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  Chapter 1  
 

1.1 History of lung transplantation: 
 
 
Worldwide: 
In 1963 the first human lung transplantation (LTx) was performed at the University of 
Mississippi in the United States1. Between 1963 and 1974, 36 patients received a LTx 
but the medical results of this treatment were disappointing. The median survival rate at 
that period was less than 10 days2. In the following period, human LTx were only 
sporadically performed. The current era of successful human organ transplantation 
began in the early nineteen eighties following the introduction of cyclosporine as an 
immunosuppressive agent. In this period, only heart-lung transplantations were 
performed3. In the following years, single4 and bilateral5 lung transplantations became 
more and more popular. Currently, worldwide more than 15.000  
(heart-) lung transplantations have been performed (about 2.700 heart-lung, 6.500 single 
lung and 4.600 double lung procedures)6. In the last 10 years, the number of heart-lung 
transplantations has declined, while the number of lung transplantations performed in 
the last 5 years has more than doubled. 
 
 
The Netherlands/ Groningen: 
The strong interest of the University Hospital Groningen in LTx dates from the nineteen 
sixties, when the first lung transplants were performed on dogs. At that time, the research 
questions were mainly related to clinical-technical and physiological aspects of LTx. From 
this research, among others, the power of cyclosporine as an immunosuppressive agent 
became clear7 8.   
In 1989 the St. Antonius Hospital in Nieuwegein performed the first clinical LTx in the 
Netherlands. Shortly thereafter, in November 1990, the University Hospital Groningen 
performed its first LTx.  
Until August 2002, about 218 patients were transplanted for end-stage pulmonary disease 
with LTx in the Netherlands. Of these 200 LTx, 194 were performed in the University 
Hospital Groningen (148 bilateral lung transplantations, 37 unilateral lung transplantations, 7 
heart-lung transplantations and 2 liver-lung transplantations). 
 
 
1.2 Lung transplantation program:   
 
Worldwide:  
LTx has become an accepted therapeutic option for patients with end-stage lung disease9. The 
number of transplantation centres performing (heart)-lung transplantations nowadays 
amounts to approximately one hundred. These centres all report improvements in survival 
rates, functional results and health-related quality of life (HRQL) after LTx in comparison 
with the situation on the waiting list before LTx.  
During the last decade, survival rates after LTx have slightly improved. Registry data from 
the International Society for Heart and Lung Transplantation (ISHLT) shows that the 1-year 
survival rate after LTx in the periods 1988-1992, 1993-1996 and 1997-2000 was 68%, 72% 
and 74% respectively10. The 5-year survival rates in the periods 1988-1992 and 1993-1996 
were about 41% and 43% respectively. These figures are based on cumulative data from 
centres all over the world.  
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This improvement in survival rates may be caused by increasing surgical or clinical 
experience or by improvement of the surgical techniques. The long-term effect on survival 
rates of patients using new immunosuppressive medicine in trials remains unclear for the time 
being.  
Functional results also improve after LTx. After a successful bilateral LTx, ventilatory 
function usually improves until 80-90% of predicted values, which are based on the height, 
gender and age of the recipient. After unilateral LTx, the original lung disease of the native 
lung influences parameters in pulmonary function and are usually lower after unilateral LTx 
than after bilateral LTx. The maximum exercise capacity improves after LTx, but the exercise 
capacity between unilateral and bilateral LTx is not different11, since this parameter in most 
patients is limited because of muscle function12 and not because of pulmonary or cardiac 
function. The muscle function may be limited due to the influence of cyclosporine-induced 
mitochondrial myopathy13. In only a few patients lung(s) or heart is the limiting factor. 
Measuring HRQL has been increasingly accepted as an important outcome measure in new 
treatments. Previous studies focused on the health-related quality of life showing significant 
improvements between the situation before and after lung transplantation14. 
 
 
Figure 1: Flowchart of the Dutch lung transplantation program (1 July 1990- 1 April 1999). 
Patients were either removed from the program when they died, rejected because of a serious 
contra-indication, withdrew from the program or were lost to follow-up if there was no 
contact with the LTx-team for more than 12 months. 
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The Netherlands/ Groningen: 
The following phases in the lung transplantation program in the University Hospital 
Groningen can be distinguished: referral, outpatient screening, inpatient screening, waiting 
list, transplantation (peri-operative and intensive care), inpatient follow-up and outpatient 
follow-up. The patient flow and the number of patients for the first 10 years until April 1, 
1999 in the different phases of the transplantation program are described in a flowchart 
(Figure 1). 
 
The results for survival rates after transplantation in the Dutch lung transplantation program 
are given in Figure 2. These data show that survival rates after transplantation over the period 
January 1995-April 1999 are better than survival rates over the period 1990 – 1995, although 
not statistically significant (log rank p=0.629). The overall survival after lung transplantation 
of the Dutch lung transplantation program is higher than in most other countries. The ISHLT-
registry reports a two-year survival rate of 60% and subsequently a decrease in survival rate 
of almost 5% a year.  
 
Figure 2: The survival rates after LTx: 1990 until 1-1-1995 versus 1-1-1995 until 1-4-1999 of 
the Dutch lung transplantation program (Kaplan-Meier analysis). 
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Functional results after LTx investigated in Groningen showed significant improvements 
already within one month after transplantation15. Parameters investigated were the FEV1 
percentage of predicted the arterial oxygen pressure, the exercise capacity and the 6-minute 
walking distance test.  
From the start of the lung transplantation program in 1990, much effort has been spent in 
creating a database with data about the health-related quality of life of patients on the waiting 
list and after lung transplantation. Usage of this database resulted already in several 
international publications16 17 18. 
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1.3 Limitations in the lung transplantation program:  
 
Limitations pre-transplantation: donor organ shortage  
Of all types of transplantations, the need for donor organs is especially urgent in lung 
transplantation because of the large discrepancy between the number of acceptable donor 
lungs on the one hand and recipients on the other hand. For end-stage pulmonary failure, no 
temporary support mechanism, such as dialysis for end-stage renal failure, is available. 
The annual demand for lung transplantation has been rising steadily despite new therapeutic 
options like lung volume reduction surgery for emphysema and prostacyclin treatment for 
patients with pulmonary hypertension19. The shortage of donor organs has proven to be one of 
the major limitations of lung transplantation. Since 1998, the worldwide number of donor 
organs and the number of lung transplantations has decreased about 25%6. Moreover, in only 
10% of the multi-organ procedures the donor lungs can be used for transplantation because of 
the vulnerability of these organs20. As a consequence the number of patients who die on the 
waiting list amounts more than 20%21.  
 
Limitations post-transplantation: bronchiolitis obliterans syndrome 
Chronic rejection is the most important impediment to better medium and long-term survival 
rate (post-LTx) 22 23. It is diagnosed histologically (obliterative bronchiolitis (OB)) or 
physiologically by airflow limitation (bronchiolitis obliterans syndrome (BOS)).  
OB is characterized by obliteration of the terminal and respiratory bronchioli.  
The term BOS is used to connote graft deterioration secondary to progressive airway disease 
for which there is no other cause24. BOS is defined, according to the gradation of the 
International Society for Heart and Lung Transplantation, as a fall of the FEV1 of at least 20% 
from the baseline value (Table 1)25. The baseline value is defined as the average of the two 
highest FEV1’s obtained at least 3-6 weeks apart. Infection or acute rejection may not cause 
this decline in FEV1.The cause of this syndrome is still unknown. Although much research on 
several target areas has been made to discover its pathophysiology, the precise mechanism 
remains unclear. Late acute rejection, lymfocytic bronchiolitis, a decreased 
immunosuppression, CMV-pneumonitis, number of acute rejections and bronchial 
hyperreactivity are identified in several studies as principal risk factors for chronic rejection 26 
27 28 29 30 31 32.  
 
Table 1: International Society for Heart and Lung Transplantation for the staging of BOS. 
 
Original classification 
 

Current proposition 

BOS 0 FEV1 80% or more of baseline BOS 0 FEV1 >90% of baseline and FEF25-75 >75% 
of baseline 

  BOS 0-p FEV1 81%-90% of baseline and/or FEF25-75 
≤75% of baseline 

BOS 1 FEV1 66%-80% of baseline BOS 1 FEV1 66%-80% of baseline 
BOS 2 FEV1 51%-65% of baseline BOS 2 FEV1 51%-65% of baseline 
BOS 3 FEV1 50% or less of baseline BOS 3 FEV1 50% or less of baseline 
BOS, bronchiolitis obliterans syndrome; FEF25-75 ≤mid-expiratory flow rate; FEV1, forced expiratory flow in one 
second. 
 
Detection of BOS using flow-volume measurements is an easy, cheap and non-invasive 
method in contrast with very sophisticated lung function tests or with obtaining histology.  
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Previous studies have suggested the usefulness of markers other than the FEV1 like the 
specific airway conductance or markers representing the small airways as functional 
indicators of OB33 34 35 36. Since the precise mechanism of development of chronic rejection is 
still unknown, we focused on early diagnosis of BOS in lung function. The importance of 
BOS in our population is given in Figure 3. 
 
Figure 3: freedom from BOS after lung transplantation in the University Hospital Groningen 
by October 1, 2001 (actual analysis)  
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1.4 Medical Technology Assessment of Lung Transplantation: 
 
Worldwide: 
Medical Technology Assessment (MTA) emerged with rapid developments in health care 
technologies, for example new and expensive diagnostic tests, new drugs and therapies. The 
fundamental aim of all MTA's is to provide information to those individuals and 
organizations who take profit from new health technology (patients), those who will pay for it 
(payers) and those who make health care decisions (providers), concerning the 
effectiveness, costs, unwanted health effects, and ethical and social consequences of 
health technologies37. 
MTA is a multidisciplinary profession requiring combined expertise in clinical medicine, 
epidemiology, biostatistics, bioengineering, health economics, administration, psychology, 
sociology, ethics and legal science. While many aspects may be evaluated in an MTA, the 
central part usually consists of an economic evaluation in which the costs and effects of 
a new diagnostic or therapeutic developments are assessed.  
 
The Netherlands/ Groningen: 
The Dutch National Health Insurance Board initiated in 1991 an MTA, which should 
provide information on costs, clinical effectiveness, quality of life, cost-effectiveness of 
LTx and the number and supply of donor organs. Furthermore, an economic evaluation 
was performed from a lifetime and societal perspective. In this economic evaluation, the 
additional costs and effects of LTx were evaluated38. To assess the additional (or 
incremental) costs and effects, a comparison was made between the costs and effects in 
the situation with and without a transplantation program39. This resulted in 1996 in the 
“Evaluation report lung transplantation”15. In October 1997 the Minister of Health 
Affairs decided to incorporate LTx in the Dutch benefit package by January 1, 1998 
because of the proven efficacy of LTx reflected both as survival benefit40 41 and benefit 
in health related quality of life16 18. From the Evaluation report it was concluded that the 
costs per life year gained were remarkably high. In comparison to the cost-effectiveness 
of heart- and liver transplantation, the cost-effectiveness of LTx was unfavourable41 42. 
Therefore, the Minister of Health Affairs requested at the end of 1997 the start of a 
second cost-effectiveness study of the Dutch LTX-program. The key question was how 
adjustments of the protocol and/or change in the patient flow could lead to a more 
favourable ratio of costs and effects in the LTx-program. 
 
 
1.5 Aim and outline of the this: 
  
LTx has come of age. The survival rates and health related quality of life are improving 
after LTx. However, the limitations have become apparent. 
The key question to be addressed in this thesis is: 
In which way does adjusting the LTx protocol lead to further improvement of the LTx-
program? 
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More specifically, the following subjects of research will be addressed in this thesis.  
 
Part I: Improvements in the lung transplantation program:  

 
Pre-transplantation: waiting list and allocation by studying: 
1) Simulated waiting list prioritization for equitable allocation of donor lungs.  
Chapter 2 
2) Size matching in lung transplantation using predicted Total Lung Capacity.  
Chapter 3  
 
Post-transplantation: early occurrence of bronchiolitis obliterans syndrome by 
studying:  
1)  Bronchiolar airflow impairment after lung transplantation: an early and common 
manifestation. Chapter 4  
2)  Selective monitoring and early diagnosis of bronchiolitis obliterans syndrome after 
single lung transplantation. Chapter 5  
3) Long-term survival despite early loss of graft function after single lung 
transplantation. Chapter 6  

 
Part II: Cost-effectiveness and utility of lung transplantation by studying:  

1) The cost-effectiveness of lung transplantation compared to heart- and liver 
transplantation in the Netherlands. Chapter 7 
2) Improving the cost-effectiveness of the lung transplantation program.  
Chapter 8  
3) Long-term quality of life in patients surviving at least 55 months after lung 
transplantation. Chapter 9  
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Abstract: 
  
Background: In lung transplantation (LTx), allocation of donor lungs is usually based on 
blood group, height and waiting time. Long waiting times favour patients with a slowly 
progressive end-stage lung disease and make the current allocation system subject of 
discussion. In order to try to equalize the chances for transplantation for every patient, 
irrespective of the diagnosis, we investigated the effect of diagnosis-dependent prioritization 
on the waiting list, using a simulation model. 
Methods: For the main disease categories on the waiting list, relative risks of dying on the 
waiting list were calculated using the empirical data from the Dutch LTx program gathered 
over a period of 10 years. In a microsimulation model of the Dutch LTx program based on 
data from the real situation, patients with diagnoses associated with a statistically significant 
increased risk to die on the waiting list were prioritized by multiplying the waiting time on the 
waiting list with the relative risk.  
Results: Relative risks of death on the waiting list were significantly increased in patients 
with cystic fibrosis, primary pulmonary hypertension and pulmonary fibrosis. Prioritization 
resulted in an increased chance of transplantation for the prioritized diagnoses and a decreased 
chance for the non-prioritized diagnoses. The distribution of diagnoses after LTx was almost 
equal to the distribution of diagnoses on the waiting list. 
Conclusion: The simulated method of prioritization on the waiting list is a step forward to a 
more equitable allocation of donor lungs. Moreover, this method is clinically feasible, as long 
as the waiting list is frequently updated.  
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Introduction: 
 
Long waiting lists for lung transplantation (LTx), caused by shortage of donor lungs, make 
equitable allocation of donor lungs subject of discussion1 2. Usually, allocation of donor lungs 
is based on blood group, height and waiting time3 4. However, the main types of end-stage 
lung diseases show considerable differences in the rate of disease progression 5. As a result of 
the long waiting lists, the chance to be transplanted depends on whether the patient has a 
slowly or a rapidly progressive disease. 
This study was part of a cost-effectiveness study of the Dutch LTx program. The purpose of 
this specific part of the study was to create a situation, in which the distribution of diagnoses 
on the waiting list equals the distribution of diagnoses after lung transplantation.  
One possibility to improve the chance to be transplanted for the rapidly progressive diseases 
is a correction of the waiting time with a fixed number of days. Patients with an underlying 
disease that generally follows a rapidly progressive course are given a headstart on the 
waiting list. For instance, the United Network of Organ Sharing (UNOS) gives a priority of 90 
days to patients with pulmonary fibrosis6. Another possibility is to create a diagnosis-
dependent correction factor for the waiting time. For patients with a rapidly progressive 
disease the waiting time will be artificially prolonged by multiplying it by a correction factor. 
These patients will rise faster on the waiting list than patients with a more favourable 
diagnosis.  
It is ethically inadmissible to implement a new method in clinical practice without knowledge 
about the effects of such an implementation. Changes in waiting list policy may have great 
consequences with respect to the patients on the waiting list. Therefore, a simulation model is 
necessary to assess the effects of a system for prioritization in advance. 
The aim of this study was to simulate the effect on the number of transplantations per 
diagnosis of a diagnosis-dependent prioritization method aimed at a more equitable, clinically 
feasible allocation system of donor organs. 
 
 
Methods: 
 
Patients/ actual program: 
The lung transplantation program of the University Hospital Groningen is divided into 
different phases. The numbers of patients in the various phases of the program for the period 
July 1, 1990-April 1, 1999 are given in a flowchart in figure 1. After passing the final 
screening, patients were registered on the waiting list.  
Candidates for LTx were patients with irreversible, progressively disabling end-stage 
pulmonary disease whose life expectancy was considered to be maximally 12 to 18 months. 
Contraindications for LTx included evident and irreversible other vital organ involvement, 
active extrapulmonary infection, severe effects of systemic corticosteroids, ventilator-
dependent respiratory failure, non-compliance with medical treatment, addiction to alcohol, 
drugs or tobacco and prior major surgery. Overweight or malnourishment, if severe and 
incorrectable, were also contraindications7. 
Patients were delisted when they were transplanted, when they died on the waiting list or were 
rejected because of a newly occurring serious contraindication for transplantation. For all 
patients length of stay in all phases was registered. During the study period a total of 610 
patients were referred to the program. After the inpatient screening 274 patients were put on 
the waiting list. From these 274 patients, 122 patients were transplanted, 16 patients were 
rejected because of serious contraindications, 78 patients died on the waiting list and 58 
patients were still in the waiting list phase at the end of the study period.  
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Figure 1: Flowchart of the Groningen lung transplantation program (1 July 1990- 1 April 
1999)  
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Description of the simulation model: 
A microsimulation model of the Dutch lung transplantation program was used 8. 
Characteristics of actual patients and donors were analysed and randomly assigned to 
simulated patients and donors, in modules of the model called the patient generator and the 
donor generator. Subsequently, patient histories were simulated based on data collected from 
actual patients. 
The model was set to simulate a period of 15 years of constant inflow of donors and patients. 
The length of the simulation period was chosen to make sure that a steady state in the program 
is reached in which the numbers of patients in the phases before transplantation are stable.  
 
Patient generator: 
The patient generator simulates individual patients. Over the entire 15-year period of the 
simulation, 65 new patients were entered in the model each year, corresponding to the mean 
of the last 5 years in our actual program. Based on the overall distribution of characteristics in 
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the empirical data of patients from the LTx program, every simulated patient was assigned a 
value for age, underlying diagnosis, height, and blood group as described below. 
- Age: The age in the simulation was determined with the formula:  

Age = Mean age +/- (random factor * standard deviation) 
With this formula the calculated ages randomly fluctuate around the mean age with the 
shape of a Z-distribution.  

- Underlying diagnosis: The distribution of the diagnoses is based on the respective 
proportions in the actual population listed for LTx. The value of a randomly generated 
proportion for each simulated patient determined the diagnosis in the model. 

- Height:  The height was determined the same way as age, using the actual mean height as 
the center of the distribution.  

- Blood group: The distribution of blood groups was based on empirical data and 
determined in the same way as the diagnosis. 

- Starting time in the program: within the year of inflow, a random day was determined. 
- Type of transplantation: For all diagnostic categories the empirical data on the percentages 

for bilateral, unilateral left or unilateral right transplantation were applied to the simulated 
patients. However, the type of transplantation was not taken into account in any further 
procedures in the simulation model. 

 
Donor generator: 
Donor characteristics were blood group, height, and date of availability of (a) donor lung(s). 
The distribution of characteristics was also based on empirical data of donors from our LTx 
program. The number of available donors in the model was set to 17 each year, again 
corresponding to the mean of the last 5 years in our program. 
- Age and height were determined in a way similar to the methods used in the patient 

generator. 
- Blood group: The distribution of blood groups based on empirical data in the general 

population. 
- Time of availability of the donor: with the year of inflow, a random day was determined. 
 
 
Patient flow simulator: 
The patient flow simulator randomly simulates a course through the transplant program for 
every simulated patient. For each possible outcome of the phases of the LTx-program, a 
duration is simulated. The shortest duration determines the outcome. For instance, if for a 
patient on the waiting list the simulated number of days until transplantation, until rejection 
and until death is 200 days, 250 days and 300 days, respectively, this patient will be 
transplanted and enters the next phase of the program. 
 
 
Donor matching: 
The results of the patient generator and the donor generator are two lists of simulated persons. 
A recipient (patient) list sorted by date of placement on the waiting and a donor list sorted by 
date of availability of the donor. Matching of donor and recipient is based on the ranking 
order of the patients on the waiting list. Starting at the top of the patient list, a matching 
patient is sought for each donor. The patients with the longest waiting time are at the top of 
the list and have the best chance of being matched. For every patient on the waitinglist the 
simulator checks: 
- Which patient is on the waiting list at the moment of availability of the donor lung. 
- Whether the height of the recipient deviates less than 5% from the donor’s height. 
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- If the blood group of the recipient is identical to the donor blood group. 
The first patient fulfilling these criteria proceeds to the transplantation phase and is removed 
from the waiting list. If none of the patients fulfil the above mentioned criteria, another 
matching attempt is made with a maximum deviation in height of 8% between donor and 
recipient. 
 
Prioritization: 
Based on our own empirical data of 274 patients on the waiting list, Kaplan-Meier survival 
functions were calculated for the main diagnoses: emphysema, α1-antitrypsin-deficiency, 
primary pulmonary hypertension, secondary pulmonary hypertension, cystic fibrosis, 
pulmonary fibrosis and bronchiectasies. Rejected patients and transplanted patients were 
censored in this survival analysis.  
Cox regression analysis was performed to calculate relative risks of dying on the waiting list 
for patients with different underlying diseases in comparison with a reference group of 
emphysema patients. This patient category was chosen as the reference group because of the 
relatively good survival and the relatively high number of patients on the waiting list, which 
increases the reliability of the data. For diagnoses with a statistically significant increased risk 
to die on the waiting list, the relative risk was used as the priority factor. 
 
