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Kidney transplantation in allosensitized recipients has recently increased. Studies
performing cost analysis of desensitization protocols are scarce.
We performed an actual cost comparison between kidney transplantation following
desensitization and maintenance hemodialysis. Group A (n=35) consisted of allosensitized recipients who underwent desensitization using immunoadsorption and/or
plasmapheresis, intravenous immunoglobulin and anti-CD20 antibody who were followed for ≥ 2 years. Group B (n=49) consisted of matched patients who remained on
hemodialysis throughout the study period. Actual costs of donor care, surgical procedures, out-patient visits, in-hospital admissions, medications, hemodialysis, immunoadsorption, plasmapheresis, and laboratory and radiology investigations were calculated. Health care services were provided by a single institution.
Mortality rate was similar between both groups. The average 4-year actual total cost
was $210,779 in group A and $317,186.3 in group B; respectively (p=0.017). Average
total cost per patient in group A was $186,608; $14,233; $5,536; $4,402 in the first,
second, third and fourth years after transplantation respectively while the average
total annual cost per patient in group B was $79,296. The total cost in both groups
became equal by month 31. The predicted annual cost savings in group A after 31
months was $33,943.
Despite using costly desensitization protocols, kidney transplantation in sensitized
patients provides long-term cost savings compared to maintenance hemodialysis.
allosensitization • cost analysis • desensitization • financial analysis • positive cross-match
kidney transplantation
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Background
Kidney transplantation has become the treatment
of choice for patients with stage V chronic kidney disease [1,2]. Transplantation provides superior patient survival and quality of life and is
more cost effective when compared to intermittent maintenance hemodialysis [3–5]. The number of kidney transplantation surgeries across
the globe has markedly increased in recent years
and is associated with significant improvement
in short- and long-term outcomes as a result of
advances in medical skills, immunosuppressive
medications and overall health care [6,7]. Most
kidney transplant recipients have negative crossmatch with potential donors and can undergo
transplantation successfully if no other medical
or surgical contraindications are present. On
the other hand, a positive cross-match was considered an absolute contraindication for kidney
transplantation. Transplanting a renal allograft to
a recipient who has donor-specific anti-HLA antibodies with positive cross-match can result in a
catastrophic outcome and immediate allograft rejection [8–11]. Sensitized kidney transplant candidates from previous transplants, blood transfusions or multiple pregnancies have the longest
waiting time on the deceased donor waiting list
and are less likely to receive a transplant [12,13].
These patients wait on average twice as long to
receive an allograft compared to non-sensitized
candidates [10].
Organ shortage is one of the greatest challenges facing the transplant community, and has led
transplant programs to perform kidney transplantation across HLA antibodies from living or
deceased donors.
In recent years, major transplant centers around
the world have adopted innovative protocols trying to overcome the HLA antibody barrier and
to perform kidney transplantation in sensitized
recipients. Most desensitization protocols consist of highly specialized and expensive pre-conditioning modalities, including various combinations of antibody-depleting agents (eg, Rituximab,
Antithymocyte globulin), intravenous immunoglobulin, total plasma exchange, or immunoadsorption and splenectomy. These protocols permitted kidney transplantation in highly sensitized
subjects with relatively good short-term outcomes
[14–18]. However, the rate of antibody-mediated
rejection (AMR) following desensitization is significantly higher than in non-sensitized patients;
many recipients require treatment of AMR with
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total plasma exchange, high-dose intravenous immunoglobulin, and rituximab [19–26]. In addition, highly sensitized recipients need close monitoring with frequent office visits, surveillance
allograft biopsies and anti-HLA antibodies monitoring. The use of rather expensive medications,
procedures, laboratory investigations and close
follow-up adds to the cost of standard negative
cross-match kidney transplantation.
While kidney transplantation has been shown to
be cost effective for patients with stage V chronic kidney disease; there is insufficient data to
show cost effectiveness of kidney transplantation
in highly sensitized patients compared to intermittent maintenance hemodialysis. Short-term
outcomes of kidney transplantation in highly
sensitized candidates are acceptable, although
long-term outcomes data is limited. With the
rise in health care costs and the increased number of kidney transplantation surgeries in highly sensitized recipients worldwide, cost analysis
of various desensitization protocols becomes important, knowing that long-term outcomes of kidney transplantation in this setting are limited.
The aim of this single-center study was to perform an analysis of the actual health care cost
of kidney transplantation in recipients with positive cross-match, and to compare it to the cost
of a matched group of hemodialysis patients
who remained on hemodialysis throughout the
study period.

