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Abstract

Introduction: We sought to compare cost and safety outcomes of
patients who received a kidney transplant and bilateral nephrec-
tomy in either a simultaneous or staged approach.

Methods: We reviewed all adult patients with autosomal dominant
polycystic kidney disease (ADPKD) who received a kidney trans-
plant and underwent bilateral nephrectomy between 2008 and
2019. Patients were divided into two groups: staged (nephrectomy
prior to transplant) and simultaneous (nephrectomy at the time of
transplant). The primary outcome was cumulative cost of nephrec-
tomy and transplantation (§CAD). We analyzed several secondary
outcomes, including 90-day Clavien-Dindo complication rates.
Results: A total of 114 patients with ADPKD received a kidney
transplant over 11 years. Of these, 28 patients underwent both
nephrectomy and transplantation (10 staged, 18 simultaneous).
More patients in the simultaneous group had a living donor trans-
plant (83% vs. 0%, p<0.001). Creatinine clearance at one year/
last followup did not differ between groups (p=0.12). With similar
overall complication rates between groups, the transfusion rate
was also similar between groups (simultaneous 50% vs. staged
40%, p=0.91). Total cost was lower in the simultaneous group ($23
775.33 CAD vs. $35 048.83 CAD, p<0.001), largely owing to a
longer total length of stay in the staged group as compared to the
simultaneous group (8.1 vs. 14.5 days, p<0.001).

Conclusions: These data suggest that a simultaneous approach to
bilateral nephrectomy and kidney transplantation provides poten-
tial cost savings with no adverse outcomes. This provides a rationale
to investigate simultaneous nephrectomy and transplantation in the
deceased donor setting.

KEY MESSAGES

e Simultaneous bilateral nephrectomy and kidney
transplantation has a similar adverse event profile
to a staged nephrectomy/transplant approach.

e Cost savings may be realized with a simultaneous
approach.

e While a simultaneous approach is typically reserved
for patients with a living donor, well-selected
deceased donor kidney recipients should also be
considered.

Introduction

Autosomal dominant polycystic kidney disease (ADPKD)
affects approximately one in 1000 people, with up to 50% of
individuals requiring renal replacement therapy by age 59.'2
Both kidney and cyst volumes can increase exponentially
over time,’ leading to a number of symptoms necessitating
bilateral nephrectomy. Commonly accepted indications for
nephrectomy include abdominal pain attributable to mass
effect, early satiety, cyst bleeding/hematuria, and recurrent
cyst infections.* Lack of space to place a transplant graft has
been recognized as a relative indication for nephrectomy,
with one study finding that kidney size greater than 21.5 cm
predicts the need for bilateral nephrectomy prior to kidney
transplantation.®

Open bilateral nephrectomy has been the standard
approach for several decades, but there are a number of
publications describing minimally invasive techniques.®'?
While the need for bilateral nephrectomy prior to transplant
is not disputed, there remains debate regarding the optimal
sequencing of bilateral nephrectomy. Some have argued
for a simultaneous approach (nephrectomy and transplant
in the same sitting) in order to avoid an anephric state,
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with subsequent issues surrounding fluid management, con-
version to hemodialysis, and the risk of sensitization after
blood transfusion.*'3 Others advocate for a staged approach
(nephrectomy first followed by kidney transplant at differ-
ent sittings) out of concern for the magnitude of both a
nephrectomy and transplant in a single sitting and implica-
tions on perioperative recovery.’ A number of studies have
been performed demonstrating an acceptable complication
profile for each approach.™'¢

Logistical issues, such as organizing a living donor or
mobilizing overnight operative resources, are important fac-
tors in decision-making, but are less well-described in the
literature. In particular, there is a paucity of data on the cost
implication of each approach. To that end, we conducted
a review of patients who underwent either a simultaneous
or staged nephrectomy and kidney transplantation. We
hypothesized that there would be no cost difference between
groups, with no significant difference in functional outcomes
and 90-day perioperative complications.