Microsimulation model with and without prioritization: 
On the simulated waiting list, patients were ranked according to the date of placement. In 
order to be able to calculate the influence of the priority factor on the waiting time for every 
single donor-recipient combination, which depended on the difference between the date of 
placement of the patient and the date of availability of the donor, a selection of possible 
recipients was made consisting of only patients who were on the waiting list at the moment of 
availability of the donor. Subsequently, the waiting time for every recipient could be 
calculated. First, the simulation model was run without prioritization to show the similarity of 
the distribution of diagnoses before and after LTx between the model and the actual program. 
Next, a second simulation was performed with prioritization. Patients with diagnoses with a 
statistically significant increased risk to die on the waiting list were prioritized. This was done 
by multiplying the waiting time by the relative risk, after which the waiting list was sorted in 
the order of prioritized waiting time. Starting at the top of the patient list, a matching patient 
was sought. For each donor possible recipients were selected and ranked according to the 
procedure described above. 
 
 
Results: 
 
The actual waiting list survival for the rapidly progressive end-stage respiratory diseases is 
given in figure 2. The actual waiting list survival for the slowly progressive end-stage 
respiratory diseases is given in figure 3. 
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Figure 2: The actual waiting list survival for the rapidly progressive end-stage respiratory 
diseases. 
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Figure 3: The actual waiting list survival for the slowly progressive end-stage respiratory 
diseases. 
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The difference in survival on the waiting list between the slowly and rapidly progressive end-
stage respiratory diseases was statistically significant (chi-square p<0.04). The relative risks 
to die on the waiting list for the main end-stage pulmonary diseases compared to the reference 
group, consisting of patients with emphysema with or without α1 AT-deficiency, are 
presented in table 1. Diagnoses with a significant increased risk to die on the waiting list 
compared to the reference group were primary pulmonary hypertension (p=0.002), cystic 
fibrosis (p=0.0005), and pulmonary fibrosis (p=0.003). For these diagnoses, the relative risks 
were 3.29, 3.00, and 3.43, respectively. These factors were used for prioritization in the 
simulation model. 
 
 
Table 1: The calculated relative risk to die on the waiting list compared to the reference group 
emphysema/ α1-antitrypsin deficiency. 
 
Comparison Relative risk 

death on 
waiting list 

95% 
confidence 

interval 

p- 
value 

Cystic Fibrosis versus Emph*/ AT** 3,00 1,61 - 5,57 0.0005*** 
Primary Pulm. Hypertension versus Emph/ AT 3,29 1,53 - 7,02 0.002*** 
Secondary Pulm. Hypertension versus Emph/ AT 2,03 0,86 - 4,76 0.1044 
Pulmonary fibrosis versus Emph/ AT 3,43 1,59 - 7,74 0.0031*** 
Bronchiectasies versus Emph/ AT 1,67 0,56 - 5,00 0.36 
Other versus Emph/ AT 2,81 0,63 - 12,41 0.1737 
Emph versus AT 1,13 0,42 - 3,04 0.8085 

* Emph = emphysema   **AT= α 1-antitrypsin deficiency,  *** significant 
 
 
The distributions of diagnoses in the actual situation (on the waiting list and after 
transplantation), in the simulated situation without prioritization (on the waiting list and after 
transplantation) and in the simulated situation with prioritization are given in table 2. For 
some diagnoses, the actual situation shows large differences between the proportion of 
patients on the waiting list and the proportion of transplanted patients. For the slowly 
progressive diseases like α1 AT-deficiency, COPD/emphysema and bronchiectasies the actual 
proportions after transplantation are higher than on the waiting list. For the rapidly 
progressive diseases, like cystic fibrosis, primary pulmonary hypertension, and pulmonary 
fibrosis, on the other hand, the proportions of transplanted patients are lower than on the 
waiting list. This is also reflected in the simulation without prioritization. 
The last column of table 2 presents the results of the simulation with prioritization, 
demonstrating a marked shift in the distribution of diagnoses after transplantation. As a result 
of prioritization, patients with a rapidly progressive disease have a better chance to become 
eligible for LTx before they die on the waiting list. For the prioritized diagnoses primary 
pulmonary hypertension, cystic fibrosis, and pulmonary fibrosis the proportions of 
transplanted patients were +0.6%, +3.1% and +1.8% higher, respectively, than without 
prioritization. For the non-prioritized diagnoses α1 AT-deficiency, COPD/emphysema and 
bronchiectasies, on the other hand, less patients were transplanted. Their respective 
proportions among the transplanted patients decreased by -2.0%, -3.3% and -0.2%. The 
proportion of transplanted patients with secondary pulmonary hypertension remained stable. 
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Table 2: Distribution of diagnoses on the waiting list and after transplantation, with and 
without prioritization. 
 
Diagnosis Waiting list (%) After 

transplantation (%) 
After 

transplantation 
prioritized (%) 

 Actual 
situation

simulation 
model 

actual 
situation

simulation 
model 

simulation 
model 

α1 AT-deficiency 20,9 22,1 29,5 24,7 22,7 
COPD/Emphysema 17,6 17,2 20,5 21,2 17,9 
Bronchiectasies 6,2 6,3 9,0 6,7 6,5 
Primary Pulm. Hypertension 11,4 10,7 9,0 10,3 10,9 
Secondary Pulm. Hypertension 9,2 9,2 3,3 8,4 8,4 
Cystic Fibrosis 21,6 21,1 17,2 18,4 21,5 
Pulmonary Fibrosis 11,4 11,6 11,5 10,3 12,1 

The category ‘other’ is not mentioned in this table because in this category no transplantation 
has been performed. 
 
 
Discussion: 
 
The results of the present study suggest that a more equitable allocation of donor organs is 
possible using a diagnosis dependent correction factor on the waiting list. In many centres 
waiting time plays an important role in the allocation of donor lungs. With increasing waiting 
times caused by donor organ shortage, this will result in a strong bias in favour of patients 
who best survive on the waiting list. In the Dutch lung transplantation program mainly the 
patients with emphysema or α1 AT-deficiency take advantage of the allocation system based 
on blood group, height and waiting time. In our program, calculated over the period 1990-
1999, the proportion of patients with emphysema or α1 AT-deficiency amounted to 49.5% 
after LTx compared to 38.5% on the waiting list. International figures show the same trend1,3. 
Although emphysema is debilitating, mortality from this disorder may not be as high as from 
other indications for lung transplantation9. On the other hand, although these patients usually 
gain a limited survival benefit by LTx, their quality of life increases substantially10. 
Conversely, patients with rapidly progressive diagnoses like cystic fibrosis, primary 
pulmonary hypertension and pulmonary fibrosis represent a combined percentage of only 
37.7% after transplantation compared to 44.4% on the waiting list. These patients nevertheless 
have the highest survival benefit by LTx7, 11. Because of this imbalance, we explored the 
possibilities of prioritization of patients with the most life threatening diseases in a simulation 
model. 
Although the simulation model is moulded to reality as much as possible, the model has a 
distribution of diagnoses on the waiting list and after transplantation (without prioritization) 
which differs slightly from the actual numbers from the Dutch LTx program. The observed 
difference between model and reality concerning the diagnoses of transplanted patients has a 
number of possible explanations. First, the simulated transplantation program spans a greater 
number of years than the actual program has done so far. Second, the model works with strict 
algorithms, which cannot account for changes in clinical policy or diagnose-specific changes 
that determine the chance of transplantation, such as the influence of lung volume reduction 
surgery for COPD/emphysema and prostacyclin for the treatment of pulmonary 
hypertension12. This may explain the different percentages of patients with pulmonary 
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hypertension in our actual program and the simulation model, both on the waiting list and 
after transplantation. 
Although a number of criteria are applied to determine whether a patient should be placed on 
the waiting list, some of these criteria leave room for interpretation. Therefore, one might 
argue that an allocation system based on waiting time could be manipulated by placing certain 
patients or patient groups on the waiting list in an earlier phase of the disease. However, 
although listing patients in an earlier phase will increase the chance of lung transplantation for 
these patients, the survival gain from transplantation will decrease. From a cost-effectiveness 
perspective, this is an undesirable development. Moreover, the length of the waiting list will 
increase, with an inherent number of practical bottlenecks.  
In setting criteria for placement on the waiting list, a major problem with the present 
predictors of mortality is that they seem to take little account of the rate of deterioration in the 
months up to listing for transplantation. Patients with the same diagnoses have often a quite 
variable natural history. For instance, patients with idiopathic pulmonary fibrosis may 
deteriorate and die within just a few months and others may live for many years with an 
indolent course. The optimal timing to place a patient on the waiting list is therefore very 
difficult. Although the model has some limitations, a mathematical approach as presented 
here seems a fair option because in this approach all diagnosis categories fulfil the criteria for 
placement on the waiting list and have an equal chance for transplantation. 
The decision whether a patient is listed for unilateral or bilateral transplant depends on the 
original lung disease and the presence of recurrent infections. In the simulation model, the 
type of transplantation was not taken into account because this would not influence the 
principle and the results of the simulation in the Dutch situation. However, in practice the type 
of transplantation is of importance and would influence the results if two recipients were 
transplanted with lungs from one donor.  
The operational simulation of waiting list priorities which has been developed showed the 
desired effect of an increase of the number of transplantations in the prioritized diagnoses and 
a decrease in the non-prioritized diagnoses. It is possible to extrapolate these effects to the 
actual situation. Moreover, it is clinically feasible as long as the waiting list is frequently 
updated. 
After implementation of prioritization factors, it is of importance to keep an eye on the 
distribution of diagnoses both on the waiting list and after transplantation. This distribution 
could change in time for instance because of new therapies for patients on the waiting list.  
The proposed simulation model is also applicable to other lung transplantation programs. 
Therefore, the survival and relative risks on the waiting list for the different diagnosis 
categories have to be calculated based on their own empirical data have to be calculated and 
applied to the simulation model.  
Although there are also ethical aspects to prioritization, the current situation is unequitable 
and therefore justifies intervention. Prioritization is aimed at improving the equitable 
distribution of donor organs, but overcorrection should be avoided. 
Within the framework of our cost-effectiveness study, prioritization of diagnoses with a rapid 
progression also has a positive effect on the cost-effectiveness of lung transplantation. The 
cost-effectiveness will improve since the survival gain of the patients with prioritized 
diagnoses is larger than for patients with non-prioritized diagnoses.  
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Conclusion: 
The simulated system of diagnosis dependent prioritization is a clinically feasible method 
resulting in a more equitable distribution of transplantations for elective patients on the 
waiting list. Although there are also ethical aspects to prioritization, some intervention in the 
current situation seems justified.   
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Abstract:  
 
Introduction: Height is used in allocation of donor lungs as an indirect estimate of thoracic 
size. Total lung capacity, determined by both height and gender, could be a more accurate 
functional estimation of thoracic size. We retrospectively evaluated size matching criteria 
based on height versus predicted total lung capacity, and evaluated if a total lung capacity 
mismatch was related with clinical and functional complications.  
Methods: The ratio of donor and recipient height, as well as the ratio of predicted total lung 
capacity of donor and recipient were calculated in 80 patients after bilateral lung 
transplantation. Complications evaluated were persistent atelectasis, persistent pneumothorax 
and increased number of days on intensive care, occurrence of bronchiolitis obliterans 
syndrome and limitation of exercise capacity.  
Results: Median height donor/recipient ratio was 1.01 (0.93-1.12). Median predicted total 
lung capacity donor/recipient ratio was 1.01 (with a clearly broader range 0.72-1.41). Neither 
gender mismatch nor total lung capacity mismatch was related with clinical or functional 
complications.  
Conclusions: Allocation of donor lungs based upon height alone leads to a substantial 
mismatch in total lung capacity caused by gender mismatch. The absence of complications 
suggests that a greater height donor and recipient discrepancy can be accepted for allocation 
than previously assumed.  
 
 
 
 
 

 
32 
 



 
 
  Chapter 3  
Introduction: 
 
Size matching in lung transplantation (LTx) has been performed in the past by measuring the 
submammary thoracic perimeter 1 2, by matching chest X-rays3 4, anthropometry, weight 5, 
predicted lung size6, and height. None of these methods warrant an appropriate lung size with 
respect to the size of the thoracic cage. The best approach to donor-recipient (D/R) size 
matching has not been determined so far. 
In general, allocation of donor lungs is primarily based on blood group and height. Height 
mismatch may sometimes preclude allocation. The effect of the anatomic difference in shape 
of the thoracic cavity between males and females on the possible permitted height mismatch 
is unknown. It may be expected that size matching based upon height only will be associated 
with discrepancies in estimated thoracic size in case of a gender mismatch. A female recipient 
will receive a greater lung from a male donor although the height of donor and recipient is 
equal. Similarly, a male recipient will receive a smaller lung from a female donor although 
height of donor and recipient is equal. Total lung capacity (TLC) depends on height and 
gender and may thus be regarded as a more accurate, functional estimation of thoracic size. 
In the present study size matching based on height versus size matching by both height and 
gender were retrospectively evaluated by calculating ratios of height D/R as well as ratios of 
predicted TLC D/R.  Since an increased range of ratios of predicted TLC was expected, we 
investigated whether these size discrepancies have lead to clinical and functional 
complications.  
 
 
Methods: 
 
Patients: 
Ninety-six bilateral lung transplantations (BLTX) were performed between November 1990 
and September 1998 in the Groningen University Hospital. The predicted TLC of all donors 
and recipients was calculated using the regression equations of the European Respiratory 
Society 7 8.  
For men: TLC predicted = 7,99H - 7,08.   
For women: TLC predicted = 6,60H - 5,79. 
(H: standing for height (m))  
These equations apply for persons of Caucasian descent, in the age range between 18 and 70 
years, and a height between 1.55 - 1.95 m (men) or 1.45 - 1.80 m (women).  
 
Size-matching: 
The degree of height matching was defined as the ratio of donor and recipient height (height 
D/R). The degree of thoracic size matching was defined as the ratio of donor and recipient 
predicted TLC (TLC D/R).  
 
Clinical and functional complications: 
The range of predicted TLC is, by definition determined by gender mismatching. Three 
cohorts of patients were defined according to the predicted TLC ratios: a gender matched 
group: male (M) to male and female (F) to female (group1), and two gender mismatched 
groups: M to F (group 2) and F to M (group 3). Possible clinical complications of thoracic 
size mismatching were separated in short-term and long-term complications. Short-term 
complications included an extended number of days on intensive care, persisting atelectasis 
and persisting pneumothorax. Atelectasis and persisting pneumothorax were defined as 
defects that originated directly on the first chest X-ray after LTx and still present after one 
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week. Long-term clinical complications were defined as a decreased maximum exercise 
capacity 6 and 12 months after LTx in a gender mismatch group and early occurrence of 
bronchiolitis obliterans syndrome (BOS) compared to the gender match group. BOS grade 1 
was defined as a persisting decline of FEV1 <80% of the mean of the two best FEV1-values, 
with or without changes in histology (i.e. grade 1A or 1B according to International Society 
for Heart and Lung Transplantation criteria for the classification of BOS9).  
 
Statistical analysis: 
An increased occurrence of a persisting atelectasis in case of a M to F match (relatively larger 
lungs in a smaller thoracic cavity) and persisting pneumothorax in case of a F to M match 
(relatively smaller lungs in a larger thoracic cavity) was analysed by a chi-square test. The 
relation between thoracic size mismatch and increased number of days on the intensive care 
and decreased exercise capacity was calculated by analysis of variance (one-way ANOVA). 
Occurrence of BOS in the three gender (mis)match groups was analysed using Kaplan-Meier 
survival estimates. A possible relation between gender or TLC mismatching and early 
occurrence of BOS was investigated by a log rank test. P-values<0.05 were considered 
statistically significant. 
 
Table 1: Patient characteristics 
 
 Donors Recipients 

Number of patients 80 80 

Gender M 49 / F 31  M 50/ F 30  

Age (median, range) 36 (18-54) 45 (20-64) 

Height (median, range) 1.75 (1.55-1.95) 1.74 (1.55-1.94) 

Diagnosis of the recipient: n 

- Bronchiectasis 7 

- Bronchiolitis obliterans syndrome 2 

- Chronic obstructive pulmonary disease 16 

- Emphysema due to alpha-1-antitrypsin-deficiency 29 

- Cystic fibrosis  16 

- Idiopathic pulmonary fibrosis 6 

- Eisenmenger syndrome 4 

 
 
 
Results: 
 
Twelve patients were excluded with a donor age below 18 years, 2 patients with a height 
outside the ranges, and 2 patients with a combination of age and height outside the ranges 
applicable for the regression equations of the ERS. Thus, 80 patients were included in the 
study (characteristics are given in table 1). Height and gender distribution for donor and 
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recipients were similar. The median age of the recipient group was 9 years higher compared 
to the donor group caused by a relatively high percentage of patients with emphysema.  
The median height D/R ratio was 1.01 (range 0.93-1.12) (table 2). These ranges were centred 
around 1 in all four possible gender combinations. A similar observation was made for ranges 
based on predicted TLC for groups, which were gender matched. However, in the groups with 
gender mismatch, TLC D/R ratio was larger than 1 in case of a male donor and a female 
recipient and below 1 in case of female donor and a male recipient. The median predicted 
TLC D/R ratio was 1.01 (range 0.72-1.41). This difference in range between the height ratio 
and the TLC-ratio is therefore caused by gender mismatch.  
Gender mismatch or TLC- mismatch was not accompanied with significant increased clinical 
or functional complications (table 3) nor differences in freedom from BOS (p=0.590)(figure 
1). During transplantation, the size match seemed satisfactory in all patients. No mechanical 
difficulties were observed and no pneumoreduction procedures were performed during 
transplantation. 
 
 
Table 2: Actually accepted height ratios and predicted TLC ratios for the different gender 
combinations. Notice the differences in predicted TLC caused by gender mismatch (D= 
donor, R= recipient).  
 
 Male D → 

Male R 
(n=39) 

Female D → 
Female R 
(n=20)  

Male D → 
Female R 
(n=10)  

Female D →  
Male R 
(n=11) 

Actually accepted range 
in height D/R ratio 

 
0.93-1.12 

 
0.96-1.10 

 
0.98-1.08 

 
0.93-1.03 

Calculated range in TLC 
D/R ratio 

 
0.87-1.26 

 
0.92-1.23 

 
1.15-1.41 

 
0.72-0.89 

 
 
Table 3: Comparison of clinical complications between the 3 cohorts: gender match M→M 
and F→F, gender mismatch M→F and gender mismatch F→M.  
 
Clinical or functional complication Signi-

ficance 
(p=) 

M→M and 
F→F 
n=59  

M→F 
n=10 

F→M 
n=11 

Cases with persisting atelectasis >1 week (n, %) 0.373 5     8.5% 0    0% 0    0% 
Cases with persisting pneumothorax > 1 week (n, %) 0.592 4     6.8% 1   10% 0    0% 
Number of postoperative days on intensive care unit 0.088 11 19 15 
Mean exercise capacity 6 months after LTx (Watt) 0.264 71 59 57 
Mean exercise capacity 12 months after LTx (Watt) 0.183 85 71 61 
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Figure 1: Gender (mis) match and freedom from bronchiolitis obliterans syndrome (BOS) 
after lung transplantation (LTx).    
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Discussion: 
 
This study showed that allocation of donor lungs based upon height leads to substantial 
mismatch in Total Lung Capacity, which is mainly caused by gender mismatch. This 
mismatch in TLC does not lead to early and late clinical and functional complications. The 
study showed that for precise size matching, allocation on height alone is not sufficient in 
case of gender  
mismatch, but the absence of complications also suggest that a wider range of height 
matching could be possible in the gender matched and gender mismatched groups. 
An accurate estimate of possible permitted height mismatch for the different gender 
combinations without occurrence of clinical and functional complications cannot be given. A 
study to explore possible permitted size mismatching more quantitatively would require more 
observations of complications. Such a study is clearly not possible. In clinical practice, 
mismatch in TLC is often avoided by using smaller male donors for female recipients and by 
using larger female donors for male recipients. However, our data suggest that more leniency 
in height mismatching is possible, predominantly in the case of gender matching. In case of a 
male to female match, a lower donor height and in case of a female to male match a higher 
donor height may be possible. On the other hand, in case of a male to female match, prudence 
is called for lower recipient (or higher donor) heights and for higher recipient (or lower donor) 
heights in case of a female to male match.  
Early experience suggested that donor lungs too large for the recipient’s thoracic cavity 
resulted in atelectasis and impaired ventilation, resulting in frequent infections10. Size 
matching is therefore limited and sometimes pneumoreduction by a surgical stapler is 
necessary in case of excess volume.  
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Outcome measures of size mismatching are hard to define. The early and late complications 
mentioned like pneumothorax, atelectasis, an increased number of ICU days and exercise 
capacity are determined by many factors. These parameters however are a reasonable choice 
to define size mismatch as outcome measures.  
One of the investigated long-term functional complications was the possible relationship 
between the occurrence of BOS and TLC-mismatching or gender mismatch. This syndrome is 
believed to be an immunologic process and not related with size matching. In a recent study 
however, a relationship between gender mismatch and graft survival after LTx has been 
suggested11. Especially male donors and female recipients had a poor prognosis with respect 
to graft function possibly caused by the difference in thoracic size between male donors and 
female recipients. 
The fact that no differences in clinical complications were found between the three gender 
(mis) matched groups must be interpreted with caution. In descriptive studies, as presented 
here, it is not always possible to choose the optimum group sizes for avoiding a type II error. 
However, with the given group size, a difference of 30% in occurrence of complications 
would have been detected.  
Allocation using the predicted TLC D/R was studied as a concept in patients after bilateral 
lung transplantation. The value of this method and the possible range in TLC for single lung 
transplantation recipients must be studied in the future. Exceptions for using the predicted 
TLC are recipients with a restrictive lung disease. In these patients, donor lungs should be 
selected with great caution because of the small thoracic cavity of the recipient due to their 
underlying disease. In practice, this means that height of the donor should not exceed height 
of the recipient. Parenchymal injury, obstruction, repeated infections and even 
pneumoreduction could be a consequence.  
The regression equations we used apply for a certain range in height, age and Caucasian race. 
Predicted values for the TLC for children above age of 5 years can be calculated with special 
regression equations developed for children based on TLC-He measurements 12. Conversion 
factors for calculation predicted values of people of other ethnic groups for adjusting 
European reference values are applicable13. Predicted lung size of a person of other or mixed 
racial origin is intermediate between that of the parents14.    
Due to donor organ shortage, most lung transplantation centres have long waiting lists. 
Therefore, donor lungs can usually be allocated. However, in case of a special blood group, 
special height or in case of seriously ill patients on a special urgency waiting list, height 
mismatch may preclude proper allocation. This study suggests that increased ranges in height 
for allocation of donor lungs are permitted which may have impact for allocation of donor 
lungs for patients with special blood group, special height or urgent patients.  
 
