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Abstract
Background Liver transplantation is an effective treatment for end-stage liver disease. However, waiting lists continue to 
lengthen as demand exceeds supply. Use of extended criteria donors has helped but is associated with increased rates of 
complications. The application of normothermic machine perfusion (NMP) has been shown to be protective, especially in 
more marginal grafts. Despite this benefit, no cost-effectiveness studies have been published.
Objective This study serves as a prelude to a cost-effectiveness analysis of the costs of liver procurement, transplantation, 
and machine perfusion in a Canadian setting.
Methods The total costs were calculated for 106 in-province procurements, the set cost for 237 out-of-province procure-
ments, and 343 liver transplantations. These costs include overheads, supplies, anaesthesia technologist and nursing salaries, 
and physician billings. Base and modified costs for all procedures were calculated, with consideration of physician billing 
modifiers. The total cost per run of NMP was calculated, with a range based on variations in the exchange rates for Great 
British pounds (₤) to Canadian dollars ($Can), year 2019 values.
Results Costs were $Can30,770.22 for in-province and $Can44,636.73 for out-of-province liver procurement and trans-
plantation. These increased to $Can35,659.22 and 48,076.18 when considering modifiers. The minimum cost per NMP run 
was $Can18,593.02.
Conclusions Although the cost per run is substantial, NMP could potentially lead to cost savings by decreasing night-time 
salary premiums, complications, and patient length of stay. A formal cost-effectiveness study of NMP in liver transplantation 
is underway to help clarify the financial benefit or burden of this new technology.

Key Points for Decision Makers 

This paper defined actual costs per run for normothermic 
machine perfusion used in liver transplantation from a 
Canadian single-payer perspective as well as the poten-
tial cost savings accrued through a transition from night-
time to daytime transplant surgery hours.

This paper provides insight into the actual costs for 
transplant surgery and the per run cost of normother-
mic machine perfusion. This is the prelude to a formal 
cost-effectiveness analysis to inform healthcare decisions 
based on the outcome of length of stay with the addition 
of machine perfusion to transplant programmes.
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1 Introduction

Liver transplantation remains the only life-saving treat-
ment for many forms of liver disease; however, a mismatch 
between the supply and demand for liver transplants results 
in up to one-quarter of listed patients dying while on the 
waiting list [1]. The 2018 statistics from the Canadian Insti-
tute for Health Information stated that 507 adults were await-
ing liver transplantation, where 358 were actively await-
ing and 149 were on hold [2]. A total of 190 adults were 
removed from the waiting list: 80 had died and 110 withdrew 
due to improvement or deterioration of their condition, giv-
ing a waiting list death rate of 22% [2].

To address the gap between the supply and demand for 
liver transplants, the acceptance and transplantation of 
extended criteria donors (ECD) has increased. This has 
occurred in two waves [3]. The initial criteria expansion 
was for conventional factors such as age, abnormal liver 
function tests, liver steatosis, etc., and the second wave 
was for non-conventional factors such as hepatitis B- and 
C-infected grafts and donation after cardiac death [3]. The 
use of ECD grafts is associated with an increased risk of 
early allograft dysfunction, biliary complications, and graft 
failure, with further risk when combined with the use of 
standard static cold storage (SCS), compared with the use of 
standard criteria donors (SCD) [4]. In an effort to improve 
post-transplant complications from ECDs, the development 
and use of machine perfusion has become a focal point of 
current research.

