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Abstract: 
 
Introduction: The initial Dutch protocol for lung transplantation (LTx), which dates from 
1990, was evaluated. In the present study the consequences of the proposed adaptations of the 
protocol on the cost-effectiveness of LTx were examined.  Subsequently, sensitivity analyses 
were performed to determine the influence of changing the survival and various cost-
categories on the adjusted cost-effectiveness ratio.  
Methods: The diagnostic benefit of routinely performed tests was determined in order to try 
to reduce the number of tests without influencing the effectiveness of LTx. Savings in costs 
by reducing tests and hospitalisation days were calculated. The effectiveness of the program 
was defined as the difference in survival with and without LTx-program. In the sensitivity 
analyses, survival, number of transplantations, program costs in different phases of the LTx-
program, costs of medication, and hospitalisation were varied with 20%. 
Results: As a result of savings in test and hospitalisation days a reduction in cost-
effectiveness ratio of US $16.000 per life year gained until US $68.500 is possible. Sensitivity 
analyses showed the highest change in cost-effectiveness ratio in case of an improvement of 
the survival (16%) or a decline in costs of the follow-up phase (14%). The number of 
hospitalisation days (5%), medication (3%), and number of transplantations (3%) have a 
considerably lower effect on the cost-effectiveness ratio.  
Conclusion: A substantial improvement of the cost-effectiveness ratio of LTx is possible by 
adjustments in the routine protocol. Our results showed that mainly an improvement of 
survival and a decrease of costs made during the follow-up period are leading to further 
improvement in the cost-effectiveness of LTx.  
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Introduction: 
 
Lung transplantation (LTx) is an accepted therapeutic option for irreversible, progressive end-
stage respiratory diseases1. Since 1990, lung transplantations have been performed at the 
University Hospital Groningen (the Netherlands). In 1991, the National Health Insurance 
Board initiated a Medical Technology Assessment (MTA) of the LTx-program. This MTA 
supplied information on clinical effectiveness2, cost-effectiveness 3,4,5, and quality of life 6 of 
lung transplantation and resulted in an “Evaluation Report Lung Transplantation”, in which 
the Dutch lung transplantation program over the period 1990-1995 was evaluated 7. It was 
concluded that LTx substantially improved both the survival and quality of life of LTx 
recipients. However, the costs per life year gained and costs per quality adjusted life year 
(QALY) gained were considerable: US $61.000 and US $48.000 (1 Є=US $0.88), 
respectively. Nonetheless, the Minister of Health Affairs allowed inclusion of LTx in the 
Dutch benefit package. In 1998, she also requested to start a cost-effectiveness evaluation of 
the routine protocol of the LTx-program in order to improve the cost-effectiveness ratio.  
The initial LTx-protocol dates from 1990. Due to the experimental character of LTx at that 
time, it consists of a great number of routine tests in the pre-LTx screening, on the waiting 
list, and in the follow-up after transplantation. In order to reduce the number of routine tests 
and consequently, costs, the diagnostic gain of routinely performed tests was examined 
retrospectively. Tests were only discarded from the lung transplantation protocol under the 
provision that the effectiveness of LTx was not compromised.  
The influence of changes in the initial protocol on the cost-effectiveness ratio of the lung 
transplantation program was calculated. Subsequently, in sensitivity analyses, the influence of 
a 20% change in survival, number of transplantations, program costs in different phases, costs 
of hospitalisation, and medication were calculated to determine the influence and relevance of 
these costs separately on the updated cost-effectiveness ratio of the LTx-program. 
 