 
References: 

1. Noirclerc M, Shennib H, Giudicelli R, et al. Size matching in lung transplantation. J Heart 
Lung Transplant 1992; 11(4Pt2): S203-8 
2. Massard G, Badier M, Guillot C, et al. Lung size matching for double lung transplantation 
based on the submammary thoracic perimeter. Accuracy and functional results. The Joint 
Marseille-Montreal Lung Transplant Program. J Thorac Cardiovasc Surg 1993; 105:9-14 
3. Hakim M, Higenbottam TW, Bethune D, et al. Selection and procurement of combined 
heart and lung grafts for transplantation. J Thorac Cardiovasc Surg 1988; 95:474-9 
4. Harjula A, Baldwin JC, Starnes VA, et al. Proper donor selection for heart-lung 
transplantation. The Stanford experience. J Thorac Cardiovasc Surg 1987; 94:874-880 

 
37 
 



 
 
  Chapter 3  

 
38 
 

5. Griffith BP, Hardesty RL, Trento A, et al. Heart-lung transplantation: lessons learned and 
future hopes. Ann Thorac Surg 1987; 43:6-16 
6. Miyoshi S, Schaefers HJ, Trulock EP, et al. Donor selection for single and double lung 
transplantation: chest size matching and other factors influencing post transplantation vital 
capacity. Chest 1990; 98:308-13 
7. Roberts CM, Macrae KD, Winning AJ, et al. Reference values and prediction equations for 
normal lung function in a non-smoking white urban population. Thorax 1991; 46:643-50 
8. Ghio AJ, Crapo RO, Elliot CG. Reference equations used to predict pulmonary function. 
Survey at institutions with respiratory disease training programs in the United States and 
Canada. Chest 1990; 97:400-3 
9. Cooper JD, Billingham M, Egan T, et al. A working formulation for the standardization of 
nomenclature and for clinical staging of chronic dysfunction in lung allografts. International 
Society for Heart and Lung Transplantation. J Heart Lung Transplant 1993; 12:713-6 
10. Egan TM, Thompson JT, Detterbeck FC, et al. Effect of size (mis)matching in clinical 
double-lung transplantation. Transplantation 1995; 59:707-71 
11. Love RB, Meyer KC, Devito-Haynes LD, et al. Effect of HLA-DR mismatch on lung 
transplant outcome. J Heart Lung Transplant 2001; 20:177 
12. Cook CD, Hamann JF. Relation of lung volumes to height in healthy persons between the 
ages of 5 and 38 years. J Paediatr 1961; 59:710-4 
13. Cotes JE. Lung function: Assessment and application in medicine. Oxford: Blackwell 
scientific publications; 1993 
14. Miller GJ, Saunders MJ, Gilson RJC, et al. Lung function of healthy boys and girls in 
Jamaica in relation to ethnic composition, test exercise performance and habitual physical 
activity. Thorax 1977; 32:486-496 
 

 

 



 
 
  Chapter  4 

 
 
 
 
 
 
 
 

Bronchiolar airflow impairment after lung transplantation:  
 

an early and common manifestation. 
 

 
 
 
 

J.P. Ouwens, T.W. van der Mark, G.H. Koëter, W. J. de Boer, 
 

R.G. Grevink  and W. van der Bij. 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Accepted: Journal of Heart and Lung Transplantation 

 
39



 
 
  Chapter  4 
Abstract: 
 
Background: Bronchiolitis obliterans syndrome (BOS) is the major limitation to long term 
survival after lung transplantation (LTx). We studied extent and frequency of airflow 
limitation after LTx and its value for the diagnosis of BOS. 
Methods: Flow-volume measurements were analysed retrospectively in 36 recipients of a 
bilateral LTx, with a median follow-up of 32.9 months. The prevalence and onset of a decline 
of FEV1, FEF25, FEF50, FEF75 and MMEF 75/25 were evaluated and subsequently related to the 
occurrence of BOS grade 1.  
Results: BOS grade 1 was diagnosed in 16 recipients at a median of 218 (range 88-1007) 
days after LTx. A persistent and significant decrease in FEV1, FEF25, FEF50, FEF75 and 
MMEF75/25 was observed in 23, 24, 30, 32 and 29 patients, respectively. In those patients 
developing BOS during follow-up this decrease was determined at 147 (55-657), 130 (78-
932), 110 (21-573), 103 (32-657) and 121 (32-657) days after LTx  (p<0.0005) respectively. 
The respective predictive values of these parameters for the occurrence of BOS grade 1 
(within 120 days) were 88%, 60%, 50%, 35% and 41%. 
Conclusion: Bronchiolar dysfunction is a common and early finding after LTx. The decrease 
of FEV1 in BOS is significantly preceded by a decrease of bronchial airflow. Airflow markers 
may be used as an early warning sign for the development of BOS, although their predictive 
values are moderate. 
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Introduction: 
 
Lung transplantation (LTx) is an accepted therapeutic option for patients with an end-stage 
lung disease1. The main cause of late morbidity and mortality after LTx is bronchiolitis oblite-
rans syndrome (BOS)2. This syndrome is physiologically characterized by a progressive 
decline in lung function. Once started, BOS is usually an ongoing process leading to airflow 
limitation and later on to respiratory failure. The precise pathogenesis is unknown but experi-
mental and clinical evidence suggests an immune mediated process3. Histologically BOS is 
characterized by fibrous submucosal scarring of the terminal and respiratory bronchioli, 
resulting in complete or partial obstruction of the lumen (obliterative bronchiolitis (OB))4.  
Decline of lung function is the most common sign of OB5. The forced expiratory volume in 
one second (FEV1) is widely accepted as the indicator of pulmonary graft dysfunction6. This 
parameter is a general measure of airway function comprising both small and large airways. 
More detailed evaluation of the lung function after LTx can be achieved by flow-volume 
measurements. Flow-volume curves in patients developing BOS after LTx usually show a 
concavity of the expiratory part, due to a decrease of the mid- and end-expiratory flow7. 
Functional markers of the large, intermediate and small airways in flow-volume 
measurements are the forced expiratory flow after 25%, 50%, 75% of the forced vital capacity 
and the maximal mid- expiratory flow rate between 25% and 75%: FEF25, FEF50, FEF75 and 
MMEF75/25 respectively8 9.  
Previous studies have suggested the usefulness of markers other than the FEV1 as functional 
indicators of OB10 11. An isolated decrease of the FEF75 with normal FEV1 is considered as a 
sensitive test for detecting small airway diseases like early abnormalities in asymptomatic 
smokers or in early emphysema. Also decline in small airway function as a precursor to BOS 
is widely acknowledged. However, most of this information arises from case studies7 and 
little quantitative information is available regarding earlier detection of BOS.  
In the present study the value of flow markers, representing the large, intermediate and small 
airways (FEF25, FEF50, FEF75 and MMEF75/25) after lung transplantation were studied 
retrospectively in relation to FEV1 and the development of BOS.  
 
 
Materials and methods: 
 
For the purpose of this study all flow-volume measurements of 36 patients were evaluated. 
From December 94 till May 98, 62 patients underwent a lung transplantation in the University 
Hospital Groningen. Twenty-six patients were excluded: 7 recipients of a single LTx, 4 
patients with endoscopically significant airway pathology, 9 patients with a follow-up of less 
than 3 months after transplantation (e.g. due to early death), 5 patients with a still increasing 
FEV1 after transplantation, and 1 patient with continuous infectious sequella. 
All patients received immunosuppression induction with usually 3 courses of rabbit-anti-
thymocyte globulins (Thymoglobulin® (Merieux, Lyon, France), 3 mg/kg intravenously) and 
orally cyclosporine administered to reach whole blood trough levels of 400 µg tapered in 3 
weeks after transplantation to 150 µg (measured by high pressure liquid chromatography), 
azathioprine (1-3 mg/kg) and prednisolone 15 mg daily. Herpes and pneumocystis carinii 
prophylaxis was given. 
The transplant function was monitored by flow-volume measurements: 2-3 times weekly 
during hospitalisation, in the outpatient setting weekly during the first 2-3 months after LTx, 
thereafter tapering to a minimum frequency of once every 3 months. These measurements 
were performed using a heated pneumotachograph (Masterscreen, E.Jaeger Würzburg, 
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Germany), according to standard guidelines12. Subjects did not use bronchodilators within 12 
hours before the measurements. 
Protocol bronchoscopies were performed once during the first month after LTx and every 6 
months during the first 2 post-operative years and on clinical indication. 
Since lung transplantation patients were not expected to show the same variation in flow-
volume values as in the normal population, the intra-individual variation of these parameters 
was determined in patients who did not develop BOS. The coefficient of variation (Vcoef) of 
the FEV1, FEF25, FEF50, FEF75 and MMEF75/25 was calculated from flow-volume values in a 
period of stable lung function without infection or acute rejection, using data from 20 patients 
based on 18 measurements (mean) during at least one year. Subsequently, a lower limit 
percentage for each of the parameters was calculated by the formula (100 - 1.64*Vcoef)%, the 
factor 1.64 being the lower 5th percentile of the normal distribution. Therefore, in case a lung 
function value falls below this calculated lower limit, the probability that this decrease is by 
chance is less than 5%. A persistent decline in any parameter was defined as a decline below 
the lower limit for more than 3 successive measurements. 
BOS was defined as a persisting decline of FEV1 <80% of baseline, with or without histologic 
changes  (i.e. grade 1A or 1B according to ISHLT-criteria). The calculated baseline values for 
FEV1, FEF25, FEF50, FEF75 and MMEF 75/25 were similarly defined as the average of the 
highest two values three to six weeks apart after LTx.  
FEFx values are dependent on lung volume. To ensure that the FEFx values were measured at 
the same lung volume, comparison of intra-individual FEFx values were only made when the 
forced vital capacity (FVC) did not differ more than 5%. 
The lower limit of the usual variation of each pulmonary function parameter was determined 
by multiplying the above-mentioned lower limit percentage with the baseline values calcu-
lated for all individual patients. Onsets of a persistent decline of the respective lung function 
markers below the lower limit values were plotted for each patient, and compared with the 
onset of BOS grade I. 
Differences in onset of a significant decline (i.e. below the lower limit) of the lung function 
values were assessed by the Kendall coefficient of concordance. In the case of a statistically 
significant difference, the Wilcoxon signed-rank test was used to compare 2 groups. P-values 
<0.05 were considered significant. 
In order to investigate their diagnostic power in relation to BOS grade I, positive predictive 
values of all evaluated flow markers were analysed. 
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Results: 
 
The 36 patients studied were divided in patients with BOS (16) and patients without BOS (20) 
(table 1). The median follow-up of the total group was 32.9 months.  
The mean values of the Vcoef in the non-BOS group of FEV1, FEF25, FEF50, FEF75 and  
MMEF75/25 were 4.0%, 7.4%, 9.8%, 14.9% and 10.7%, respectively. These values are 
comparable with the variation in the normal population. The lower limits of FEV1, FEF25, 
FEF50, FEF75 and MMEF 75/25 were 93.3%, 87.9%, 84.0%, 75.6% and 82.4%, respectively, of 
the baseline value. The median follow-up of the non-BOS group was 37.7 months. 
 
 
Table 1: Patient characteristics 
 
 BOS group non-BOS group 
Number of patients 16 20 
Gender m 8 / f 8 m 11 / f 9 
Age (median, range) 41 (12-64) 43 (22-60) 
FEV1 baseline (median, SD) 2,84 (0,62) 3,54 (1,24) 
Diagnosis   
Chronic obstructive pulmonary disease 1 4 
Emphysema due to alfa1-antitrypsin-deficiency 5 11 
Bronchiectasies 3 1 
Cystic fibrosis 5 2 
Idiopathic pulmonary fibrosis 2 1 
Eisenmenger syndrome 0 1 
Maximal BOS stage during follow-up 1a:   3 

1b:   0 
2a:   1 
2b:   3 
3a:   2 
3b:   7 

N.A. 

 
 
A persistent and significant decrease in FEV1, FEF25, FEF50, FEF75 and MMEF75/25 was 
observed in 23, 24, 30, 32 and 29 patients, respectively. FEV1 in 7 patients was below their 
individual lower limit but did not reach the 20% fall in FEV1 required for the diagnosis of 
BOS grade 1. The proportion of patients maintaining a stable pulmonary function for the 
FEF75 (i.e. not descending under the lower limits) and occurrence of BOS in relation to time 
after LTx is given in figure 1. In the BOS group, BOS grade 1 was diagnosed 218 (88-1007) 
days after LTx (median, range). A persistent decrease of FEV1, FEF25, FEF50, FEF75 and 
MMEF75/25 below their lower limits however was observed at 147 (55-657), 130 (78-932), 
110 (21-573), 103 (32-657) and 121 days (32-657) after transplantation, respectively. A 
significant difference in days after LTx between the groups was observed (Kendall’s W-test, p 
< 0.0005). Subsequent comparison between the onset of BOS grade 1 and onsets of a 
significant decrease of each of the flow-volume markers again showed significant differences 
(p < 0.001, Wilcoxon).  
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Figure 1: The proportion of patients maintaining a stable pulmonary function (i.e. not de-
scending under the lower limits of the respective markers) over time after LTx. 
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The FEF75 was the first parameter with a decline below the lower limit in 10 out of the 16 
patients (example in figure 2). 
Finally, the value of a significant decline of the respective flow-volume markers to predict the 
occurrence of BOS grade 1 within a subsequent period of 120 days, was assessed (table 2).  
A significant decline of the FEF75 was available in 29 patients, of whom 10 developed BOS 
grade 1 within the subsequent 120 days (positive predictive value (PV+): 34.5%). Four 
patients had no decline below the lower limit value. Three patients were not available due to 
insufficient follow up (<120 days) in this data set. Patients without a decline below the lower 
limit did not develop BOS grade 1A or 1B within a subsequent period of 120 days. Decline 
below the lower limit of FEV1 showed the highest positive predictive value (88.2%). 
Intermediate values of the PV+ were found for the other markers. 
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Table 2: Persistent declines below the lower limit and positive predictive values for develop-
ment of BOS grade 1 within 120 days after this decline. 
 
 
Functional marker 

 
BOS grade 

1 

 
FEV1 

 
FEF25 

 
FEF50 

 
FEF75 

 
MMEF-

75/25 
 
Lower limit 

 
 80* 

 
93.3 

 
87.9 

 
 84.0 

 
75.6 

 
82.4 

 
Onset** 

 
218 

 
147 

 
130 

 
 110 

 
103 

 
121 

 
Positive predictive 
value 
(evaluable 
patients***) 

 
100% 

 
88.2% 
(17/23) 

 
60.0% 
(20/24) 

 
50.0% 
(22/30) 

 
34.5% 
(29/32) 

 
40.7% 
(27/29) 

*) by definition  
**) onset of BOS grade 1 and a persistent decline of flow values below the lower limit (median 

values, days after LTx) 
***) patients with a persistent decline below the coefficient of variation / total number of patients 
with a sufficient follow-up of at least 120 days in the present data set 
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Discussion: 
 
The present study indicates 1) that the majority of LTx recipients will, in due time, develop 
pulmonary dysfunction, as defined by all markers tested here, and 2) that the diagnosis of 
BOS and a persistent decrease of FEV1 is preceded by persistent decreases of expiratory flow. 
The data described here suggest that earlier detection of BOS is possible, using the decline of 
flow measurements. 
Chronic lung transplant dysfunction or bronchiolitis obliterans syndrome is the most impor-
tant impediment to long term survival after lung transplantation. The condition is often 
progressive in spite of the usual approach of augmentation or conversion of immunosuppres-
sion. Current efforts are directed at delineation of the pathophysiology of this heterogeneous 
syndrome and at the development of early diagnostic and prognostic markers. Target areas of 
research are immunohistology, broncho-alveolar lavage studies and studies of functional 
markers. 
Patterson et al. suggested that a decline in MMEF75/25 to <70% of predicted could be used to 
define the clinical onset of OB 10. This parameter appeared to be a more sensitive index than 
20% decline in FEV1. Reynaud-Gaubert et al.13 found similar differences in days after LTx in 
MMEF75/25 compared to the decline in FEV1 as in the present study, although not statistically 
significant. In addition these authors state that the slope of the single breath nitrogen wash-out 
curve is a better indicator. However, the number of days after LTx at the time a significant 
change took place, is in the same order of magnitude as the results of the present study using 
FEF75. 
In our study, first the Vcoef for the different lung function parameters was calculated from a 
group of LTx recipients without BOS, in order to avoid improper extrapolation from the 
normal population. Higher values for the Vcoef were expected because patients after LTx are 
more susceptible for infection due to the combination of immunosuppression, denervation of 
the allograft, decreased mucociliary clearance and a disrupted lymphatic drainage. The ob-
served variations, however, appeared to correspond with those found in healthy volunteers14 15 

16 17.  
The baselines of the small airway markers were calculated in the same way as the FEV1 
baseline values according to the ISHLT-criteria for the grading of BOS. It has been observed 
that these values are sometimes abnormally high in the early post-operative period in patients 
after bilateral lung transplantation, though not described in literature. A possible source of 
error may occur since decrease from this high value may not be as important as a decrease in 
FEV1. 
As it is clear from our clinical experience, more than 40% of the LTx recipients will develop 
BOS grade I or higher within 4 year after LTx. An arbitrary, but clinically useful follow-up 
period of 120 days was chosen to calculate positive predictive values for the occurrence of 
BOS grade 1 after a significant decline of the respective flow markers.  
Using the lower limit of the FEV1, in the present study calculated as 93.3% of baseline, an 
early diagnosis of BOS grade I seems possible by 71 days. A persistent decline below this 
lower limit showed a positive predictive value for developing BOS grade 1 within 120 days of 
almost 90%. These data suggest that the generally accepted 20% decline in FEV1 for the 
diagnosis of BOS is probably a conservative criterion. From a clinical perspective, a 
significant decline of FEF75 may be used as an early warning sign for the development of 
BOS. However, the clinician should be aware that the probability of developing BOS within 
120 days is approximately 35%. Obviously, a gain in early diagnostic potential is lost in a 
diminished positive predictive value. In practice, the composite finding of declining values of 
FEF75 and FEV1 may urge additional diagnostic procedures including transbronchial biopsies 
to obtain insight in the cause of transplant dysfunction. The role of flow-volume 
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measurements should be of more importance in the search for early signs of BO. It is an easy, 
cheap and non-invasive method in contrast with obtaining histology or very sophisticated lung 
function tests. Our results show that absence of decrease in pulmonary function makes 
invasive diagnostic procedures to detect BO(S) unnecessary.  
A diagnostic approach, using bronchoscopy based on declining values of FEF75 and FEV1 
below the coefficient of variation will be subject to further study on early intervention of BOS 
and on survival and cost-effectiveness.  
In conclusion, ongoing decline of pulmonary flow 1) is a common finding after LTx,  
2) significantly precedes a decrease of FEV1 or the onset of BOS, and 3) may be used as an 
indication for performing invasive diagnostic procedures. 
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Abstract: 
  
Background: A decrease of FEV1 as a diagnostic criterion for BOS in case of single lung 
transplantation might be significantly influenced by the presence of the native lung. In order 
to dissect the relative contribution of both graft and native lung to the FEV1, the diagnostic 
value of a combination of FEV1-measurements and ventilation scintigraphy in pulmonary 
dysfunction after single lung transplantation was investigated retrospectively in 11 recipients 
with pulmonary vascular disease, 3 with obstructive lung disease and 3 with restrictive lung 
disease.  
Methods: The function of the native lung, the graft, and subsequently, an adjusted grading of 
BOS were calculated by correction of the routine FEV1 measurements using linear 
interpolation of biannual lung ventilation scans.  
Results: The contribution of the native lung to the total FEV1 was slight (median: 9%) in 
recipients with obstructive disease compared to vascular (38%) and restrictive lung disease 
(27%). Adjustment of BOS grading was not useful in patients with obstructive disease. In the 
other patient groups the onset of the standard BOS grade 1 and the adjusted BOS grade 1 was 
at 220(127-1146) (median, range) and 836(184-3065) days, respectively.  
Conclusion: Ventilation scintigraphy is a useful adjunct in the (early) diagnosis of BOS in 
recipients of SLTX with vascular and restrictive lung disease.
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Introduction:  
 
Chronic graft failure or Bronchiolitis Obliterans Syndrome (BOS)1 is the major limitation of 
long-term survival after lung transplantation (LTX). The syndrome is defined as a decline of 
the forced-volume-in-one-second (FEV1) <80% of the individual FEV1 baseline2. While 
spirometry after bilateral LTX (BLTX) will measure volumes of both allografts as a whole, 
the FEV1 as a marker for BOS after single LTX (SLTX) might be significantly influenced by 
the presence of the native lung. In the initial working formulation the ISHLT committee ‘…. 
felt that the single staging system proposed should, for the time being, be applied to all lung 
transplant recipients ….’, irrespective of the type of LTX, or underlying disease2. 
However, an FEV1-measurement in a patient after SLTX could lead to overestimation of the 
actual graft function3, especially in those diagnoses where the FEV1 is well preserved and not 
the characteristic marker of disease. As a consequence, a significant decline of the FEV1, and 
thus the diagnosis of BOS, would be detected much later, unintentionally postponing 
decisions on the immunosuppressive regimen4. In the present retrospective study, the 
contribution of the FEV1 of the graft and the native lung to the total FEV1 was estimated using 
ventilation scintigraphy. Subsequently, its value in detection of graft dysfunction after SLTX 
was investigated. 
 
