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Rationale: It is unclear if lung perfusion can predict response to lung
volume reduction surgery (LVRS).
Objectives: To study the role of perfusion scintigraphy in patient
selection for LVRS.
Methods: We performed an intention-to-treat analysis of 1,045 of
1,218 patients enrolled in the National Emphysema Treatment Trial
who were non–high risk for LVRS and had complete perfusion
scintigraphy results at baseline. The median follow-up was 6.0 years.
Patients were classified as having upper or non–upper lobe–
predominant emphysema on visual examination of the chest com-
puted tomography and high or low exercise capacity on cardiopul-
monary exercise testing at baseline. Low upper zone perfusion was
defined as less than 20% of total lung perfusion distributed to the
upper third of both lungs as measured on perfusion scintigraphy.
Measurements and Main Results: Among 284 of 1,045 patients with
upper lobe–predominant emphysema and low exercise capacity at
baseline, the 202 with low upper zone perfusion had lower mortality
with LVRS versus medical management (risk ratio [RR], 0.56; P 5

0.008) unlike the remaining 82 with high perfusion where mortality
was unchanged (RR, 0.97; P 5 0.62). Similarly, among 404 of 1,045
patients with upper lobe–predominant emphysema and high exer-
cise capacity, the 278 with low upper zone perfusion had lower
mortality with LVRS (RR, 0.70; P 5 0.02) unlike the remaining 126
with high perfusion (RR, 1.05; P 5 1.00). Among the 357 patients
with non–upper lobe–predominant emphysema (75 with low and
282 with high exercise capacity) there was no improvement in
survival with LVRS and measurement of upper zone perfusion did
not contribute new prognostic information.
Conclusions: Compared with optimal medical management, LVRS
reduces mortality in patients with upper lobe–predominant emphy-
sema when there is low rather than high perfusion to the upper lung.

Keywords: perfusion; computed tomography; emphysema; mortality;

lung volume reduction surgery

Lung volume reduction surgery (LVRS) can be an effective
treatment for emphysema in carefully selected patients. It is
well established that those with advanced upper lobe–predom-
inant emphysema derive the greatest benefit from this surgical
procedure (1–3). The current standard of care for defining
upper lung–predominant emphysema is visual examination of
the chest computed tomogram (CT) (1, 4). Perfusion scintigra-
phy is another commonly available test for assessing the
distribution of emphysema. Unlike chest CT, which defines
only the anatomic distribution of emphysema, perfusion imag-
ing also reflects regional lung function (5). Although the role of
perfusion scintigraphy in patient selection for LVRS has been
investigated by multiple prior studies, the results have been
inconclusive (6–11). These studies have examined perfusion
scintigraphy as a replacement rather than a complementary test
to the chest CT, and have been limited in sample size.

We used data from the National Emphysema Treatment Trial
(NETT) to study the role of perfusion scintigraphy in patient
selection for LVRS. We hypothesized that perfusion scintigraphy
would complement visual examination of the chest CT in
selecting patients for LVRS. Some of the results of this study
have been previously reported in the form of an abstract (12).

METHODS

Study Design

A detailed design of NETT has been published previously and only the
relevant aspects are reviewed here (13). Enrollment began in January
1998 and ended in July 2002. Major enrollment criteria are listed in the
online supplement. All patients underwent a prerandomization (base-
line) evaluation including a perfusion scintigram, chest CT, measure-
ment of maximal exercise capacity on cardiopulmonary exercise
testing, pulmonary function tests, and quality-of-life questionnaires
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The role of perfusion scintigraphy in patient selection for
lung volume reduction surgery (LVRS) has been investi-
gated by multiple studies with conflicting results.

