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The objective of this study was to evaluate the role of quantitative
perfusion lung scintigraphy (QPLS) in predicting the develop-
ment of chronic rejection in patients who underwent single-lung
transplantation. Methods: Eighteen patients (15 men, 3 women,;
age range, 41-60 y; mean age, 54.6 = 6.0 y) who underwent
single-lung transplantation for emphysema (n = 14) or pulmo-
nary fibrosis (n = 4) were studied. Patients were evaluated using
QPLS and pulmonary function tests before surgery and at 1-3
mo and 1-3 y after transplantation. Relative perfusion of the
transplanted lung was calculated from standard perfusion lung
scintigrams. Values for forced expiratory volume in the first
second (FEV,) were obtained from lung function tests at the
same time points. The maximal and minimal relative perfusion
and FEV, values in the early (1-3 mo) and late (1-3 y) follow-up
periods were identified for each patient. Receiver operating curve
(ROC) analysis was performed on all parameters. Results: In
total, 82 lung scans were performed (mean, 4.8 + 1.55 per
patient) and 484 FEV, test determinations were obtained (mean,
30.0 = 15.6 per patient) during a follow-up period ranging from 8
to 84 mo (mean, 39.6 *= 19.3 mo). In 7 of the 18 patients, chronic
rejection developed, whereas 11 patients had a favorable out-
come. No significant difference was found in the number of
complications (acute rejection and infection episodes) between
patients with a favorable outcome and patients with chronic
rejection, up to 1 y after transplantation. At 1-3 mo, minimal
relative perfusion values were 67.1% = 12.2% in the favorable
outcome group and 50.8% = 9.6% in the chronic rejection group
(P = 0.02). Before surgery and at 1-3 y, minimal relative
perfusion was not significantly different between the 2 groups.
The difference in maximal relative perfusion at 1-3 y was
marginally significant, with 76.5% * 8.9% in the favorable group
and 64.3% = 15.0% in the chronic rejection group (P = 0.051).
FEV, values were not significantly different preoperatively and
1-3 mo after surgery between the chronic rejection and the
favorable outcome groups. Late in the follow-up period (1-3y),
FEV, values in the chronic rejection and favorable outcome
groups were 35.6% * 7.9% and 56.9% *+ 13.6%, respectively
(P = 0.002). ROC analysis of minimal relative perfusion at 1-3
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mo identified a threshold of 57% under which the sensitivity and
specificity for chronic rejection were 83% and 88%, respectively.
Minimal FEV; for the same period identified a threshold of 48%
under which the sensitivity and the specificity were 80% and
67%, respectively. Conclusion: QPLS early after transplantation
in our patients predicted the development of chronic rejection in
patients with single-lung transplantation for emphysema and
pulmonary fibrosis, whereas surgical complications, acute rejec-
tion, infection episodes, and lung function tests did not predict the
outcome. This early prediction could not be obtained from lung
function tests performed at the same time.
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Sngle-lung transplantation has become an effective mode
of therapy for patients with end-stage chronic obstructive
lung disease and pulmonary fibrosis. Advances in lung
preservation and surgical technique as well as immunosup-
pressive therapy have markedly improved the survival rate.
Common complications that occur in the first 6 mo after
transplantation are infection and acute rejection, the latter
being effectively treated with immunosuppression. After this
initial period, patients are monitored for the effects of
immunosuppressive therapy and for early detection of
chronic rejection. The histologic manifestation of chronic
rejection is bronchiolitis obliterand (2), a rapidly progres-
sive inflammatory disorder of the small airways of the
transplanted lung causing severe obstructive lung disease,
mostly irreversible and unresponsive to therafly. The
inflammatory airway changes induce perfusion abnormali-
ties, which can be visualized on perfusion lung scintigraphy.
This technique is therefore an effective tool for monitoring
this disease process8)( The goal of this study was to
evaluate the role of quantitative perfusion lung scintigraphy
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(QPLS) and lung function tests in the early prediction df-tailed Studenttest was used for comparison of these variables in

chronic rejection. the favorable outcome and chronic rejection groups. A probability

value of 0.05 or less was considered statistically significant.

MATERIALS AND METHODS Receiver operating curve (ROC) 'anal_y5|s_ was used to identify the

_ threshold under which the chronic rejection group would be best
Patients identified.