 
Patients and methods:  
 
Patients:  
Between November 1990 and April 1998, 21 patients underwent an SLTX in the University 
Hospital Groningen. Four patients died within 3 months after transplantation, due to primary 
graft failure (2 patients), hemoptysis (1 patient) and post-transplant lymphoproliferative 
disease (1 patient). Thus, 17 patients were studied (table 1): pulmonary vascular disease 
(PVD) in 11 patients, obstructive lung disease (OBS) in 3 patients, and restrictive lung disease 
(RES) in 3 patients. 
 
Patient management: 
All patients received immunosuppression induction with usually 3 courses of rabbit-anti-
thymocyte globulins (Thymoglobulin® (Merieux), 3 mg/kg). Maintenance 
immunosuppression consisted of cyclosporine (whole blood trough levels of 400µg tapered in 
3 weeks after transplantation to 150 µg, measured by high-pressure liquid chromatography), 
azathioprine (1-3 mg/kg daily) and prednisolone 0.2 mg/kg daily. Herpes simplex and 
pneumocystis carinii prophylaxis was given. Diagnostic follow-up was carried by regular 
pulmonary function measurements (see below) and bronchoscopies by protocol (i.e. during 
the first 6 weeks post transplant and every 6 months during the first 2 years post transplant) 
and when clinically indicated. 
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Table 1: Patient characteristics:  
 
Diagnosis category  Pulmonary 

vascular 
disease 

Restrictive 
pulmonary 

disease 

Obstructive 
pulmonary 

disease 
Number of patients 17 11 3 3 
Gender (male / female) 6 / 11 5 / 6 1 / 2 0 / 3 
Age (median, range) 40 (9-61) 36 (9-53) 47 (32-56) 58 (50-61) 
FEV1 pre-SLTX (l; median 
+ range) 

2,41 
(0,38-3,98) 

2,88  
(1,63-3,98) 

1,38 
(1,02-2,15) 

0,40  
(0,38-0,45) 

FEV1 pre-SLTX (% of 
predicted; median + range) 

82(13-113) 88 (61-113) 57 (40-62) 16 (13-17) 

Type of SLTX (left / right) 3 / 14 0 / 11 1 / 2 2 / 1 
FEV1 baseline (l; median, 
range) 

2,91  
(1,27-4,69) 

3,20 
(1,72-4,69) 

3,00 
(2,45-3,01) 

1,66 
(1,27-1,75) 

time to FEV1 baseline (days 
after LTX; median, range) 

143 
(28-943) 

151 
(71-943) 

145 
(127-385) 

45 
(28-57) 

Obliterative bronchiolitis 6 4 1 1 

 
 
Pulmonary function: 
The transplant function was monitored by spirometry: 2-3 times weekly during 
hospitalization, weekly in the outpatient setting during the first 2-3 months after 
transplantation, thereafter tapering to a minimum frequency of once every 3 months. These 
measurements were performed using a heated pneumotachograph (Masterscreen, E. Jaeger 
Würzburg), according to standard guidelines5. Subjects did not use bronchodilators within 12 
hours before the measurements. For the purpose of this study all spirometry measurements of 
the 17 patients were used in the study. 
 
Ventilation scintigraphy: 
The protocol included ventilation scintigraphy during pre-LTX screening and every 6 months 
after LTX. Ventilation scintigraphy was performed during inhalation of 81M-krypton gas 
(Cygne-Amersham, Eindhoven, The Netherlands)6. The patient was sitting in front of the 
gamma camera. Images of 200.000 counts were obtained. From the anterior and posterior 
views the level of radioactivity was calculated using a geometric mean technique. Values for 
the left and the right lung were expressed as percentage of the total lung radioactivity. 
 
Estimation of the function of the native lung pre- and post-LTX: 
To determine the value of ventilation scintigraphy for the respective lung diseases, the FEV1 
of the native lung before LTX was calculated by multiplying the ventilation percentage of the 
native lung pre-transplantation with the pre-LTX FEV1.  
The native lung function post-transplantation was calculated to show the influence of the 
native lung in time after LTX. The FEV1 of the native lung for the different native diseases 
post-transplantation was calculated every six months until 24 months after LTX by 
multiplying ventilation percentage of the native lung with the concomitant FEV1.   
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Combination of lung function and ventilation scintigraphy: 
For all FEV1-measurements performed in time after LTX an FEV1 adjusted for the graft only 
(FEV1 g) was calculated. FEV1-measurements were combined with ventilation scintigraphy -
percentages of the graft. Since the frequency and timing of both ventilation scintigraphy and 
FEV1-measurements were different, an actual ventilation percentage of the graft at the time of 
spirometry was retrospectively calculated using linear interpolation between the ventilation 
scan before and after the FEV1-measurement. Subsequently, FEV1 g was calculated by 
multiplying the FEV1 with the actual ventilation percentage of the graft at the time of 
spirometry. 
 
Standard BOS grade 1 versus adjusted BOS grade 1: 
Baseline values were defined as the average of the two previous highest consecutive FEV1-
measurements obtained three to six weeks apart. In the same way an adjusted FEV1-baseline 
for the graft only was calculated. 
BOS was defined as a persisting decline of FEV1 <80% of baseline, with or without histologic 
changes (i.e. grade 1A or 1B according to ISHLT criteria2 (standard BOS grading). The same 
criteria were used to calculate an adjusted BOS gradation (BOSg) for the graft only based on 
FEV1 g. The onset of BOS grade 1,2, and 3 was compared to the onset of BOSg grade 1, 2, 
and 3 respectively.  
 
Statistics: 
Differences in onset of BOS 1, 2 and 3 were assessed by the Wilcoxon signed-ranks test to 
compare 2 groups. P-values <0.05 were considered statistically significant. 
 
 
Results: 
The study comprised of 17 LTX recipients, with a median (range) follow-up of 1456 (277-
3277) days after LTX . 
Using the methodology as described the FEV1 of the native lung was estimated. As expected, 
the calculated FEV1 (median, range) of the native lung was only 0,24 (0,15-0,28) liters, i.e. 
9% (5-10) of predicted in patients with OBS. In patients with RES and PVD these values 
were higher: 0,92 (0,73-0,95) and 1,29 (0,69-2,01) liters, i.e. 38% (23-60) and 27% (18-39) of 
predicted, respectively.  
In general, the calculated FEV1 of the native lung remained stable for the three underlying 
diseases (figure 1). As expected, a certain dichotomy between RES and PVD versus OBS was 
seen.  
The suggestion that a decline in FEV1 after LTX is related to dysfunction of the graft is shown 
in figure 2 and 3. In the patients with RES and PVD, BOS grade 1 as determined 
conventionally was diagnosed in 9 patients, 836 (184-3065) days (median, range) after LTX.  
Figure 1: course of the post-LTX FEV1 of the native lung for the respective underlying 
diseases (median values). 
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Figure 3: ventilation scintigraphy before and after unilateral (right) lung transplantation in a 
patient developing BOS. The ventilation before (screening) and in the period directly after 
LTX was equally distributed in the right lung and the left lung (figure 3A and 3B). After the 
onset of BOS, the ventilation percentages of the graft and of the native lung are respectively 
decreasing and increasing in time (figure 3C and 3D).  
 
3A       3B  
 
 
 
 
 
 
 
 
 
3C       3D 
 
 
 
 
 
 
 
 
 
 
 
 
 
After adjustment for the influence of the native lung, BOSg grade 1 was diagnosed in 9 
patients, 220 (127-1146) days after transplantation, a difference of 616 days (p=0.018) (table 
2, patient nr. 4 as an example in figure 2). Four patients were classified as having developed 
BOS grade 2 using the standard grading, 8 patients using the adjusted grading. Only one of 
the patients after SLTX and with end-stage OB was classified as BOS grade 3 with the 
standard BOS-gradation compared to 5 patients as BOSg grade 3 with the adjusted grading. 
These latter patients were classified as BOS grade 1 or BOS grade 2. Not surprisingly, the 
numbers of patients with OBS developing BOS and the onsets of BOS and BOSg were 
similar. Figure 3 shows the changes in ventilation scintigraphy percentages in time after 
unilateral lung transplantation in a patient with PVD developing BOS. For the three diagnoses 
the overall FEV1 as a percentage of the conventional baseline at the onset of BOSg grades 1, 2 
and 3, respectively, is shown in table 3. 
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Table 2: Onset of BOS after SLTX: standard BOS grading versus adjusted BOS  grading 
(days after LTX). (PPH= primary pulmonary hypertension, SPH= secondary pulmonary 
hypertension, EAA= extrinsic allergic alveolitis, IPF= idiopathic pulmonary fibrosis, COPD= 
chronic obstructive pulmonary disease)  
 
 
Pat. nr. BOS 1 *) BOSg 1 BOS 2 BOSg 2 BOS 3 BOSg 3  
       Pulmonary vascular 

disease 
1 3065 127 -  **) 197 - 1037 PPH 
2 257 180 334 215 - 257 PPH 
3 291 204 - 291 - - PPH 
4 836 556 1261 836 - 1200 PPH 
5 184 176 - - - - PPH 
6 244 244 491 491 1091 778 PPH 
7,8 - - - - - - PPH 
9,10,11 - - - - - - SPH 
Totals 
 

6 6 3 5 1 4  

       Restrictive lung disease 
12 935 921 - 2525 - - EAA 
13 1146 1146 - 2194 - - EAA 
14 1277 220 1676 445 - 633 IPF 
Totals 
 

3 3 1 3 0 1  

       Obstructive lung disease
15 276 276 319 319 911 911 COPD 
16 1448 1448 - - - - COPD 
17 283 283 - - - - COPD 
Totals 
 

3 3 1 1 1 1  

  *)  BOS 1 = BOS grade 1 
**)  -  = not developed 
 
Table 3: Overall FEV1 as a percentage of the standard baseline at onset of BOSg grades 1, 2 
and 3, respectively. 

 BOSg 1 BOSg 2 BOSg 3 
Pulmonary vascular disease 88 78 69 
Restrictive lung disease 85 75 64 
Obstructive lung disease 82 68 55 
 
 
Discussion:  
The present retrospective study was carried out to evaluate ventilation scintigraphy, in 
combination with flow-volume measurements, in the context of SLTX. The results show the 
influence of the type of lung disease on the FEV1 after SLTX and, consequently, on the 
grading and definition of the onset of BOS. Given the stability of the FEV1 of the native lung 
after SLTX, the data indicate that a decline of FEV1 will be largely attributable to the graft. 
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After its proposal the classification of BOS has gained importance as a guideline for clinical 
management of the individual LTX-patient, and as an endpoint of studies, such as multi-
center trials. Already in the initial article on clinical and functional staging of chronic lung 
transplant dysfunction2 the applicability of the conventional BOS grading for SLTX was 
debated because of the influence of the native lung, but accepted by the committee. Our 
results indicate that the conventional BOS classification and also the recent update of the 
diagnostic criteria7 may indeed not reflect the graft function in single lung transplant 
recipients, especially in those with pulmonary vascular or restrictive lung disease. Although 
the majority of SLTX is performed in recipients with obstructive disease, a quarter of the 
patients receiving SLTX consists of recipients with pulmonary vascular disease (4%) or 
restrictive disease (21%)8. 
The present study shows the usefulness of pre-LTX ventilation scintigraphy to estimate the 
contribution of the native lung to the overall pulmonary function. Overestimation of the FEV1 
after LTX may occur when the influence of the native lung is significant, in other words: in 
those ling diseases with a well-preserved FEV1. In case of a low calculated FEV1 as usual in 
obstructive disease, regular ventilation scintigraphy after LTX seems redundant, in contrast to 
recipients with pulmonary vascular disease or restrictive disease.  
Although the FEV1 of the native lung in the present patient group was stable in time in almost 
all patients, the function of the native lung may change for instance because of hyperinflation 
after SLTX for obstructive disease9 or by improvement of the native lung10 in the individual 
patient. For clinical practice, we would suggest to perform ventilation scintigraphy after 
SLTX after reaching the baseline FEV1. In case of a persisting decline in FEV1 of more than 
10% without suspicion of acute rejection or infection, ventilation scintigraphy in combination 
with flow-volume measurement might then be helpful to relate the decline to either the graft 
or the native lung.  
The flaw of the conventional classification of BOS becomes clear in patients after SLTX 
classified as end-stage BOS. Six patients developed end-stage BOS with an almost absent 
ventilation, as seen on scintigraphy. These patients were all classified as BOS grade 3 with the 
adjusted BOS-gradation, while only two of these patients developed BOS grade 3 using the 
conventional gradation system (one patient was classified as BOS grade 1 and three patients  
were classified as BOS grade 2). Our data suggest that an earlier suspicion for the diagnosis of 
BOS after SLTX should be raised when using the conventional FEV1 measurements. 
Figure 4 shows the influence of the native lung on the gradation of BOS (using the ISHLT-
criteria) assuming that the function of the native lung is stable in time: the higher the 
influence of the native lung the lower the threshold for onset of BOS.  
The long-term survival after SLTX lag behind to BLTX and heart-lung transplantation 7,11. 
One of the possible reasons may be the significant influence of the native lung, leading to 
overestimation of graft function. Subsequently, the late diagnosis of BOS due to the presence 
of the native lung, followed by a late therapeutic move could be the explanation for the 
decreased survival after SLTX. The detection of OB, the histological representation of 
chronic transplant dysfunction, has its inherent disadvantages. Usually, a critical number of 
transbronchial biopsies (to prevent sampling error12) is needed for the diagnosis of OB. 
Taking several biopsies in patients with only one well functioning lung is not without risks, 
because pneumothorax or bleeding may lead to life-threatening complications. For this reason 
non-invasive diagnostic tools, such as the combination of ventlation scintigraphy and flow-
volume measurements described here, would be preferable with respect to safety. 
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Figure 4: conventional BOS-gradation versus adjusted gradation taking into account a 
ventilation percentage of the native lung of respectively 10%, 30% and 50%. 
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In conclusion, a combination of ventilation scintigraphy and flow-volume measurements after 
SLTX may be of importance for a accurate assessment of graft function and, thus, for early 
detection of BOS. 
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Abstract: 
 
We report a case of a patient who received a single left lung transplantation for idiopathic 
pulmonary fibrosis. The effect of the graft on the pulmonary improvement was only 
temporary, as the patient developed obliterative bronchiolitis (OB) resulting in complete 
destruction of the graft. The patient, however, is still alive 6 years after OB was diagnosed, 
apparently as a consequence of improvement of the native lung by triple immunosuppressive 
medicine.  
This case is of interest for several reasons; first it shows that pulmonary fibrosis may respond 
to intensive immunosuppressive therapy, secondly it demonstrates that ventilation 
scintigraphy is useful in addition to pulmonary function tests in estimating the actual function 
of the graft after single lung transplantation, and thirdly it appears that the gradation of 
bronchiolitis obliterans syndrome after single lung transplantation may overestimate the true 
function of the transplant. 
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Introduction: 
 
Lung transplantation has become an accepted treatment option for end stage pulmonary 
diseases1. Worldwide, approximately 11000 single and bilateral lung transplantations have 
been performed (ISHLT, 17th annual report)2. Unfortunately, chronic transplant dysfunction 
has emerged as the major impediment to long-term survival 3 4 5. In affected patients, medical 
therapy results at best in stabilization of lung function, but has been largely ineffective to 
completely restore lung function 3. Because of this lack of effective therapy, early treatment to 
try to stabilize lung function is therefore of major importance. The following case 
demonstrates long term survival after single lung transplantation for interstitial lung disease 
despite loss of graft function due to obliterative bronchiolitis (OB). 
 
 
Case report: 
 
In November 1987, a 37-year-old man was hospitalized because of progressive dyspnea, 
fatigue and a rapidly decreasing exercise capacity since two months. He had never smoked 
and his family history was negative for pulmonary diseases. He had kept a healthy parrot for 
the last 6 years. On examination the patient was out of breath after undressing. Auscultation 
of the lungs revealed end-inspiratory crackles. Autoimmune laboratory tests were negative for 
antineutrophil cytoplasmic antibodies, anti-double-stranded DNA, antibodies to extractable 
nuclear antigens, and no serum precipitines against birds could be demonstrated. The chest X-
ray revealed a diffuse reticulonodular pattern (figure 1A). Pulmonary function tests showed a 
total lung capacity of 5.2 L (or 73% of predicted), a forced expiratory volume in one second 
(FEV1) of 2.12 l/s (or 50% of predicted) and a diffusion capacity of 1.07 mmol/min/kPa/l (or 
60% of predicted). A histologic diagnosis of usual interstitial pneumonia (UIP) was obtained 
after performing an open lung biopsy. High-dose oral and inhaled steroid treatment was 
started, to which later cyclophosphamide was added. Because of further clinical deterioration 
with a progressive decline in lung function (figure 2) cyclophosphamide was replaced by 
cyclosporine. He was listed for lung transplantation, and a single left lung transplantation was 
performed in November 1990. Histology of the explanted lung showed obvious signs of 
fibrosis and interstitial inflammation, confirming the diagnosis obtained by open lung biopsy. 
 
The post-operative course was uncomplicated. Standard triple immunosuppression consisted 
of cyclosporine which was administered to reach whole blood trough levels of 400 µg/l 
directly after transplantation tapered in 3 weeks to 150 µg/l (measured by high pressure liquid 
chromatography), azathioprine 1-3 mg/kg and prednisolone 15mg daily, after induction 
therapy with Rabbit anti-T-lymphocyte Globulin (rATG) (National Institute of Public health 
and Hygiene (RIVM), Bilthoven, The Netherlands). He was treated three times for acute 
rejection with methylprednisolone 1000 mg intravenously for 3 days. Serology for 
cytomegalovirus of both donor and acceptor were negative. On chest X-rays the fibrotic 
changes in the native lung seemed to diminish 12 months after transplantation during triple 
immunosuppressive medication (figure 1B). From September 1992 on, a progressive decline 
in the ventilation on scintigraphy of the graft was observed. Until May 1993, the FEV1 
improved. In December 1993, transbronchial biopsies revealed the histologic diagnosis of 
obliterative bronchiolitis. Analogous to the ISHLT-criteria, our patient developed BOS grade 
1 and grade 2 at respectively 42 and 55 months after transplantation. A recent chest X-ray, 
more than 8 years after transplantation, showed a complete obliterated left lung (figure 1C). 
Moreover, the ventilation percentage and perfusion percentage of the graft were both <5%. 
Due to the improved function of the native lung, this patient will probably never reach BOS 
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grade 3. Therefore, an indexed FEV1 (FEV1c) was calculated by multiplying the FEV1 with 
the percentage of ventilation of the graft, performed both in the same period of time (figure 
3)6. This has been previously done in predicting postoperative lung function after lung 
resections7. With the FEV1c, our patient developed BOS grade 1,2 and 3 respectively 9, 15, 
and 21 months after transplantation. 
 
 
Figure 1A: Chest X-ray, one year before transplantation. Visible is the reticulonodular pattern. 

 
63



 
 
  Chapter 6 
Figure 1B: Chest X-ray, one year after transplantation. Decrease of the reticulonodular pattern  
of the native lung. 
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Figure 1C: A recent chest X-ray, eight years after transplantation. Nearly complete 
obliteration of the graft and improvement of the native lung. 
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Figure 2: Timecourse of the FEV1, the TLC and medical treatment before lung 
transplantation.  

