019 (COVID-19) pandemic during the pre-, peri-, and post-
transplant period. Undoubtedly, immunosuppression constitutes a real challenge 
for transplant clinicians as increased immunosuppression may prolong disease 
recovery, while its decrease can contribute to more severe symptoms. To date, 
most pediatric SOT recipients infected by SARS-CoV-2 experience mild disease 
with only scarce reports of life-threatening complications. As a consequence, after 
an initial drop during the early phase of the pandemic, pediatric SOTs are now 
performed with the same frequency as during the pre-pandemic period. This 
review summarizes the currently available evidence regarding pediatric SOT 
during the COVID-19 pandemic.
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Core Tip: Pediatric patients experience milder symptoms of coronavirus disease 2019 (COVID-19). 
Pediatric solid organ transplantation during the COVID-19 pandemic represents a real challenge not only 
for the solid organ transplantation candidates and recipients but also for the transplant clinicians. 
Immunosuppression increases the risk of COVID-19 but may also provide a benefit against possible 
infection, as it lowers the risk of a catastrophic hyperinflammatory response from the host. We herein 
review the currently available evidence regarding pediatric solid organ transplantation during the COVID-
19 pandemic.

Citation: Kakos CD, Ziogas IA, Tsoulfas G. Pediatric transplantation during the COVID-19 pandemic. World J 
Transplant 2022; 12(5): 88-99
URL: https://www.wjgnet.com/2220-3230/full/v12/i5/88.htm
DOI: https://dx.doi.org/10.5500/wjt.v12.i5.88

INTRODUCTION
Coronavirus disease 2019 (COVID-19) has impacted all people worldwide and particularly people with 
chronic underlying comorbidities. Specifically, people with weakened immunity either due to an 
underlying disease or due to immunosuppression are at high risk. Although children represent just 2%-
10% of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) diagnostic cases and seem to 
have less severe disease when compared with adults[1], pediatric solid organ transplantation (SOT) 
candidates and recipients have been significantly afflicted by the pandemic. The aim of this review is to 
summarize and discuss the currently available data regarding pediatric SOT during the COVID-19 
pandemic.

CHILDREN AND COVID-19
It is well known now that children experience milder COVID-19 when compared with adults and a 
lower proportion of children require hospitalization[2,3]. The most frequently reported symptoms are 
cough and fever, while some pediatric patients may also present with gastrointestinal symptoms[4]. 
Although fatalities are rare in the pediatric population, 2%-8% of children with COVID-19 will 
eventually require admission to an intensive care unit[5]. Pediatric inflammatory multisystem syndrome 
temporally associated with SARS-CoV-2 is a post-infectious consequence of pediatric SARS-CoV-2 
infection presenting with gastrointestinal, cardiac, renal, or neurologic manifestations[6].

There has been excessive research on why adults experience a more severe form of COVID-19. A key 
concept is the difference between the pediatric and adult immune systems. Except for the most severe 
SARS-CoV-2 cases, children appear to preserve CD8+ cytotoxic response[6-8], as they do not face the 
immunosenescence that normally occurs with aging. Data have also shown that children might have 
more powerful adaptive immunity[9]. For example, pediatric SARS-CoV-2 patients do not present with 
either lymphopenia or high neutrophil/lymphocyte ratio[6]. In addition, adults have higher levels of 
circulating proinflammatory cytokines [interleukin-1β (IL-1β), IL-6, IL-10, IL-12, interferon-γ, tumor 
necrosis factor-α (TNF-α), C-reactive protein] than pediatric SARS-CoV-2 patients[10-12]. Although in a 
study from New York City, IL-6 and TNF-α values did not differ from adults[13].

A finding that needs further investigation is the potential role of angiotensin-converting enzyme 2 
(ACE2) receptor, which is the main binding protein of SARS-CoV-2 on host cells[14]. ACE2 has been 
described as an anti-fibrotic and anti-inflammatory agent against pulmonary leak and inflammation, 
thus higher expression of ACE2 that has been observed in children may contribute to the fact that 
children are more resistant to SARS-CoV-2[7].

Furthermore, the fact that children typically do not have significant comorbidities, such as arterial 
hypertension, diabetes mellitus, or congestive heart failure, may contribute to the milder cases of 
COVID-19 observed. Associated factors that predispose a negative outcome in children with SARS-CoV-
2 have not been well defined[15]. Nevertheless, previous studies have identified obesity, hypoxemia at 
clinical presentation, asthma, congenital heart disease, inherited metabolic syndrome, chromosomal 
disorders, and ethnicity as risk factors for severe SARS-CoV-2 infection in children[16-19]. Last but not 
least, another theory suggests that common childhood infections (respiratory syncytial virus, 
mycoplasma pneumoniae) can carry out cross protection, so children who have recently recovered from 
these infections may have higher immunoglobin G titers than adults[20,21].

https://www.wjgnet.com/2220-3230/full/v12/i5/88.htm
https://dx.doi.org/10.5500/wjt.v12.i5.88
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SARS-COV-2 AND HEPATIC/RENAL MANIFESTATIONS IN CHILDREN
SARS-CoV-2 enters the liver parenchyma through the ACE2 receptor. However, the liver is only rarely 
affected seriously by the disease, most probably due to its tolerogenic environment[22,23]. The most 
common hepatic manifestation is an elevation of hepatic transaminases in 6%-27% of pediatric cases and 
a mild elevation of γ-glutamyl transferase, alkaline phosphatase, and total bilirubin, yet their clinical 
significance remains unclear[24]. The liver damage may be directly caused by viral infection of the liver 
cells from medications like remdesivir or lopinavir/ritonavir or from chronic hypoxia[25-27]. High 
levels of IL-6 and IL-10 are associated with severe SARS-CoV-2 infection but not with SARS-CoV-2-
related abnormal liver enzymes[28].

A cohort study from the United States and the United Kingdom demonstrated that adults with 
chronic liver disease and cirrhosis are prone to increased risk of adverse outcomes following SARS-
CoV-2[29]. A study from northern Italy also noted that adults and children with autoimmune liver 
disease maintained satisfactory health status despite their imbalanced immune system[30]. Another 
Italian multicenter study that included both cirrhotic and non-cirrhotic liver disease patients 
demonstrated that 84% of children with chronic liver disease remained healthy during the outbreak[9]. 
It remains unclear whether children with chronic liver disease experience more severe symptoms.

SARS-CoV-2 can also present with renal manifestations, while several studies suggest that kidney 
transplantation should be continued during the COVID-19 pandemic under certain precautions[31-34]. 
Acute kidney injury is mostly associated with immune alterations and direct cytopathic lesions by 
SARS-CoV-2[35]. Acute tubular injury is also a common yet typically mild manifestation[36]. 
Comorbidities, such as diabetes mellitus and cardiovascular disease, can delay recovery from acute 
kidney injury[37]. A multicenter study from Turkey revealed that the incidence of SARS-CoV-2 is higher 
in pediatric patients on dialysis or after kidney transplantation, yet the authors reported that regional 
factors, such as the high population, the crowded households, and socioeconomic status in Istanbul, 
may have contributed to this particular observation in that cohort[38]. They also found that the hospital-
ization rate was higher in dialysis patients compared with kidney transplantation recipients, potentially 
due to a higher proportion of asymptomatic disease in kidney transplantation recipients[38].

