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Kidney transplantation from small pediatric donors may be
feasible to those who developed chronic refractory dialysis
hypotension: a single-center experience
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Background: Chronic refractory dialysis hypotension (CRDH) is a serious issue in dialysis patients waiting
for transplants. It leads to fatal clinical outcomes and disqualification from kidney transplantation. Kidney
transplantation from pediatric donor to adult patient with lower blood pressure (BP) may be an option. No
related study has been reported and we conducted this study to first evaluate the effect of pediatric donor
kidney transplantation in CRDH recipients.

Methods: Ten single-kidney transplantations from small pediatric donors after cardiac death in our
center between August 2016 and April 2018 were described. Half were CRDH recipients (group A) with
intradialytic and interdialytic systolic blood pressure (SBP) below 100 mmHg. Each was paired with no-
CRDH recipient (control, group B) from the same donor. The operation method of vascular anastomosis and
ureterocystoneostomy was the same as that of adult donors. Clinical characteristics, post-operative treatment
and outcomes of all recipients were retrieved. Postoperative BP, graft function and size were compared
between two groups. The follow-up time was up to April 2019.

Results: There was no acute rejection (AR), graft loss or death in all recipients after transplantation. Their
renal function was recovered despite three transient delayed graft function (DGF). There was no significant
difference in serum creatinine (SCr) or graft size (P=0.84, 0.94) after transplantation between two groups.
For all CRDH recipients, the postoperative SBP was above 100 mmHg (except one, 90-130 mmHg). The
BP one year after transplantation was maintained at 110-125/70-85 mmHg.

Conclusions: kidney transplantation from small pediatric donors may be feasible to CRDH recipients and

their BP may return to normal after transplantation.
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Introduction

Kidney transplantation is preferred in the treatment of end-
stage renal disease (ESRD). However, the disparity between
the intense requirement for kidneys and the inadequate
supply of available donor organs remains a prominent
issue despite of an increasing number of transplantations
all over the world. Consequently, the number of kidney
transplantation from pediatric donors has been increasing,
which contributes to the expansion of the donor pool (1,2).

Even though pediatric donor kidney transplantation
could lead to ureteral (stenosis or leakage), vascular (venous
thrombosis or arterial stenosis) complications, delayed graft
function (DGF) and acute rejection (AR) (1,3-6), recipients
of pediatric donor kidneys have got satisfying long-term
outcomes similar to those received adult donor kidneys
within standard criteria (2,4,7-12). Pediatric donors are used
mostly for pediatric recipients and some for adult recipients.
However, one of the prerequisites of the adult recipient is
the controllable high blood pressure (BP) with less than or
equal to two antihypertensive drugs and postoperative high
BP should be strictly controlled (13). Maintaining lower
BP after transplantation is of great importance for pediatric
kidney to prevent hyperfiltration injury. On the other hand,
recipients with chronic refractory dialysis hypotension
(CRDH) may not provide adequate blood perfusion
for adult kidney because of severe hypotension. CRDH
patients are therefore, just fit the criteria as the recipients of
pediatric kidney.

Patients waiting for transplants on long-term dialysis may
develop intradialytic hypotension (IDH). The definitions
of IDH remain various and controversial. According to the
National Kidney Foundation, IDH is defined as a decrease
in systolic blood pressure (SBP) by >20 mmHg or a decrease
in mean arterial pressure by >10 mmHg with clinical
symptoms (14). Notably, there is one special form of IDH
in 5-10% of dialysis patients, CRDH, defined as sustained
SBP <100 mmHg during both intradialytic and interdialytic
period generally (15,16). CRDH is a severe type of dialysis-
related hypotension and a sign of poor prognosis in dialytic
patients. It may lead to disqualification from kidney
transplantation (15-19). These CRDH patients have less
chance of transplantation and there has been only a few
successful transplant cases from adult donors (15,16,20-22).
For these transplant recipients with CRDH, the BP remains
hard to be maintained at a stable level and the recovery of
graft function is difficult after transplantation (15,16,20,21).

Currently, there has been no study on pediatric donor
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kidney transplantation to CRDH recipients. We held
the view that kidney transplantation from small pediatric
donors may be feasible to those who developed CRDH.
Pediatric kidney may improve BP of CRDH patients and
perform normal renal function after transplantation. We
therefore performed five small pediatric donor kidney
transplantations for CRDH recipients in our center and
reported our experience in this article.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-304).