 
Figure 3: The timecourse of the FEV1, the corrected FEV1 of the native lung and the corrected  
FEV1 of the transplanted lung  
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Discussion: 
 
Idiopathic pulmonary fibrosis (IPF) is a parenchymal lung disease of unknown etiology. The 
time course of this disease is variable with a median survival between 4 to 5 years after 
diagnosis8. Traditional treatment consists of corticosteroids. In case of worsening of the 
patient’s condition adjustment of other immunosuppressive medication is recommended like 
cyclophosphamide, cyclosporine and azathioprine to control the inflammatory and immune 
cell response9.   
In our patient, it appeared that the UIP responded well to the combination of cyclosporine, 
azathioprine and prednisolone, possibly due to the more intensive maintenance 
immunosuppression during a longer period of time in comparison with the situation before 
LgTX. An improvement of pulmonary fibrosis with triple immunosuppression following 
LgTX is mentioned in only two other case reports, one with an initial histologic diagnosis of 
desquamative interstitial pneumonitis and one with UIP10 11. These cases and our report 
together suggest that interstitial lung diseases may respond to more agressive 
immunosuppressive treatment. Alternatively, a potential role of rATG (induction) may seem 
less likely, in view of the slow improvement of the native lung in time, but cannot be ruled 
out. Literature data on a benefical role for ATG with respect to UIP, however, are lacking. 
Abnormalities in ventilation scintigraphy and occurrence of BOS are earlier described by 
Halverson et al12. Frequent pulmonary function tests and ventilation scintigraphy after 
transplantation were helpful in determining the time course of improvement of the native lung 
and occurrence of BOS. The TLcoc/Va, a marker for the diffusion capacity in which the 
transfer factor for carbon monoxide is corrected for the alveolar volume, continued to 
improve from 1,07 mmol/min/kPa/l (6 months after LgTX) until 1,69 mmol/min/kPa/l (7 
years after LgTX). Shortly after transplantation, the scintigraphic percentage of ventilation of 
the graft was 50%. After one year, however, the ventilation percentage of the graft started to 
decline compared to that of the native lung, pointing at either an improvement of the native 
lung or a deterioration of the graft.  
The FEV1 started to decline nearly 2 1/2 years post-transplantation. After single lung 
transplantation, measurements of the pulmonary function can unpredictably be influenced by 
the function of the native lung. This results in an overestimation of the actual function of the 
graft. In this case, a diagnosis of BOS with the FEV1c was made over 33 months earlier 
comparing with BOS grade 1 analogous to the ISHLT-criteria. It shows that these criteria may 
not reflect the graft function in single lung transplant recipients.  
Early detection of BOS is mandatory, as augmentation of immunosuppression or a switch in 
immunosuppressive medication13, may slow down the progression of the decline in 
pulmonary function. 
 
Our patient survived, despite loss of graft function, due to improvement of function of the 
native lung. His exercise capacity and quality of life are well preserved. He is kept on triple 
immunosuppressive therapy, although side effects of chronic cyclosporine therapy, most 
notably a decline in renal function, are manifest. We feel that this patient is fortunate not to 
have received a double lung transplant, because at the moment no medical therapy is available 
for end-stage BOS. We conclude that, attention should be given to protocols of triple 
immunosuppression for treatment of UIP.  
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Abstract:

Main problem: To assess the main reasons for the unfavourable cost-effectiveness of lung
transplantation compared to heart and liver transplantation.
Methods: Costs, effects and cost-effectiveness ratios of the Dutch lung, heart and liver
transplantation programs were compared. Data were based on three Dutch technology
assessments of transplants, with minor adjustments for time and methods.
Results: Mainly follow-up costs of lung transplantation were higher than costs of heart and
liver transplantation, respectively US $150,300, US $121,500 and US $95,300 in the first
three years after transplantation. The survival gain realised by lung transplantation was small
(4.4 years) compared to heart (8.8 years) and liver transplantation (14.7 years). Costs per life
year gained were US $77,000, US $38,000 and US $26,000 for lung, heart and liver
transplantation, respectively.
Conclusions: The unfavourable cost-effectiveness of lung transplantation is largely
related to a relatively small survival gain and high follow-up costs.
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Introduction:

In 1990 the Dutch Health Care Insurance Board initiated a comprehensive Medical
Technology Assessment (MTA) of the starting Dutch lung transplantation program (single
centre). Between ’92 and ’95, the clinical effectiveness1, the cost-effectiveness2 3 4and the
quality of life of lung transplant candidates before and after transplantation were assessed5.
From the study results it could be concluded that lung transplantation substantially improves
the survival and quality of life of lung transplant candidates. However, costs were
considerable: costs per life year gained and per Quality Adjusted Life Year (QALY) gained
were US $77,000 and $61,000, respectively3. Compared to the ratios found in earlier TA’s of
transplants in the Netherlands (liver transplantation: costs/life year gained = US $23,300 and
costs/QALY gained = US $25,6006; heart transplantation: costs/ life year gained = US
$29,600 and costs/QALY gained = US $36,9007), the ratios after lung transplantation are
relatively high. In 1998, the Dutch minister of Health Affairs nevertheless decided to include
lung transplantation into the benefit package and simultaneously instituted to elucidate
factors, which might improve the cost-effectiveness of the program.    
In the present study, a head-to-head comparison between costs and effects of lung
transplantation in comparison with heart and liver transplantation was performed.

Materials and methods:

Data
Data from three comprehensive studies on organ transplants in the Netherlands were
used: those of the heart, liver and lung transplants8 �� �. The MTA of the liver
transplantation program described the results of 221 screened patients and 81 transplanted patients
between 1978 and 1987, with a median follow-up after transplantation of about 1 year (range, 0-9
years). The MTA of heart transplantation provided information on 346 screened patients and 76
transplanted patients between 1984 and 1987 with a median follow-up after transplantation of about
1.5 years (range, 0-3.5 years). Finally, the MTA of lung transplantation was based on data of 303
screened and 57 transplanted patients between 1992 and 1995, with a median follow-up after
transplantation of 1.1 years (range, 0-5 years).
By intent similar designs and methods were used in the three studies to make
comparison possible. In all cases, costs and effects observed in the presence of the
transplantation program were compared with the estimated costs and effects the program
should not exist. The costs and effects without program had to be estimated, as a
properly controlled study in all cases was regarded as unethical for its assumed negative
outcome in control patients. As second best, control data were based on careful analysis
of survival and treatment costs of patients on the waiting list. In all three studies, among
others, the survival gain, the improvement in quality of life, and the incremental costs
per transplanted patient and (quality adjusted) life year gained were assessed, by using
the formulas as presented in table 1.
QALYs were calculated by multiplying the life-years with the average utility scores
(= valuations of quality of life). Utility scores in the three different MTA-studies were calculated by
using EuroQol questionnaires�.
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Table 1: Assessments of costs and effects in three Dutch transplantation programs: values,
definitions and formulas used.

Value Definition Formula used
Incremental
costs

Difference in costs
between the situation
with and without the
transplant

C(i) = (C1 – C2)
C(i)= incremental costs
C1 = costs situation with TX-
program
C2 = costs situation without TX-
program (usual treatment of end-
stage organ failure)

Life year
gained

Gain in survival (in
years) due to
transplantation

S(g)= (S1 – S2)
S1 = survival after transplantation
(in years)  S2 = survival if not
transplanted  (based on waiting list
survival)

QALYs Quality adjusted life
years

QALYs = (survival * utility)
Utility = valuation of quality of life
from 0 to 1.0. (e.g. 1.5 year
survival valued at 0.6 becomes 0.9
QALYs)

Gain in
QALYs

Gain in quality
adjusted survival due
to transplantation

Q(g) = (Q1 – Q2)
Q1 = QALYs with transplantation
Q2 = QALYs without
transplantation

Cost-
effectiveness
ratio

Relation between
costs and effects.
Effects measured in
natural unit, in this
case the survival gain

Cost-effectiveness ratio = C(i) /
S(g)
= costs per life year gained

Cost-utility
Ratio

Relation between
costs and quality
adjusted survival

Cost-utility ratio
= C(i) / Q(g) =costs per QALY
gained

Costs induced by patients in the program who ultimately were not accepted for transplantation or so
far were not transplanted or died before transplantation were added to the costs of the transplanted
patients. Estimates of long-term survival and treatment costs were based on data from the literature,
extrapolations of collected data and expert information.
Notwithstanding the high comparability of the three MTA’s, there were some differences that should
be noted. First of all, direct non-medical costs (primarily travelling costs) were only considered in the
MTA’s of liver and lung transplantation, whereas indirect non-medical costs (production losses due to
absence from work) were only included in the latter one. Secondly, the price level on which costs were
assessed differed; while costs in the MTA’s of heart and liver transplantation were based on 1987
prices, costs in the MTA of lung transplantation were based on 1992 prices. Third, the time horizon of
the studies differed; for the liver transplant, costs and effects were estimated until 25 years after
transplantation, while in the other two programs costs and effects were estimated from a lifetime
perspective, that is, until death of the patients.

Comparison of three transplantation programs
To make a fair comparison between the results of the three transplantation programs, we recalculated
for each program costs per phase and per patient, including the direct medical costs only. The cost of
the heart and liver transplantation programs were indexed to ’92 prices, by using price index figures of
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the Dutch health care sector. Also, we assessed the costs of liver transplantation from a lifetime
perspective.
Besides costs, also survival figures were adjusted. For heart and liver transplantation, the expected
number of life years after transplantation were derived from recent national data� �. From here, the
cost-effectiveness and cost-utility ratios of all three programs were recalculated and compared.

Results:

For lung, heart and liver transplantation, direct medical costs per patient and per phase
of the transplantation programs are presented in table 2. With the exception of the
transplantation phase, average costs are the lowest for liver transplants, in all phases.
Overall, costs are the highest for lung transplants, and, particularly, costs of follow-up.
In the first three years of follow-up, total direct medical costs per patient are US
$150,300, US $121,500 and US $95,300, respectively, for lung, heart and liver
transplants.

Table 2: Direct medical costs of the Dutch lung, heart, and liver transplantation
programs. Costs per patient and per phase of the program in US $ (1992 prices).

Phase
Lung
Transplantatio
n

Heart
Transplantation

Liver
Transplantation

Screening 15,600 17,100   6,500
Transplantation
operation

16,000 12,300 14,800

Follow-up
First year1 92,400 73,100 61,800
Second year 30,200 24,200 14,900
Third year 27,700 24,200 18,600
Fourth year and
further

21,700 24,200 12,900

1Including the hospitalisation on the intensive care and the normal care after the
transplantation operation

Table 3 presents survival and quality adjusted survival data for the different Dutch
transplants. Survival after lung transplantation is low compared to the other two programs.
Survival without transplantation is relatively high. Consequently, the survival gained by lung
transplantation is small compared to the gains realised by heart and liver transplantation.
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Table 3: Average survival and quality of life (utility scores) of lung, heart and liver transplant
recipients in the Netherlands. 

Lung
Transplantation

Heart
Transplantation

Liver
Transplantation

Survival (in years)
With transplantation 7.4 10.2 16.6
Without transplantation 3.0 1.4 1.9
Life years gained 4.4 8.8 14.7

Quality of life: utility scores1

Before transplantation 0.40 0.20 0.50
After transplantation
Improvement

0.86
0.46

0.70
0.50

0.75
0.25

QALYs
With transplantation
Without transplantation
QALYs gained

6.4
1.2
5.2

7.1
0.3
6.8

12.5
1.0
11.5

1average utility scores of the patients during the period before and after transplantation. If utility
scores were measured on several moments in time, the average utility score for the total period
was calculated by dividing the number of QALYs by the number of survival years.

If looking at the quality adjusted survival, differences between the programs are somewhat
smaller, but the gain is still low for lung transplantation compared to the other two programs.
The improvement in quality of life realised by transplantation is somewhat higher for lung
and heart transplantation than for liver transplantation. The quality of life after transplantation
is the highest for lung transplantation.
Costs per life year and per QALY gained for lung, heart, and liver transplantation are
presented in figure 1 (including direct medical costs only). Both costs per life year and per
QALY gained are much higher for lung transplantation than for the other two transplants
(between +27% and +196%). Differences in costs per QALY gained are smaller than
differences in costs per life year gained. In comparison with other programs, liver
transplantation has the most favourable ratios.
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Figure 1: Costs per life year and QALY gained (including direct medical costs only) for
3 Dutch transplantation programs, prices 1992 in US $ (*1000).

Discussion:

In this study a comparison of the cost-effectiveness of the Dutch lung, heart and liver
transplantation programs was made. The comparison was based on the results from three
Dutch transplant studies after some adjustments for methods and differential timing of the
studies. The present analysis shows that the cost-effectiveness of lung transplantation is
unfavourable compared to those of heart and liver transplantation. There are two main reasons
for this unfavourable cost-effectiveness. First of all, the survival gain is relatively small for
lung transplant recipients. This is partly due to the relatively low survival after
transplantation, because of (i) the high risk of acute rejection, (ii) the high risk of infection
and (iii) the invariably high risk of bronchiolitis obliterans syndrome (BOS). Another reason
for the low survival gain is the long survival of the lung transplant patients on the waiting list,
resulting in rather good control survival. Reasons for this high survival on the waiting list are
the relatively large proportion of patients with chronic obstructive pulmonary disease or
emphysema (usually with a long survival and very low quality of life on the waiting list) and
the difficulty to determine the optimal moment to place a patient on the waiting list. Well-
defined and explicit criteria do not exist for determining end-stage patients for most
pulmonary diseases in contrast with heart- and liver failure. A bias towards premature
placement of patients on the waiting list may also be caused by the shortage of donor lungs
and the allocation algorithm (first in, first out) of the transplant organisation. This shortage of
donor lungs is also the reason that part of the patients in the lung transplantation program
gains no survival at all. Especially, patients with a rapidly progressive lung disease, such as
idiopathic pulmonary fibrosis or primary pulmonary hypertension, die often on the waiting
list.
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A second reason for the unfavourable cost-effectiveness of lung transplantation is the high
follow-up costs of lung transplant recipients compared to heart and liver transplant recipients.
High follow-up costs are mainly caused by the frequent rejection and infection problems of
the patients, which regularly involve hospitalisations. Moreover, by frequent performance of
routinely performed tests like ventilation and perfusion scintigraphy, bone densitometry and
bronchoscopy in our program.
We believe, that, if one wants to improve the cost-effectiveness of lung transplants
substantially, and to get it more in line with heart and liver transplantation, a decrease in the
follow-up costs or an improvement in the survival after transplantation are the main targets.
Observed survival rates of the lung transplants in the Netherlands confirm those
published by others, and therefore, no substantial improvements in survival are expected
in a short term15 16. Perhaps, new immunosuppressive drugs such as mycophenolate
mofetil and rapamycin may improve survival.
Local or national differences with respect to waiting list management, organ donation,
follow-up management after transplantation and consequently costs of a transplantation
program may occur. However long waiting lists and donor organ shortage are universal
problems17 18 19. MTA-studies about transplantation programs with large series of
patients are scarce. The calculated costs for lung transplantation in our study show
approximately similar results with a recent published multicenter study from the United
Kingdom20.
A decrease in the follow-up costs may be more feasible with as primary candidate
evaluation of the frequency and the number of routinely performed tests performed
during follow-up. Important questions are, how large the cost savings of the total or
partial removal of a particular service (e.g. a certain laboratory test/ routinely performed
investigations) are, and what the consequences of those removals are for the survival
and quality of life of the patients. Those questions will be answered in an additional
study that was recently finished. In this study, the opportunities for improving the
efficiency of patient screening, diagnosis, treatment and follow-up are investigated.
Besides that, the influences of changes in the patient inclusion criteria and the number of
donor lungs on the cost-effectiveness will be determined. The results of this study are
expected at the end of 2001, and will probably give some concrete possibilities to
improve the cost-effectiveness of lung transplantation.
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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.  
 
 
 
 

 
79



 
 
  Chapter 8 
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) 
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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.  
 
Acknowledgements: We want to thank the National Steering Group Lung Transplantation for 
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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.  
 

 
80



 
 
  Chapter 8 
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) 
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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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In the March issue of this journal, Anyanwu et al reported a prospective multicenter study 
about the cost-effectiveness and cost-utility for the different types of lung transplantation. 
Although the study is an important addition to the existing literature, the method by which 
survival gain was calculated and the impact on their sensitivity analyses should be further 
discussed.  
First, in the presented study Anyanwu et al. calculated survival for the first four years based 
on actual data and from year 4 to 15 by using a parametric Weibull model, in accordance with 
a previous analysis by our group1. At 15 years, the survival curve after transplantation was cut 
off despite a survival of at least 25%, depending on the type of transplantation. Survival on 
the waiting list declined to zero percent after 11 years. For a valid comparison of costs and 
effects of both conditions from a lifetime perspective, a survival curve after transplantation 
should be constructed with further extrapolation until a survival of zero percent2 3. Therefore, 
the survival after lung transplantation in the present study was underestimated, since 
prolonged survival beyond 15 years was neglected. A rough estimate indicates that 
extrapolation to zero percent survival amounts to an additional survival gain after 
transplantation of estimated 2 years. This is why, in contrast to others4, Anyanwu et al. did not 
find survival as a principal determinant of cost-effectiveness in their sensitivity analyses. 
Secondly, the survival curve for the waiting list, to which the survival after lung 
transplantation was compared, was not constructed in accordance with previously 
reported methods 2 3. In these studies, the transplantation date was chosen as the starting 
point of this comparison, because it would be unrealistic to assume that differences in 
survival occur prior to transplantation. For the situation on the waiting list, no real 
transplantation date exists, and a fictitious transplantation moment should be created 
(figure 1). This moment should be based on the average stay of patients on the waiting 
list before they were transplanted (about 12 months in the study by Anyanwu et al). 
However, day zero was used on the waiting list as the starting point. Applied to our own data, 
these two methods result in a difference in the cumulative number of life years on the waiting 
list of 0.5 years (17%). 
Obviously, changing the method for the calculation of survival gain will also influence the 
number of QALYs gained. It is possible that this would affect the results of the sensitivity 
analyses with respect to the effects of varying utility values and post-transplantation 
maintenance costs as well and thereby the conclusions formulated by Anyanwu et al. 
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Figure 1: Actual waiting list survival, fictitious waiting list survival and survival after lung 
transplantation in the Groningen lung transplant program 1990-1995.  
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9.1 Introduction 
 
In 1990 the first lung transplantation in Groningen was carried out. In the present thesis the 
experiences and limitations of the Groningen Lung Transplant Group in the past 10 years are 
described.  
The following aspects are summarised and discussed:  
• the major pre-transplantation limitation i.e. donor organ shortage: waiting list priorities 

and allocation of donor lungs (chapters 2 and 3).  
• the major limitation after lung transplantation i.e. the occurrence of bronchiolitis 

obliterans syndrome: early onset of bronchiolitis obliterans syndrome after single and after 
double lung transplantation (chapters 4, 5 and 6).  

• the cost-effectiveness of the lung transplantation program in comparison with the heart- 
and liver transplantation program and the main findings of the evaluation of the lung 
transplantation protocol and the influence on the cost-effectiveness of the lung 
transplantation program (chapters 7 and 8).    

• the long-term quality of life after lung transplantation (chapter 9).  
This chapter concludes with perspectives and recommendations for further research and 
suggestions for further improvement of the results of lung transplantation.  
 
 
9.2 Summary and conclusions 
 
 
Chapter 2    
 
The number of organ transplantations has declined in the past few years. This is mainly 
caused by a decline in available donor organs. Donor organ shortage causes long waiting lists 
and a high mortality on the waiting list. The waiting list survival for lung transplantation is 
not equal for different indications: the probability of receiving a donor lung for patients with 
rapidly vs. slowly progressive diseases is different. In our actual lung transplantation program 
the allocation system is based on blood group, height and waiting time. Mainly the patients 
with chronic obstructive pulmonary disease take advantage of this situation. Although chronic 
obstructive pulmonary disease can be severe and debilitating, the mortality from this disorder 
without lung transplantation is not as high as that from other indications for lung 
transplantation. International data confirm these findings. Previous investigations showed that 
patients with chronic obstructive pulmonary disease usually only gain health-related quality of 
life without a survival benefit after lung transplantation. On the contrary, patients with cystic 
fibrosis and pulmonary fibrosis have a much higher benefit in survival by a lung 
transplantation. Because of this imbalance, we explored in a simulation model the possibilities 
of prioritization of patients with the most life threatening diseases i.e. a significantly increased 
risk to die on the waiting list. These diseases were primary pulmonary hypertension, cystic 
fibrosis, and pulmonary fibrosis. For these diagnoses, the relative risks of death on the waiting 
list were used for prioritization in the simulation model by multiplying the waiting time with 
the relative risk. Hereafter, the waiting list was sorted in the order of prioritized waiting time. 
Starting at the top of the patient list, a matching patient was sought for each donor taking into 
account the actual data of availability of donor lungs and listing of patients.  
As expected, the percentage of prioritized diagnoses after lung transplantation increased and 
the percentage non-prioritized diagnosis after transplantation decreased. After prioritization, 
the distribution of diagnoses after lung transplantation was close to the distribution of 
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diagnoses on the waiting list. In conclusion: the results after prioritization show a more equal 
and fair distribution of donor lungs. 
 