Eighteen patients (15 men, 3 women; age range, 41-60 y; mean
age, 54.6+ 6.0 y) who underwent single-lung transplantation in
Rabin Medical Center and Hadassah University Hospital weRESULTS
studied between 1993 and 1998. Patients who survived theElghteen pat|ents were fo”owed up for 8_84 mo after
operation for more than 6 mo were included in the studyangplantation (mean, 39:619.3 mo). Eleven patients had
Transplantation was performed on 14 patients for emphysema aa{“*avorable outcome, and chronic rejection of the trans-

on 4 patients for pulmonary fibrosis. . . . .
All patients received standard immunosuppression, which iR_Ianted lung developed in 7 patients. The diagnosis of

cluded cyclosporin A, prednisone, and azathioprine. No inductic?rhronIC rejection was estapllshed during follow-up and was

therapy was given. Gancyclovir for cytomegalovirus prophylaxig@S€d on FEYvalues and biopsy results. _ _

(4 wk), itraconazole (6 mo), and trimethoprim-sulfamethoxazole (3 Eighty-two perfusion lung scans were obtained, with a

times per week) were also administered. In cases of acute rejectidigan of 4.80+ 1.55 per patient (range, 3-8). FEValues

methylprednisolone (1 g/day) was administered for 3 consecutivere obtained 484 times, with a mean of 30t015.6

days. determinations per patient (range, 13—74). Table 1 describes
Patients were classified as having a favorable outcome tpfe surgical complications, acute rejection episodes, and

chronic rejection. The criteria for chronic rejection were based gRfection episodes in the early=@ mo) and 4- to 12-mo

the working formulation for the determination of chronic dySfu“Cperiods after transplantation in 17 of the 18 patients.

tion in lung allografts associated with the histologic pattern %formation about 1 patient was not available.

bronchiolitis obliterans4,3). Bronchiolitis obliterans was classi- L . .
43 The number of acute rejection episodes was similar in the

fied as mild, moderate, or severe when values for forced expirat(%g/ bl i din the chroni ecti
volume in the first second (FEY decreased to 66%—80%, vorable outcome group and in the chronic rejection group

51%-65%, or 50% or less, respectively, from the baseline valu@diring the first 3 mo after transplantation (1.30 0.95
The presence or absence of pathologic evidence of bronchiolifigrsus 1.28= 0.95,P = 0.97). For the same period, 1.20
obliterans also characterized each stage. 1.22 and 0.57 0.97 episodes of infection occurred in the

favorable and chronic rejection groups, respectivély=
Perfusion Studi 0.28). The number of episodes of acute rejection and
eriusion Studies infection recorded at this early period was 250L.27 and

Lung function tests included the FEbtained from spirom- + - :
etry. FEV; tests were performed before surgery, every week durir%ggg)_ 0.34, respectively, for the 2 groups of patierfs<

the first 3 mo, every 2 wk uptl y after transplantation, and every . .
3 mo thereafter. Studies were performed more frequently if Four to 12 mo after transplantation, no difference was

clinically indicated. Bronchoscopy was performed on days 7, 12bserved in acute rejection episodes (0:-80.67 versus
and 30 after transplantation; 3 mo after transplantation; and wh@r#3 = 0.79,P = 0.72), acute infection episodes (0.40
clinically indicated, as when lung function dropped or infection an@.70 versus 0.43 0.53,P = 0.92), and all episodes (07
rejection were suspected. FEValues were determined for the1.06 versus 0.86t 0.90, P = 0.75) in the 2 groups of
same times at which perfusion lung scintigraphy was performeghtients. The total number of episodes in the first year (acute
and were expressed as a percentage of the predicted FEV rejection and infection) were not significantly different
QPLS was performed before transplantation, several times in hgtyeen patients with a favorable outcome and patients with

first 3 mo after transplantation, and every 6 mo thereafteé ronic rejection (2.9& 2.33 versus 2.71 1, P = 0.84)
Scintigraphy was performed after intravenous administration ?—I(])ur surgical complications occurred in th,e study group:

111 MBq (3 mCi) ?*Tc-macroaggregated albumin (Pulmolite; . . . . .
DuPont, Billerica, MA) with the patient supine. A Silr]gle_hea(p_ronch|al stenosis and infection of the bronchial anastomo-

gamma camera (SPX-4; Elscint Ltd., Haifa, Israel) equipped with&iS In the favorable outcome group and bronchial stenosis in
parallel-hole collimator was used. Anterior, posterior, and left an@i Patients of the chronic rejection group.