Methods

In this retrospective study, we described ten single-kidney
transplantations (group A, 5 kidneys were transplanted to
CRDH adults, cases 1-5; group B, 5 to regular end-stage
renal failure, controls 1-5) from five small pediatric donors
of cardiac death donation in our Kidney Disease Center
between August 2016 and April 2018. The median age
of 5 donors was 28 [11-51] months old and median body
weight was 13 [12-20] kg. Their median level of serum
creatinine (SCr) was 44 [19-312] pmol/L at transplantation
and blood type was consistent with that of recipients. The
cause of donor death was aspiration pneumonitis (1 case),
fall from a height (1 case) or craniocerebral trauma by
accident (3 cases). Among ten recipients (seven females
and three males), half were CRDH (group A). CRDH was
defined as follows: the SBP was declined >20 mmHg and
sustained below 100 mmHg after dialysis with a history of
hypertension before dialysis and related clinical symptoms.
Each of CRDH recipients was paired with one control
from the same deceased pediatric donor. The SBP of all
the controls (group B) was constantly above 100 mmHg
during dialysis. The median age was 49 [38-64] years old
in group A and 33 [5-55] in group B. Nobody had ever
developed diabetes, cardiovascular events or cancer. The
clinical characteristics of donors and recipients are listed
in Table 1. The operation method of vascular anastomosis
and ureterocystoneostomy was the same as that of adult
donors. The follow-up time was up to April 2019 (all >
1 year after transplantation). This study was approved
by the Ethics Committee of the First Affiliated Hospital,
College of Medicine, Zhejiang University (NO.: 20191491)
and informed consent was taken from all the patients. All
donor kidneys in this study were procured from donation
after the citizens’ death in accordance with the guidelines
of The National Program for Deceased Organ Donation in
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Table 1 Characteristics of donors and recipients (including post-operative treatment and outcomes)
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Characteristic Case1 Control 1 Case2 Control2 Case3 Control 3 Case 4 Control4 Case5 Control 5
Age, y 41 34 59 33 49 11 38 5 64 55
Sex F F F F F M M M F F
BMI, kg/m’ 22.1 24.8 25.0 18.4 20.8 15.6 19.7 14.0 20.5 15.8
Primary kidney Polycystic CGN CGN CGN CGN  Polycystic CGN ICGN CGN CGN
disease kidney kidney
History of 3 6 10 No 7 No 8 1 2 4
hypertension, y
History of diabetes No No No No No No No No No No
Dialysis modality HD PD + HD HD HD PD PD HD HD HD HD
Duration of dialysis, y 10 6 2.5 9 10.5 1 8 1 4 4
Duration of 7 N/A 2 N/A 5.5 N/A 1 N/A 3.5 N/A
preoperative
hypotension, y
Hypotensive Fatigue N/A Fatigue N/A Fatigue N/A Dizzy, sweaty N/A Dizzy, N/A
symptom sweaty,
fatigue

Intra-dialytic BP, 80/50 135/85 70/40 125/80 90/60 105/60 70/50 110/80 90/50 140/75
mmHg
Inter-dialytic BP, 90/60 155/95 85/45 130/85 95/60 110/70 80/60 130/85 90/50 145/75
mmHg
HLA mismatching, n 4 0 2 4 3 3 4 6 0 0
PRA-I Negative
PRA-II Negative
CIT, h 8 8 19 19 6 11 10 10 8 8
WIT, min 0 0 16 16 14 20 14 14 10 10
Donor

Donor age, month 51 28 11 11 34

Donor sex M M F F F

Donor weight, kg 20 15 12 13 13

Cause of donor Drowning with High falling injury with Craniocerebral trauma Craniocerebral trauma by Craniocerebral trauma

death aspiration pneumonitis skull fracture by accident accident by accident

Donor SCr at 44 312 19 45 26

transplantation,

umol/L
Treatment

Introduction therapy Basiliximab ATG ATG ATG ATG

Immunosuppression TAC + MMF + GS

Pressor therapy Dopamine, N/A Dopamine,  N/A No N/A Dopamine, N/A  Dopamine  N/A

aramine aramine aramine,

norepinephrine

Table 1 (continued)
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Characteristic Case 1 Control 1 Case?2 Control2 Case3 Control 3 Case 4 Control4 Case5 Control 5
Outcome
DGF Yes No No No Yes Yes No No No No
BP at 12 months 110/70 135/85 120/85 110/70  125/85 125/75 115/85 115/75 125/75  110/70
after transplantation,
mmHg
SCr at 12 months 63 65 66 72 108 82 84 41 69 63
after transplantation,
umol/L
Graft loss No No No No No No No No No No
Death No No No No No No No No No No