IMPACT OF SARS-COV-2 ON PEDIATRIC TRANSPLANTATION
It was inevitable that the COVID-19 pandemic would affect the transplant activity worldwide. A 
multicenter analysis of the European Reference Network on Pediatric Transplantation showed a 
substantial reduction of pediatric transplants across Europe[39]. This was related to the precautions and 
measures to minimize SARS-CoV-2 transmission, the shortage of hospital beds and staff, the restrictions 
in operation room availability, and a notable decline in the recovery of deceased donor organs, 
especially during the early phase of the pandemic[40]. Additionally, United States data from the 
Scientific Registry of Transplant Recipients showed an initial decrease in pediatric kidney transplants 
from both deceased and living donors by 47% and 82%, respectively[41]. Subsequently, there was a 
continual increase with numbers reaching the expected pre-pandemic levels by May 2020[41]. The 
authors also reported a 189% increase in waitlist removal due to mortality or deterioration[41]. Kemme 
et al[42] used the same registry studying pediatric liver transplantation. They found a decrease in 
waitlist addition by 25% between March and May of 2020, with Black candidates being affected the 
most. During the early phase of the pandemic there was a 38% reduction in pediatric liver 
transplantation, with Black children experiencing an 81% decline in living donor liver transplantation in 
contrast to White children who faced no change in this category. Overall, White children had a 30% 
drop in liver transplantation during the pandemic[42]. Figure 1 depicts the number of pediatric kidney 
and liver transplants performed in the United States between January 1, 2020 and January 1, 2022.

PEDIATRIC TRANSPLANTATION DURING THE COVID-19 PANDEMIC
Except for universal recommendations from transplant societies worldwide, there are no mandatory 
guidelines specific to pediatric SOT during the pandemic. The decision for SOT depends on the urgency 
of the need for a new organ and the risk-to-benefit ratio. Both pediatric SOT candidates and living 
donors should follow prevention strategies to reduce potential exposure to SARS-CoV-2 in the 
pretransplant period. Self-quarantine for 14 d prior to living donation is important, while a negative 
swab test for both the candidate and the donor upon admission to the hospital should also be required. 
Particularly in cases of pediatric SOT, the caregiver should also be asymptomatic and have a negative 
swab test prior to transplant. Further, most transplant societies strongly mandate universal SARS-CoV-2 
screening of potential deceased donors before organ procurement[43].

There is no consensus about the optimal time for transplantation when the potential donor had a 
SARS-CoV-2 infection. In general, it is recommended to avoid grafts from donors with active SARS-
CoV-2 infection[44], while there are different acceptance criteria for donors who have recently recovered 
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Figure 1 Number of pediatric transplants performed in the United States between January 1, 2020 and January 1, 2022 (data from the 
United Network for Organ Sharing database). A: Kidney transplants; B: Liver transplants.

from the infection[43]. Some transplant societies recommend using a graft from a living donor at least 28 
d after symptom resolution irrespective of real-time reverse transcriptase polymerase chain reaction 
(RT-PCR) positivity. Due to the pulmonary and renal dysfunction associated with SARS-CoV-2 
infection, additional considerations may be appropriate when the procedure involves transplantation of 
lungs or kidneys from a previously infected donor.

There is a scarcity of data regarding the optimal time of SOT if a pediatric candidate is infected by 
SARS-CoV-2. Ideally, the candidate should be both asymptomatic and have a negative test. Notably, 
Goss et al[45] reported an uncomplicated liver transplantation in a child positive for SARS-CoV-2 on a 
nasopharyngeal swab test just 4 wk before transplant. The immunoglobin G specific antibodies 
persisted for 6 wk after liver transplantation, with unaltered immunosuppression per the center’s 
standard protocol[45]. Until additional data are available, the risk of the procedure must always be 
weighed against the risk of deferring SOT.

On another note, technology overall has significantly changed the way people communicate during 
the COVID-19 pandemic, and thus telemedicine can have a pivotal role on transplant follow-up as it 
facilitates the general rules for social distancing[46]. However, a German study showed that most young 
adults who underwent liver transplantation in childhood were afraid to attend medical appointments 
and 40% reported lower appointment adherence[47]. Additionally, although video consultations might 
be helpful for follow-up, their acceptance by liver transplantation recipients was lower than expected
[47]. It is important that pediatric patients adhere to follow-up appointments after SOT, and their 
parents should notify the transplant provider of any suspected or proven SARS-CoV-2 exposure and 
discuss whether additional measures are needed. Careful hand hygiene and avoidance of crowds 
during the period of high immunosuppression are key strategies for prevention of a possible infection
[48].

Finally, several studies have evaluated the SARS-CoV-2 vaccine safety and efficacy in SOT recipients 
and children, with nearly all of them supporting that the administration of at least two vaccine doses in 
these patients is safe and efficient[49-55]. There is also an ongoing study approved by Johns Hopkins 
University examining the levels of SARS-CoV-2 antibodies in children who are organ transplant 
candidates or recipients before and after they get the SARS-CoV-2 vaccine (IRB00248540).

MANAGEMENT OF SARS-COV-2 POSITIVE PEDIATRIC TRANSPLANT RECIPIENTS
A confirmed SARS-CoV-2 case requires laboratory evidence of viral detection. The testing strategies 
vary by geographical location and testing capacity. A nasopharyngeal RT-PCR test is the recommended 
gold standard. However, a negative RT-PCR test does not definitively exclude SARS-CoV-2 infection, 
and the reported rates of false negative results vary between 2%-29%[56]. If symptoms persist, a second 
nasopharyngeal RT-PCR test should be performed after 48-72 h. Depending on the time of the year, an 
evaluation for other respiratory viruses should be considered. An alternative diagnosis would reduce 
but not eliminate the possibility of COVID-19, while the detection of another respiratory pathogen may 
require additional management (e.g., antiviral treatment in case of influenza infection).

Antibody tests should not be used to diagnose acute SARS-CoV-2 infection, while their application to 
assess the host response after an infection is an area under investigation. It is unknown if pediatric SOT 
recipients mount a robust serologic response to SARS-CoV-2, and even if they have protective 
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antibodies, the length of this protection is unknown[53-55]. Single center studies from Saudi Arabia and 
Brazil have shown a relatively high seroprevalence of SARS-CoV-2 in the pediatric kidney 
transplantation population[57,58]. However, there are concerns for possible false positive antibody 
results due to cross-reactivity with other coronaviruses[59].