Material and Methods
Settings
The health care system in Saudi Arabia is a national system in which the government provides
health care services to all citizens through different health care sectors. King Faisal Specialist
Hospital and Research Center (KFSH&RC) is the
main tertiary care institution in the Kingdom of
Saudi Arabia. The kidney transplant program at
KFSH&RC was launched in 1981 and currently
performs more than 170 kidney transplants annually [27]. We have previously reported our
program description and transplant protocols
[28]. All potential renal transplant candidates
undergo a comprehensive medical, psychological and social evaluation prior to transplant surgery. Primary and post-transplant care is delivered to kidney transplant recipients exclusively
at KFSH&RC. The hospital has one of the largest out-patient dialysis centres in the country and
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provides all health care services to end-stage renal disease (ESRD) patients.
Patients and materials
Group A (n=35) consisted of all renal transplant
candidates who had a positive cross-match with
their prospective donor and who underwent desensitization using immunoadsorption and/or
plasmapheresis, high dose immunoglobulin,
anti-CD20, and polyclonal antibodies induction. Group B (n=49) consisted of patients who
received HD during the same period of time.
Hemodialysis patients were matched for age,
sex and weight and remained on hemodialysis
throughout the study period. All patients had
at least 2-year follow-up. All health care related
services for both groups during the study period
were provided solely by this institution.
Actual healthcare costs for group A was calculated
for all surgical procedures, out-patient visits, hospital admissions, medications, hemodialysis, immunoadsorption, plasmapheresis, laboratory and
radiology investigations, including the pre-transplant evaluation period. Donor costs were added
to recipients’ first year total cost, including donor
evaluation from the time of referral. In group B,
the costs of hemodialysis sessions, laboratory, radiology, hospital admissions, clinic visits, all surgical interventions, and medications were included.
Cost calculations
We used hospital costs, not charges, to complete
this analysis. A financial analyst performed current cost calculations for all procedures, including plasmapheresis, immunoadsorption, hemodialysis, hospital admissions, laboratory, radiology,
biopsies, and transplant surgery. Cost components used for these calculations were manpower, supplies, equipment depreciation, hospital
room, transplant center, and hospital overhead.
The total cost was therefore the sum of direct
and indirect components. Direct costs included direct manpower, supplies, and equipment
depreciation. Indirect costs included management overhead of the transplant center, operating room, and hospital administration. Cost of
medications was obtained from hospital pharmacy electronic records based on direct acquisition cost and did not include indirect charges.
Using the hospital’s electronic health records, we
calculated costs for every patient in both groups
after retrieving all hospital encounters and visits
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related to plasmapheresis, immunoadsorption,
hemodialysis, hospital admissions, laboratory, radiology, biopsies, and transplant surgery.
Hemodialysis
All hemodialysis patients underwent an average of
4 hours in-center treatment sessions three times a
week using Fresenius machines and high-flux single-use disposable filters. Comprehensive medical
care for HD patients was provided exclusively by
KFSH&RC. Actual cost was calculated similar to
the other group for all procedures, hospitalizations, medications and hemodialysis treatments.
Desensitization
Candidates for desensitization of living donor
kidney transplantation were risk-stratified for
AMR according to Complement Dependant
Cytotoxicity (CDC) and flow cross-match results
as follows:
1.	High risk candidates: patients with positive T
cell and/or B cell IgG CDC cross-match.
2.	Intermediate risk candidates: patients with negative CDC cross-match but positive T and/or
B cell IgG flow cross-match.
All patients had HLA donor-specific antibodies
(DSA), determined by either phenotype or single antigen analysis by solid phase immunoassay
(Luminex® Platform). High-risk patients received
full desensitization treatment, which consisted of:
• Anti-CD20 antibody (Rituximab, MabThera®
F. Hoffman-La Roche Ltd. Basel, Switzerland):
single dose of 500 mg IV over 10 hours, at least
2 weeks prior to transplant.
• Immunoadsorption or plasma exchange based
on availability. For plasma exchange, 1.5 plasma volumes was exchanged every other day
for a total of 3–5 treatments, and albumin was
used as a replacement fluid. For immunoadsorption, protein A column or Therasorb® system was used. Treatments were given daily for
a total of 5–7 treatments.
• High-dose (2 gm/kg) intravenous immunoglobulin (IVIG) (Octagam®, Octapharma
Pharmazeutika Productionsges.m.b.H., Austria)
was administered at 100 mg/kg after completion of each plasma exchange or immunoadsorption treatments. The remaining dose of
2 gm/kg was infused over 48 hours at least 2
days before surgery.
Successful desensitization for high-risk patients
was defined by abrogation of positive CDC
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cross-match prior to transplantation, which was
a pre-requisite for transplantation. Intermediate
risk patients received single-dose Rituximab and
high-dose IVIG, similar to high-risk patients but
without plasma exchange or immunoadsorption.
Transplantation was performed after the completion of the high-dose IVIG. Splenectomy is not
part of the desensitization protocol at KFSHRC.
Immunosuppression
All highly sensitized renal transplant recipients
received induction with rabbit antithymocyte
globulin (Thymoglobulin® Genzyme, Cambridge,
MA) 1.5 mg/kg/day, rounded off to the nearest
25 mg, intravenous infusion through a central
line, arteriovenous (AV) fistula/graft, or peripheral line. The infusion of the first dose started prior to reperfusion of the renal allograft.
Patients received 3–6 doses (total maximum
dose of 9 mg/kg). The first 3 doses were given
regardless of T-lymphocyte absolute counts or
CD markers. The remaining doses were adjusted
according to T-lymphocyte counts and/or CD2.
Patients were pre-medicated prior to each dose
of Thymoglobulin® with 25–50 mg of diphenhydramine (Major Pharmaceuticals, Livonia, MI,
USA) and Acetaminophen (MAPAP®) (Major
Pharmaceuticals, Livonia, MI, USA). Duration of
induction was 5–10 days, with a target absolute
lymphocyte count (ALC) of less than 0.2×109 /L
or a CD2 of <20. The total number of doses was
determined based on daily monitoring of the
ALC, which was performed daily by manual differential on peripheral blood smear.
All patients in group A received maintenance
immunosuppression therapy, consisting of 3 daily doses of methylprednisolone (Solu-Medrol®)
(Pfizer Inc. NY, NY, USA) at 500, 250, and 90 mg
on postoperative day 0, 1, and 2, respectively, followed by oral prednisone (Roxane Laboratories,
Inc. Columbus, Ohio) at 80 mg/day, reduced
by 10 mg/day until 20 mg/day is reached and
continued up to 6 weeks post-transplant. After 6
weeks, prednisone was tapered down by 2.5 mg
every 2 weeks until the maintenance dose of 5
mg/day was reached. Patients in group A were
also started on Mycophenolate Mofetil (Cellcept®
F. Hoffmann-La Roche Ltd. Basel, Switzerland)
with a target dose of 2000 mg/day on POD #1,
and dose was adjusted based on adverse effect
profile. Tacrolimus (Prograf®), (Astellas Pharma
US, Inc. Deerfield, IL, USA) was started on all
highly sensitized recipients on POD #3. In patients with delayed (dialysis required within 7
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days post-transplant) or slow graft function (less
than 25% reduction in serum creatinine (SCr)
during the first 48 hours and not requiring dialysis), tacrolimus introduction was deferred until
SCr reached <300 µmol/L (3.4 mg/dl) and/or
daily urine output was ≥3L. Target trough levels of tacrolimus were 12–15 ng/ml during the
first 3 months post-transplant and 10–12 ng/ml
thereafter. Drug monitoring was performed using the liquid chromatography-mass spectrophotometry method (LC-MS-MS).
Statistical analysis
The statistical package IBM SPSS Statistics version 20 (formerly called SPSS Advance Statistics,
SPSS Inc., Chicago, Illinois) was used to analyze
data. A 2-tailed paired Student’s t-test was used
for continuous data, and chi-square for categorical variables of both groups. Analysis of variance
(ANOVA) was used to calculate difference in cost
between the 3 different regimens used for desensitization. A probability of p<0.05 was considered
statistically significant.