right posterior oblique views were obtained, collecting 500,000— The results of relative perfusion lung scintigraphy and

700,000 counts per view. The posterior view was used férEV; values in the favorable outcome and chronic rejection

calculation of the relative perfusion. Right and left lung countgroups are shown in Table 2 and in Figures 1 and 2. No
were separately obtained from rectangular regions of interest. Téignificant difference was observed between the 2 patient
percentage of the transplanted lung counts from the total |U@90ups before transplantation.

counts was called relative perfusion. In the early period (1-3 mo) after transplantation, a

Data Analysis significant difference was seen in the minimal values of

Follow-up was divided into 2 intervals: an early phase 1-3 miglative perfusion between the 2 grougs< 0.02), but no
after transplantation and a late phase 1-3 y after transplantatigifference in maximal relative perfusion, minimal FE\6r
The lowest (minimal) and the highest (maximal) relative perfusiomaximal FEV, values were seen (Table 2; Fig. 1). Later in
and FEV, values were identified for each patient in each interval. the follow-up of these patients (1-3 y after transplantation),

Lung Function Evaluation and Radionuclide
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TABLE 1
Clinical Data and Outcome in Patients After Single-Lung Transplantation

Early FU Late FU Time FU
Patient Age Surgical of BO interval
no. ) Sex complications AR Inf AR Inf (mo) (mo) Outcome
1 57 M No 2 1 0 2 — 27 F
2 52 M No 1 1 0 0 — 59 F
3 53 M No 1 2 0 0 — 48 F
4 44 M Bronchial stenosis 1 3 1 0 — 30 F
5 57 M No 0 0 0 0 — 53 F
6 49 M No 0 3 0 0 — 52 F
7 63 M No 2 0 0 0 — 45 F
8 60 M Infected anastomosis 2 2 2 1 — 12 F
9 59 F No 3 0 0 1 — 8 F
10 60 M No 1 0 0 0 — 20 F
11 60 M No — — — — — 30 F
12 59 M Bronchial stenosis 0 2 0 1 28 52 CR
13 57 M No 2 0 0 1 10 24 CR
14 56 M No 2 0 0 0 15 32 CR
15 57 M No 1 0 0 1 6 84 CR
16 41 M Bronchial stenosis 0 2 0 0 39 58 CR
17 52 F No 2 0 2 0 18 27 CR
18 48 F No 2 0 1 1 8 30 CR

FU = follow-up; AR = acute rejection; Inf = infection; BO = bronchiolitis obliterans (diagnosis); F = favorable outcome; CR = chronic
rejection.

minimal FEV; deteriorated in the chronic rejection grougpresented in Figures 3 and 4, respectively. After transplanta-
(P = 0.002), as expected, because the definition of chrortion, the entire transplanted lung had homogeneous perfu-
rejection is based on these valudsh|. Maximal FEV, was sion and remained homogeneous during follow-up (Fig.
also significantly different in the 2 groups at 1-3 y afteBB). Patients who developed chronic rejection showed small
transplantation ¥ = 0.016). During the same interval,perfusion defects and a heterogeneous perfusion pattern in
minimal relative perfusion was not statistically different, anthe transplanted lung, similar to the pattern of the native lung
maximal relative perfusion was marginally significaRt€  (Fig. 4B).
0.051) between the 2 groups (Table 2; Fig. 2). Examples of The ROC analysis of the data is presented in Table 3.
patients with favorable outcome and chronic rejection aROC analysis of early relative perfusion values identified a
threshold of 57% under which sensitivity and specificity for
TABLE 2 the detection of chronic rejection were 83% and 88%,

Relative Perfusion and FEV; Values in Patient Population

Favorable Rejection
Follow-up Mean SD Mean SD 100 RP RP
interval no (%) (%) n (%) (%) P o F§V1 g FHEW
Baseline 80 N Eo ° Do
RP 10 436 87 6 388 122 0.376 RP =1 Ho
FEV, 10 224 70 6 240 64 0.656 E 601 O B 5 B s B
Early (1-3 mo) o o© Ug B o §
Minimal RP 8 671 122 6 508 9.6 0.020 & a4 By rew ge H
Minimal FEV, 10 551 169 6 458 159 0.298 oo go o7
Maximal RP 8 706 112 6 582 13.1 0.079 20 4 Do E@
Maximal FEV; 10 59.1 169 6 57.0 10.1 0.871 %O Sok
Late (1-3) p=0.020
Minimal RP 10 723 100 7 619 172 0.134 Pre T T Min 13 Month " Max 1.3 Month
Minimal FEV; 10 56.9 136 7 35.6 7.9 0.002
Maximal RP 10 76.5 89 7 643 150 0.051
7