OrganOx Ltd is a Europe-based company that has created 
a machine called metra for normothermic machine perfusion 
(NMP) [5]. The use of NMP allows for physiologic numbers 
to be maintained, including temperature, oxygenation, and 
blood flow and pressure [5]. Variables including bile output, 
lactate clearance, glucose metabolism, transaminase levels, 
and blood gas analysis allow transplant surgeons to assess 
the liver’s metabolic and synthetic functioning ex vivo 
before exposing a recipient to the graft [5]. In 2016, the first 
clinical trial of the OrganOx metra machine proved safety 
and feasibility [6]. In 2018, Nasralla et al. [7] published the 
first randomised controlled trial (RCT) of machine perfu-
sion with the OrganOx metra device. Both of these studies 
showed a statistically significant improvement in peak aspar-
tate aminotransferase (AST) level and lower rates of early 
allograft dysfunction [6, 7]. This led to a further large mul-
ticentre RCT in the USA that is awaiting completion, with 
the primary outcome of measuring early allograft dysfunc-
tion [5, 8]. In Canada, two clinical trials with the OrganOx 
machine are ongoing [9, 10], but no detailed cost analyses of 
the OrganOx machine have been published to date.

The American Society of Transplant Surgeons’ stand-
ards committee is expecting that the addition of machine 

perfusion will add $US25,000–50,000 to the overall cost 
of one liver transplant [11]. Although there have been esti-
mations of the added financial burden from machine perfu-
sion, no data have been released to show an expected actual 
cost. The purpose of this study is to show the actual oper-
ating room costs associated with liver procurement, liver 
transplantation, and machine perfusion using the OrganOx 
machine in a Canadian setting.

2  Methods

The cost analysis was prompted by the liver transplant team 
at the University of Alberta (UofA) Hospital and conducted 
from the Canadian single-payer perspective. All costs are 
based out of the UofA Hospital in Edmonton, AB, Canada, 
and presented in Canadian dollars ($Can), year 2019 values. 
This cost analysis considers overheads, supplies, and staff-
ing for the operative costs of liver procurement, transplant, 
and OrganOx metra. The costs presented in this study are 
actual costs as opposed to standard costs. The total calcu-
lated costs are based on the costs that the UofA Hospital and 
Alberta Health Services—the provincial health authority—
pay for overheads, supplies, and salaries. This is compared 
with setting a standard total cost for the procedure and all 
components.

2.1  Liver Procurement and Transplant

2.1.1  Overhead and Supply Costs

The average case costs, including salaries and supplies, were 
collected from the LightHouse Surgical Financial System for 
the multivisceral organ procurement and liver transplanta-
tion operations. LightHouse is a financial monitoring system 
used by the UofA operating room to track the actual costs of 
operative cases [12]. The UofA Hospital is the only hospital 
in the province of Alberta that completes liver transplanta-
tions, so all liver transplant operative costs are captured in 
the LightHouse data. LightHouse collects the actual cost 
data directly from the UofA Hospital using their electronic 
tracking systems for each operation to account for the over-
head costs of the operating room, supply costs from the case, 
and nursing salaries [12]. Using the cost data, the average 
cost for a specific operation can be compared between indi-
vidual surgeons and an average cost based on all surgeons 
who complete that operation [12]. In this cost analysis, the 
average case cost is the average based on all liver transplant 
surgeons at the UofA Hospital, which represents the actual 
case cost based on the actual operative costs used by the 
UofA Hospital. All costs were collected from April 2015 to 
July 2019 for 106 in-province multivisceral organ procure-
ment and liver transplantations. The Hospital Reciprocal 
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Claims Guide provided the set cost for 237 out-of-province 
organ procurements [13].

The Human Organ Procurement and Exchange (HOPE) 
programme provides additional operative supplies specific 
for liver procurement (Table S1 in the electronic supple-
mentary material [ESM]). The HOPE programme is a sub-
division of Northern Alberta Transplant Services through 
Alberta Health Services [14]. The HOPE programme coor-
dinates the process of deceased organ donation, overseeing 
the details of donation, allocation, recovery, and distribu-
tion [14]. These supply costs were added to the average case 
costs.