Results
There were a total of 35 subjects with positive
cross match in group A and 49 hemodialysis patients in group B. With the exception of having
being more females in group A (84%) vs. group B
(58.7%), there was no statistically significant difference between the 2 groups (p>0.05) (Table 1).
Nineteen patients in group A were considered
high-risk candidates and received immunoadsorption (16/19) or total plasma exchange (3/19).
The rate of successful desensitization was 71.5%
(25/35). Of those who achieved desensitization
and underwent successful renal transplant, 7/25
(28%) had acute antibody-mediated rejection in
the first year.
For group A, the total health care related cost,
including the cost for patients who failed desensitization, was $5,269,494. Average annual cost of medical care per patient after transplantation in the first, second, third and fourth
year was US $133,291, US $14,233, US $5,536
and US $4,402; respectively (Table 2). During
the 4 years post-transplantation, more than US
$4.6 million (88.5% of total costs) was spent
in the first year only, followed by US $355,833
(6.75%) in the second year, US $138,405 (2.6%)
in the third year and US $110,056 (2.1%) in
the fourth year (Table 2). Procedure costs were
US $1,630,884 (30.9% of total expenditure),
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Table 1. Baseline patients’ characteristics.
HSP renal transplant n (%)

Hemodialysis patients n (%)

p-value

Female gender

28 (80%)

27 (55.1%)

0.026

Weight (kg, mean)

61.5

66.7

0.157

Age (yr, median)

47.0

49.5

0.21

Height (cm, mean)

155.1

159.3

0.27

Table 2. Annual Health care cost in highly sensitized transplant candidates including those who failed desensitization (group A, n=35)*.
Cost type/year

1st year

Radiology

131,520.1

5,542.7

3,786.6

9,145.3

149,994.70

Laboratory

1,167,477.5

106,986.7

41,110.1

20,265.3

1,335,839.6

Visit

474,357.4

39,946.7

14,733.3

15,080

544,117.4

Procedures**

1,576,394.8

41,280.0

13,209.6

0,000.0

1,630,884.4

Medications

1,315,449.4

162,077.1

65,566.1

65,566.1

1,608,659

4,665,199.1

355,833.2

138,405.7

110,056.7

5,269,494.7

14,233.3

5,536.2

4,402.3

210,779.7

Total
Average total cost/patient

#

2nd year

186,607.9

3rd year

4th year

Total

* US Dollars; ** including transplant procedure; successful desensitization (25 patients only).
#