ATG, anti-thymocyte globulin; BMI, body mass index; BP, blood pressure; CGN, chronic glomerulonephritis; CIT, cold ischemia time;
DGF, delayed graft function; GS, glucocorticoids; HD, hemodialysis; HLA, human leukocyte antigen; ICGN, immune complex-mediated
glomerulonephritis; MMF, mycophenolate mofetil; N/A, not applicable; PD, peritoneal dialysis; PRA, panel reactive antibodies; SCr, serum

creatinine; TAC, tacrolimus; WIT, warm ischemia time.

China. The pediatric donor grafts were donated to the Red
Cross Society of Zhejiang Province and allocated to our
center by the China Organ Transplant Response System
(COTRS). All donations were voluntary, unpaid, and in
compliance with the Declaration of Helsinki and no organs
were obtained from prisoners.

The clinical characteristics of the ten recipients, such
as age, sex, primary disease and duration and modality of
dialysis etc. were retrieved from the kidney transplantation
database and electronic medical record system in our
hospital. We also retrieved the data on the treatment
after kidney transplantation, which included induction
therapy (Basiliximab or anti-thymocyte globulin, ATG),
triple immunosuppressive regimen (all used tacrolimus,
mycophenolate mofetil and glucocorticoids, TAC + MMF
+ GS) and pressor therapy (dopamine, aramine and/or
norepinephrine). Postoperative pressor therapy was as
follows: Three (case 1, 2, 4) received dopamine infusion
at a dose of 0.8-12 pg/kg/min and aramine was given
additionally at 0.08-1.4 pg/kg/min. One of them (case
4) used norepinephrine at 0.04-0.12 pg/kg/min for 18 h
at first. They stopped intravenous vasopressor on day 9
or 10 postoperatively. Case 5 only received a dopamine
infusion at 0.8-6.9 pg/kg/min for 14 h while case 3 didn’t
receive pressor therapy. Outcome indices included BP,
graft function (SCr), graft size, the occurrence of DGE,
AR or graft loss and survival during the follow-up. Graft
size was regularly measured by ultrasonography and
calculated according to the equation: V' = 4/37nr77, (23).
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DGF was defined as the requirement for dialysis in the first
postoperative week (24). We also longitudinally recorded
the BP for CRDH patents in the whole process.

The value of SCr and graft size in two groups were
compared by Student’s # test. P values <0.05 were considered
statistically significant. SPSS 22.0 (SPSS, Inc., Chicago, IL,
USA) was used for all statistical analyses.

Results
Pre-transplant

As shown in Table 1, 2 recipients had polycystic kidney; 1
had immune complex-mediated glomerulonephritis ICGN)
confirmed by kidney biopsy; the rests were diagnosed
as chronic glomerulonephritis (CGN). In group A, four
patients were on hemodialysis (HD) and one on peritoneal
dialysis (PD); in group B, three were on HD, one on PD,
and one on PD to start and switched to HD. The median
duration of dialysis was 8 (2.5-10.5) years in group A and 4
[1-9] years in group B.

Prior to transplantation, four of the patients in group A
used medication to control hypertension for 2 to 10 years
and one didn’t take anti-hypertension drug. The duration
of preoperative hypotension varies from 1 to 7 years. All
five CRDH patients had intra-dialytic SBP in the range 70-
90 mmHg and inter-dialytic SBP persistently below
100 mmHg. They all took the vasopressor drug midodrine
three times a day, 2.5-5.0 mg for each time, with poor effect.
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Figure 1 The change of serum creatinine (SCr) after transplantation in two groups. Figure I shows the changes of SCr after transplantation

in two groups. The levels of SCr were recorded for all recipients 1, 7, 14, 28, 60, 90, 180 and 360 days after transplantation. The post-

operative SCr in group A was listed respectively (case 1-5). The post-operative SCr in group B was expressed by the average SCr of four

recipients because the other one (control 4) was a five-year-old child whose renal function recovered obviously better than others and SCr

was much lower. There was no significant difference in serum creatinine between two groups (group A vs. group B, 191.24+211.64 vs.

169.94+205.82 pmol/L, P=0.84).