Methods

Study design and patient population

All patients with ADPKD who underwent bilateral native
nephrectomy either prior to, or at the time of, kidney trans-
plantation from January 2008 to December 2019 at an
academic tertiary care hospital in Ontario, Canada, were
reviewed. Patients were included in the study if they were
adults (>18 years of age), had an indication for bilateral
native nephrectomy, and underwent a kidney transplant
either simultaneously or following bilateral native nephrec-
tomy. We excluded pediatric patients, those who underwent
a multiorgan transplant, and those who underwent nephrec-
tomy at an outside institution. Patients were divided into two
groups: the staged group (STG) underwent nephrectomy fol-
lowed by kidney transplantation at a separate sitting, where-
as the simultaneous group (SIM) underwent both bilateral
nephrectomy and kidney transplantation at the same sitting.

Cost analysis

We obtained cost data from the hospital finance department
for fiscal years 2016-2019 inclusive, as accurate data was
not available prior to 2016. Reported costs encompassed all
hospital-related expenses and were grouped into major cost
centers. These included food services, inpatient care (ward/
ICU/monitored unit costs), operative services, labs, medi-
cal imaging, and pharmacy (including immunosuppressive
medications). The cumulative cost for the STG group includ-
ed both the nephrectomy and kidney transplant inpatient
stays. We analyzed all available cost data and compared

cumulative costs, as well as per-day costs between groups.
Physicians’ fees and outpatient costs were not captured
in this analysis. All costs are reported in Canadian dollars
(CAD; $1 CAD = $0.75 USD approximately).

Outcomes of interest

Additional outcomes of interest for this study included 90-day
Clavien-Dindo (CD) surgical complication rates,'” patient
demographics, operative time (skin incision to closure), esti-
mated blood loss (surgeon-reported), change in hemoglobin
(g/L; preoperative to postoperative), transfusion rate, length of
stay, immunological parameters and complications, transplant
type, and creatinine at one year and last followup. In the STG
group, all outcomes were reported as an aggregate of both the
nephrectomy and the kidney transplant procedures in order
to accurately compare both groups.

Data collection and statistical analysis

Ethics approval for this study was obtained from the Western
University Research Ethics Board (REB# 100030). Data were
collected from the hospital electronic health record in ano-
nymized fashion. Descriptive statistics were used to define
means and frequencies for primary and secondary outcomes.
T-test, Mann-Whitney U, and Chi-squared were used to com-
pare outcomes between the STG and SIM groups. All statistical
analysis was completed using SPSS (Version 26, IBM). Alpha
was set at 0.05 for the purpose of determining significance.

Surgical technique: Nephrectomy and kidney transplant

Bilateral native nephrectomy was performed via midline
incision by one of two urologic surgeons at our center. In
the STG group, kidney transplantation was performed via
Gibson incision in the left or right lower quadrant at a sepa-
rate sitting. If patients had a potential living donor, they were
also offered simultaneous bilateral nephrectomy and trans-
plantation. This procedure would coincide with the living
donor nephrectomy operation. In the SIM group, the kidney
was placed in an extraperitoneal pocket in the right or left
iliac fossa through the same midline incision. Vascular anas-
tomoses were performed to the external iliac vessels in most
cases. A standard Lich-Grégoire ureteral reimplantation was
then performed. Immunosuppression induction consisted of
methylprednisolone and either basiliximab (at the time of
transplant and postoperative day 4), or rabbit anti-thymocyte
globulin (total target dose 5-6 mg/kg given over 3-5 days).
Postoperative immunosuppression generally consisted of
prednisone, mycophenolate sodium, and tacrolimus.
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Population characteristics

We identified 114 patients with ADPKD who underwent
kidney transplantation between January 2008 and December
2019. After reviewing their electronic chart, we identified 30
patients who had a bilateral nephrectomy and kidney trans-
plant. Two patients were excluded, as one patient underwent
nephrectomy at an outside institution and one patient had
bilateral nephrectomy at the time of major colorectal sur-
gery. Patient demographics are included in Table 1. Patients
in the SIM group were more likely to receive a pre-emptive
transplant (simultaneous 9/18 vs. staged 0/10, p<0.001) and
were more likely to receive a kidney from a living donor
(simultaneous 15/18 vs. staged 0/10, p<0.001).

Cost comparison

Figure 1 demonstrates the comparison of total cumulative
costs, as well as a breakdown of major reporting cost centers.
The STG group had a significantly higher total cost than the
SIM group ($35 048.83 vs. $23 775.33, p<0.001), while
mean cost per day was lower in the STG group ($2742.12/
day vs. $3301.75/day; p=0.02). The STG group had higher
inpatient care costs ($13 538 vs. $7944, p=0.002), as well
as operative services costs ($10 107 vs. $7391, p<0.001).