Maximal FEV; 10 635 14.1 46.1 110 0016  FIGURE 1. Relative perfusion (RP) of transplanted lung and

FEV, values before transplantation and early (1-3 mo) after
transplantation. Max = maximal value; Min = minimal value; Pre
Tx = before transplantation. Number of data points in each group
represents available data for that group (Table 2).

n = number of patients for whom test values were available; RP =
relative perfusion.
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FIGURE 2. Relative perfusion (RP) of transplanted lung and

FEV, late (1-3 y) after transplantation. Max = maximal value;
Min = minimal value. Number of data points in each group
represents available data for that group (Table 2).

respectively (Fig. 5). For the same period, an FEVWeshold
of 46% had a sensitivity of 83% but a specificity of only

60%. Because of very low specificity, ROC analysis ¢
relative perfusion during the late follow-up period reveale

no threshold values that could be used to distinguis
between the 2 groups, whereas minimal and maximal,FE
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Rt. RP =90%
Overexposed
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FIGURE 3. Relative perfusion (RP) of transplanted lung and

FEV, values during 210 wk of follow-up (A) and perfusion images
at 210 wk (B) for patient with favorable outcome. Ant = anterior;
Post = posterior; Rt. = right.
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FIGURE 4. Relative perfusion (RP) of transplanted lung and

FEV; values during 164 wk of follow-up (A) and perfusion images
at 164 wk (B) for patient with chronic rejection. Lt. = left.

values showed a sensitivity of 100% and a specificity of 78%
for an FEV, threshold of 75% and 79%, respectively.

DISCUSSION

The cause of bronchiolitis obliterans in transplanted lungs
is uncertain. It is characterized by the accumulation of
lymphocytes in the submucosa of the inflamed airways and
is affected by HLA mismatch@)]. This pathologic process,
because it responds to immunosuppression, is probably
caused by rejection.

Infection may also be a possible cause of the inflamma-
tory reaction and may precede the deterioration of lung
function. Lung denervation and the loss of bronchial circula-
tion in the transplant may also play a role in damage of the
small airways ). Early rejection and cytomegalovirus
infection were found in some reports as a possible cause of
bronchiolitis obliterans. In our group of patients, we could
find no association between increased numbers of infection
episodes, acute rejection episodes, or surgical complications
in the early or late period after transplantation and the
development of chronic rejection.

A working formulation for chronic dysfunction of lung
allografts has been developed by a group of expért).(

The formulation is based on FEYy spirometry in conjunc-
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TABLE 3 a marked shift of perfusion to the transplanted lung, more

ROC Analysis of Relative Perfusion and FEV, Values in accentuated in patients with pulmonary hypertension than in
Patient Population patients with emphysema and pulmonary fibrosis. In cases

Follow-up Sensi- Speci- of _chronlc rejection, the decreas_e in graft perfusion and the
interval Threshold tivity ficity Accuracy NPV Ppv  Shift of perfusion toward the native lung may be caused by

the inflammatory process of bronchiolitis obliterans or may

Baseline . . .
RP 40 67 80 75 67 go reflect graft ischemia or.graft vaspulopath#).(_Perfusmn
FEV, 24 67 40 50 40 67 hasbeen shown to deteriorate during early episodes of acute
Early (1-3 mo) rejection ). Some investigators have suggested that areas
M!”!ma: EEV i; gg 23 ?‘13 g? 22 of decreased perfusion as documented by SPECT perfusion
inima 1 L . . . .
Maximal RP 55 67 100 86 100 80 _scmtlgr_aph_y may t_)e usefl_JI in dl_rectmg Iung b_|_opsy,_thus
Maximal FEV, 78 100 22 50 42 100 Improving its yield in the diagnosis of bronchiolitis obliter-
Late (1-3) ans Q).
Minimal RP 7 86 50 65 55 83 Ventilation scans of transplanted lungs with favorable
Minimal FEVy 45 10078 88 /8 100 4tcome generally show relatively reduced ventilation com-
Maximal RP 79 100 40 65 54 100 . ;
Maximal FEV; 59 100 78 88 78 100 Pared with perfusion to the lung allografil(19. We