 
Methods: 
 
Patients/ program: 
The present study was based on data collected between November 1990 and April 1999. 
The following phases within the LTx-program were distinguished: referral, outpatient 
screening, inpatient screening, waiting list, transplantation (peri-operative and intensive care), 
inpatient follow-up, and outpatient follow-up. Flowchart analysis was used to describe the 
patient flow and the number of patients in the different phases of the transplantation program 
at the time of analysis (figure 1). Patients were either removed from the program when they 
died, were rejected because of a serious contra-indication or withdrew from the program. 
Patients were considered as lost to follow-up if there was no contact with the LTx-team for 
more than 12 months.  
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Figure 1: Flowchart of the Dutch lung transplantation program (1 July 1990- 1 April 1999). 
(numbers between brackets indicate the number of patients who are still in a specific phase) 

 

2
dead 

36

78 16

2423
36

112

52

45

rejected 

revision within 
1 year

rejected 

rejected 

lost to  
follow-up

lost to  
follow-up

dead 

dead 

dead 

dead 

120 

122 

342 

610 

follow-up 
in- and 

outpatient (84) 

outpatient 
screening (23) 

transplantation 

waiting list (58) 

inpatient 
screening (9) 

274 

revision within 
1 year

6 6

 
Costs:  
The study design used was similar to that presented in the former Evaluation Report in which 
the cost study was performed from a societal perspective 8. The majority of the costs were 
based on real costs instead of charges. Cost categories included were: direct medical costs 
inside and outside the University Hospital Groningen (e.g. hospitalisation, outpatient visits, 
transplantation operation, visits to general practitioner, medication), direct non-medical costs 
(e.g. travelling expenses, special food, home help), and indirect non-medical costs (e.g. 
production losses). Indirect non-medical costs were estimated according to the friction cost 
method 9. Volume data within the University Hospital Groningen were largely obtained from 
the detailed hospital accounting system. Volume data outside the University Hospital 
Groningen were gathered by questionnaires, added to the quality-of-life questionnaires. Prices 
for each cost unit were derived from the financial administration of the hospital and from 
external information resources 4. For determination of the current costs, all costs were indexed 
from the price level of 1992 to the price level of 2000. Multiplying the number of patients in a 
phase by the average costs per patient in that phase resulted in the program costs per phase. 
The patient flow and survival were adapted to the 1999 situation. Cost-effectiveness ratios 
were assessed with discounting (a discount rate of 5% per year).   
 
Effectiveness: 
For the assessment of the effectiveness, a comparison between the lifetime survival with 
and without LTx was made. The transplantation date was chosen as the starting point of 
this comparison, because it was assumed that until then no differences in survival 
occurred. For the situation without a program, no real transplantation date exists, and a 
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fictitious transplantation moment was created. This moment was based on the average 
stay of patients on the waiting list before they were transplanted (about 13 months).  
For the first 3 years after LTx, survival for the transplanted patients was based on the 
actual survival data of the study patients. The survival from the fourth year on was based 
on worldwide survival data from lung and heart transplantation patients10.  
Survival for the patients without a transplantation program was based on the actual 
survival data of the study patients until 3 years corrected for the fictitious moment of 
LTx. The long-term survival was extrapolated using a parametric Weibull model.  
 
Protocol evaluation: 
After careful examination of the lung transplantation protocol, it appeared that the inpatient 
screening, the waiting list, and the follow-up phase were the most relevant phases to improve 
the cost-effectiveness of the program. In these phases relatively high costs were made. In the 
other phases, the possibilities to change the routinely performed protocol were limited 
(transplantation phase) or not cost-effective (outpatient screening). Diagnostic gain of 
routinely performed tests for the lungs, kidneys, heart, liver, bones and consultations and 
cultures were evaluated. Subsequently, the influence of not performing certain tests that 
proved to be redundant on the number of hospitalisation days was calculated. The savings in 
direct medical costs after exclusion of certain tests from the protocol and the decreased 
number of hospitalisation days were modified in the existing cost tables. Subsequently, new 
cost-effectiveness ratios were calculated assuming that the effectiveness of LTx remained 
constant. 
 