The management of a confirmed case of SARS-CoV-2 in a pediatric SOT recipient is mainly 
supportive, with supplemental oxygen, nonsteroidal anti-inflammatory drugs, remdesivir, 
dexamethasone, and SARS-CoV-2 convalescent plasma being the only proven measures that can 
significantly affect the outcome[26,60,61]. Lopinavir, ritonavir, and hydroxychloroquine have not shown 
any significant benefit in mortality and morbidity, including the need for mechanical ventilation[60].

A crucial aspect in this group of patients is immunosuppression, which is generally considered a 
double-edged sword[62]. Increased immunosuppression may increase the viral load and delay recovery, 
whereas low immunosuppression may contribute to severe COVID-19 forms due to a more robust 
immune response[63]. In fact, SARS-CoV-2-induced pulmonary injury is mainly driven by excessive 
activation of the innate immune inflammatory response of the host[64]. Despite that notion, it has been 
proposed that immunosuppression in immunocompromised children may not actually increase the risk 
for severe SARS-CoV-2 disease[65]. On the contrary, SOT recipients may benefit from immunosup-
pressive drugs, as they will dampen the cytokine storm[66,67]. Immunosuppression has not been 
reported as a stronger risk factor than obesity, chronic comorbidities, or increased age. One possible 
explanation is that in SARS-CoV-2, unlike other viral agents (e.g., adenovirus, rhinovirus, norovirus, 
influenza), the host immune response is the main driver of lung tissue damage during infection[65]. 
Interestingly, a systematic review showed that immunosuppressed patients have a lower incidence of 
SARS-CoV-2 infection when compared with the general population, and they may exhibit relatively 
favorable outcomes as compared to other comorbidities[68].

The impact of immunosuppression on COVID-19 severity in pediatric SOT recipients remains 
unclear. Although complete withdrawal of immunosuppression might not be the optimal approach, 
individual modifications may be necessary in cases of moderate-to-severe SARS-CoV-2 infection[69]. It 
seems that some immunosuppression may allow for control of the dysregulated immune response, 
which is commonly observed in severe SARS-CoV-2 infection[65,69]. Comparative data on immunosup-
pression management strategies are not yet available. Some authors recommend decreasing or discon-
tinuing cell cycle inhibitors and cautiously reducing calcineurin inhibitors (i.e., cyclosporine, tacrolimus) 
in moderate-to-severe COVID-19 in adult SOT recipients, while others recommend continuing 
calcineurin inhibitors and steroids and stopping anti-proliferative medication[70]. It is also thought that 
calcineurin inhibitors might exert an antiviral effect and inhibit IL-6 and IL-10 pathways, which are 
involved in the immune dysregulation observed in COVID-19 patients[71]. In addition, certain 
immunosuppression therapies like mammalian target of rapamycin inhibitors may even have biologic 
activity against SARS-CoV-2[72].

Transplant centers follow their own strategies based on their institutional experiences. Although the 
data for pediatric patients are scarce, Colmenero et al[73] observed no adverse outcome with the use of 
calcineurin inhibitors and mammalian target of rapamycin inhibitors in adult patients. On the other 
hand, mycophenolate mofetil was associated with severe SARS-CoV-2 infection in a dose-dependent 
manner[74]. This can be explained by its mechanism of action, as mycophenolate mofetil produces a 
cytostatic effect on activated lymphocytes[74]. It is well known that SARS-CoV-2 is associated with 
lymphopenia, so mycophenolate mofetil may exert a synergic and deleterious effect on depleting 
peripheral lymphocytes[74]. On the contrary, mammalian target of rapamycin inhibitors increase the 
quality and functionality of memory T cells and reduce the replication of multiple viruses including 
cytomegalovirus, Epstein-Barr virus and human immunodeficiency virus[75]. Regarding calcineurin 
inhibitors, some studies have shown in vitro antiviral effects against coronaviruses and that they can 
ameliorate the cytokine storm[76]. Randomized clinical trials comparing the different immunosup-
pressive schemas would help us guide management of both adult and pediatric SOT recipients.

If there is strong suspicion for bacterial superinfection, the administration of antibiotics, such as 
moxifloxacin, levofloxacin, ceftriaxone, vancomycin, or amikacin, can be considered[77-79]. 
Azithromycin should be used with caution in SOT recipients as it can increase the levels of tacrolimus
[80]. These medications have been prescribed mainly in unresponsive cases, which precludes us from 
deducing meaningful conclusions in the absence of high-quality data.

OUTCOMES IN SARS-COV-2 POSITIVE PEDIATRIC TRANSPLANT RECIPIENTS
There are several recent reports of pediatric SOT recipients who have been infected by SARS-CoV-2 
(Table 1)[38,57,58,66,77-79,81-98]. For example, Heinz et al[81] reported mild symptoms in a 6-mo-old 
recipient just 4 d after liver transplantation, while the infection was probably transmitted from the 
mother-donor. Neither the donor nor the recipient were tested pretransplant due to low availability of 
rapid testing at the early phase of the pandemic[81]. A multicenter study documented no mortality due 
to COVID-19 but a high rate of acute liver injury in pediatric liver transplantation recipients[83]. 
Morand et al[82] reported a coinfection of SARS-CoV-2 and Epstein-Barr virus in a pediatric liver 
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Table 1 Pediatric solid organ transplantation recipients with severe acute respiratory syndrome coronavirus 2 infection in 25 previously 
published studies

Ref. Organ Number of 
recipients Diagnosis method Center Outcome Cause of 

death

Sin et al[83] Liver 110 N/A International All alive N/A

Kehar et al[88] Liver 47 RT-PCR test: 39. Serum 
antibodies: 8

International All alive N/A

Fonseca et al[89] Liver 12 RT-PCR test Hospital Sírio-Libanês, São Paulo, 
Brazil

All alive N/A

Yuksel et al[90] Liver 10 RT-PCR test Koç University Hospital, Istanbul, 
Turkey

All alive N/A

Ali Malekhosseini 
et al[84]

Liver 4 RT-PCR test or chest 
computed tomography 
scan

Shiraz Transplant Center, Abu Ali 
Sina Hospital, Shiraz, Iran

All died Liver failure

Duvant et al[79] Liver 1 Serum antibodies Hospital Timone Enfants, Marseille, 
France

Alive N/A

Heinz et al[81] Liver 1 RT-PCR test Columbia University Vagelos College 
of Physician and Surgeons, New York, 
United States

Alive N/A

Morand et al[82] Liver 1 RT-PCR test La Timone Children Hospital, 
Marseille, France

Alive N/A

Nikoupour et al
[78]

Liver 1 RT-PCR test Shiraz Transplant Center, Abu Ali 
Sina Hospital, Shiraz, Iran