2.1.2  Staff

The surgeon and anaesthesiologist billing costs were col-
lected from the regional Health Service Codes Fee Navigator 
for donor total hepatectomy, recipient total hepatectomy, and 
liver transplantation [15]. The billing costs were calculated 
for each operation and range from the base pay without mod-
ifiers to the base pay with maximum modification. Modifica-
tion is applied to both the surgeon and the anaesthesia billing 
for a body mass index (BMI) > 40 and for timing of the 
operation, based on evening (1700–2200 h), night evening 
(2200–2400 h), and night morning (2400–0700 h) (Table S2 
in the ESM) [15]. The nursing salaries are part of the aver-
age case costs collected from LightHouse.

2.1.3  Total Cost

The total cost of in-province procurement is made up of 
the average case cost, HOPE supplies, surgeon billing, and 
anaesthesia billing. The total cost of out-of-province pro-
curement is made up of the Alberta Reciprocal Claim and 
HOPE supplies. The recipient total hepatectomy and liver 
transplant cost is made up of the average case cost, surgeon 
billing, and anaesthesia billing.

2.2  OrganOx Machine Perfusion

2.2.1  Overhead and Supplies

The average case costs for the OrganOx machine, run by 
anaesthesia technicians, were collected through LightHouse 
for April 2017 to July 2019. The average case cost is the 
cumulative cost of overheads for the operating room, opera-
tive supplies, and nursing salaries. The UofA Hospital pro-
vided the costs of the materials they supply (Table S3 in 
the ESM). OrganOx Ltd provided the costs of the OrganOx 
machine annual lease and supplies, based on the contrac-
tual agreement between OrganOx and UofA of completing 
a minimum of 15 OrganOx runs per year, in Great British 
pounds (₤), year 2019 values (Table S4 in the ESM). The 

minimum of 15 runs per year was an initial agreement to 
the volume to be utilised with potential for decreasing costs 
with increased utilisation. The costs were converted from ₤ 
to $Can, year 2019 values, based on the exchange rate range 
between 30 August 2018 and 30 August 2019. The conver-
sion rate ranged from 1.5955 to 1.7743 [16].

2.2.2  Staff

The average case cost from LightHouse covers the salaries 
of the nurses who set up the operating room and are pre-
sent until the liver is attached and running on the OrganOx 
machine. Once the machine is running, an anaesthesia tech-
nician monitors the liver until it is taken off the machine for 
transplantation. The average hours of liver perfusion were 
collected for all completed OrganOx perfusions. The salary 
of an anaesthesia technician is $Can40–50/h, depending on 
seniority; when called in overnight, pay is double time at 
$Can80–100/h [17]. The average salary for the anaesthe-
sia technician was calculated from the average number of 
hours based on overtime for runs during night-time hours 
(1900–0700 h) and base pay for runs during daytime hours 
(0700–1900 h).

2.2.3  Total Cost

The cumulative OrganOx run cost was calculated with the 
average case cost, hospital supply costs, OrganOx sup-
ply costs, and anaesthesia technician salary. The cumula-
tive costs of liver procurement, liver transplantation, and 
OrganOx perfusion were calculated for both in-province and 
out-of-province procurement and transplantation. The costs 
of standard transplant and transplant with OrganOx were 
compared using a t-test, with a p-value of 0.05 considered 
statistically significant.

3  Results

3.1  Liver Procurement and Transplant

The cost of a liver transplant from an operative perspective 
involves staffing salaries and supply costs for multivisceral 
organ procurement of the donor, recipient total hepatectomy, 
and recipient liver transplantation. Multivisceral organ pro-
curement occurs outside of the regional hospital two-thirds 
of the time. Therefore, additional travel costs need to be 
included.