Sensitivity analysis: 
To investigate further opportunities for improving the cost-effectiveness ratio, we performed 
several sensitivity analyses. First, the influence of changes in the survival on the cost-
effectiveness ratio was investigated. An arbitrary increase of 20% was chosen for the survival 
since this percentage corresponds to an increase in survival of about one year. 
In addition to survival, the following components were also varied: number of 
transplantations, the different program phases, hospitalisation and medication. To facilitate 
comparisons of the various sensitivity analyses, these components were also changed by 20%. 
The influences of these changes on the adjusted cost-effectiveness ratio were subsequently 
calculated.  
 
 
Results: 
 
Figure 1 shows that during the study period 616 patients were referred for lung 
transplantation. Of these 616 patients, 610 were accepted for outpatient screening and 342 for 
the inpatient screening.  After complete screening, 274 patients were put on the waiting list. 
By the end of the study period (April 1, 1999), 122 patients underwent lung transplantation. 
Patient characteristics are given in table 1.  
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Table 1: patient characteristics application phase: 
 
Number of patients 616 
Gender M 295 / F321 
Age (median, range) 41 (9-56) 
Diagnosis  
Primary pulmonary hypertension (n,%) 77, 13% 
Secondary pulmonary hypertension (n,%) 33, 5% 
Emphysema based on α1-antitrypsin deficiency (n,%) 121, 20% 
Emphysema (n,%) 145, 23% 
Idiopathic pulmonary fibrosis (n,%) 74, 12% 
Cystic fibrosis (n,%) 104, 17% 
Bronchiectasies (n,%) 27, 4% 
Other (n,%) 35, 6% 

 
 
Survival with and without lung transplantation over the period 1990- April 1999 is presented 
in figure 2. The cumulative number of life-years after lung transplantation, calculated from 
the area under the survival curve, was 6.82 years. The cumulative number of life-years on the 
waiting list was 3.08 years. Therefore, the number of life years gained was 3.74 years.  
 
Figure 2: The survival on the waiting list of the moment of the fictitious time point of 
transplantation and the survival after lung transplantation. 
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The current diagnostic protocol for inpatient screening, waiting list, and follow-up of patients, 
respectively, used in the period 1990-April 1999 (protocol 1990) and the modified protocol 
(protocol 2000) are presented schematically in tables 2 a, b, c.The consequence of 
implementation of the protocol 2000 for the number of hospitalisation days is given in table 3. 
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Table 2a: Inpatient screening protocol 1990 versus protocol 2000. 
 
Protocol 1990 Protocol 2000 

1. Pulmonary evaluation 
- chest X-ray 
- chest computer tomography  
- ventilation-perfusion scintigraphy 
- lung function test 
- ergometry 

2. Kidney evaluation 
- 24 hour urine collection 
- GFR  

3. Cardiac evaluation 
- ECG 
- multiple gated acquisition-scan 
- echocardiogram 
- right catheterisation 
- left catheterisation (>40 years) 

4. Bone evaluation 
- densitometry 
- thoracic and lumbar spine X-ray 

5. Abdomen 
- echography 
- liver spleen scan (CF/α-1-AT) 
- gastroscopy (CF/α-1-AT) 

6. Other 
- ear, nose and throat specialist 
- ophthalmologist 

7. Microbiology 
- sputum culture 
- nose culture 
- throat culture 
- urine culture 
- faeces culture 

8.    Routine blood tests 

1. Pulmonary evaluation 
- chest X-ray 
- chest computer tomography  
- ventilation-perfusion scintigraphy 
- lung function tests 
- ergometry 

2. Kidney evaluation 
- 24 hour urine collection 
- GFR  

3. Cardiac evaluation 
- ECG 
- echocardiogram  
- left catheterisation (>50 years) 
 
 

4. Bone evaluation 
- thoracic and lumbar spine X-ray 

 
5. Abdomen 

- echography  
 
 
6. Other 

- ear, nose and throat specialist (CF, 
bronchiectasies) 

 
7. Microbiology 

- sputum 
- urine 
- faeces 
 
 

8.    Routine blood tests 
CF=cystic fibrosis, α-1-AT= α-1-antitrypsin deficiency. 
 
 
Table 2b: Waiting list period protocol 1990 versus protocol 2000. 
 