Dead Multiorgan 
failure

Soin et al[91] Liver 1 RT-PCR test Medanta the Medicity, Gurgaon, 
Delhi, India

Alive N/A

Petters et al[85] Liver 1 RT-PCR test Baylor College of Medicine, Houston, 
United States

Alive N/A

Canpolat et al[38] Kidney 29 RT-PCR test Multicenter, Turkey All alive N/A

Varnell et al[92] Kidney 24 RT-PCR test Multicenter (United States) All alive N/A

Alshami et al[57] Kidney 9 RT-PCR test King Fahad Specialist Hospital 
Dammam, Saudi Arabia

All alive N/A

Berteloot et al[86] Kidney 5 RT-PCR test Hospital Universitaire Necker Enfants 
Maladies, Paris, France

All alive N/A

Singer et al[93] Kidney 5 RT-PCR test Cohen Children Medical Center, New 
York, United States

All alive N/A

Solomon et al[94] Kidney 4 RT-PCR test Maria Fareri Children’s Hospital, New 
York, United States

All alive N/A

Levenson et al[87] Kidney 1 RT-PCR test Louisiana State University Health 
Sciences Center, New Orleans, 
Louisiana, United States

Alive N/A

Bush et al[77] Kidney 1 RT-PCR test University of Florida, Gainesville, 
United States

Alive N/A

Bock et al[95] Heart 20 RT-PCR test Loma Linda Children’s Hospital, 
California, United States

All alive N/A

Lee et al[96] Heart 4 RT-PCR test: 3. Serum 
antibodies: 1

Columbia University Irving Medical 
Center, New York, United States

All alive N/A

Russell et al[97] Heart 1 RT-PCR test UCLA, California, United States Alive N/A

Goss et al[66] Liver, kidney, heart, 
lung

26 RT-PCR test Multicenter (United States) All alive N/A

Cleto-Yamane et 
al[58]

Liver, kidney 25 RT-PCR test Hospital Estadual da Crianca, Rio de 
Janeiro, Brazil

All alive N/A

Talgam-Horshi et 
al[98]

Liver, kidney, 
combined (liver and 
pancreas)

25 RT-PCR test Schneider Children’s hospital of Israel, 
Tel Aviv, Israel

All alive N/A
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N/A: Not applicable; RT-PCR: Real-time reverse transcriptase polymerase chain reaction.

transplantation recipient that was managed with slight reduction of tacrolimus. Nikoupour et al[78] 
reported a fatal outcome in a 3-year-old liver transplantation recipient after multiorgan failure and 
cardiorespiratory arrest. Results from the same transplant center reported a 100% death rate in 4 
pediatric liver transplantation recipients due to liver failure, implying an increased mortality risk in 
children[84]. A case report from Texas described a case of multisystem inflammatory syndrome with 
features of Kawasaki disease in a 3-year-old African American female liver transplantation recipient
[86]. The patient did not require transfer to the intensive care unit and was effectively managed with 
tacrolimus titration[85].

There are also some interesting findings in pediatric kidney transplantation recipients. Berteloot et al
[86] presented 9 pediatric cases, 7 of whom developed graft arterial stenosis during early follow-up after 
kidney transplantation. It was reported as immune post viral graft vasculitis triggered by SARS-CoV-2
[86]. Levenson et al[87] reported acute kidney injury in an adolescent male kidney transplantation 
recipient following SARS-CoV-2 infection, with biopsy showing segmental glomerulosclerosis on a 
background of chronic active antibody-mediated rejection. The case was treated with an overall 
reduction of immunosuppression, along with anti-inflammatory treatment, which proved to be effective 
in preserving allograft function while attaining recovery[87]. Finally, a multicenter, multiorgan case 
series from five transplant centers across the United States demonstrated favorable outcomes in 
pediatric SOT recipients with COVID-19, which may mirror those of immunocompetent children, with 
infrequent hospitalizations and minimal additional treatment requirements[66].

CONCLUSION
Pediatric transplantation is a complex process that requires a combination of resources and specialized 
professionals and has been significantly impacted by the COVID-19 pandemic. Overall, there was a 
substantial decrease in pediatric SOT during the early phase of the pandemic, yet recent findings show 
that pediatric SOT outcomes during the pandemic were favorable. The results on the safety and efficacy 
on vaccines have been promising, yet further research is required to draw more solid conclusions on the 
optimal immunosuppressive management of pediatric SOT recipients.
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Abstract
BACKGROUND 
The lack of space, as an indication for a native unilateral nephrectomy for 
positioning a future kidney graft in the absence of other autosomal dominant 
polycystic kidney disease-related symptoms, remains controversial.

AIM 
To evaluate the surgical comorbidity and the impact on graft survival of an 
associated ipsilateral native nephrectomy during isolated kidney transplantation 
in patients with autosomal dominant polycystic kidney disease.

METHODS 
One hundred and fifty-four kidney transplantations performed between January 
2007 and January 2019 of which 77 without (kidney transplant alone (KTA) group) 
and 77 with associated ipsilateral nephrectomy (KTIN group), were re-
trospectively reviewed. Demographics and surgical variables were analyzed and 
their respective impact on surgical comorbidity and graft survival.

RESULTS 
Creation of space for future graft positioning was the main reason (n = 74, 96.1%) 
for associated ipsilateral nephrectomy. No significant difference in surgical 
comorbidity (lymphocele, wound infection, incisional hernia, wound hematoma, 
urinary infection, need for blood transfusion, hospitalization stay, Dindo Clavien 
classification and readmission rate) was observed between the two study groups. 
The incidence of primary nonfunction and delayed graft function was comparable 
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in both groups [0% and 2.6% (P = 0.497) and 9.1% and 16.9% (P = 0.230), respectively, in the KTA 
and KTIN group]. The 1- and 5-year graft survival were 94.8% and 90.3%, and 100% and 93.8%, 
respectively, in the KTA and KTIN group (P = 0.774). The 1- and 5-year patient survival were 
96.1% and 92.9%, and 100% and 100%, respectively, in the KTA and KTIN group (P = 0.168).

CONCLUSION 
Simultaneous ipsilateral native nephrectomy to create space for graft positioning during kidney 
transplantation in patients with autosomal dominant polycystic kidney disease does not 
negatively impact surgical comorbidity and short- and long-term graft survival.

Key Words: Autosomal dominant polycystic kidney disease; Complications; Kidney transplantation; Graft 
survival; Unilateral nephrectomy; Surgical comorbidity
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Core Tip: The associated surgical comorbidity and graft survival of an ipsilateral nephrectomy during 
isolated kidney transplantation in patients with autosomal dominant polycystic kidney disease was 
evaluated. One hundred and fifty-four patients were retrospectively evaluated, of which 77 did and 77 did 
not undergo associated ipsilateral nephrectomy during the transplantation. In a long-term follow-up, we 
observed no negative impact on surgical comorbidity and graft survival of a simultaneous ipsilateral native 
nephrectomy to create space for graft positioning during kidney transplantation in patients with autosomal 
dominant polycystic kidney disease.