The multivisceral organ procurement case costs from 
LightHouse provided the average case cost, made up of 
supplies and salaries. The average case cost from the last 5 
years was $Can9537.20 ± standard deviation (SD) 753.13 
(Table 1). This was broken down to an average supply cost 
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of $Can7485.60 ± 652.29 and an average salary cost of 
$Can2051.40 ± 502.99. The salary cost did not include the 
payments for which the surgeon and the anaesthesiologist 
bill. The surgeon’s base pay for a donor total hepatectomy 
is $Can2857.70. The base pay for the anaesthesiologist is 
$Can681.59. In addition to the base pay, modifiers apply for 
BMI and for the time of day at which the operation is com-
pleted, which apply to both the surgeon and the anaesthesi-
ologist. Therefore, surgeon billings range from $Can2857.70 
(base pay) to 3854.49, and anaesthesiologist billings range 
from $Can681.59 to 1134.35. The average supplies did not 
include the supplies that are provided by the HOPE pro-
gramme, which total $Can1077.85. This yields a total cost 

of in-province procurement of $Can14,154.34–15,603.89 
(Table 2).

The average costs for liver transplantation obtained 
from LightHouse incorporate the case costs of the recipient 
total hepatectomy and deceased donor liver transplant. The 
average case cost from the last 5 years was $Can6246.40 
± 497.52 (Table 3). This was broken down to an average 
supply cost of $Can2913.40 ± 355.34 and an average salary 
cost of $Can3362.40 ± 210.43. The surgeon billings were 
separated by recipient total hepatectomy and liver transplan-
tation. The surgeon base pay for recipient total hepatectomy 
is $Can2377.01. Once modifiers were considered, the range 
was $Can2377.01–3253.62. The surgeon base pay for liver 
transplantation is $Can5018.14–6555.04 with modifiers. In 
total, the surgeon billing cost for both procedures ranged 
from $Can7395.15 to 9808.66. The anaesthesiologist bill-
ing for liver transplantation was $Can2974.33–4000.27 with 
modifiers. The total operative cost for the combination of 
recipient total hepatectomy and liver transplantation ranged 
from $Can16,615.88 to 20,055.33 (Table 2). In total, the 
operative cost of in-province procurement and transplanta-
tion was $Can30,770.22–35,659.33 (Table 2).

At times, procurement occurs at a distant site, so addi-
tional travel costs must be considered. Currently, the billing 
cost for out-of-province liver procurement is $Can26,943, 
as per the Hospital Reciprocal Claims [13]. This is an all-
inclusive set cost for travel, supplies, salaries, and operating 
room costs and, with the addition of the HOPE supplies, the 
total cost for out-of-province procurement is $Can28,020.85 
(Table 4). In total, the cost of a liver transplant with an out-
of-province procurement is $Can44,636.73–48,076.18 
(Table 4). Additional travel costs were considered for pro-
curements occurring at a nearby regional hospital ($Can190) 
or in a different city within the same province ($Can5175).

Table 1  Multivisceral organ 
procurement case costs

Costs are presented in Canadian dollars, year 2019 values
SD standard deviation

Costs 2019/2020
(n = 5)

2018/2019
(n = 19)

2017/2018
(n = 33)

2016/2017
(n = 25)

2015/2016
(n = 24)

Average ± SD

Average salaries 1248 2154 1930 2422 2503 2051.40 ± 502.99
Average supplies 7558 8338 7333 6530 7669 7485.60 ± 652.29
Average case cost 8806 10,493 9263 8952 10,172 9537.20 ± 753.13

Table 2  Total operative costs for in-province procurement and trans-
plantation

Costs are presented as range or average ± standard deviation in Cana-
dian dollars, year 2019 values
HOPE Human Organ Procurement and Exchange programme

Procedure and costs Costs

Donor total hepatectomy
 Average case cost 9537.20 ± 753.13
 HOPE supplies 1077.85
 Surgeon 2857.70–3854.49
 Anaesthesia 681.59–1134.35
 Total 14,154.34–15,603.89

Recipient total hepatectomy and liver transplantation
 Average case cost 6246.40 ± 497.52
 Surgeon 7395.15–9808.66
 Anaesthesia 2974.33–4000.27
 Total 16,615.88–20,055.33

Cumulative total 30,770.22–35,659.22

Table 3  Liver transplantation 
case costs

Costs are presented in Canadian dollars, year 2019 values

Costs 2019/2020
(n = 23)