One had kidney nephrectomy (case 1). She had unilateral (left)
renal agenesis and experienced right kidney nephrectomy due
to polycystic kidney rupture 7 years before transplantation.
She maintained HD after the nephrectomy with intra-dialytic
BP 80/50mmHg and inter-dialytic BP 90/60 mmHg. She and
another patient (case 2) had fistula occlusions due to severe
hypotension during dialysis. The SBP in group B was slightly
decreased during dialysis but remained above 100 mmHg.

Panel reactive antibodies (PRA-I and PRA-II) were all
negative before transplantation. Three patients in each
group had moderate human leukocyte antigen (HLA)
mismatch. Electrocardiogram and echocardiogram showed
no heart disease in all patients. During operation, three
patients (case 1, 2, 4) in group A whose SBP <85/50 mmHg
received dopamine to maintain SBP to 110-120 mmHg.
The median cold ischemia time (CIT) was 8 hours in group
A and 10 in group B; the median warm ischemia time (WIT)
was 14 minutes in both groups.

Post-transplant

Figure 1 showed the change of SCr after transplantation
in two groups. All patients’ renal function recovered well
even though three suffered from transient DGF (2 in group
A and 1 in group B). The SCr of all decreased gradually

© Annals of Translational Medicine. All rights reserved.

and was below 90 pmol/L except one (case 3, 108 pmol/L)
one year after surgery. For case 3, the SCr was stable at the
level of 65 pmol/L two years after transplantation. There
was no significant difference in SCr or graft size (P=0.84,
0.94) during the follow-up between the two groups. For
all, the urine volume recovered within two weeks after the
operation and was all above 1,000 mL/d on discharge. As
depicted in Figure 2, the regular growth of the grafts was
not affected by hypotension.

Figure 3 recorded the SBP fluctuation after transplantation
in group A. Four patients (not case 3) in group A received
pressor therapy immediately after operation to keep SBP
between 110-120 mmHg. The BP of CRDH patients was
obviously higher than that before the operation and the
SBP was above 100 mmHg with proper management after
transplantation and maintained during the follow-up period
(except case 1, 90-130 mmHg). The average BP one year after
transplantation was maintained at 110-125/70-85 mmHg.
Patients in group B received antihypertensive agents to
maintain post-operative BP at 100-120/60-80 mmHg and
kept BP at 110-135/70-85 mmHg after discharge.

As mentioned above, one patient (case 3) who didn’t
receive pressor therapy after surgery maintained BP 120-
130/80-90 mmHg after discharge. She appeared oliguric
in four months after transplantation. Renal allograft
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Figure 2 The change of graft size after transplantation in two groups. Figure 2 shows the change of graft size after transplantation in two

groups. The graft size was recorded for all recipients at the transplantation and 1, 2, 3, 6, 12 months after transplantation. The two curves

were the average graft size of two groups respectively. There was
group B 117.11+29.64 vs. 115.49+35.84 cm’, P=0.94).
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Figure 3 The change of SBP in group A after transplantation. Figure 3 shows the changes of systolic blood pressure (SBP) in group A after

transplantation. The fluctuation of SBP tends to be narrower. The red arrows represent the time to stop intravenous vasopressors. The stop

time was 10, 9 and 9 days after transplantation for case 1, 2 and 4 respectively. For case 5, she stopped 14 hours after surgery. Case 3 didn’t

receive any vasopressor.

B-mode ultrasound showed hypoechoic mass in the hilum
of transplanted kidney, perirenal hematoma was suspected.
Iliac artery CTA showed moderate to severe stenosis in the
proximal segment of left allograft artery. She finally was
diagnosed as fungal infection and allograft artery stenosis.
After appropriate anti-infection therapy, her urine volume
and SCr gradually normalized with reduced perirenal mass

and improved stenosis.

© Annals of Translational Medicine. All rights reserved.

During follow-up, no postoperative significant
complications occurred in other patients and all ten recipients
were alive with no AR or graft loss.

Discussion

As far as we know, this is the first study on pediatric donor
kidney transplantation to the adult patients with CRDH.
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The graft function was recovered and BP was elevated back
to normal. Our study demonstrated that pediatric donor
kidney is suitable for the patients with CRDH.

Our CRDH patients had hypertension before dialysis
and developed hypotension after long-time dialysis. The
pathophysiology of CRDH is not yet well defined. However, a
major cause for IDH is due to intravascular hypovolemia (17).
Ultrafiltration during dialysis decreases central blood
volume and cardiac output. Automatic dysfunction and
blunted cardiovascular response to vasopressors may be the
mechanisms of inter-dialytic hypotension (20). Another
mechanism is the increased vasodilator which decreases
peripheral resistance (19,25). No-functional kidneys leading
to the lack of sympathetic stimulus may be an additional
cause of hypotension (for case 1). All these may be the
reasons why our patients developed dialysis hypotension.
These patients may advance to heart failure, severe
vascular complications and even death without kidney
transplantation (15,18).