Citation: Darius T, Bertoni S, De Meyer M, Buemi A, Devresse A, Kanaan N, Goffin E, Mourad M. Simultaneous 
nephrectomy during kidney transplantation for polycystic kidney disease does not detrimentally impact 
comorbidity and graft survival. World J Transplant 2022; 12(5): 100-111
URL: https://www.wjgnet.com/2220-3230/full/v12/i5/100.htm
DOI: https://dx.doi.org/10.5500/wjt.v12.i5.100

INTRODUCTION
Autosomal dominant polycystic kidney disease (ADPKD) is one of the most frequent causes of renal 
failure in Europe and the USA and may affect 2.5% to 10% of dialysis patients. Renal failure is the result 
of the development and progressive expansion of multiple bilateral cysts in the renal parenchyma, 
leading to a progressive decline in renal function owing to compression of normal functioning 
parenchyma by enlarging cysts[1-3].

Clear indications for nephrectomy before transplantation include intractable pain and discomfort, 
ongoing hematuria, recurrent severe cyst infections, gastrointestinal symptoms such as early satiety, 
recurrent nephrolithiasis and risk of malignancy[1,2,4]. Unilateral native nephrectomy to create space 
for graft positioning in an otherwise asymptomatic ADPKD patient is quite often routinely performed in 
isolated kidney transplant candidates before their activation on the waiting list. This strategy is mainly 
driven by the fear of increased surgical comorbidity and the possible negative impact of prolonged cold 
ischemia time and short- and long-term graft survival related to the associated nephrectomy during 
transplantation. However, many controversies still exist concerning the indication and timing of a 
unilateral nephrectomy to create space for graft positioning in an asymptomatic kidney transplant 
candidate suffering from massive enlarged polycystic kidney[3,5,6].

Therefore, this retrospective study aimed to evaluate the surgical comorbidity and the impact on 
early and late graft survival of an associated ipsilateral native nephrectomy during isolated kidney 
transplantation in ADPKD patients. Based on these results a symptom-based algorithm is proposed to 
decide the timing and necessity of a unilateral or bilateral nephrectomy in ADPKD candidates waiting 
for, or during transplantation.

MATERIALS AND METHODS
Donor and recipient demographics
Figure 1 illustrates the selection flowchart of this retrospective study. Between January 1 2007 and 
January 1 2019, a total of 1026 kidney transplantations were performed at the University Clinics Saint-
Luc (Brussels, Belgium) of which 154 patients underwent isolated kidney transplantation for ADPKD. 
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Figure 1 Selection flowchart of this retrospective study. ADPKD: Autosomal dominant polycystic kidney disease; KT: Kidney transplantation.

This selection was obtained using the following inclusion criteria: isolated kidney transplant recipient, 
ADPKD as a primary cause of renal failure, age greater than 18 years old. The exclusion criteria were the 
following: multi-organ recipients, ADPKD not the primary kidney disease and pediatric recipients. No 
patients were lost from follow-up. From these 154 ADPKD patients, 77 underwent a kidney 
transplantation alone (KTA group) and 77 kidney transplantation with associated native ipsilateral 
nephrectomy (KTIN group) and were retrospectively reviewed. This study was approved by the institu-
tional ethical committee. The following donor characteristics were analyzed: Age, gender, type of donor 
(living vs deceased) and type of deceased donor (donation after brain death or donation after circulatory 
death) and cytomegalovirus status. Recipient characteristics included: age, gender, body mass index 
(BMI), rank of transplant, time on dialysis and residual diuresis before transplantation, Human 
Leucocyte Antigen (HLA) mismatching, hemoglobin and albumin level before transplantation. Donor 
and recipient characteristics are presented in Table 1. Combined organ transplantation and ABO 
incompatible transplantations were excluded.

Surgical technique
A standard kidney transplant procedure was performed by a hockey stick incision with a classical 
vascular reconstruction on the iliac vessels and a ureterovesical anastomosis achieved according to the 
extravesical approach described by Lich-Gregoir[7-9]. A ureter stent was not routinely used but only 
according to the surgeon's preference and indication. An associated native ipsilateral nephrectomy was 
performed, if indicated, before implantation of the kidney graft with cranial extension up to the costal 
margin of the hockey stick incision by a retroperitoneal approach. Perioperative drainage of multiple 
renal cysts was frequently performed to facilitate surgical resection. The following surgical character-
istics were collected: indications for associated ipsilateral native nephrectomy, total surgical time, 
anastomosis time (defined as the time from the start of vascular anastomosis to reperfusion of the 
kidney), cold ischemia time (defined as the time from the start of in situ cold perfusion of the kidney in 
the deceased donor or ex vivo cold perfusion of the kidney in a living donor to the start of in situ 
vascular anastomosis in the recipient) and weight of the removed native polycystic kidney.

Posttransplant immunosuppression
A triple-drug protocol consisting of tacrolimus (Advagraf, Astellas Pharma BV, Brussels, Belgium), 
methylprednisolone (Medrol, Pfizer NV, Brussels, Belgium) and mycophenolate mofetil (Cellcept, 2x500 
mg/d, NV Roche SA, Brussels, Belgium) was used during the whole study period in all except one 
patient. Induction therapy with basiliximab (Simulect, Novartis Pharma GmbH, Neurenberg, Germany) 
on day 0 and 4 and thymoglobuline 1.25 mg/kg (Thymoglobulin, Sanofi Genzyme Europe B.V., 
Amsterdam, The Netherlands) day 1 until day 4 after transplantation was used in recipients of a living 
donor graft and a donor after circulatory death, respectively. Plasmapheresis was applied in highly 
immunized recipients until one month after transplantation. Tacrolimus trough levels (T0) were between 
10 and 14 ng/mL, 7 and 10 ng/mL and 5 and 7 ng/mL, during the first month, between the second and 
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Table 1 Donor and recipient characteristics of 154 kidney transplant recipients suffering from autosomal dominant polycystic kidney 
with or without associated ipsilateral nephrectomy during isolated kidney transplantation in a single center transplant program from 
January 2007 until January 2019

KT alone group (n = 77) KT with associated ipsilateral 
nephrectomy (n = 77) P value

Donor characteristics

Age, yr 46.23 ± 14.94 47.40 ± 14.86 NS

Gender, male/female, n (%) 42/35 (54.5/45.5) 37/40 (48.1/51.9) NS

CMV status, negative/positive, n (%) 32/43 (55.2/47.8) 26/47 (35.6/64.4) NS

Type of donor, living/deceased donor, n (%) 6/71 (7.8/92.2) 21/56 (27.3/72.7) a

Type of deceased donor, DBD/DCD, n (%) 54/17 (76.1/23.9) 38/18 (67.9/32.1) NS

Recipient characteristics

Age, yr 57.40 ± 9.89 53.40 ± 9.12 NS

Gender, male/female, n (%) 48/29 (62.3/37.7) 47/30 (61.0/38.9) NS

Body mass index, kg/m² 25.69 ± 4.00 25.33 ± 3.76 NS

Blood group, n (%) NS

A 33 (42.9) 42 (54.5) NS

B 5 (6.5) 4 (5.2) NS

AB 0 (0) 3 (3.9) NS

O 39 (50.6) 28 (36.4) NS

Pretransplant dialysis versus preemptive kidney 
transplant, n (%)