  
Chapter 3 
 
Size matching is important in the allocation of donor lungs. The allocation of donor lungs is 
based on height, blood group and waiting time on the waiting list. A subject of discussion is 
the possible range in height by the allocation donor lungs. For an exact allocation of a three-
dimensional organ like a donor lung, one value like height may be insufficient. Many 
approaches have been followed in the past, for example by matching chest X-rays. The best 
approach to donor-recipient size matching has not been determined so far.  
In the present study the predicted Total Lung Capacity (TLC) was used, which is dependent 
on height and gender. This parameter represents the volume of the thoracic cavity. The 
influence of gender on the allocation of donor lungs was retrospectively evaluated by 
calculating both the height donor/recipient (D/R) ratio as well as the predicted TLC D/R ratio. 
Since an increased range in TLC D/R ratio was expected, we also investigated if an increased 
range has led to clinical (pneumothorax/ atelectasis) and/or functional (exercise capacity) 
complications.  
The results showed that the allocation of donor lungs based upon height alone as used in daily 
practice led to a substantial mismatch in TLC, which is mainly caused by gender mismatch. In 
case of gender mismatch the allocation on height alone is therefore not sufficient. The results 
also suggested that liberalisation of height matching may be possible since mismatch in Total 
Lung Capacity did not lead to clinical and functional complications.  
These results may have practical consequences. Most lung transplantation centres have long 
waiting lists because of donor organ shortage. Therefore, donor lungs can usually be 
allocated. However, in case of a special blood group, in case of an unusual height or in case of 
seriously ill patients listed for high urgency, height mismatch may preclude proper allocation. 
In Germany, the allocation of donor lungs that was based on height alone (like in the 
Netherlands) has been changed recently. New legislation of the German court of law 
determined that the patient who is most seriously ill should be transplanted first. If the other 
lung transplantation centres within Eurotransplant or in other countries follow this new 
legislation in Germany, liberalisation of height matching and the influence of gender 
mismatch on the allocation of donor lungs may become of more importance.  
 
 
Chapter 4 
 
Onset of bronchiolitis obliterans syndrome (BOS) is the major limitation of the survival after 
lung transplantation. An early diagnosis of BOS after lung transplantation is of major 
importance to try to stop further decline in lung function, e.g. by changing the 
immunosuppressive regimen. The adjunctive value of flow markers like the FEV1, FEF25, 
FEF50, FEF75, MMEF75/25, was investigated in patients after bilateral lung transplantation in 
relation to occurrence of BOS. 
In order to avoid improper extrapolation from the normal population, first the coefficient of 
variation (Vcoef) for the above mentioned lung function parameters was calculated from a 
group of stable lung transplantation-recipients without BOS. The observed variations 
appeared to correspond with those found in healthy volunteers. 
Subsequently, a lower limit percentage for each of the mentioned parameters was calculated 
by using the formula (100 - 1.64*Vcoef)%, the factor 1.64 being the lower 5th percentile of the 
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normal distribution. A persistent and significant decrease in FEV1, FEF25, FEF50, FEF75 and 
MMEF75/25 below the lower limit was observed in 23, 24, 30, 32 and 29 patients, respectively. 
This indicates that the majority of lung transplantation-recipients will develop pulmonary 
dysfunction in time, as defined by all markers tested here.  
Since potentially all lung transplantation-recipients may develop BOS, an arbitrary, but 
clinically useful follow-up period of 120 days for the calculation of positive predictive values 
was chosen between a significant decline of the respective flow markers below the lower limit 
and the occurrence of BOS grade 1.  
By using the lower limit of the FEV1, in the present study calculated as 93.3% of baseline, an 
early diagnosis of BOS grade I seemed possible by 71 days (median). Persistent decline below 
this lower limit showed a positive predictive value for developing BOS grade 1 within 120 
days of almost 90%.  
These data suggest that the margin of BOS of 20% decline in FEV1 in the ISHLT-
classification of BOS is conservative and that the diagnosis of BOS and a persistent decrease 
of FEV1 is preceded by persistent decreases of small airway parameters in the expiratory flow.  
From a clinical perspective, a significant decline of FEF75 may be used as an early warning 
sign for the development of BOS. However, the clinician should be aware that the probability 
of developing BOS within 120 days is approximately 35%.  
In practice, the composite finding of declining values of FEF75 and FEV1 below the lower 
limit may urge additional diagnostic procedures including transbronchial biopsies to obtain 
insight in the cause of transplant dysfunction. The role of flow-volume measurements should 
be of more importance in the search for early signs of OB. It is an easy, cheap and non-
invasive method in contrast with obtaining histology or very sophisticated lung function tests.  
 
 
Chapter 5  
 
The value of ventilation scintigraphy after single lung transplantation was evaluated in 
relation to an early diagnosis of BOS. In case of single lung transplantation, a decrease of 
FEV1 as a diagnostic criterion for BOS might be significantly influenced by the presence of 
the native lung. By multiplying the measured FEV1 with the ventilation percentage of each 
lung, a separate FEV1-value can be calculated for the native lung and for the graft. For the 
patient groups with obstructive lung disease, restrictive lung disease and pulmonary vascular 
disease, the contribution of the ventilatory capacity of the native lung to the total FEV1 before 
and after single lung transplantation was separately calculated. Subsequently, by taking the 
contribution of the native lung into account, onset of early graft dysfunction was investigated 
in individual patients. Therefore first a baseline value (see also chapter 4) and secondly a 
gradation of BOS for the graft alone was calculated.   
The results showed that the function of the native lung was low in patients with obstructive 
lung disease, compared to patients with restrictive lung disease or pulmonary vascular 
disease. The FEV1 post-transplantation of the native lung was for all investigated patient 
groups stable in time.  
In case of a high contribution of the native lung like in restrictive lung disease and pulmonary 
vascular disease, BOS could be detected earlier (p=0.018), when the FEV1 was corrected for 
the contribution of the native lung. Progression of BOS from grade 1 to BOS grade 2 or 3 was 
observed earlier as well. When the function of the native lung was low due to the original 
lung disease, such as obstructive lung disease, the correction did not contribute to either the 
numbers of patients developing BOS or an early diagnosis of BOS.  
From the study can be concluded that early detection of BOS in single lung transplantation is 
enhanced when correcting for the contribution of the native lung in those diseases where the 
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pre-transplant FEV1 is significant. This study emphasised the importance of ventilation 
scintigraphy after single lung transplantation including calculation of ventilation values for 
the left and the right lung. 
 
 
Chapter 6 
 
We describe a case report of a patient after single lung transplantation for idiopathic 
pulmonary fibrosis. In this patient, the effect of the graft on the pulmonary improvement was 
only temporary, as the patient developed graft dysfunction resulting in complete destruction 
of the graft. This patient, however, is still alive 6 years after obliterative bronchiolitis was 
diagnosed, apparently as a consequence of improvement of the native lung by the 
combination of triple immunosuppressive medication.  
This case is of interest for several reasons. First, it shows that pulmonary fibrosis may respond 
to intensive immunosuppressive therapy and that special attention should be given to 
protocols of triple immunosuppression for treatment of idiopathic pulmonary fibrosis in the 
future. Secondly it demonstrates that ventilation scintigraphy is useful in addition to 
pulmonary function tests in estimating the actual function of the graft after single lung 
transplantation, and thirdly it appears that the gradation of bronchiolitis obliterans syndrome 
after single lung transplantation may overestimate the true function of the graft. Our patient 
could never have developed BOS grade 3 because of the influence of the native lung despite 
absence of ventilation and perfusion of the graft. This case report also shows the importance 
of ventilation scintigraphy in case of a decline in FEV1 after SLTX. 
 
 
Chapter 7 
 
A comparison of the cost-effectiveness of the Dutch lung, heart and liver transplantation 
programs was made, based on the results from three Dutch transplant studies. Therefore, some 
adjustments for the methods and differential timing of the studies were necessary.  
The present analysis showed that the cost-effectiveness of lung transplantation is 
unfavourable compared to the cost-effectiveness of heart and liver transplant recipients.  
There are two main reasons for this unfavourable cost-effectiveness. First, the survival gain 
(survival after transplantation minus survival on the waiting list) is relatively small for lung 
transplant recipients compared to the other programs. This is partly due to the relatively short 
survival after lung transplantation, because of the high risk of infection and the invariably 
high risk of BOS. Another reason for the low survival gain is the relatively "long" survival of 
the lung transplant patients on the waiting list, resulting in a rather good survival of the 
control-group. An explanation for the high survival on the waiting list is the relatively large 
proportion of patients with chronic obstructive pulmonary disease (usually with long survival) 
and the difficulty of determining the optimal point of time to place these patients on the 
waiting list for lung transplantation.  
A second reason for the unfavourable cost-effectiveness of lung transplantation compared to 
the cost-effectiveness of heart and liver transplantation are the high follow-up costs of lung 
transplant recipients compared to heart and liver transplant recipients. Both survival and high 
follow-up costs are mainly caused by the frequent infection and rejection problems of lung 
transplantation recipients, which regularly involve hospitalisation and high medical costs. 
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Chapter 8 
 
The Minister of Health Affairs allowed inclusion of lung transplantation in the Dutch benefit 
package in 1998. She also requested initiation of a cost-effectiveness study to explore the 
possibilities of improving the cost-effectiveness ratio of the lung transplantation-program. The 
basis for this evaluation was the protocol for lung transplantation, originally formulated in 
1990. The diagnostic gain of routinely performed tests in this protocol was evaluated to 
establish a more favourable ratio between costs and effects. Subsequently, in sensitivity 
analyses, the influence of a 20% change in survival, number of transplantations, program 
costs in different phases, costs of medication and hospitalisation on the actual cost-
effectiveness were calculated. The purpose was to determine the influence of these costs on 
the cost-effectiveness of the lung transplantation-program separately.  
First the costs of the original protocol dating from 1990 were indexed and adapted to the 
patient flow and patient survival in the year 2000. Secondly, the savings in costs in the future 
protocol (assuming a stable patient flow and survival) were calculated. The cost-effectiveness 
(CE) was discounted with 5% a year. 
Indexation and adaptation of patient flow and survival resulted in a cost-effectiveness ratio 
per life year gained of US $84.500 in 2000. A number of routine investigations showed that 
showed no diagnostic gain. As a result of this evaluation of the original protocol, the cost-
effectiveness improved to US $68.500 per life year gained.  
Sensitivity analyses showed that the best way to improve the cost-effectiveness of lung 
transplantation is by trying to improve the survival and decrease the follow-up costs after lung 
transplantation.  
 
 
Chapter 9 
 
Health-related quality of life is a topic, which is considered more and more as an important 
outcome measurement. In the present study, the health-related quality of life was evaluated 
until 55 months after lung transplantation.  
The results showed that the health-related quality of life improved already within 4 months 
after lung transplantation. The calculated health-related quality of life scores were close to the 
reference values, which apply for these questionnaires. From 4 months until 43 months after 
lung transplantation, the health-related quality of life remained stable in time. After 43 months 
a clear and significant decline in health-related quality of life is visible. This decrease is 
mainly caused by co-morbid conditions like drug treated diabetes mellitus, drug treated 
hyperlipidemia, decrease in kidney function and an increased occurrence of BOS.  
 
 
9.3 Perspectives and recommendations  
 
In this thesis, three major problems related to lung transplantation are described. First, the 
major limitation on the waiting list i.e. donor organ shortage. Secondly, the major limitation 
after lung transplantation i.e. bronchiolitis obliterans syndrome and thirdly, the high cost-
effectiveness ratio of lung transplantation. In the following paragraph recommendations and 
suggestions are given for these problems.  
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1. Donor organ shortage  
Decrease of donor organ shortage or improvement of the number of lung transplantations may 
be realised by:  
 
Improvement of the recruitment of donors 
This is one of the most important issues for both governmental and non-governmental 
institutions. The Government in the Netherlands tried to improve donor organ shortage by 
developing new legislation, resulting in the beginning of 1998 in the Dutch law organ 
donation (Wet op de Orgaandonatie1). This law requires that every Dutch person above 18 
years will be asked if he/she want his or her organs put at someone's disposal after decease, a 
so-called permission system with voluntary registration during life. The acquirement of donor 
organs after initiating this new law is until now for all types of organs beneath expectations 
and is low compared to the situation in other countries2. Except for several, always available 
cultural and organisational differences, it seems that the difference between the number of 
donor lungs in the Netherlands and in for example Belgium can be explained by differences in 
legislation (in the Netherlands the permission system with voluntary registration during life 
and in Belgium a ‘non-objection-system’). 
 
Recognition of donor lungs 
In the period June 1996 until July 1998 the maximal donor organ potential in the Netherlands 
was investigated (Don Quichot report)3. The results showed that shortage of donor organs also 
is caused by the fact that only a small percentage of potential donors are recognised by 
medical doctors. The number of donor organs may be doubled at least in the actual situation.  
After notifying the results of this report, the Minister of Health Affairs appointed so called 
“donor co-ordinators”. The donor co-ordinators are trained in searching for potential donors at 
intensive care units in hospitals to minimise this loss of organs. Recently, the work of the 
donor co-ordinators was evaluated and the Minister of Health Affairs decided to expand both 
the number of donor co-ordinators and the number of participating hospitals.  
 
Transplantation capacity 
In the University Hospital Groningen, over 190 lung transplantations have been performed 
since 1990 (until 1/8/2002). This hospital was until 2001 the only centre in the Netherlands, 
which performed lung transplantations.  
The annual reports of Eurotransplant showed the last few years a net export of donor lungs 
from the Netherlands to foreign countries4 5 6. This means that with the actual donor potential 
the annual number of lung transplantations can be increased in the Netherlands. However, 
acceptance and rejection criteria of donor lungs differ in various lung transplantation centres. 
Based on the Eurotransplant figures, an annual number of about 30 lung transplantations 
(conservatively estimated) may be possible in the Netherlands. By an increase of the capacity 
(at the moment between 15 and 20 transplantations in one year) in the University Hospital 
Groningen or by expansion of the number of lung transplantation centres in the Netherlands 
the number of transplantations may increase. Since 2001, the University Hospital Utrecht and 
University Hospital Rotterdam co-operate and perform also lung transplantations. Until 
1/8/2002 14 lung transplantations have been performed. 
 
 
Shift of priorities 
Another possibility for an increase of the transplantation capacity may be a shift of priorities 
in favour of lung transplantation. The problem is that thoracic surgeons who perform lung 
transplantations are dealing with different types of urgent patients and with different waiting 
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lists. With the actual demand to regular thoracic surgical treatments and the possibilities 
therefore, this seems for the time being a theoretical option.  
 
Acceptation of ‘marginal donors’ 
Using donor lungs with marginal or lower qualitative characteristics is defendable and 
justifiable considering the long waiting list for lung transplantation and the high waiting list 
mortality7 8. Despite data with successful outcome, sufficient capacity after lung 
transplantations with marginal donors is of even more importance because of the probably 
increased risk on complications and an increased post-operative hospitalisation.  
 
Non-heart-beating lung transplantation 
The value of this method of lung transplantation will be obvious in the nearby future and 
deserves a chance to be developed, considering the pre-clinical work and the recently 
published paper of the first successful non-heart-beating lung transplantation9. During the first 
5 months of follow-up, the function of the transplanted lung has been good. 
 
Single lung transplantation 
A shift to performing more single lung transplantations for emphysema patients instead of 
double lung transplantation will contribute to an increase of the number of transplanted 
patients in the Netherlands. However, international experience shows that the long-term 
results after single lung transplantations lag behind compared those after double lung 
transplantation10 11. In Groningen in the last few years there already has been a shift towards 
performing more single lung transplantations (1/6 of the number of lung transplantations had 
been unilateral; at the moment (April 2002) about 1/2 of the actual waiting list is listed for an 
unilateral lung transplantation). Performing two single lung transplantations in one centre at 
the same time in one hospital is logistically difficult to organise. By opening of a second or 
even a third lung transplantation centre, performance of two single lung transplantations at the 
same time from one donor is possible.  
 
Development of new therapies 
The past few years, possibly also stimulated by the donor organ shortage, new therapies for 
end-stage pulmonary and vasculary diseases are developing fast. For example: lung volume 
reduction surgery for patients with emphysema and treatment with prostacyclin for patients 
with pulmonary hypertension12 13. However, lung volume reduction surgery hardly influenced 
the inflow of the number of patients with emphysema in the lung transplantation program. On 
the other hand, the treatment with prostacyclin resulted in a significant decrease of the inflow 
of patients with primary pulmonary hypertension on the waiting list and even patients already 
on the waiting list with primary pulmonary hypertension were removed. Whether both 
methods of treatment will lead to a permanent decrease of influx of patients in the future is at 
this time unclear. 
 
From the above it becomes clear that multiple measures are necessary to increase the number 
of lung transplantation. The problems associated with donor organ shortage are a joint 
responsibility in general for the whole population and in particular: the government, hospital 
organisations, and medical and nurse professions. 
 
The two other limitations described in this thesis are the occurrence of BOS and the 
unfavourable cost-effectiveness of lung transplantation. These subjects are closely related to 
each other since BOS is the most important impediment to long-term survival after lung 
transplantation and the cost-effectiveness of lung transplantation can be influenced best by 
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improving the survival of patients after lung transplantation. Therefore, insights in onset and 
time course of BOS are of major importance for prevention strategies and treatment in the 
future in an attempt to improve survival.  
 
 
2. The major limitation post-transplantation: Bronchiolitis Obliterans Syndrome 
 
Current efforts are directed at delineation of the pathophysiology of this heterogeneous 
syndrome, at immunohistology14 15 16, at broncho-alveolar lavage studies17 18 19 and at the 
development of early diagnostic (this thesis) and prognostic markers of BOS 20 21 22. The 
effects of these studies on the survival of patients after lung transplantation will become 
obvious in the next few years.  
After onset of BOS, most studies are pointed at augmenting immunosuppression or at 
conversion of immunosuppressive medication to try to stop the decline in lung function. 
Augmented immunosuppression was studied in patients receiving azathioprine as third 
immunosuppressive agent showing a decline in the rate of progression of obliterative 
bronchiolitis compared to a group who did not receive augmented immunosuppressive 
therapy23. The efficiency of cytolytic therapy on the course of BOS is variable. This therapy 
showed a stabilisation in pulmonary function in 5 patients, an improvement in 2 patients and 
continued to decline in 8 patients24. 
In the early nineties, the routine immunosuppressive therapy after lung transplantation 
consisted usually of cyclosporine, azathioprine and prednisolone. After occurrence of BOS, 
conversion of cyclosporine into tacrolimus in a non-randomised study showed a less 
progressive decline in lung function25 26. Conversion of azathioprine into mycophenolate 
mofetil showed also a less progressive decline in lung function and is in general well tolerated 
27. The effect of sirolimus on BOS is still unclear. A study with this immunosuppressive drug 
showed that a low dosage of sirolimus has a cyclosporine-sparing effect28. The precise role of 
this drug in the treatment of BOS remains unclear, but the cyclosporine-sparing may be 
helpful to reduce kidney-failure. These results suggest that sirolimus may be indicated as an 
adjunct to the cyclosporine based immunosuppressive regimens.  
Considering the fact that repeated acute rejection-episodes form the most important risk 
factors for the development of BOS29, an increase of immunosuppression in the post-operative 
period until one year after lung transplantation may be helpful in preventing BOS (cave 
patients with chronic viral or bacterial infections). After onset of BOS and progression of 
BOS despite converting a patient to tacrolimus and/or mycophenolate mofetil, utilisation of 
new immunosuppressive drugs with proven effects in other types of organ transplantation as 
rescue therapy may be helpful. Therefore compliance of insurance companies with regard to 
the payment of this often not registered and expensive medication is necessary. 
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3. Cost-effectiveness of lung transplantation 
 
From the sensitivity analyses in the cost-effectiveness study, it appears that improvement of 
survival rates, and reduction of the high follow-up costs, are the best possible ways for a 
positive influence on the cost-effectiveness of the lung transplantation-program.  
Newly introduced immunosuppressive medicine will be only cost-effective, if they result in a 
better survival rate and/or decrease the follow-up costs i.e. prevention of complications after 
lung transplantation. Improving survival rates is possible by prevention of BOS or by 
improving the treatment of BOS. Additional cost analyses in our program showed that BOS 
strongly influences the costs of follow-up30. These costs were mainly caused by an increase in 
the days that patients with BOS spent extra in the hospital. 
A decrease of the follow-up costs may also be established by a decrease in BOS, and further 
in prevention of the number of rejections, number of infections or co-morbidity. This may 
result in preventing expensive hospitalisation or medication. In all future attempts to reduce 
costs, the effect on survival rates and the follow-up costs should be considered.  
 