therefore decided to base the scintigraphic evaluation on the
NPV = negative predictive value; PPV = positive predictive value; [_nore Igf?rmatlvz pfetrfUSIon StIUdles_’ USII’(IDg QPle’ aF v(;a_rlousd
RP = relative perfusion. imes before and after transp an_tatu_)n. ur results indicate
Values are percentages. that patients in whom chronic rejection subsequently devel-
oped had low relative perfusion values in the transplanted
) L o o lung during the early period after transplantation. A relative
tion with histologic fmdmgs on transbronchial biopsy .Sp_e_cberfusion threshold of 57% was found to have a sensitivity
mens ). The group claimed that the term bronch|ol|t|sof 83% and a specificity of 88% for chronic rejection. The

obliterans” describes the manifestation of chronic rejec“%minished relative perfusion values were not associated

if there is no other cause for progressive arway d'sea%veﬁth an increase in early episodes of acute rejection or
FEV, values were, therefore, used in this study as lun . ) . . o
. o ) L . . fection or an increase in surgical complications. However,
function test criteria for identification of patients with an L S .
. N subclinical rejection episodes may not have been detected.
without chronic rejection.

After transplantation, perfusion shifts to the transplante-g1elr corres'pondilng FEV yalueg at' .that early stage after
ansplantatlon did not differ significantly from those of

lung because of the relatively lower vascular resistance a ients with iful out These findi i
intact vascular morphology of the graft. Several studi%ﬂ lents with an uneventiul outcome. 1 hese findings sugges

investigated lung perfusion and ventilation after transplant at in patients in whpm chronlc rejection subsequently
tion in patients with emphysema,g), pulmonary hyperten- develops, a decrease in perfusion of the transplanted lung

sion (7,9), and pulmonary fibrosisl(). These studies found Précedes changes in airway compliance.
During the late period after transplantation, when severe

obstruction develops, FEVvalues clearly differentiated
between patients with chronic rejection and patients with a
favorable outcome. This observation was expected, because
these values serve as criteria for chronic rejection. At this
stage, QPLS showed lower values in patients with chronic
rejection than in patients with a favorable outcome. The
difference, however, was only marginally significant in our
patients, possibly because of the small number of patients in
the groups.

Our retrospective study, although of few patients, found
that low relative perfusion in the early follow-up period (1-3
mo) after transplantation could predict later development of
chronic rejection. Low early relative perfusion may be
regarded as an early warning sign of chronic rejection,
suggesting the need for biopsy and, perhaps, more intensive
0 —_— antirejection therapy. We believe that serial QPLS studies

¢ 1 2 3 4 5 6 7 8 5 10 early after transplantation may enhance early detection of

1 - Specificity chronic rejection and affect therapeutic measures. Additional

FIGURE 5. ROC curve of relative perfusion of transplanted  Studies in a larger group of patients may be required to
lung. substantiate our observations.

Sensitivity
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CONCLUSION standardization and nomenclature and for clinical staging of chronic dysfunction
. i in lung allograftsJ Heart Lung Transplantl993;12:713-716.
In our study of patients who underwent single-lunga. coit HG, cammileri S, Khelifa F, et al. Comparison of SPECT lung perfusion
tran3p|antation for emphysema and pulmonary fibrosis, with transbronchial lung biopsy after lung transplantatiém J Respir Crit Care

L . . Med.1994;150:515-520.
diminished perfu5|0n in the transplanted Iung early afteg. Berry GJ, Brunt EM, Chamberlain D, et al., for the Lung Rejection Study Group

tran5p|antati0n pfediCted future development of chronic of the International Society for Heart Transplantation. A working formulation for

rejection_ Deterioration was found earlier by scintigraphy the standardization of nomenclature in the diagnosis of heart and lung rejelction.
than by standard pulmonary function tests. QPLS adde?d Heart Lung Transpland990,9:593-601. . .
) | ] . Burke CM, Glanville AR, Theodore J, et al. Lung immunogenicity, rejection, and
valuable information and should be used in the follow-up of pjiterative bronchiolitisChest1987:92:547-549.
these patients. 7. Kramer MR, Marshall SE, McDougall IR, et al. The distribution of ventilation and
perfusion after single lung transplantation in patients with pulmonary fibrosis and
pulmonary hypertensioffransplant Proc1991;23:1215-1216.
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