65/12 (84.4/15.6) 55/22 (71.4/28.6) NS

Residual urine diuresis before transplant, mL 1057.75 ± 852.84 1188.42 ± 818.65 NS

Rank of transplant NS

First transplant, n (%) 73 (94.8) 76 (98.7) NS

Second transplant, n (%) 3 (3.9) 1 (1.3) NS

Third transplant, n (%) 1 (1.3) 0 (0) NS

Time on dialysis before transplantation, d 1105 ± 1198 720 ± 757 NS

HLA Mismatching (MM), n (%) NS

0 MM 11 (14.3) 6 (7.8)

1 MM 8 (10.4) 7 (9.1)

2 MM 30 (39.0) 16 (30.8)

3 MM 23 (29.9) 30 (39)

4 MM 2 (2.6) 7 (9.1)

5 MM 3 (3.9) 6 (7.8)

6 MM 0 (0.0) 5 (6.5)

Hemoglobin before transplantation, g/dL 12.47 ± 1.72 12.69 ± 1.18 NS

Albumin before transplantation, g/dL 4.32 ± 0.40 4.24 ± 0.41 NS

Peritransplant plasmapheresis treatment, n (%) 14 (18) 3 (4) a

aP < 0.05. Data are given as the mean ± SD. ADPKD: Autosomal dominant polycystic kidney disease; CMV: Cytomegalovirus; DBD: Donation after brain 
death; DCD: Donation after circulatory death; HLA: Human leukocyte antigen; KT: Kidney transplantation; MM: Mismatching; NS: No significance.

third month and from 3 mo after transplantation, respectively. Methylprednisolone was started 
immediately after transplant at 16 mg/d and tapered (minus 4 mg every 2 wk) to a fixed dose of 4 mg 
for all recipients at long-term. Co-trimoxazole prophylaxis was given to all patients during the first 6 mo 
after transplantation. Valganciclovir prophylaxis (900 mg/d for normal kidney function) was given to 
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Table 2 Surgical data of 154 recipients suffering from autosomal dominant polycystic kidney disease with or without associated 
ipsilateral nephrectomy during isolated kidney transplantation in a single-center transplant program from January 2007 until January 
2019

KT alone group (n = 77) KT with associated ipsilateral nephrectomy 
(n = 77) P value

Indications for associated nephrectomy, n 
(%)

Creating space for graft positioning, n (%) 74 (96.1)

Pain, n (%) 29 (37.7)

Recurrent urinary tract infections, n (%) 11 (14.3)

Hematuria, n (%) 30 (39.0)

Digestive symptoms, n (%) 3 (3.9)

Lithiasis, n (%) 9 (11.7)

Anastomosis time1, min 39.61 ± 9.782 36.96 ± 10.10 NS

Cold ischemia time, min 827.56 ± 446.12 767.87 ± 436.81 NS

Total surgical time, min 169.07 ± 44.31 223.29 ± 71.96 a

Weight of removed native kidney, g 2073.94 ± 1197.89

1Time from kidney out of ice water until moment of in vivo blood reperfusion.
aP < 0.05. Data are given as the mean ± SD. ADPKD: Autosomal dominant polycystic kidney disease; NT: Not significant; KT: Kidney transplantation; NS: 
No significance.

all patients during the first 6 mo after transplantation with the exception of cytomegalovirus donor 
seronegative/recipient seronegative patients. Biopsy-proven acute cellular rejection and humoral 
rejections were treated with methylprednisolone boluses for 3 d and plasmapheresis, respectively.

Follow-up
During the transplant hospitalization, the patients were monitored daily to evaluate comorbidity and 
kidney function was evaluated by serum creatinine and urine analysis. If primary nonfunction (PNF), 
delayed graft function (DGF) or vascular problems of the kidney graft were suspected, an urgent 
ultrasound was performed. Otherwise, a baseline ultrasound was performed at the end of the transplant 
hospitalization. Ambulatory follow-up of the kidney graft function (measured by serum creatinine and 
urine analysis) and surgical comorbidity was performed according to local center practice. No protocol, 
only indication biopsies of the kidney graft were performed after the preceding ultrasound. Every year 
after transplantation, an ultrasound of the kidney graft and the native kidneys was performed. If 
malignancy of the native kidneys was suspected, nuclear magnetic resonance was carried out.

Endpoints
The primary endpoint was surgical comorbidity, measured as the incidence of postoperative 
lymphocele, wound infection, incisional hernia, wound hematoma, urinary infection, need for 
peritransplant (during and after transplantation) blood transfusion, pulmonary embolism, total hospital 
stay, readmission rate and surgical complications classified according to the Dindo Clavien classification
[10]. Secondary endpoints were the incidence of PNF, DGF (defined as the need for dialysis during the 
first week after transplantation), venous or arterial kidney graft thrombosis, acute rejection incidence 
and type of rejection (cellular vs humoral) during the first year after transplantation and the 1- and 5-
year patient- and graft survival rate.

Statistical analysis
Characteristics of the donor, the recipient and the transplant outcome were compared using the chi-
square test for categorical variables and the t-test for continuous variables. Continuous variables are 
provided as means and standard deviations. Log-rank statistics were used with the Kaplan-Meier 
product-limit method to evaluate the associations of individual covariates with allograft survival. P < 
0.05 was considered statistically significant. Statistical analysis and plots were accomplished with SPSS 
24.0 statistical software (SPSS, Chicago, IL, USA) and Prism 8.2.0 (Graphpad Software, San Diego, CA, 
USA).
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Figure 2 The graft and patient survival of 154 isolated kidney transplant recipients suffering from autosomal dominant polycystic kidney 
disease with or without associated ipsilateral nephrectomy during transplantation performed in a single center transplant program from 
January 2007 until January 2019. KT: Kidney transplantation.

RESULTS
Donor and recipient characteristics
Donor and recipient characteristics of both study groups were comparable, with the exception of the 
incidence of living donation, which was significantly higher in the KTIN group compared with the KTA 
group [21 (27.3%) vs 6 (7.8%), P = 0.003] (Table 1). Peritransplant plasmapheresis was performed in 14 
(18%) and 3 (4%) immunized recipients in the KTA and the KTIN group, respectively (P = 0.008).