followed by medication costs of US $1,608,659
(30.5%) and laboratory cost of US $1,335,839
(25.4%). Itemized total annual cost of transplantation procedures in highly sensitized recipients per patient is shown in Table 3. The
cost of 5 sessions of immunoadsorption was US
$58,952, and single treatment with total plasma
exchange was US $3,911. Total annual cost of
procedures in highly sensitized recipients per
case is summarized in table 4. The cost for different desensitization protocols was different
than expected. The range of first year overall
cost for patients who received high-dose intravenous immunoglobulin and anti-CD20 was US
$73,002-$170,615 per patient. The range of first
year cost per patient for those who underwent
immunoadsorption, high-dose intravenous immunoglobulin and anti-CD20 was US $167,792–
$306,763, while the range of first year cost for
patients who received total plasma exchange,
high-dose intravenous immunoglobulin and
anti-CD20 was US $171,857– $225,827 per patient. There was a statistically significant difference between the average cost at 1 year for patients who received only high-dose intravenous
immunoglobulin and anti-CD20 vs. those who
underwent immunoadsorption or total plasma
exchange (p=0.001).
For group B, the extrapolated cost of all medical care for all patients for 4 years was US
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$15,542,128. The average cost of care per patient during 4 years was US $317,186. Average
annual cost of medical care per patient was US
$79,296 (Table 5). Hemodialysis cost accounted for US $2,044,510 or 52.6% of total first year
expenditure (Table 5), followed by laboratory
costs (US $704,249; 18%), and procedure cost
(US $547, 964; 14%).
The average 4-year actual total cost per patient was US $210,779 and US $317,186.3 in
group A and B; respectively (p=0.017). The total cost in both groups became equal in month
31 (Figure 1). The predicted annual cost savings
in group A after 31 months is $33,943.

Discussion
Recent advances in transplant immunology, anti-HLA antibody detection, and the availability of newer humanized anti-lymphocytic antibodies in the era of organ shortage led to the
expansion of desensitization protocols and allowed the performance of kidney transplantation in highly sensitized individuals. There are
various desensitization protocols applied by different transplant programs in the United States
and worldwide to overcome the anti-HLA antibodies barrier. Most of these protocols involve
the use of various combinations of intravenous
immunoglobulin, anti-CD20, thymoglobulin,
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Table 3. Itemized cost of transplantation procedures per patient*.
Cost
item

Manpower

Transplant
center
overhead

OR
supply

OR
Laboratory equipment
deprecation

Room
charges

Subtotal

Hospital
overhead

Total

Living donor renal transplant surgery
$

1,276.3

1,424.8

62.7

0.0

404.5

2,600

5,768.0

3,845

9,613.3

%

13.2

14.8

0.6

0.0

4.2

27.0

60.0

40.0

100%

Deceased donor renal transplant surgery
$

1,733.9

1,935.7

62.7

0.0

294.1

3,400.0

7,643.5

5,095.7

12,739

%

13.6

15.2

0.5

0.0

2.3

26.7

60.0

40.0

100%

Donor nephrectomy
$

957.6

1,093.6

62.7

0.0

147.5

1,800

4,219.7

2,813.1

7,033

%

13.6

15.5

0.9

0.0

2.1

25.6

60.0

40.0

100%

Kidney biopsy
$

238.4

266.1

362.4

68.3

45.1

0.0

990.7

660.5

1,651.2

%

14.4

16.1

21.9

4.1

2.7

0.0

60.0

40.0

100%

Liver biopsy
$

238.7

266.4

362.4

68.3

45.1

0.0

990.9

660.8

1,651.7

%

14.4

16.1

21.9

4.1

2.7

0.0

60.0

40.0

100%

Total plasma exchange
$

52.5

58.7

623.5

0.0

9.9

1,600.0

2,346.7

1,564.5

3,911.2

%

1.3

1.5

15.9

0.0

0.3

40.9

60.0

40.0

100%

Immunoadsorption
$

1,250.9

1,396.5

26,263.2

142.7

3863.2

2,400.0

35,371.2

23,580.8

58,952.3

%

2.1

2.4

44.5

0.2

6.6

4.1

60.0

40.0

100%

* US Dollars.
Table 4. Total Annual Cost of procedures in highly sensitized recipients per case*.
Procedure

# of procedures/year

Med cost

Hospital overhead

Total cost

Immunoadsorption (5 sessions)

22

35,371.3

23,580.9

58,952.2

Liver biopsy

35

991.0

660.7

1,651.7

Plasmapheresis (session)

13

2,346.8

1,564.5

3,911.3

Renal transplant biopsy

110

990.8

660.5

1,651.3

Renal transplant surgery (living donor)

105

5,768.1

3,845.4

9,613.4

Renal transplant surgery (deceased donor)

35

7,643.4

5,095.6

12,739.1

Donor nephrectomy

105

4,219.8

2,813.2

7,033.0

Total

416

57,331.2

38,220.8

95,552.0

* US Dollars.
total plasma exchange, immunoadsorption and
splenectomy [18,23,29,30].