Table 1. Patient demographics

Simultaneous Staged p
group group
n 18 10
Age in years 56 (8.7) 57 (8.4) 0.68
Dialysis modality
Pre-emptive 9 (50%) 0 (0%) <0.001
PD 5 (28%) 0 (0%)
HD 4 (22%) 10 (10%)
Kidney allograft type
LD 15 (83%) 0 (0%) <0.001
NDD 1(6%) 4 (40%)
DCD 2 (11%) 6 (60%)
SCD 18 (100%) 8 (80%) 0.12
ECD 0 (0%) 2 (20%)
Native kidney maximum  22.7 244 0.13
length (cm)
Indication for nephrectomy
Space/extension below 18 8
iliac crest
Renal mass 0 1
Symptomatic (pain, 0 1

bleeding, etc.)
DCD: donation after cardiac death; ECD: expanded criteria donor; HD: hemodialysis: LD:
living donor; NDD: neurological determination of death; PD: peritoneal dialysis; SCD:
standard criteria donor.

Additional outcomes of interest

Figure 2 depicts total complication rates, as well as compli-
cations by CD grade for both groups. There was no significant
difference in 90-day CD complications between the SIM and
STG groups (78% vs. 70%, p=0.67). The overall complica-
tion rate appeared to be driven primarily by need for blood
transfusion, which is classified as a CD 2 event. There was
no significant difference in high-grade complications (CD
>2) between groups (p=0.45) (Figure 2). In the SIM group,
1/18 patients (6%) required postoperative admission to the
intensive care unit (ICU) (CD 4a). In the STG group, 2/10
(20%) patients’ arteriovenous fistulae thrombosed requiring
either radiological (CD 3a) or surgical (CD 3b) intervention,
and one patient (10%) required postoperative admission to
the ICU (CD 4a).

Surgical outcomes are outlined in Table 2. Overall, 9/18
(50%) patients in the SIM group and 4/10 (40%) patients in
the STG group required a blood transfusion in the periop-
erative period. Transfusions were handled as an aggregate
of the nephrectomy and transplant phases in the STG group
to facilitate comparison. Overall, patients in the SIM group
had a shorter length of stay than those in the STG group (8.7
vs. 14.5, p<0.001).

Immunological and graft functional data are presented
in Table 3. Of note, the SIM group had a lower discharge
creatinine (151 mmol/L vs. 376 mmol/L, p<0.001) and no
instances of delayed graft function (DGF). The STG group
had a significantly higher DGF rate (70% vs. 0%, p<0.001).
This is an expected finding given that the majority of patients
in the SIM group underwent a living donor kidney transplant.
At one year, there was no difference in serum creatinine
between groups (p=0.12).

$40,000 —
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$30,000 [~
$25,000 [~
$20,000
$15,000 *
$10,000
$5,000

$0

Total Food Inpatient Operative Labs
services care  services
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imaging
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Figure 1. Cumulative inpatient costs (SCAD) for simultaneous (dark) and staged
(light) groups. Reported as total costs, as well as cost broken down by major
cost center. Total cost was significantly higher in the staged group ($35 048.83
vs. $23 775.33, p<0.001). Costs were similarly higher for inpatient care and
operative services. *p<0.05.
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Figure 2. 90-day complications for simultaneous (dark) and staged (light)
groups stratified by Clavien-Dindo (CD) grade. There were no significant
differences between groups. CD grade 3 or greater complications are
considered severe.

Discussion

In this study, there was a significantly lower cumulative
cost for patients who underwent a simultaneous bilateral
nephrectomy and kidney transplantation compared to those
who underwent a staged approach ($23 775.33 CAD vs.
$35 048.83 CAD). This appeared to be largely driven by
two factors.