Operative data
The main indications for performing an associated ipsilateral native nephrectomy at the same site as the 
kidney transplantation were lack of space for graft positioning (n = 74; 96.1%), pain (n = 29; 37.7%) and 
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Figure 3 Clinical algorithm to decide the optimal timing of a native nephrectomy in patients with autosomal dominant polycystic kidney 
disease, candidate for isolated kidney transplantation. ADPKD: Autosomal dominant polycystic kidney disease; NMR: Nuclear magnetic resonance; KT: 
Kidney transplantation.

hematuria (n = 30; 39.0%). Pain, as the only reason for ipsilateral nephrectomy, was present in 3 (3.9%) 
patients. The decision not to perform an associated ipsilateral native nephrectomy was taken by the 
surgeon during the transplant procedure if enough space for graft positioning in combination with the 
absence of other ADPKD-related symptoms was estimated at the moment of transplantation. No 
difference in anastomosis and cold ischemia time was observed between the two study groups (Table 2). 
The total surgical time was significantly longer in the KTIN group as compared with the KTA group 
(223.29 ± 71.96 vs 169.07 ± 44.31, respectively; P = 0.005). The mean weight of the removed polycystic 
kidney was 2073.94 ± 1197.89 g.

Comorbidity after transplantation
No significant difference in surgical comorbidity (lymphocele, wound infection, incisional hernia, 
wound hematoma, pulmonary embolism, urinary infection, need for peritransplant blood transfusion, 
hospitalization stay, readmission rate and Dindo Clavien classification) was observed between the two 
study groups (Table 3).

Graft function and patient survival
The incidence of PNF and DGF was comparable in both groups [0% vs 2.6% (P = 0.497) and 9.1% vs 
16.9% (P = 0.230), respectively, in the KTA and KTIN group] (Table 3). No significant difference in renal 
artery and vein thrombosis of the kidney graft was observed between the two study groups. In addition, 
the incidence of acute rejection within one year after transplantation was comparable among the groups.

The 1- and 5-year graft survival were 94.8% and 90.3, and 100% and 93.8%, respectively, in the KTA 
and KTIN group (P = 0.774) (Figure 2). The 1- and 5-year patient survival were 96.1% and 92.9%, and 
100% and 100%, respectively, in the KTA and KTIN group (P = 0.168) (Figure 2).

DISCUSSION
This retrospective single-center study is one of the largest series to demonstrate the absence of a 
negative impact on surgical comorbidity and short- and long-term kidney graft function following an 
associated ipsilateral native nephrectomy to create space for graft positioning during isolated kidney 
transplantation in ADPKD patients compared with ADPKD kidney transplant recipients without 
simultaneous nephrectomy.
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Table 3 Surgical comorbidity and clinical outcomes of 154 isolated kidney transplant recipients suffering from autosomal dominant 
polycystic kidney disease with or without associated ipsilateral nephrectomy during transplantation in a single center transplant 
program from January 2007 until January 2019

KT alone group (n = 77) KT with associated ipsilateral 
nephrectomy (n = 77) P value

Surgical comorbidity

Lymphocele, n (%) 5 (6.5) 7 (9.1) NS

Wound infection, n (%) 6 (7.8) 2 (2.6) NS

Incisional hernia, n%) 0 (0) 3 (3.9) NS

Wound hematoma, n (%) 6 (7.8) 3 (3.9) NS

Pulmonary embolism, n (%) 1 (1.3) 0 (0) NS

Urinary infection, n (%) 14 (18.2) 8 (10.4) NS

Need for blood transfusion, n (%) 22 (28.6) 34 (44.2) NS

Hospital stay after transplantation, d 15.22 ± 6.662 14.81 ± 6.44 NS

Readmission rate during whole follow-up, n (%) 42 (46.2) 49 (63.6) NS

Dindo Clavien classification NS

Class I 36 (46.8) 33 (42.9) NS

Class II 22 (28.6) 32 (41.6) NS

Class III 7 (9.1) 3 (3.9) NS

Class IV 12 (15.6) 9 (11.7) NS

Clinical outcomes

Primary nonfunction, n (%) 0 (0) 2 (2.6) NS

Delayed graft function, n (%) 7 (9.1) 13 (16.9) NS

Renal artery thrombosis of kidney graft, n (%) 2 (2.6) 0 (0) NS

Renal vein thrombosis of kidney graft, n (%) 2 (2.6) 0 (0) NS

Acute rejection episode within 1 year after 
transplantation, n (%)

5 (6.5) 5 (6.5) NS

Cellular, n (%) 5 (100) 2 (40)

Humoral, n (%) 0 (0) 3 (60)

Data are given as the mean ± SD. ADPKD: Autosomal dominant polycystic kidney disease; NT: Not significant; KT: Kidney transplantation; NS: No 
significance.

The lifetime nephrectomy rate of at least one kidney is approximately 20-30% for patients with 
ADPKD[11,12]. Maintaining native kidneys in ADPKD transplant candidates may help to prevent renal 
osteodystrophy, anemia, uremia, fluid overload, congestive heart failure, and hyperkalemia[4,13,14]. 
The advantage of maintaining total native urine output is important for dialysis comfort in patients on 
the waiting list for transplantation and confers some survival benefits on the waiting list[15]. Even 
today, the indications and timing for a native unilateral or bilateral nephrectomy in ADPKD candidates 
for isolated kidney transplantation remain controversial and are quite often center-dependent and based 
on historical routine and experience. Clear indications for unilateral or bilateral native nephrectomy 
before transplantation are: (1) Invalidating pain and discomfort; (2) Ongoing hematuria; (3) Recurrent 
renal cyst infections and gastrointestinal pressure symptoms (e.g., early satiety); (4) recurrent nephro-
lithiasis (rare); (5) The suspicion of malignancy in those with complex cysts; and (6) Combined liver and 
kidney transplantation. In the absence of these clear indications, the lack of space for positioning a 
future kidney graft remains controversial as an indication for performing a unilateral native 
nephrectomy before transplantation. We agree that a simultaneous ipsilateral nephrectomy to create 
space during isolated kidney transplantation can be technically challenging, even in the hands of an 
experienced surgeon. A review of the literature, as illustrated in Table 4, does not demonstrate a 
significant negative impact of an associated ipsilateral or bilateral nephrectomy during isolated kidney 
transplantation on surgical comorbidity and early and late allograft and patient survival[16-20]. The 
advantage of performing the nephrectomy simultaneous with the transplantation is the avoidance of an 
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Table 4 Overview of studies investigating the surgical comorbidity of a simultaneous native unilateral or bilateral nephrectomy during 
isolated kidney transplantation for autosomal dominant polycystic kidney disease

Ref.
Study 
group 
(n)

Type of 
donor

Isolated KT with simultaneous 
native bilateral or unilateral 
nephrectomy

KT 
alone Study conclusions

Bilateral Unilateral

1 (143) LD (6%) + 
DD (94%)

+Nunes P et 
al[13], 2007

2 (16) LD (2%) + 
DD (98%)