Despite the earlier discussed bottlenecks, lung transplantation is nowadays an acceptable 
treatment with a satisfactory survival and acceptable chances for a reasonable quality of life. 
Science will continue and develop new methods and therapies to prevent, stabilise or cure 
diseases in relation to lung transplantation. Prevention of diseases may be found in 
recognition of diseases in the human genome, for instance in the case of cystic fibrosis. 
Stabilisation may be found in using new therapies in patients qualifying for lung 
transplantation and after lung transplantation in the treatment of BOS. Curation of the 
bottlenecks after lung transplantation may be found in the future in the field of the 
xenotransplantation or tolerance-induction. Decisions about how far doctors can go in these 
developments become more ethical decisions requiring a public point of view.  
The feasibility of these developments depends more and more on costs, which are still 
relatively high for lung transplantation. Whether the developments in lung transplantation in 
the next decade(s) will lead to an increased cost-effectiveness of lung transplantation is for the 
time being unclear. This type of organ transplantation will remain a dynamic subject in the 
future both in medical science and in the media.  
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Korte geschiedenis van de longtransplantatie:  
De medische mogelijkheden zijn de afgelopen decennia door verbeterde medicatie, 
operatietechnieken en afbeeldend onderzoek (CT-scan, MRI-scan etc.) enorm toegenomen. 
Zo is het ook gekomen dat het aantal longtransplantaties dat sinds de jaren ’60 lange tijd had 
stilgestaan in verband met de slechte resultaten, na de ontwikkeling van het medicijn 
ciclosporine een enorme vlucht heeft genomen.  
De eerste longtransplantatie werd in Nederland uitgevoerd in 1989 in het Antonius Ziekenhuis 
in Nieuwegein. In 1990 besloot de toenmalige minister van VWS dat het Academisch 
Ziekenhuis Groningen als enige centrum in Nederland deze behandeling mocht gaan 
uitvoeren. Ruim 13 jaar later zijn er in Nederland ongeveer 220 patiënten getransplanteerd.  
 
Dit proefschrift: 
In 1996 werd de eerste 5 jaren van het Groningse longtransplantatie programma geëvalueerd 
in het ‘Evaluatierapport longtransplantatie”. Hieruit bleek dat de overleving, de functie en de 
kwaliteit van leven van patiënten na een longtransplantatie verbeterden. Maar ook de 
beperkingen van het longtransplantatie programma werden door meer ervaring steeds 
duidelijker zichtbaar.  
 
Problemen voor transplantatie die in dit proefschrift werden bestudeerd zijn onder andere de 
wachtlijstproblematiek en de toewijzing van donorlongen. 
 
Hoofdstuk 2: 
Donororganen in het algemeen en donorlongen in het bijzonder zijn schaars. Dit zorgt ervoor 
dat de wachtlijst voor longtransplantatie steeds langer wordt en dat de wachtlijststerfte 
hierdoor toeneemt.  
De toewijzing van donorlongen is gebaseerd op bloedgroep, lichaamslengte en wachttijd op 
de wachtlijst. Een gevolg van de lange wachttijd op de wachtlijst is dat patiënten met een snel 
progressieve aandoening ofwel een aandoening waarbij de patiënt snel achteruit gaat, een 
kleinere kans hebben om getransplanteerd te worden in vergelijking met patiënten met een 
langzaam progressieve aandoening.  
In dit hoofdstuk worden de verdelingen van de percentages op de wachtlijst en na 
longtransplantatie berekend van de meest voorkomende indicaties voor longtransplantatie 
namelijk longemfyseem (onderverdeeld in emfyseem en in emfyseem ten gevolge van α1-
antitrypsinedeficiëntie), cystische fibrose, bronchiëctasieën, pulmonale hypertensie 
(onderverdeeld in primaire (onbekende oorzaak) of secundaire (verworven) pulmonale 
hypertensie), longfibrose en overige aandoeningen. Hieruit blijkt dat patiënten met pulmonale 
hypertensie, cystische fibrose en longfibrose met het huidige systeem van toewijzen minder 
kans op een longtransplantatie hebben. In de ideale situatie zou het percentage patiënten met 
een bepaalde diagnose op de wachtlijst en na transplantatie gelijk moeten zijn. In deze studie 
wordt geprobeerd een eerlijke verdeling van het percentage patiënten op de wachtlijst en na 
transplantatie te krijgen, door met behulp van een simulatieprogramma de patiënten met een 
significant slechtere overleving op de wachtlijst te prioriteren. Voor de verschillende 
diagnosecategorieën op de wachtlijst werd eerst de wachtlijstoverleving berekend. Voor de 
diagnosecategorieën met een significant slechtere wachtlijstoverleving werd het relatieve 
risico op overlijden berekend. Vervolgens werd met behulp van een simulatieprogramma het 
relatieve risico als correctiefactor gebruikt en toegepast op de wachttijd op de wachtlijst en 
werden vervolgens opnieuw de kansen op een longtransplantatie berekend. Het resultaat van 
de simulatie was een verdeling waarbij het aantal patiënten met een bepaalde diagnose op de 
wachtlijst en na transplantatie ongeveer gelijk waren. De toepassing van deze 
correctiefactoren is ook mogelijk in het huidige programma wat ook in de praktijk een 
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eerlijkere verdeling van donororganen tot gevolg zal hebben. De wachtlijst moet dan wel 
regelmatig bijgewerkt worden. 
 
Hoofdstuk 3: 
Niet alle aangeboden donorlongen zijn geschikt voor alle patiënten. Het zal duidelijk zijn dat 
de donorlong moet passen in de borstholte van de ontvanger. Als criterium hiervoor wordt de 
lichaamslengte gebruikt. Wanneer de lichaamslengte van de donor en ontvanger niet overeen 
komt bestaat er een kans op samenvallen van de long (bij een te grote donor en een te kleine 
ontvanger) of het zich niet volledig kunnen ontplooien van de long tot aan de borstwand (bij 
een te kleine donor long en een te grote ontvanger). Zodoende wordt bij een longtransplantatie 
een verschil in lengte geaccepteerd van 5-10 %. De patiënt met de langste wachttijd op de 
wachtlijst staat krijgt in principe de beschikbare longen toegewezen.  
Bij de toewijzing van donorlongen wordt geen rekening gehouden met het geslacht. Dit zou 
wel moeten aangezien de borstholte en dus ook de longen van mannen groter zijn dan die van 
vrouwen.  
De Totale Long Capaciteit (TLC) oftewel de maximale hoeveelheid lucht die na een diepe 
inademing in de longen aanwezig is afhankelijk van zowel lengte als geslacht. Voor alle 
donoren (D) en ontvangers (R) kan een voorspelde TLC-waarde van een patiënt worden 
berekend op basis van de lengte en het geslacht. In dit proefschrift wordt terugkijkend in de 
tijd de invloed van het geslacht op de toewijzing van longen gebaseerd op lengte onderzocht. 
Dit wordt gedaan door de verhouding van de lengte D/R alsmede de verhouding van de 
voorspelde TLC D/R te berekenen. Hiernaast wordt ook onderzocht of deze verschillen 
hebben geleid tot klinische complicaties zoals bijvoorbeeld samenvallen van de long/ niet 
ontplooien van de long en functionele beperkingen zoals bijvoorbeeld  het 
inspanningsvermogen. 
Het resultaat van deze studie is dat toewijzing van donor longen gebaseerd op lengte alleen 
leidt tot een substantieel verschil in TLC, welke voornamelijk is veroorzaakt door verschil in 
geslacht. Dit  verschil in TLC leidt niet tot vroege en late klinische en functionele 
complicaties. De studie laat zien dat voor precieze allocatie van donorlongen, toewijzing op 
basis van alleen lengte niet voldoende is in het geval van een mannelijke donor-vrouwelijke 
ontvanger of vrouwelijke donor-mannelijke ontvanger. De afwezigheid van complicaties 
suggereert ook dat een grotere marge in lengteverschil mogelijk is bij de toewijzing van 
longen zowel met als zonder verschil in geslacht. 
 
Problemen na longtransplantatie die in dit proefschrift werden bestudeerd zijn het opsporen 
van chronische afstoting van het transplantaat na enkelzijdige en dubbelzijdige 
longtransplantatie.  
 
De precieze ontstaanswijze van een chronische afstoting is onbekend. Een chronische 
afstoting kan op 2 manieren worden gediagnosticeerd. De eerste manier is door middel van 
een bronchoscopie (met een slang in de longen kijken) en hier biopten (hapjes) van te nemen. 
Deze biopten worden vervolgens onder de microscoop bekeken en zo kunnen afwijkingen die 
duiden op infectie, acute afstoting en chronische afstoting worden opgespoord. Nadeel van 
deze methode is de belasting voor de patiënt en het feit dat er toch een zeker risico aan 
verbonden is met name op het ontstaan van een klaplong en het ontstaan van een 
longbloeding. Daarnaast is het technisch gezien ook een lastig onderzoek. De biopten moeten 
groot genoeg zijn omdat deze anders niet goed te beoordelen zijn. Verder moeten de biopten 
op een bepaalde plaats in de long worden genomen. Wanneer dit allemaal volgens “de regelen 
der kunst” wordt uitgevoerd bestaat er nog de kans dat bij een patiënt met afwijkingen de 
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biopsieën wel op een goede plaats zijn afgenomen maar niet de afwijkingen laat zien omdat 
deze niet overal in dezelfde mate voorkomen.  
De tweede manier om een chronische afstoting op te sporen is een achteruitgang in de FEV1 
(één seconde waarde) in de longfunctie. De FEV1 is de hoeveelheid lucht in liters die na een 
diepe inademing in een seconde maximaal uitgeblazen kan worden. Hierop is de classificatie 
van de International Society of Heart and Lung Transplantation gebaseerd (tabel 1).  
Wanneer er een daling is opgetreden van de FEV1 beneden de 80% van de uitgangswaarde 
van de FEV1 zonder dat er sprake is van infectie of acute rejectie wordt er gesproken van 
bronchiolitis obliterans syndroom oftewel een chronische afstoting gebaseerd op een 
achteruitgang van de longfunctie. De FEV1 uitgangswaarde wordt berekend door het 
gemiddelde van de twee beste FEV1-waarden te nemen die minimaal 3-6 weken na elkaar zijn 
geblazen. 
 
 
Tabel 1: Gradering van bronchiolitis obliterans syndroom (BOS) oftewel chronische afstoting 
volgens de Internationale Gemeenschap van Hart- en Longtransplantatie (ISHLT) gebruik 
makend van de  FEV1. 
 
ISHLT-gradering 
Chronische afstoting graad 0 Geen duidelijke afwijkingen: FEV1 81% of meer van de baseline waarde 
Chronische afstoting graad 1 Mild chronische afstoting: FEV1 66%-80% van de baseline waarde 
Chronische afstoting graad 2 Moderate chronische afstoting: FEV1 51%-65% van de baseline waarde 
Chronische afstoting graad 3 Ernstig chronische afstoting: FEV1 50% of minder van de baseline 

waarde 
 
 

Subclassificatie:  a. zonder histologisch bewijs van BO 
                            b. met histologisch bewijs van BO 

 
Geprobeerd wordt om de achteruitgang in longfunctie die bij het optreden van het 
bronchiolitis obliterans syndroom wordt gezien te stoppen door meer immuunsuppressie of 
andere vaak sterkere medicijnen te geven. Het is derhalve van groot belang een achteruitgang 
in de longfunctie met als oorzaak een chronische afstoting in een vroeg stadium te ontdekken. 
Het grote voordeel van het verrichten van een longfunctietest is dat deze eenvoudig is uit te 
voeren, snel en gemakkelijk is te plannen, relatief goedkoop is en bovendien een geringe 
belasting vormt voor de patiënt.  
 
Hoofdstuk 4: 
In dit hoofdstuk wordt uitgezocht of een daling van longfunctieparameters die de kleine en 
middelgrote luchtwegen vertegenwoordigen voorafgaan aan een daling van de FEV1 in de 
longfunctie. Vervolgens wordt berekend wat de voorspellende waarde is van het optreden van 
zo een daling in relatie tot optreden van BOS. Als functionele parameters van de middelgrote 
en de kleine luchtwegen werden de FEF25, FEF50, FEF75 and MMEF75/25  geëvalueerd 
respectievelijk gedefinieerd als de luchtstroom op het moment dat 25%, 50%, 75% van de 
uitgeblazen lucht na een maximale inademing en de maximale mid-expiratory flow rate tussen 
25% and 75%. Eerst werd de variatie-coefficient voor de verschillende longfunctie parameters 
uitgerekend in een groep patienten zonder BOS, om een eventuele onjuiste extrapolatie van de 
normale populatie te voorkomen. Hogere waarden werden verwacht omdat patienten na 
transplantatie gevoeliger zijn voor infectie. De berekende variaties kwamen echter overeen 
met de variaties in gezonde vrijwilligers. 
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Uit evaluatie van de longfunctiegegevens na longtransplantatie blijkt dat een persisterende 
daling onder de variatiecoëfficiënt van de kleine luchtwegparameters met name die van de 
FEF75 reeds vroeg optreedt, ver voordat er sprake is van BOS. De voorspellende waarde van 
deze waarde was echter gering in tegenstelling tot een persisterende daling van de FEV1 onder 
de variatiecoëfficiënt (onder de 93%) die in 88.2% van de patiënten binnen 120 dagen 
voorspellend was voor het optreden van BOS (onder de 80%). Conclusie van dit onderzoek is 
om alert te zijn als de FEF75 onder de variatiecoëfficiënt daalt, met name ten aanzien van het 
beloop van de FEV1. Indien de FEV1 ook onder de variatiecoëfficiënt daalt (dus onder de 93% 
i.p.v. onder 80%) is aanvullend onderzoek noodzakelijk. Aan de andere kant is in afwezigheid 
van een daling van de FEF75 geen belastend aanvullend onderzoek noodzakelijk.    
 
Hoofdstuk 5: 
In principe kunnen mensen met één enkele long leven. De keuze of patiënten enkelzijdig of 
dubbelzijdig kunnen worden getransplanteerd is onder andere afhankelijk van de 
onderliggende aandoening. Patiënten die regelmatig last hebben van terugkerende infecties in 
de longen worden altijd dubbelzijdig getransplanteerd. Wanneer deze patiënten een nieuwe 
long zouden krijgen zou door de verminderde afweer na transplantatie de niet-
getransplanteerde long door de getransplanteerde long kunnen worden geïnfecteerd.  
In hoofdstuk 4 werd zojuist al het belang van de longfunctie bij het opsporen van een 
chronische afstoting weergegeven. Na enkelzijdige longtransplantatie bestaat de eerder 
genoemde FEV1-waarde echter uit zowel lucht uit de niet getransplanteerde long als lucht uit 
de getransplanteerde long. De classificatie van bronchiolitis obliterans syndroom (zie tabel 1) 
wordt dus beïnvloedt door de eigen long van de ontvanger.  
Een ventilatiescan is een onderzoek waarbij door de patiënt lucht wordt ingeademd, waaraan 
een radioactief gas is toegevoegd, en waarmee naast het opsporen van onregelmatigheden in 
de ventilatie ook de verhouding van de hoeveelheid lucht tussen de rechter- en de linker long 
kan worden berekend. Door het ventilatiepercentage van de getransplanteerde long te 
vermenigvuldigen met de FEV1 -waarde van de patiënt wordt de FEV1 -waarde van de 
getransplanteerde long berekend. Zo kan op deze wijze ook de eerder genoemde 
uitgangswaarde voor de getransplanteerde long worden berekend. Vervolgens kan de 
gradering voor chronische afstoting ook worden bepaald voor alleen de getransplanteerde 
long. In de studie die in hoofdstuk 5 staat beschreven blijkt dat chronische afstoting na 
enkelzijdige longtransplantatie soms al veel eerder optreedt dan men zou verwachten op basis 
van de ISHLT-classificatie. Dit heeft als voordeel dat de behandeling van chronische 
afstoting, die gericht is op het stoppen van de achteruitgang in longfunctie door het verhogen 
van medicijnen die de afweer onderdrukken of andere vaak sterkere afweeronderdrukkende 
medicijnen, veel eerder kan beginnen.  
 
Hoofdstuk 6: 
In dit hoofdstuk wordt het beloop van één patiënt met longfibrose (verbindweefseling van de 
long) beschreven die enkelzijdig is getransplanteerd. Normaliter wordt een dergelijke 
aandoening met medicijnen die de afweer onderdrukken behandeld. Zo ook bij onze patiënt. 
Hij werd eerst behandeld met één en vervolgens op een later tijdstip met verschillende 
combinaties van twee van dit type medicijnen behandeld. Helaas zonder een langdurige 
reactie met als gevolg dat zijn gezondheidstoestand in de loop van de tijd verslechterde. 
Uiteindelijk kwam deze patiënt op de wachtlijst voor longtransplantatie en werd 
getransplanteerd. 
In de loop van de tijd na de transplantatie ontwikkelde deze patiënt echter een chronische 
afstoting van de getransplanteerde long. Middels ventilatie en perfusie scintigrafie (meting 
van de ventilatie en doorbloeding van de long met een radioactief middel) werd zichtbaar dat 
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de getransplanteerde long nauwelijks meer van lucht en bloed werd voorzien. Merkwaardig 
genoeg voelde hij zich niet ziek en/ of kortademig. Het bleek dat de niet-getransplanteerde 
long door de combinatie van drie medicijnen (ciclosporine, imuran en prednison) die de 
afweer onderdrukken na longtransplantatie beter was gaan functioneren. De boodschap van 
deze case studie is dat bij patiënten met een longfibrose meer aandacht gegeven zou moeten 
worden aan behandelingen met combinaties van (drie) medicijnen die de afweer 
onderdrukken.  
 
Medical Technology Assessment  
Het tweede deel van dit proefschrift heeft te maken met het doelmatigheidsonderzoek naar 
longtransplantatie en een bijbehorende studie naar de kwaliteit van leven. Dit onderzoek werd 
uitgevoerd door het MTA-bureau (MTA staat voor Medical Technology Assessment), een 
bureau binnen het AZG dat gespecialiseerd is in doelmatigheidsstudies.   
Doelmatigheid staat voor een gunstige relatie tussen investeringen (kosten) en 
opbrengsten (effecten). In de gezondheidszorg is doelmatigheid een steeds grotere rol 
gaan spelen omdat de kosten voor de gezondheidszorg ieder jaar blijven toenemen 
terwijl het budget voor de gezondheidszorg beperkt blijft. Terwijl 
gezondheidsinterventies vroeger alleen werden beoordeeld op hun effect, worden ze nu 
meer en meer beoordeeld op de verhouding tussen deze effecten en de kosten die ermee 
gemoeid zijn. Deze verhouding wordt behalve met doelmatigheid ook vaak aangeduid 
met de term kosten-effectiviteit.  
Zoals eerder genoemd in deze samenvatting verscheen in 1996 het zogenaamde 
Evaluatierapport Longtransplantatie, waarin ook informatie over de kosten, effecten en 
kwaliteit van leven van longtransplantatie werd gepresenteerd. Verder was hieraan een 
economische evaluatie gekoppeld waarin de additionele kosten en effecten van een 
longtransplantatie-programma werden berekend.  
 
Hoofdstuk 7: 
In dit hoofdstuk worden de kosten en effecten van het longtransplantatie-programma zoals 
deze waren berekend in 1996 vergeleken met die van hart- en levertransplantatie programma 
in Nederland. Het onderzoek toonde aan dat de kosten-effectiviteit van longtransplantatie 
ongunstig is ten opzichte van hart- en levertransplantatie. Er waren twee redenen voor deze 
ongunstige kosten-effectiviteit. Ten eerste, de overlevingswinst van longtransplantatie-
patiënten is relatief klein t.o.v. de hart- en levertransplantatieprogramma’s. Dit komt vooral 
omdat longtransplantatie-patiënten een grotere kans op infectie en rejectie hebben. Een 
tweede reden zijn de hoge follow-up kosten oftewel de kosten na longtransplantatie. De hoge 
follow-up kosten worden voornamelijk bepaald door dure medicatie en de frequente opnames 
als gevolg van de eerder genoemde verhoogde kans op infectie en rejectie en de kosten die 
uitvoeren van routinematig onderzoek bij patiënten na  longtransplantatie met zich 
meebrengen.   
 
Hoofdstuk 8: 
Na bestudering van het Evaluatierapport Longtransplantatie besloot de minister van 
Volksgezondheid, Welzijn en Milieu op grond van de hoge kosten van deze behandeling tot 
het laten verrichten van een doelmatigheidsonderzoek.  
In dit doelmatigheidsonderzoek naar longtransplantatie stond de volgende vraag centraal: In 
welke mate kan door aanpassing van het protocol voor longtransplantatie en/ of door een 
verandering in de patiëntenstroom een gunstiger verhouding tussen kosten en effecten van het 
longtransplantatie-programma bereikt worden?  

   
122

 



   

Uit de evaluatie van het protocol kwam een voorstel voor een toekomstig protocol voort, 
waarin ten opzichte van het huidige protocol een aantal diagnostische verrichtingen geheel 
zou vervallen en een aantal verrichtingen minder vaak uitgevoerd zou worden. Dit zou 
gepaard gaan met een verdere afname van het aantal opnamedagen. In eerste instantie werden 
de kosten van het protocol zoals opgesteld in 1990 en gehandhaafd tot 1995 geïndexeerd en 
aangepast aan de overleving en de patiëntenstroom in 2000 (protocol 1990-1995, prijspeil 
2000). Hierna werden de kostenbesparingen van het huidige protocol berekend en vervolgens 
de kostenbesparingen die in de toekomst kunnen worden gerealiseerd (het toekomstige 
protocol) uitgaande van gelijkblijvende overleving en kwaliteit van leven, overeenkomstig het 
uitgangspunt van de evaluatie. Tabel 2 geeft een overzicht van de met 5% per jaar 
verdisconteerde kosten-effectiviteit (KE) en kosten-utiliteit (KU) voor de verschillende 
situaties. 
 
 
Tabel 2:  De kosten-effectiviteit (KE) en kosten-utiliteit (KU) in de situatie 1990-1995, 
protocol 1990- 
1995 doorgerekend naar het prijspeil in 2000, huidig en toekomstig protocol (in €) .  
 