2018/2019
(n = 73)

2017/2018
(n = 97)

2016/2017
(n = 80)

2015/2016
(n = 70)

Average ± SD

Average salaries 3412 3102 3195 3612 3491 3362.40 ± 210.43
Average supplies 3478 2565 2660 2932 2932 2913.40 ± 355.34
Average case cost 6889 5668 5855 6544 6276 6246.40 ± 497.52
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3.2  OrganOx Machine Perfusion

For deceased donor liver grafts, OrganOx machine perfusion 
costs are in addition to the traditional liver transplantation 
costs. Current costs are made up of four distinct areas. The 
first is operating room costs (Table 5), which include the 
operating room nursing salaries and case supplies. This is 
an average of $Can1667 ± 192.57. The second is the costs 
of medications and solutions purchased through the UofA 
Hospital, a total of $Can1617.36.

The third is the cost of the annual lease of the OrganOx 
machine and the cassettes and solutions purchased from 
OrganOx Ltd. The costs of the lease and materials purchased 
from OrganOx Ltd were converted to $Can, year 2019 val-
ues. The total cost of supplies per run for the OrganOx 
machine is $Can14,708.66–16,356.99, based on the agree-
ment between OrganOx and UofA for completion of a mini-
mum of 15 OrganOx runs per year. The fourth is the salaries 
of the anaesthesia technicians. The OrganOx machine runs 
for an average of 9.08 h, usually between 0300 and 1200 h. 

Given this, the average additional costs for the anaesthesia 
technicians is $Can600.

The cumulative operative cost for one run of OrganOx 
perfusion machine was $Can18,593.02–20,241.35 (Table 6). 
Overall, the total cost of in-province procurement, liver trans-
plant, and OrganOx was $Can49,363.24–55,900.68. The 
total cost of out-of-province procurement, in-province trans-
plantation, and OrganOx was $Can63,229.75–68,317.53. 
The cost difference between liver transplant including 
OrganOx compared with standard liver transplant was sta-
tistically significant for both in-province (p=0.042) and out-
of-province (p = 0.024) transplant.

4  Discussion

Machine perfusion has been a core element of liver trans-
plantation research for the last decade. The use of NMP for 
livers has been shown to have benefits for both the liver and 
the recipient. Nasralla et al. [7] published an RCT in 2018 
that showed that peak AST, a marker of predicted graft and 
patient survival, was 49.4% lower in livers that underwent 
NMP. In addition, the odds of early allograft dysfunction 
was 74% lower in the NMP livers, including both ECD and 
SCD grafts, than for SCS [7]. Post-reperfusion syndrome in 
NMP versus SCS was significantly reduced for recipients of 
NMP livers, and recipients also had a decreased requirement 
for vasopressors during the post-reperfusion period [7, 18]. 
It has also been shown that hepatic ischaemic reperfusion 
injury, using AST as a surrogate marker, is an independ-
ent risk factor for acute kidney injury post transplantation, 
which may require renal replacement with prolonged inten-
sive care unit and hospital stays [19]. NMP has the potential 
to decrease this.

In addition to the potential clinical benefits of NMP, the 
surgical teams may also benefit. Traditionally, many trans-
plantations occur during night-time hours [20]. Although 
studies have shown that patient outcomes are not impacted 
by night-time transplants, over time, the combination of 
night-time operating and a busy transplantation service can 
lead to transplant team burnout and potentially a lack of 
personnel available for call coverage [20–24]. The intro-
duction of NMP has enabled a shift of transplantation from 

Table 4  Total operative costs for out-of-province procurement and in-
province transplantation

Costs are presented as range or average ± standard deviation in Cana-
dian dollars, year 2019 values
HOPE Human Organ Procurement and Exchange Program

Procurement and transplantation Costs

Out-of-province donor total hepatectomy
 Alberta reciprocal claim 26,943
 HOPE supplies 1077.85
 Total 28,020.85

