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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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