Protocol 1990 Protocol 2000 

1. Bone evaluation 
- bone densitometry once in 6 months 

2. Microbiology 
- sputum culture once in 4 months 
- nose culture once in 4 months 
- throat culture once in 4 months 

3. Routine blood test  
        -      once in 4 months 

1.    Bone evaluation 
- Stopped 

2.     Microbiology 
- sputum culture once in 4 months  
- nose culture stopped  
- throat culture stopped 

3. Routine blood test 
-      stopped 
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Table 2c: Follow-up protocol 1990 versus protocol 2000. 
 
Protocol 1990 Protocol 2000 

 
1.  Pulmonary evaluation  

- ventilation-perfusion scintigraphy 
postoperatively, subsequently every 6 months 

- lung function test postoperatively, 
subsequently every 6 months  

- ergometry postoperatively, subsequently 
every 6 months  

- bronchoscopy postoperatively, subsequently 
every 6 months 

2. Kidney evaluation 
- 24 hour urine collection postoperatively, 

subsequently every 6 months 
- GFR postoperatively, subsequently every 6 

months 
3. Cardiac evaluation 

- ECG once post-operatively 
- echocardiogram once post-operatively 
- hartcatheterisation every year for pulmonary 

hypertension 
4. Bone evaluation 

- bone densitometry postoperatively, 
subsequently every 6 months 

5.   Abdomen 
-     no routine follow-up  

6. Other 
- no routine follow-up  

7. Microbiology 
- sputum postoperatively once a week  
- nose postoperatively once a week  
- throat postoperatively once a week  
- urine postoperatively once a week  
- faeces postoperatively once a week 

8.     Routine blood tests 

 
1. Pulmonary evaluation 

- ventilation-perfusion scintigraphy 
postoperatively (SLTX subsequently every 6 
months) 

- lung function test 6 months after LTx 
- ergometry postoperatively 6 months after LTx 
- bronchoscopy postoperatively and 6 months 

after LTx 
 
 
2.  Kidney evaluation 

- 24 hour urine collection postoperatively, 
subsequently every 6 months 

- GFR postoperatively 
3. Cardiac evaluation 

- ECG once post-operatively 
- echocardiogram once post-operatively 
- hartcatheterisation after 6 months once only 

for pulmonary hypertension 
4. Bone evaluation 

- no routine follow-up 
 

5. Abdomen 
-     no routine follow-up  

6. Other 
- no routine follow-up  

7. Microbiology 
- sputum postoperatively once a week 
- urine postoperatively once a week 
- faeces postoperatively once a week 

  
 
8.     Routine blood tests 

 
 
Table 3: Number of hospitalisation days with the current protocol (protocol 1990) versus the 
proposed future protocol (protocol 2000). 
 
 protocol 1990 protocol  2000 

clinical screening 25 11 

waiting list 0 0 

Intensive care 
period 

11 10 

clinical follow-up 49 20 

 
The result of indexation of costs from the price index of the year 1992 to the year 2000 was a 
rise in costs by a factor of 1.19.  Changes in costs due to adjustments in the patient flow and 
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survival were relatively small. As a result of the adjustments in the protocol, savings in costs 
per transplanted patient amounted to US $49.000. 
Indexation and adaptation of patient flow and survival resulted in a cost-effectiveness ratio 
per life year gained of US $84.500 in 2000. As a result of the protocol evaluation, the cost-
effectiveness ratio improved to US $68.500 per life year gained i.e. a reduction in cost-
effectiveness ratio of US $16.000.  
The results of the sensitivity analyses are given in table 4. The best way to improve the cost-
effectiveness is by increasing survival after lung transplantation: a 20% improvement in 
survival causes a 16% improvement in cost-effectiveness ratio. In the patient flow, the 
outpatient follow-up remains the most expensive phase. The high costs in this phase are a 
result of the combination of medication and hospitalisation on medical indication. The 
possible savings in costs in the other phases of the protocol are relatively low: 1 to 4%. 
Reduction of the costs of hospitalisation and medication with 20% and increasing the number 
of transplantations with 20% improves the cost-effectiveness with respectively 5%, 3%, and 
3%. 
 