Recipient total hepatectomy and liver transplantation
 Average case cost 6246.40 ± 497.52
 Surgeon 7395.15–9808.66
 Anaesthesia 2974.33–4000.27
 Total 16,615.88–20,055.33

Cumulative total 44,636.73–48,076.18

Table 5  OrganOx perfusion operating room case costs

Costs are presented as range or average ± standard deviation in Cana-
dian dollars, year 2019 values

Costs 2019/2020
(n = 1)

2018/2019
(n = 14)

2017/2018
(n = 12)

Average

Average 
salaries

1057 1393 1405 $1285 ± 197.54

Average 
supplies

391 347 408 $382 ± 31.48

Average 
case cost

1449 1740 1813 $1667 ± 192.57

Table 6  Total OrganOx case cost per run

Costs are presented as range or average ± standard deviation in Cana-
dian dollars, year 2019 values

Operative room average cost 1667 ± 192.57
Regional hospital supply cost 1617.36
OrganOx Ltd supply cost 14,708.66–16,356.99
Anaesthesia technician cost 600
Cumulative total 18,593.02–20,241.35
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night-time to daytime hours, as NMP can be run overnight 
[7, 25]. However, successful NMP does require the trans-
plant fellows at UofA to complete night-time operating to 
ensure final dissection and attachment of the liver graft to 
the OrganOx machine, which does play a role in fatigue spe-
cific to the fellows. Overall, 58 OrganOx liver transplants 
have been completed at UofA between 2015 and 2019, 
and 49 (84.48%) of those switched from a potential night-
time (1900–0700 h) to a daytime (0700–1900 h) transplant 
because of the use of NMP. This is in comparison with 64% 
of SCS liver transplants being completed during daytime 
hours [25]. The shift to daytime transplantation will hope-
fully decrease the burnout that transplant services are being 
faced with.

In addition, shifting transplantation from night to day 
will impact costs via transplant team salaries. Daytime 
operations will remove the evening and night-time modi-
fiers from the salaries of the surgeon and anaesthesiologist. 
In total, for the anaesthesiologist and the surgeon in recipient 
hepatectomy and liver transplantation, the total savings is 
$Can847.08. Currently, a transplantation that occurs over-
night requires a transplant scrub nurse to be called in. That 
scrub nurse requires a minimum of 3 h of overtime pay at a 
rate of $Can84–106/h depending on seniority; this is double 
time of the base pay with a shift differential of $Can5/h [26]. 
However, the liver transplant cases range from 8 to 12 h, 
with an additional 2–3 h of setup and clean up. Therefore, 
this yields a cost of $Can252–1500 for the scrub nurse alone. 
If transplantation begins in the morning, this salary cost is 
eliminated. Therefore, the overall cost savings of salaries 
for transplantation may be up to $Can2347.08 (4.86% for 
in province, 3.71% for out of province). Although the sal-
ary cost savings are minimal, the potential exists for larger 
cost savings in the post-transplant time with fewer complica-
tions, investigations, and shorter length of stay, which will 
be considered in the future cost-effectiveness analysis (CEA) 
while considering the recipient’s clinical status and Model 
for End-Stage Liver Disease score.

Use of the OrganOx machine also has the potential to 
increase the number of ECD accepted for perfusion and suc-
cessful transplantation [7, 25]. This will lead to more liver 
transplants taking place and therefore decrease the waiting 
time for transplantation. This will ideally lead to fewer peo-
ple dying on the wait list or becoming too sick to tolerate 
the stress of a transplant. If people receive their transplants 
earlier, this may also decrease the healthcare costs from 
the possible hospital stays and interventions that would 
have been required as their disease progressed. Overall, an 
increased number of usable livers will lead to more lives 
being saved and an increase in healthcare costs associated 
with liver transplantation. A further CEA will be completed 
to assess these concerns.