+

Comparable overall complication rate and graft survival after 5 years 
if unilateral nephrectomy is performed for creation of space for a 
renal allograft

Kramer A et 
al[14], 2009

1 (20) LD (100%) + Minimal morbidity of an associated bilateral nephrectomy during 
transplantation and graft and patient survival of 100% during 5-year 
follow-up

Skauby MH 
et al[15], 
2012

1 (79); 2 
(78)

LD (100%) + + Associated bilateral nephrectomy results in a longer hospital stay 
and more postoperative complications. No difference in 1- and 5-
year patient and graft survival

Neeff HP et 
al[16], 2013

1 (100) LD (38%) + 
DD (62%)

+ Routine ipsilateral nephrectomy, independent of volume of 
polycystic kidney, during transplantation is a safe procedure 
without endangering patient or graft survival. The death of 3 
patients in the first year post-transplant is a concern

1 (66) +Ahmad SB 
et al[17], 
2016 2 (52)

LD (100%)

+

In symptomatic patients with ADPKD, the combined procedure is 
advantageous, especially in terms of patient satisfaction

1 (77) LD (7.8%) 
+ DD 
(92.2%)

+Current 
study

2 (77) LD (27.3%) 
+ DD 
(72.7%)

+

Comparable surgical comorbidity and 1- and 5-year patient and graft 
survival

ADPKD: Autosomal dominant polycystic kidney disease; DD: Deceased donor; LD: Living donor; KT: Kidney transplantation.

extra anesthetic/surgical procedure and possible oliguria when performed before transplantation 
during the time on the waiting list. In line with these previous studies, the risk of losing a kidney graft, 
in relation to native nephrectomy is extremely low.

The proposed algorithm to decide the optimal timing of a native nephrectomy in candidates for 
isolated kidney transplantation is mainly based on ADPKD-related symptoms (Figure 3). In general, we 
do not perform a native nephrectomy to create space for graft positioning in the absence of ADPKD-
related symptoms before transplantation but by preference during the transplantation. Patients with a 
pretransplant clinical examination showing a polycystic kidney below the level of the umbilicus or a 
radiological image showing a polycystic kidney extending into the iliac fossa, are very likely to need an 
ipsilateral native nephrectomy during transplant. Our center policy is to add peritransplant 
plasmapheresis to the standard immunosuppressive therapy in all high-immunized patients. Therefore, 
only for high-immunized patients with an expected long waiting time on the transplant list and high 
associated medical comorbidity, we consider a unilateral nephrectomy to create space for future kidney 
graft positioning before transplantation with the aim to decrease the risk of plasmapheresis-related 
surgical complications (bleeding, incisional hernias, blood transfusions, ...) during transplantation. This 
might explain the difference in the numbers of patients receiving peritransplant plasmapheresis in favor 
of the KTA group in our study. For high-immunized patients with low associated medical comorbidity, 
our preference is to perform the associated nephrectomy during the transplantation.

Also, our strategy is to avoid an unnecessary nephrectomy after transplantation. Today, it is unusual 
for ADPKD patients to require nephrectomies for complications related to their native kidney (< 20%) 
after transplantation[5]. Nuclear magnetic resonance of the abdomen is routinely performed after 
transplantation to screen for malignancies in the native polycystic kidney(s). Conflicting data exists 
regarding the risk of renal cell carcinomas in ADPKD-affected kidneys. While case studies report the 
occurrence of renal cell carcinomas in ADPKD-affected kidneys[21,22], these tumors may be partly due 
to acquired renal cystic disease resulting from long-term dialysis[23]. In contrast, data from the Scientific 
Registry of Transplant Recipients observed a lower cancer risk in polycystic kidney disease recipients. 
This might be explained by the ADPKD mutations causing clear cyst formation, but it is also possible 
that these mutations trigger protective cellular mechanisms that prevent cells from undergoing 
malignant transformation[24]. Ward CJ et al[25] demonstrated that germline mutations in polycystic 
kidney and hepatic disease 1 were protective against colorectal cancer. However, the observed lower 
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risk of renal cancer in the Scientific Registry of Transplant Recipients can also be explained by the higher 
incidence of nephrectomies in ADPKD recipients in contrast with their non-ADPKD counterparts[24].

We recognize some limitations in the present study. First, this a retrospective study. Second, in 
recipients with associated nephrectomy during isolated kidney transplantation, the lower incidence of 
peritransplant plasmapheresis and higher incidence of living donors could have underestimated the 
surgical comorbidity in this study group.

CONCLUSION
In conclusion, simultaneous native ipsilateral nephrectomy to create space for graft positioning during 
kidney transplantation in ADPKD patients does not detrimentally impact surgical comorbidity and 
short- and long-term graft survival.

ARTICLE HIGHLIGHTS
Research background
The lack of space, as an indication for a native unilateral nephrectomy for positioning a future kidney 
graft in the absence of other autosomal dominant polycystic kidney disease (ADPKD)-related 
symptoms, remains controversial.

Research motivation
Unilateral native nephrectomy to create space for graft positioning in an otherwise asymptomatic 
ADPKD patient is quite often routinely performed in isolated kidney transplant candidates before their 
activation on the waiting list. This strategy is mainly driven by the fear of increased surgical 
comorbidity and the possible negative impact of prolonged cold ischemia time and short- and long-term 
graft survival related to the associated nephrectomy during transplantation.

Research objectives
To evaluate the surgical comorbidity and the impact on graft survival of an associated ipsilateral native 
nephrectomy during isolated kidney transplantation in patients with ADPKD.

Research methods
One hundred and fifty-four kidney transplantations performed between January 2007 and January 2019 
of which 77 without (kidney transplant alone (KTA) group) and 77 with associated ipsilateral 
nephrectomy (KTIN group), were retrospectively reviewed. Demographics and surgical variables were 
analyzed and their respective impact on surgical comorbidity and graft survival.

Research results
No significant difference in surgical comorbidity (lymphocele, wound infection, incisional hernia, 
wound hematoma, urinary infection, need for blood transfusion, hospitalization stay, Dindo Clavien 
classification and readmission rate) was observed between the two study groups. The 1- and 5-year graft 
survival were 94.8% and 90.3%, and 100% and 93.8%, respectively, in the KTA and KTIN group (P = 
0.774). The 1- and 5-year patient survival were 96.1% and 92.9%, and 100% and 100%, respectively, in 
the KTA and KTIN group (P = 0.168).

Research conclusions
Simultaneous ipsilateral native nephrectomy to create space for graft positioning during kidney 
transplantation in patients with ADPKD does not negatively impact surgical comorbidity and short- 
and long-term graft survival.

Research perspectives
More kidney transplant candidates suffering from ADPKD when activated on the waiting list should be 
proposed for an associated ipsilateral nephrectomy during the transplantation instead of routinely 
programmed pretransplant nephrectomy.
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