 
Table 4: Sensitivity analysis for improved survival, decrease in costs of medication and 
hospitalisation and changes in patient flow (discounting percentage 5% in US $). 
 

 Costs  
US $ 

Effects 
* 

Cost-
effectiveness US 

$ 

Savings 
(%) 

Survival +20%  198.516 3,46 57.375 16,24 
Inpatient screening –20%  179.355 2,66 67.427 1,57 
Waitinglist –20%  180.165 2,66 67.731 1,12 
Transplantation -20%  175.196 2,66 65.863 3,85 
Clinical follow-up -20%  178.818 2,66 67.225 1,86 
Follow-up –20%  157.388 2,66 59.168 13,62 
Costs hospitalisation -20%  172.889 2,66 64.996 5,12 
Costs medication –20%  177.643 2,66 66.783 2,51 
Number of transplantations 
+20%  

177.283 2,66 66.648 2,70 

 * average number of life years gained 
 
 
Discussion: 
 
The increasing possibilities of medical technology and the increasing high costs of medical 
health care make medical technology assessment studies necessary. Most of these studies 
examine the total costs, effects and quality of life. On the other hand, these studies give 
information about possibilities to decrease for instance important cost-categories. This study 
is a result of a study performed in the period 1990-1995 in which the cost-effectiveness of the 
Dutch lung transplantation program was calculated and in which became clear that an 
important part of the costs of the LTx-program is due to diagnostic procedures prescribed by 
the routine protocol. By discarding diagnostic tests, which were shown to have no influence 
on the treatment of the patient or on the screening process, the cost-effectiveness ratio of the 
LTx-program improved by 19% to US $68.500 per life year gained. Sensitivity analyses after 
protocol analyses showed that the adjusted cost-effectiveness ratio is particularly sensitive to 
changes in the survival and the costs of the follow-up period after LTx.  
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Modification of the LTx-protocol resulted in a firm decrease of the cost-effectiveness. After 
the modifications in the protocol, our routine protocol was almost similar to the protocols in 
the lung transplant centres in Antwerp (Belgium) and Cambridge (UK).  However, a 
comparison of the cost-effectiveness ratio of the Groningen LTx-program with the cost-
effectiveness ratio of other centres is difficult, since hardly any data are available. Also the 
clinical protocols, the costs of medication and the costs of health care may be different in 
other countries. Only two different studies about this subject have been published earlier. One 
study was a pilot study, which showed no survival benefit of LTx 11. However, from this 
study, the important effect of the survival in calculating cost-effectiveness ratios became 
clear. A recently published study, based on UK data described the cost-effectiveness and cost-
utility for the different types of LTx over a limited period of 15 years. The cost-effectiveness 
ratios for single-, double- and heart-lung transplantation were US $50.800, US $45.400 and 
US $41.700 respectively 12.  This study shows cost-effectiveness ratios for lung 
transplantation, which are less than our calculated ratio. A possible difference is the method 
of calculating the effect: in the UK-study a limited period of 15 years was applied versus 
lifetime survival in the Groningen study. Other data like costs before transplantation, 
transplantation procedure and follow-up are quite similar.  
Apart from the reduction in costs and consequently an improvement in cost-effectiveness, 
resulted modification of the protocol also in a decrease of the burden for the patient. The total 
number of diagnostic tests in both the screening and follow-up, some of which require 
invasive techniques or require the usage of radioactive tracers, as well as the number of 
hospitalisation days decreased. Reduction of the protocol also caused a decrease in workload 
for certain divisions within the hospital. 
The protocol analyses in this study showed that the cost-effectiveness can be improved by 
limiting the number of routine diagnostic tests during screening and follow-up. However, 
other areas remain for further improvement. Sensitivity analyses showed further opportunities 
for improving the cost-effectiveness ratio by improving the long time survival or by a 
decrease of follow-up costs.  
The major impediment for long-term survival after LTx is the occurrence of chronic rejection 