Firstly, there was a reduction in inpatient care costs for
the SIM group that is likely attributable to a decreased
cumulative length of stay. Secondly, there was a reduction
in operative service costs for the SIM group despite no dif-
ference in cumulative operative time. This is expected, since
two separate sittings in the operating room would entail
duplication of certain fixed costs (disposables, instrument
processing, etc.). The patient groups had several key dif-
ferences that could influence cost, including donor type
(living vs. deceased) and the manner in which the operating
room was used. Those patients receiving living donor trans-
plant were booked during elective operative time, whereas

90 | .o deceased donor transplants were performed during emer-

80 | 7o gency operative time. Interestingly, there was no difference

2 10 in cost between the SIM group and the transplant phase of
g gg the STG group ($23 775.33 vs. $23 648.86 CAD); however,
£ 40 the influence of the higher proportion of pre-emptive and liv-
) ing donors in the SIM group would favorably affect inpatient
20 costs with regards to this cost comparison. Despite differ-

10 _ 00 ences between donor type, to our knowledge, this is the first

O Tay 0 1 2 s b 4a 4 5 study to report a cost comparison between the simultaneous

® Simultaneous O Staged and staged approaches.

Cumulative length of stay was shorter in the SIM group
(8.1 days vs. 14.5 days, p<0.001). Other series of simulta-
neous nephrectomy and transplant via open incision report
similar length of stays between seven and 12 days.'>'>18
Interestingly, there was no difference in length of stay when
comparing the SIM group with the transplant phase of the
STG group (8.1 days vs. 8.6 days). This suggests that the
increased length of stay in the STG group is entirely due to
the separate bilateral nephrectomy phase (5.9 days). Ahmad
and colleagues report a similar finding in a small subset
of patients who underwent a staged approach and had a
cumulative length of stay of 14.6 days.'®

Complication rates vary in the literature and are reported
to occur in up to 60% of cases;*'®'%2° however, reported
rates are highly influenced by definition of complication,
kidney size, and open vs. laparoscopic approach. We chose
to use the CD classification system to ensure uniformity in
reporting.”” Due to our methodology, the overall compli-
cation rate was high in our series (78% vs. 70%; SIM vs.
STG) but was not significantly different between groups.
Reassuringly, high-grade complications (CD =3) were less
common in both groups, with 2/4 high-grade complications
arising from thrombosed arteriovenous fistulae likely due
to patient positioning (CD 3a/3b). The remaining two high-
grade complications were ICU admissions for postoperative

Table 2. Surgical outcomes in simultaneous and staged groups

Simultaneous Staged p
Nephrectomy Transplant Combined

OR time, minutes (1 SD) 338 (59) 196 (45) 186 (25) 382 (56) 0.06
Length of stay, days (+1 SD) 8.1(3.7) 5.9 (2.3) 8.6 (2) 14.5 (3.2) <0.001
Hemoglobin change and transfusions

Preoperative Hgb, g/L (1 SD) 109 (13) 120 (21) 113 (8) 0.4

Nadir Hgb, g/L (+1 SD) 73 (9) 80 (11) 75 (7) 0.76

Change in Hgb, g/L (= 1 SD) -35 (11) -39 (17) -39 (7)
Transfusion rate (%) 9 (50%) 3 (30%) 3(30%) 4 (40%) 0.91
Units transfused

0 9 (50%) 7 (70%) 7 (70%) 4 (40%) 0.63

1 2 (11%) 1(10%) 0 (0%) 1(10%)

2 6 (33%) 1(10%) 3 (30%) 4 (40%)

3 0 (0%) 1(10%) 0 (0%) 1(10%)

4 1(6%) 0 (0%) 0 (0%) 0 (0%)

Hbg: hemoglobin; OR: operating room; SD: standard deviation.
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Table 3. Transplant immunological and functional outcomes

Simultaneous Staged p
Nephrectomy Transplant Combined
cPRA % (SD) 0 (29.75) 24.6 (76.3) 46.7 (80.5) 0.1
Immunosuppression induction agent (in 8.1(3.7) 5.9 (2.3) 8.6 (2) 14.5 (3.2) <0.001
addition to methylprednisolone)

Basiliximab, n (%) 12 (67%) 4 (40%) 0.24

r-ATG, n (%) 6 (33%) 6 (60%)

DGF, n (%) 0 (0%) 7 (70%) <0.001
Serum creatinine at discharge mmol/L (SD) 151 (115) 376 (173) <0.001
Serum sreatinine at 1 year mmol/L (SD) 113 (28) 127 (15) 0.12
Acute rejection n (%) 0 (0%) 0 (0%)

cPRA: cumulative panel reactive antibodies; DGF: delayed graft function (dialysis within 7 days post-transplant); r-ATG: rabbit antithymocyte globulin; SD: standard deviation.