The results of our study show that despite the high
expense of desensitization, there is a potential
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Table 5. Hemodialysis Health-Related Costs including hospital overhead (Group B n=49)*.
1st year

Total 4 year cost

Hemodialysis

2,044,510

8,178,040

Laboratory

704,249

2,816,996

Procedure

547,964

2,191,856

Visit

393,423

1,573,692

Radiology

110,286

441,144

Medications

85,100

340,400

3,885,532

15,542,128

Total
Average total cost/patient

79,296

317,186.2

* US Dollars.
health care cost savings of kidney transplantation in highly sensitized patients when compared to maintenance hemodialysis beyond 2
years. These savings are achieved even when considering failed desensitization cases. Our study
shows that health care cost becomes equal at 31
months post-transplantation, with projected savings after this period. Previous studies comparing the cost of kidney transplantation to hemodialysis in non-sensitized recipients have shown
similar results [31–35]. An earlier study showed
that kidney transplantation was a more beneficial treatment modality than hemodialysis and
reported that initial higher costs of transplantation were exceeded by hemodialysis after 2 years
and 10 months [36]. Another study reported that
treatment cost over the 3-year period was significantly less for transplant recipients than for patients maintained on hemodialysis, and concluded that on average hemodialysis was US $38,900
more costly than transplantation [32].
Our cost calculation is comparable to previously published figures in Europe and other parts
of the world. In Austria, Haller et al carried out
a study that showed a mean annual treatment
cost for hemodialysis of €43,600 during the first
12 months, €40,000 between 13 and 24 months,
and €40,600 beyond 25 months after initiation
of treatment. On the other hand, mean annual
therapy costs for kidney transplantation during
the first 12 months were €50,900 from living donor, €51,000 from a deceased donor, and mean
total costs of kidney transplantation were €17,200
between 13 and 24 months, and €12,900 beyond
25 months after transplantation [33]. In Finland,
Salonen et al conducted a retrospective study between January 1, 1991, and December 31, 1996,
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Figure 1. Comparison of cumulative cost between transplant and
hemodialysis over four years.
which showed direct health care costs for the
first 6 months in the HD and transplant groups
were US $32,566 and US $38,265, respectively,
and US $26,272 and US $7,420, respectively, for
the next 6 months. During subsequent years, annual costs were US $54,140 and US $54,490 in
the HD group, and US $11,446 and US $9,989
in the transplant group [34]. You et al estimated
the costs of patients with HD in the “Top End”
of Australia’s Northern Territory for the financial years 1996/97 and 1997/98 using a hospital costing model. The average cost per routine
hemodialysis treatment was US $78,600 per patient treatment year [35]. In another study carried out in Hungary, treatment cost of transplantation per patient over the 3-year study period
during 1994–1997 was US $70,297, and concluded that although transplantation requires early investment compared with hemodialysis, cost
equalizes at 12.6 months, after which the level of
cumulative expenses favors transplantation [32].
It is important to note that there is a difference
between cost-effectiveness and cost savings procedures. Taking patient survival and quality of
life into consideration, a treatment can be costeffective even if it translates into higher overall
cost. In our study, the annual health care cost for
stage V chronic kidney disease patients undergoing in-center maintenance hemodialysis 3 times
per week was not significantly different during
the first, second, third and fourth year of followup. On the other hand, the cost of kidney transplant using desensitization protocols was highest
during the first year post-transplant and significantly dropped during subsequent years of follow-up. These findings were expected, knowing
that most desensitization cost is incurred in the
pre-transplant and the first year post-transplant
period when antibody-mediated rejection usually
occurs [37,38]. Most of the cost in the highly sensitized group was a result of expensive medication
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regimens and procedures (plasmapheresis or immunoadsorption). On the other hand, the cost
in the hemodialysis group was mainly due to hemodialysis treatments, although hospitalization
constitutes a significant portion of the annual
health care cost for the hemodialysis group. It is