"There has been no study on pediatric donor transplantation
for CRDH patients. Only few transplant cases from adult
donors to CRDH patients has been reported. Muscroft et /.
reported eight transplant cases with dialysis-associated
hypotension (15). All received living donor transplantation
except one deceased donor. Even though the final result was
satisfactory, only four of these recipients were CRDH, one
of whom received deceased donor transplant and finally died
of ischemic complications (15). In our center, two dialysis
hypotension recipients underwent cardiac death adult donor
transplants and received active vasopressor infusion during
a long period after transplantation. They got poor outcome
with both insufficient postoperative renal function and BP
recovery. One had previous history of diabetes and the other
suffered from radiofrequency ablation of ventricular premature
beats and left nephrectomy of polycystic kidney before
transplantation. Other cases mentioned in the literature have
no such conditions. Donor type and preoperative condition
of recipients might be the main reasons for the different
outcomes. Other multiple reasons, such as preoperative
evaluation and preparation, surgical technique, postoperative
care and treatment, also might affect the outcome. Overall,
transplantation of adult donor kidneys to CRDH recipients
remain controversial.

As for pediatric donor transplantation, there are some
potential hazards such as a higher vascular and urinary
complication rates (3,4,13) and a higher risk of AR and
DGF (4,14). It may also lead to hyperfiltration injury

© Annals of Translational Medicine. All rights reserved.
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and graft failure due to inadequate nephrons (6,12). The
prerequisite of the pediatric kidney to adult recipient is that
the BP of recipients is not too high. According to pediatric
hypertension guidelines and other studies, the normal BP
of children is 80-110/40-70 mmHg for age 1-5 years old
which matches the BP of our dialysis patients (70-100/40—
60 mmHg around) (26-28). We think that the lower basal
BP of pediatric donors needs to be maintained in recipients
after transplantation and the lower BP of our patients with
CRDH could exactly prevent the pediatric donor kidney
from hyperfiltration injury. Meanwhile the gradual recovery
of the graft function increases the BP of these recipients
gradually. That is to say, these pediatric donor kidneys are
used to a lower BP and can tolerate the lower BP in the
recipients better. Therefore, we recommend small pediatric
kidney to CRDH patients and we used low doses of
postoperative vasopressors to keep the BP of the recipients
not too high.

Generally speaking, we have got satisfying outcomes
of transplanting pediatric kidneys to CRDH patients.
The graft function of these CRDH recipients recovered
well with gradual kidney growth after transplantation.
The changes of BP after renal transplantation in CRDH
patients remain unclear. Previous studies have suggested
that blunted pressor responses and increased vasodilator
production are associated with CRDH (19,29). Sun et al.
proposed that the renal allograft regulates the pressor
response or the vasodilator production to normalize the
BP of CRDH patients after transplantation (22). We also
thought when graft function was established, the renin-
angiotensin-aldosterone system of the transplanted kidney
plays an important role in increasing BP in CRDH patients.

Our study has some limitations. One of them is the
case number. We attempt to increase the number of cases
but in March of this year, the policy of organ-allocation
system, COTRS, began to give the pediatric kidney to
the priority population, the pediatric patients. Some
other countries have the similar policy: according to The
Eurotransplant Kidney Allocation System, pediatric patients
are given priority for donors aged <16 years since 2010
(30,31). Therefore, we have difficulties on this issue. It is
recommended that the allocation policy should be revised
and those dialysis-associated hypotension patients should be
given opportunity to receive such transplantations. Second
limitation is that we lack CRDH cases from adult donor
transplantations as controls. However, in our center, there
were merely two kidney transplants from adult donors after
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cardiac death to IDH recipients as mentioned.

Conclusions

In conclusion, kidney transplantation from pediatric
donors to adults with CRDH is feasible, the BP of patients
was normalized after graft function was established. The
guidelines for kidney transplantation haven’t shown
that CRDH is an absolute or relative contraindication/
indication for renal transplantation yet (32,33). According
to our research and experience, CRDH adults are suitable
recipients of pediatric donor kidneys. Further studies
regarding the effect of pediatric donor transplantation in
CRDH recipients are eagerly needed.
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