or bronchiolitis obliterans syndrome (BOS). Development of new immunosuppressive 
medicine may lead to a better treatment of BOS. At this moment, however, treatment of this 
syndrome at best results in stabilisation of the disease process 13.  
The follow-up after LTx remains the most expensive phase of the protocol because of high 
costs due to frequent hospitalisation mainly due to episodes of acute rejection and infection, 
and complications of BOS.  
Optimising the patient flow by increasing the number of transplantations is not as cost-
effective as the two measures mentioned above, but ethically and practically of major 
importance. Increase of the number of transplantations causes a more favourable ratio 
between the number of transplanted patients and the number of patients in the inpatient 
screening. Consequently, an increase of the number of transplantations results therefore in a 
decrease of the costs per transplantation. The main problem in the Netherlands as well as 
worldwide is the donor organ shortage. An increase of donor organs or a better utilisation of 
the actual donor potential can establish an increase of the number of transplantations.  
Besides opportunities for further improving the cost-effectiveness ratio, sensitivity analysis 
may be helpful in determining the impact of new management tools on the cost-effectiveness 
ratio. For instance the introduction of new immunosuppressive medicine. Newly introduced 
medicine may be cost-effective, if they result in a better survival and/or prevent complications 
after LTx such as loss of renal function as a side effect of medication, which may lead to 
dialysis. Our sensitivity analyses show that if costs of medication were reduced by 20%, this 
will result in savings in costs of US $4,70 a day. However, if a new medication improves 
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survival by 20%, i.e. approximately one year, the maximum costs of this new medicine may 
amount to US $43,50 a day and still be cost-effective.  
The study has a number of limitations inherent to the situation of organ transplantation in 
general. First, a randomised controlled study was ethically inadmissible considering the 
positive effects of LTx and the poor prognosis of patients with an end-stage respiratory 
disease. The waiting list condition was used as a reasonable proxy for survival without 
transplantation. The patients on the waiting list are comparable to the transplanted 
patients i.e. they meet all criteria for transplantation. Further, patients were selected for 
transplantation provided that the blood group and height was compatible with the donor 
in the sequence of entry on to the waiting list. Therefore, patients with the worst 
prognoses were not given priority above other patients, avoiding a selection bias.  
Secondly, for calculation of the cumulative survival beyond three years, extrapolation of 
the survival curves was necessary, both on the waiting list and after transplantation. 
Unfortunate, due to the long waiting list time, a relative reliable control survival curve 
for the first three years could be derived from our own data. Beyond that point, the 
waiting list survival was extrapolated by using a parametric Weibull model. The survival 
curve after lung transplantation was constructed based on international data10.  
Thirdly, in this study the cost-effectiveness ratio from the 1990 protocol was compared to the 
proposed future protocol in 2000. Between the period 1990 and 2000, however, several 
adjustments already occurred, e.g. due to new strategies, experience and as a result of the 
Evaluation Report Lung Transplantation of 1996. This already resulted in savings in costs and 
probably an improved cost-effectiveness ratio, but this was not explicitly calculated. The 
calculations of these savings in costs are induced in the calculations for the proposed future 
protocol.  
Finally, for this analysis, patients with end-stage lung diseases were considered as a 
homogenous group with respect to survival and costs. In reality, end-stage lung diseases vary 
in clinical course, which may influence cost-effectiveness.   
In conclusion: A substantial improvement in the cost-effectiveness of LTx in the Netherlands 
is possible by reducing the protocol. Even with the future protocol, the cost-effectiveness of 
LTx may be further improved if survival can be increased and follow-up costs can be reduced.  
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