also notable that the costs of different desensitization protocols were not equal. The cost of total plasma exchange is significantly less than the
cost of immunoadsorption [39]. In our study, a
single treatment of total plasma exchange cost
US $3,911 (5 treatments cost about US $19,555).
In comparison, the cost of 5 sessions of immunoadsorption was US $58,952. The higher cost of
immunoadsorption is due to expensive adsorption columns. These columns can be used up to
20 times for an individual patient. Assuming that
the efficacy of both modalities in removing antiHLA antibodies is the same, and based on these
findings, the use of immunoadsorption for desensitization is more plausible when more than
15 treatments of plasmapheresis are anticipated
in the pre- and post-transplant course.
Although there was no difference in survival between the 2 groups, the study was not designed to
examine this. Montgomery et al showed a survival
benefit of transplantation in highly sensitized recipients compared to patients on the United Network
of Organ Sharing (UNOS) waiting list [41].
Schwartz et al. [41] studied the economics of
the use of ABO-incompatible living donors at
the Mayo Clinic. Their comparison group was
ABO-compatible living donor transplants. They
showed that the costs were greater for ABOincompatible patients by an average of $37,800.
In their study there was no dialysis comparison
group, and the cost savings of transplant to dialysis was projected. Although kidney transplantation across the ABO and HLA barriers utilizes
similar desensitization protocols, the number of
plasma exchange treatments and post-operative
complications may be different.
Our study is the first to directly look at the financial aspect of kidney transplantation utilizing various desensitization protocols in comparison to hemodialysis. We calculated actual
health care cost and not hospital billing charges incurred at our center. Because the study
subjects of both groups received all their heath
care at a single center, including their primary
and non-transplant medical care, we were able
to calculate the actual health care cost with reasonable accuracy.
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This study was not designed to examine cost-effectiveness and, hence, patient/graft survival and
quality of life. This is an inherit limitation, since
we selected patients who survived on hemodialysis during the study time. On the other hand,
the study allowed us to investigate the health
care cost of hemodialysis patients and compare
it to kidney transplantation in highly sensitized
recipients, assuming that hemodialysis patients
survived for that length of time. Health care cost
of hemodialysis patients could be higher if we
included end-of-life expenses. Hemodialysis patients received treatments three times a week,
with an average of 4 hours per session. The cost
in the hemodialysis group could be higher if
more intense regimes (eg, daily nocturnal hemodialysis) are used.
This study has the limitation of any retrospective analysis. Another limitation is the exclusion
of peritoneal dialysis (PD) patients. It is possible
that health care cost is different in PD than HD
patients. On the other hand, the majority of patients in the United States and in our center were
on HD.
Of note, our study did not analyze the cost of kidney paired donation (KPD) as a valid treatment
option for sensitized patients with end-stage renal disease.
Health care costs are diverse around the world.
Our transplant center health care costs may not
be applicable to other countries. It was notable,
however, that the health care cost of HD patients
in our center were comparable to the reported
cost of CMS in the United States [42].

Conclusions
Despite the higher cost of desensitization procedures, kidney transplantation appears to provide cost savings over maintenance hemodialysis after 31 months post-transplantation. With
increasing health care expenditure, cost-effectiveness and survival studies in highly sensitized
kidney transplant recipients are needed to answer the question of whether this treatment offers not only financial benefit, but also survival
advantage. Future studies should also address
the potential cost difference for KPD programs.
Disclosure: Conflict of interest
The authors of this manuscript have no conflicts
of interest.

89

Original Paper

Abbreviation
AMR – Antibody Mediated Rejection; CDC –
Complement Dependant Cytotoxicity; DSA –
Donor Specific Antibodies; ESRD – End Stage
Renal Disease; HD – Hemodialysis; IVIg –
Intravenous Immunoglobulin; KFSH&RC – King
Faisal Specialist Hospital and Research Center;
PD – Peritoneal Dialysis; SCr – Serum Creatinine;
UNOS – United Network of Organ Sharing.
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