 1990-1995 Protocol 1990-

1995, 
Prijspeil 2000 

Huidig protocol Toekomstig 
protocol 

KE 69.000 96.000 87.500 78.000 
KU 54.500 71.500 65.000 58.000 
 
 
Uit deze getallen blijkt dat, hoewel de huidige KE en KU door prijspeilstijgingen en 
wijzigingen in de patiëntenstroom een ongunstige ontwikkeling vertonen, er met het huidige 
protocol reeds een aanzienlijke besparing is bereikt. Een ongeveer even grote toekomstige 
besparing kan bereikt worden door het protocol verder aan te passen naar aanleiding van de in 
dit onderzoek uitgevoerde evaluatie. 
Verder werd gekeken naar de mogelijkheden om de kosten-effectiviteit van longtransplantatie 
verder te beïnvloeden. Hierbij werd door middel van scenarioanalyses de invloed op de 
kosten-effectiviteit onderzocht van achtereenvolgens een verbetering van de overleving en het 
aantal transplantaties met 20%. Hiernaast van een daling van de kosten met 20% van de 
verschillende programma onderdelen, medicatie en aantal opnamedagen. Conclusie van dit 
hoofdstuk is dat de verlenging van de overleving en vermindering van de kosten van de 
follow-up fase na longtransplantatie de belangrijkste factoren zijn om een verbetering van de 
efficiëntie van longtransplantatie te bevorderen.  
 
Hoofdstuk 9: 
Het succes van een nieuwe behandeling wordt vaak afgelezen aan de overleving, de kosten-
effectiviteit en de kwaliteit van leven. Hoofdstuk 9 in dit proefschrift gaat over de kwaliteit 
van leven. Deze parameter wordt steeds meer gezien als een belangrijke uitkomstmaat. In 
deze studie werd het effect van een longtransplantatie op de kwaliteit van leven bij een groep 
van 28 patiënten in de loop van de tijd tot 55 maanden na longtransplantatie gevolgd.  
Voor transplantatie ondervonden patiënten door hun aandoening problemen op bijna alle 
onderwerpen met betrekking tot de kwaliteit van leven. Vier maanden na transplantatie 
werden significante verbeteringen gevonden in de mobiliteit, de hoeveelheid energie, beter 
kunnen slapen, minder last van kortademigheid, angst of tekenen van depressie en waren 
algemeen dagelijks leven activiteiten eenvoudiger uit te voeren. Deze resultaten bleven min of 
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meer stabiel tot 43 maanden na transplantatie. Vanaf 43 maanden is er opnieuw een duidelijke 
achteruitgang in kwaliteit van leven zichtbaar. De verklaring hiervoor is een toename van het 
optreden van BOS en het optreden van co-morbiditeit. Het betrof vooral bijwerkingen van de 
ontstekingsremmende medicatie namelijk nierfunctiestoornissen met als gevolg 
dieetmaatregelen en extra medicatiegebruik door hoge bloeddruk, hoog cholesterol en 
suikerziekte.  
 
 
Conclusies en aanbevelingen: 
In dit proefschrift worden drie grote problemen rondom longtransplantatie beschreven. 
Het tekort aan donororganen voor longtransplantatie, het optreden van bronchiolitis 
obliterans syndroom na longtransplantatie en de hoge kosten-effectiviteitverhouding van 
een longtransplantatie. In deze laatste paragraaf worden aanbevelingen gegeven om deze 
problemen in de toekomst proberen op te lossen.   
 
 
Het tekort aan donororganen: 
Een vermindering van het tekort aan donororganen of toename van het aantal transplantaties 
kan gerealiseerd worden door: 
• Verbetering van de werving van donoren.  
De regering heeft dit geprobeerd door nieuwe wetgeving, resulterend in de Wet op 
Orgaandonatie in 1998. De verwerving van donororganen is tot nu toe nog steeds beneden 
verwachting.  
• Herkenning van donoren  
Veel donororganen gaan nog steeds verloren omdat artsen in ziekenhuizen potentiële donoren 
niet herkennen. Inmiddels zijn in verschillende ziekenhuizen op proef donor-coördinatoren 
aangesteld. Deze zijn actief in het opsporen van potentiële donoren m.n. op de intensive care 
maar ook op verpleegafdelingen. Hiernaast wordt voorlichting gegeven over allerlei 
onderwerpen rondom orgaandonatie. Recent heeft de minister aangegeven het aantal donor-
coördinatoren uit te willen breiden. 
• Verhoging van de transplantatiecapaciteit 
Dit kan door toename van de transplantatiecapaciteit in Academisch Ziekenhuis Groningen of 
het openen van een tweede longtransplantatie centrum. Inmiddels is het Academisch 
Ziekenhuis Utrecht in een samenwerkingsverband met het Academisch Ziekenhuis Rotterdam 
ook longtransplantaties gaan uitvoeren. Dit heeft inmiddels (tot 1/8/2002) geresulteerd in 14 
longtransplantaties in deze centra waarvan er 12 zijn verricht in Utrecht en 2 zijn verricht in 
Rotterdam. 
• Acceptatie van marginale donoren. 
Marginale donoren zijn donoren met suboptimale kenmerken. Gezien de hoge 
wachtlijststerfte en de redelijke resultaten uit onderzoek valt dit te rechtvaardigen. Echter, het 
netto resultaat van het gebruik van meer donorlongen van minder kwaliteit heeft mogelijk een 
negatief effect op de verbetering van de overlevingscijfers van patiënten na longtransplantatie. 
• Non-heart-beating longtransplantaties 
Bij een longtransplantatie procedure is de donor hersendood. Dit betekent dat er geen 
hersenactiviteit meer is. De ventilatie en hierdoor indirect ook de circulatie worden met 
behulp van apparatuur kunstmatig in stand gehouden. Non-heart beating longtransplantatie 
wil zeggen dat longen van donoren worden getransplanteerd waarbij de ventilatie en de 
circulatie reeds is gestopt. Deze behandeling is tot nu toe één keer met succes uitgevoerd en 
verdient derhalve een kans zich verder te ontwikkelen.    
• Uitvoeren van meer enkelzijdige transplantaties 
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Het uitvoeren van een enkelzijdige of een dubbelzijdige longtransplantatie hangt af van de 
onderliggende aandoening. Bij een infectieuze onderliggende aandoening is een enkelzijdige 
longtransplantatie bijvoorbeeld niet mogelijk. De niet getransplanteerde long zou dan na 
transplantatie de nieuwe getransplanteerde long kunnen infecteren. Een verschuiving naar 
uitvoeren van meer enkelzijdige in plaats van dubbelzijdige longtransplantaties voor 
longemfyseem kan bijdragen in een stijging van het aantal transplantaties in Nederland. 
Hoewel, internationale ervaring laat zien dat de lange termijn overleving na enkelzijdige 
longtransplantatie slechter is in vergelijking met dubbelzijdige longtransplantatie. In 
Groningen is de laatste paar jaar al een verschuiving opgetreden richting uitvoeren van meer 
enkelzijdige longtransplantaties (1/6 van het aantal long transplantaties was een enkelzijdige 
transplantatie; momenteel (april 2002) staat ongeveer de helft van de patiënten op de  
wachtlijst voor een enkelzijdige longtransplantatie. Uitvoering van twee enkelzijdige 
longtransplantaties van één donor in één centrum op hetzelfde tijdstip is logistiek zeer 
moeilijk te organiseren. Door opening van een tweede en zelfs een derde centrum (inmiddels 
gerealiseerd) zal dit wel mogelijk zijn.  
• Stimuleren van alternatieve therapieën  
Gelijktijdig met de ontwikkelingen rond longtransplantatie zijn, mede gestimuleerd door de 
donorschaarste, alternatieve behandelingsvormen tot ontwikkeling gekomen, zoals 
bijvoorbeeld longvolumereductiechirurgie voor longemfyseem (een operatie waarbij stukken 
long worden verwijderd die wel geventileerd worden maar slecht doorbloed worden, met als 
doel de ventilatie en doorbloeding verhouding in de longen te verbeteren), en behandeling met 
prostacycline (een duur medicijn wat continu per infuus gegeven moet worden) voor patiënten 
met een hoge bloeddruk in de longen. Bij de diagnose longemfyseem heeft dit niet geleid tot 
wezenlijke afname van het aantal patiënten, dat instroomt in het longtransplantatie traject. 
Daarentegen heeft de behandeling met prostacycline tot gevolg gehad dat een significant 
aantal patiënten met hoge bloeddruk in de longen van de wachtlijst is verwijderd c.q. daarop 
niet meer is terechtgekomen. Of beide behandelingsvormen tot een permanente afname van de 
instroom van dergelijke patiënten zal leiden, is vooralsnog onduidelijk.  
 
 
Bronchiolitis obliterans syndroom: 
Deze factor is moeilijker te beïnvloeden. Het accent moet hierbij gelegd worden op inzicht het 
voorkomen, ontstaan, beloop, vroegtijdig opsporen, en behandeling van bronchiolitis 
obliterans syndroom. Voor het vroegtijdig opsporen van bronchiolitis obliterans syndroom 
werden in dit proefschrift methoden aangedragen. Op dit gebied is verder in de toekomst het 
meest te verwachten van betere medicijnen die de afweer onderdrukken.  
 
 
Kosten-effectiviteit van longtransplantatie: 
Een daling van de kosten en verbetering van de effectiviteit kan het best bewerkstelligd 
worden door de overleving van longtransplantatiepatiënten te verbeteren. Deze overleving is 
sterk afhankelijk van resultaten van de behandeling van bronchiolitis obliterans syndroom. 
Overleving en de kosten-effectiviteit van longtransplantatie zijn dus nauw met elkaar 
verbonden.  
 
Ondanks deze duidelijke knelpunten en het in een aantal opzichten nog experimentele 
karakter is longtransplantatie tegenwoordig een behandeling met bevredigend resultaat en 
acceptabele kansen op een goede kwaliteit van leven. De problematiek rond 
longtransplantaties zal de komende decennia nog actueel blijven door de boven beschreven 
ontwikkelingen en ontwikkelingen in de "verre" toekomst op het gebied van de 

   
125

 



   

   
126

 

xenotransplantatie en ontwikkelingen op het gebied van tolerantie-inductie oftewel het 
tolerant worden van de ontvanger voor materiaal van een donor. Ook de kosten die nog steeds 
relatief hoog zijn blijven met de steeds maar stijgende kosten in de gezondheidszorg actueel. 
Of het areaal van ontwikkelingen zal leiden tot verhoogde doelmatigheid van 
longtransplantatie is vooralsnog moeilijk in te schatten. 
 



Dankwoord 
 
 
Na mijn studie geneeskunde in Groningen te hebben afgerond en na enkele 
omzwervingen kwam ik eind 1996 als arts-assistent bij de longtransplantatie in het 
Academisch Ziekenhuis Groningen terecht. Na dit werk ongeveer 2 jaar en met veel 
plezier gedaan te hebben kwam er een functie vrij bij het MTA-bureau voor het 
verrichten van een doelmatigheidsonderzoek longtransplantatie. Aangezien ik inmiddels 
wat ervaring op het gebied van longtransplantatie had opgedaan was dit een uitgelezen 
kans om mij in een andere kant van dit superspecialisme te verdiepen namelijk de (hoge) 
kosten die longtransplantaties met zich meebrengen. Hiernaast kon ik af en toe op de 
polikliniek blijven inspringen en kreeg ik meer tijd voor het doen van 
promotieonderzoek.  
 
Dat onderzoek doen klinkt gemakkelijker dan het is en vooral in het begin loop je tegen 
allerlei problemen op die je gemakkelijk doen verleiden je weer meer met patiënten 
bezig te gaan houden. Uren in stoffige patiënten dossiers gegevens vergaren en veel 
achter de computer zitten zonder een patiënt te zien. Ja, het werken als dokter heeft vele 
facetten. Het eerste resultaat na een poos onderzoek gedaan te hebben was dat je 
bemerkte dat je om 11 uur ‘s ochtends vaak al strak van de koffie stond en dat je 
lichaamsgewicht toenam (je zag in de zomer opeens van die witte strepen over je buik 
lopen). Het resultaat op de middellange termijn was dat je bemerkte dat het schrijven 
van artikelen in goed wetenschappelijk Engels toch wel anders was dan het Engels wat 
je de afgelopen vakantie nog veelvuldig had gesproken en dat je leerde wat je 
begeleiders en helaas ook de reviewers misten in je manuscripten. En als je dan op de 
lange termijn meer ervaring krijgt, gestructureerd leert te werken, je handiger wordt met 
computerprogramma’s, en met de statistiek wordt het onderzoek doen echt interessant en 
leuk.  
Behalve dat ik de kans kreeg veel ervaring in onderzoek op te doen, heb ik mogen 
samenwerken met een zeer inspirerende groep mensen. Met veel genoegen zal ik blijven 
terugkijken op de afgelopen vijf jaar met fijne collega’s, die ik bij deze wil bedanken. 
  
Een belangrijk woord van dank gaat uit naar mijn promotores.  
Gerard Koëter, jouw sturing, ervaring en inzicht zijn voor de artikelen heel belangrijk 
geweest.  
Vooral de structuur van een artikel zal ik niet snel meer vergeten.  
Tjark Ebels, naast je waardevolle commentaar op de artikelen heb ik tijdens 
longtransplantaties (vaak in de avonduren /nacht, na een druk dagprogramma) de 
kundigheid als chirurg van jouw en je collega’s bewonderd. 
 
Veel dank verschuldigd ben ik aan mijn referenten Els ten Vergert, Wim van der Bij en 
Thom van der Mark.  
Els toen jij je met het proefschrift ging bemoeien kwam het in een stroomversnelling. 
Naast longtransplantatie veel gepraat over het aloude gezellige Enschede. Ook de 
mogelijkheid om tijdens mijn huisartsenopleiding van de faciliteiten van het MTA-
bureau te kunnen gebruikmaken heb ik zeer gewaardeerd. 
  
Wim, niet alleen bij de voltooiing van dit proefschrift, maar ook in mijn dagelijkse 
werkzaamheden heb jij een belangrijke rol gespeeld. Zonder jou zou dit proefschrift er 
niet liggen. Jij moet een engelengeduld hebben gehad toen je de eerste versies van mij 
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onder ogen kreeg en begon met het herschrijven van stukken. Ik heb veel van je geleerd 
en zeer gewaardeerd als clinicus en collega, wat betreft de omgang met patiënten, je 
hulp en commentaar op mijn manuscripten om ze minder wollig en minder semantisch te 
maken.  
 
Thom, ook jouw ben ik veel dank verschuldigd.   
Vooral bij de lastige stukken waarbij de longfunctie een belangrijke rol speelde heb jij 
veel belangrijk werk verricht waarbij je met goede nieuwe ideeën aankwam. Hiernaast 
heeft jouw doorzettingsvermogen in moeilijke tijden mij enorm gemotiveerd.   
 
Ook ben ik alle overige co-auteurs, Jan Willem van de Berg, Wim de Boer, Bert 
Geertsma, Karin Vermeulen, zeer erkentelijk voor hun bijdragen aan het proefschrift. 
Speciaal wil ik Henk Groen bedanken voor zijn hulp bij lastige survival curves, 
simulaties en statistiek. De leden van de projectgroep longtransplantatie: drs. M.A. Bos, 
prof. dr. J.D.F. Habbema, prof. dr. G. Kootstra, prof. dr. J.W. Lammers, prof. dr. R. 
Veldhuis en dr. A.H.M.M. Balk ben ik zeer erkentelijk voor de bijdragen het 
doelmatigheidsonderzoek en derhalve indirect aan de uit dit onderzoek resulterende 
artikelen.   
 
Daarnaast de leden van de promotiecommissie, prof dr. P.W. Boonstra, prof dr. J.W. 
Lammers en  prof dr. G.M. Verleden. Voor hun bereidheid dit proefschrift te willen 
beoordelen, hun waardevolle aanwijzingen  en te willen opponeren op de dag van de 
promotie. 
 
Naast de direct bij dit proefschrift betrokken personen, zijn een aantal andere personen 
zeer belangrijk geweest voor de totstandkoming hiervan. De telefoonnummers van de 
secretariaten van de longziekten, longtransplantatie en het MTA-bureau waren de eerste 
telefoonnummers die ik op een nieuwe afdeling aangekomen uit mijn hoofd kende. Ik 
had al snel door dat via hen  op een snelle manier veel dingen geregeld konden worden. 
Annet, Willie, Heleen en Henny van de longtransplantatie Rina, Riëtte, Tineke van het 
MTA-bureau en Christa, Trudy van de longziekten hebben me vaak enorm geholpen. 
Dank hiervoor.  
 
Mijn (ex)collega’s van de longtransplantatie Erik, Luc/ het hele longtransplantatieteam/ 
longtransplantatie-verpleegkundigen Dicky, Otto, Stieneke. Ik heb veel van jullie 
geleerd op allerlei gebied en hiernaast een zeer goede tijd gehad op de afdeling.  
 
Het personeel van de longfunctie-afdeling voor hun hulp bij het verkrijgen van alle 
longfunctiegegevens en dit in een databestand te krijgen. Speciaal bedankt: Karin, 
Martijn, Margrita en Arco. Hebben jullie nog een minuutje???   
 
The, Petje, Dennis en Nina van het MTA-bureau. Thea speciaal bedankt voor het leren 
“koppelen” en het altijd klaar staan als ik weer een of ander iets moest weten over een 
computerprogramma. Dennis bedankt voor je hulp met de voorkant die geen voorkant 
werd en als kamergenoot. Petra bedankt voor jouw adviezen betreffende de economische 
evaluatie van het longtransplantatieprogramma en Nienke, SBS6 en SPSS-specialiste 
bedankt voor jou tips op het gebied van deze programma’s. Maar meest bedankt voor de 
gezellige borrels na het werk of in het wilde westen. 
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Alle andere nog niet-genoemde personen op de afdelingen longziekten, thoraxchirurgie, 
MTA-bureau, Data Management Bureau, fysiotherapie, maatschappelijk werk, diëtetiek.    
Het personeel van de verpleegafdelingen van de longtransplantatie en de longziekten.  
 
Longtransplantatie patiënten 
De patiënten die eigenlijk de gegevens voor dit proefschrift hebben geleverd. Omdat het om 
een relatief kleine groep van in totaal 200 patiënten gaat, leer je de meeste na 5 jaar redelijk 
goed kennen. Ik heb grote bewondering gekregen voor deze patiëntengroep. Stuk voor stuk 
patiënten die hebben moeten vechten tegen hun aandoening en de dood in de ogen hebben 
gezien. De kracht/ drang tot leven die deze patiënten uitstralen is bewonderenswaardig. 
 
Mijn nieuwe collegae huisartsen. 
Mijn huisartsopleider Bert Tent, voor je interesse in mijn onderzoek, de tijd die je me 
gaf om mijn promotie af te maken en natuurlijk het regelen van de vaten bier voor het 
feest. Hein Rumpt voor je interesse, het stallen van het bier en voor de mogelijk maken 
van het feest in jullie prachtige boerderij.  
  
Mijn paranimfen, Paul Wuite en André van Petersen. 
Paul, onze vriendschap dateert al vanaf de lagere school waarna we beiden naar het 
Kottenpark-college gingen. Daar begon onze academische carrière al toen we voor onze 
schoolonderzoeken gingen studeren op de Technische Universiteit Twente. Daar konden 
we geconcentreerd in studiehokjes zitten en genoten vooral vanwege de lekkere 
kroketten en tosti’s die je daar zelf kon afrekenen. Beiden vanuit Enschede in Groningen 
gaan studeren waar we weer vlak naast elkaar kwamen te wonen en van een fantastische 
studententijd genoten.  
 
André, echte studievriend ontmoet in het eerste jaar van onze studie Geneeskunde in 
Groningen. Samen zaten wij regelmatig in de Noordoost expres tussen Grũn en 
Tukkerland, samen studeren voor tentamens en tenslotte samen in de introductiecursus 
en co-schappen. Nu zien we elkaar nog eens in de zoveel tijd en kijken dan met een 
borreltje weer op de goeie oude tijd terug.  
 
Natuurlijk krijg je een proefschrift niet voor elkaar zonder steun van vrienden en familieleden.  
Allereerst wil ik mijn ouders bedanken voor de gelegenheid en hun motivatie om te gaan 
studeren.  Mijn zus Martine voor haar steun en adviezen. De vrienden/ vriendinnen uit 
Groningen, Amsterdam, Den Haag en Enschede, oud-huisgenoten voor de af en toe 
broodnodige relativering. Edwin zeer goede (studie)vriend van de Middelbare school en 
studietijd in Groningen. Jammer dat jij hier niet bij aanwezig kan zijn.  
 
Mijn allerlaatste woord van dank wil ik richten aan mijn vriendin Caroline en aan 
Larsje. Promoveren en carrière maken is leuk, maar de dingen die het leven echt leuk 
maken zijn jullie en de boven genoemde vriendschappen. Op dat gebied heb ik het echt 
niet beter kunnen treffen. Meestal wordt nu afgesloten en gezegd dat de promovendus 
wat vaker thuis zal zijn en wat meer tijd zal hebben voor zijn of haar partner/ familie/ 
vrienden en bekenden. Ik blijf gewoon tijd voor jullie reserveren. As always. 
  
 
Jan Paul Ouwens 
Groningen, September 2002  
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