The area of cost has been considered, but no data have 
been published. The purpose of this study was to determine 
the actual operative costs of liver procurement, liver trans-
plantation, and OrganOx machine perfusion. The cost of 
the OrganOx per run is substantial. Despite this, the clini-
cal efficacy and considerations discussed with the use of 
the OrganOx may outweigh the costs given the possible 
decrease in investigations, complications, and length of stay 
post transplantation, which will be considered in the future 
CEA. In turn, this will lead to better quality of life and return 
to social functions for patients post transplantation. Overall, 
this may lead to a decreased cost to the medical system, and 
the future CEA will help clarify this by assessing length-of-
stay outcomes.

This study has some limitations. First, these costs relate 
only to the operating room and not all the preoperative inves-
tigations and the hospital stay for the donor or the investi-
gations, care management, hospital stays, clinic visits, and 
interventions completed for the recipient before their trans-
plantation. The salaries for the managerial and nursing staff 
employed by the HOPE programme are also not included. 
Overall, these additional costs can be significant to the sys-
tem but will likely be similar between the two groups. Costs 
related to post-operative care for the recipient are being col-
lected for the CEA but are not currently considered; how-
ever, if the promising results from Nasralla et al. [7] are 
generalisable, we would expect the post-operative costs to 
be lower in the OrganOx group.

In addition, the costs are calculated within a Canadian 
setting, so the data may not be transferable to other countries 
with different protocols and billing setups for transplanta-
tion. In the Canadian setting, the costs of organ procure-
ment and transplantation are covered in their entirety by the 
provincial organ donor programmes. Other countries have 
different payment models, including charge-based models, 
which may lead to different costs. In particular, it should be 
noted that all costs for organ procurement and transporta-
tion are covered separately through direct government fund-
ing across Canada, whereas in the USA, for example, these 
substantial costs with additional overheads are passed on to 
the recipient hospital and the recipient’s insurance scheme. 
In the 2017–2018 fiscal year, the cost of one liver trans-
plant admission in the region was $Can102,597, excluding 
the physician costs. In comparison, in 2017, the estimate of 
charges for one liver transplant admission in the USA was 
$US463,200, excluding physician costs [27].

In addition to these limitations, potential exists for the 
overall cost of liver transplant to increase substantially if 
the use of NMP allows for more livers to be useable and 
therefore available for transplantation, thereby leading to an 
increased number of lives saved. This study only shows the 
operative costs associated with organ procurement, trans-
plantation, and NMP but does not account for the many 
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additional costs incurred by the healthcare system for each 
individual transplant patient. While, clearly, incremental 
costs associated with the application of NMP are excluded 
from the current analysis, these costs become relatively 
much smaller if the total costs of donor and recipient trans-
plant care, including transportation, are also included in the 
equation. As further research is conducted and the current 
clinical trials and RCTs completed, knowledge of the ben-
efits of machine perfusion will be more extensive. This may 
lead to an increased use of machine perfusion. However, 
for healthcare systems to consider making additions to their 
protocols, the costs must be considered. This study of the 
costs of liver procurement, transplantation, and NMP is the 
prelude to a CEA of NMP.

5  Conclusion

The purpose of this study was to present the operative costs 
of liver transplantation and expected costs of OrganOx 
machine perfusion as a prelude to a CEA. The cost of liver 
transplant ranges from $Can30,770.22 to 35,659.22 for in-
province and from $Can44,636.73 for 48,076.18 for out-
of-province procedures. The cost of OrganOx per run is 
$Can18,593.02–20,241.35. Although upfront costs are sub-
stantial, the possibility of NMP leading to a decreased length 
of stay and complications leads to a potential for cost savings 
in the Canadian system. In addition, the use of NMP usually 
shifts transplantation to daytime hours, thereby decreasing 
the premium night-time salaries. These potential cost sav-
ings may mean NMP is cost effective, and this question is 
currently undergoing formal CEA.
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