hemodynamic support (CD 4a). There were no periopera-
tive mortalities. The overall complication rate in this study
appears to be largely driven by lower-grade complications
(CD <3), such as blood transfusion (50% vs. 40%, SIM vs.
STG). Transfusion rates are variably reported between 10%
and 90%,%'>'® with the laparoscopic approach carrying a
lower risk of blood loss and transfusion than traditional
open procedures.' Our transfusion rate appears to be in line
with reported series of open bilateral nephrectomy, whether
simultaneous or staged.

The major weakness of our study is that there was a
significant difference in donor type between groups. The
SIM group was heavily weighted towards living donors
(83%), whereas the STG group was made up exclusively of
deceased donors (60% donation after cardiac death [DCD],
40% neurological determination of death [NDD]). This is a
result of logistical concerns dictating standard local prac-
tice. Given resource constraints in using after-hours opera-
tive time (nursing staff, anesthesia, theatre availability), the
transplant team had avoided simultaneous nephrectomy and
transplant in patients receiving a deceased donor kidney. The
results of this study provide support to pursue simultaneous
nephrectomy and transplant for patients receiving a kidney
from a deceased donor at our center.

A common concern regarding the simultaneous approach
is the hemodynamic effect bilateral nephrectomy would have
on the transplanted kidney secondary to fluid shifts periop-
eratively." Grodstein and colleagues reported a 4.4% arte-
rial thrombosis rate in their simultaneous nephrectomy and
transplant cohort. This may be partially explained by a higher
incidence of multiple renal arteries, some of which required
back-table reconstruction.’ Other series, including our own,
have not found an increased risk of thrombosis with the simul-
taneous approach.*'® Furthermore, there did not appear to be
any functional consequences in the SIM group, including no
episodes of DGF, and renal function was excellent at both the
time of discharge and at one year or last followup.

There appears to be controversy as to whether a staged
procedure may result in increased sensitization, particularly

in those patients who receive a blood transfusion. Grodstein
and colleagues reported a significant increase in % panel reac-
tive antibody (PRA) in patients undergoing a staged approach,
while others have not shown an increase in sensitization.'®*'
Despite the need for blood transfusion, we did not find a statis-
tically significant increase in %PRA between the nephrectomy
and transplant phases of the STG group (24.6% vs. 46.7%;
pre- vs. post-nephrectomy), although with greater numbers, a
significant difference may become apparent. While our study
only captures patients who were able to proceed with a suc-
cessful kidney transplant, we are not aware of any patients
who underwent bilateral nephrectomy and were unable to
receive a kidney transplant as a result of sensitization from
blood transfusion.

The effect of surgeon fatigue is also an important consider-
ation in these cases, as bilateral nephrectomy increases case
time significantly. We were unable to identify any literature
evaluating the effect of fatigue on graft or patient outcomes in
this setting. Our center typically employs a two-attending sur-
geon approach for the transplantation portion of the operation
in order to reduce operative time and surgeon cognitive load.

Limitations

There are several important limitations present within our
study. This was a retrospective cohort study conducted at a
single center and is subject to all the inherent biases asso-
ciated with this design. There was a significant difference
in baseline donor type between groups, which could have
significant effects on graft function, postoperative complica-
tions, length of stay, and cumulative inpatient costs. There
was heavy weighting of living donor kidneys within the
simultaneous group, which would be expected to reduce
rates of DGF within this population. Finally, cost data was
only available for inpatient care during specific fiscal years.
As well, we did not capture costs associated with outpatient
care, including dialysis in the STG group between nephrec-
tomy and transplant. If dialysis costs were included, this
would increase the cost of pursuing a STG approach.
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To our knowledge this is the first study reporting a cost
comparison between staged and simultaneous approaches
to bilateral native nephrectomy and kidney transplantation
for ADPKD. Our data suggest that simultaneous bilateral
nephrectomy and kidney transplantation could carry cost
savings with no increase in perioperative morbidity or threat
to graft function, particular in a living donor cohort. This
study provides a basis for further exploration of a simultane-
ous approach in the deceased donor transplant population.
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