What This Study Adds to the Field

The current study reports that measurement of upper lung
perfusion via perfusion scintigraphy adds new prognostic
information, in addition to that available by visual exam-
ination of the chest computed tomogram, and helps
identify patients likely to survive longer with LVRS rather
than with medical management.
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(St. George’s Respiratory Questionnaire [SGRQ] and the University of
California at San Diego Shortness of Breath Questionnaire [SOBQ]).
Patients were then randomized 1:1 to LVRS or optimal medical
management and returned for postrandomization visits at 6 months,
12 months, and yearly thereafter through December 2002. During 2003,
patients returned for examinations at 6 months and 2, 3, and 5 years
after randomization. At each postrandomization visit assessment of
exercise capacity, pulmonary function, and quality of life was repeated
to assess the efficacy of the treatment provided.

Patient Cohort

One thousand two hundred and eighteen patients were enrolled into
NETT. For the current analysis, we excluded the 140 patients known to
be high risk for LVRS per previously published criteria because these
patients are not considered candidates for LVRS or approved for
LVRS by the Centers for Medicare and Medicaid Services or the Joint
Commission on Accreditation (14, 15). An additional 33 patients were
excluded because of incomplete perfusion scan results at baseline,
resulting in a final sample size of 1,045.

Perfusion Scintigraphy

Participants were injected with 4 mCi of technetium-99 macroaggre-
gated albumin over 5–10 respiratory cycles and imaged in the upright
position. The anterior and posterior computerized scintigraphic lung
images were enclosed by a rectangle abutting the superior, inferior,
medial, and lateral aspects of the lung. This rectangle was divided into
upper, middle, and lower zones of equal craniocaudal height, using two
horizontal lines (11). The counts for a given zone on the anterior and
posterior images were multiplied and then the square root was taken.
This value was divided by the total of similar values for all six lung
zones (three for each lung) and multiplied by 100 to obtain the percent
perfusion to that zone.

Because LVRS is beneficial mostly for patients with upper lobe–
predominant emphysema we decided a priori to focus on perfusion to
the upper lung zones. The median combined perfusion to the two
upper zones in the NETT cohort was 20% of total lung perfusion;
therefore, we used 20% as the cutoff for classifying patients as having
low or high upper zone perfusion. To check our assumption that 20%
was a good cutoff value, we examined a number of different cutoffs
spaced at 2.5% intervals as predictors of mortality after LVRS.

Chest CT

High-resolution chest CT images were obtained for each patient and
interpreted by visual and densitometric methods (1). Upper versus non–
upper lung predominance was assessed on the basis of the radiologist’s
visual examination of the CT scan (1). For densitometric measurements,
the lung was divided into upper, middle, and lower zones of equal
craniocaudal height analogous to the perfusion images, and the percent
emphysema was assessed separately for each zone, using a threshold
value of 2950 Hounsfield units as described previously (4, 16).

Exercise Capacity

Patients were classified as having low exercise capacity if the baseline
exercise capacity was not more than 40 W (men) or 25 W (women) on
cardiopulmonary exercise testing, using a cycle ergometer, and vice
versa as described previously (1, 15).

Outcomes after LVRS

To facilitate comparison with prior reports, the main outcomes of
interest were mortality and improvement in exercise capacity by at
least 10 W (1). Multiple other outcomes were explored: improvement
in FEV1 by at least 100 ml, total SGRQ score by at least 8 points, and
SOBQ score by at least 5 points from baseline. These outcomes were
assessed 1, 2, and 3 years after randomization; they were not analyzed
at 5 years or beyond because a significant proportion of the cohort
(41%) had died. The cutoffs for defining improvement were chosen
because they are thought to represent clinically important changes in
the respective parameters after LVRS (17–20). To minimize potential
for bias and to produce conservative estimates, patients who died or
were missing at follow-up were assumed to have not improved.

Vital status, last updated in September 2008, was ascertained by
reports from the clinical centers and review of the Social Security
Administration’s Death Master File.

Statistical Analysis

The analyses were performed post-hoc according to the intention-to-
treat principle. The baseline characteristics of the 1,045 patients with low
versus high upper zone perfusion were compared by univariate analysis.

Analysis of the role of upper zone perfusion in patient selection for
LVRS was performed in four previously defined prognostic subgroups

TABLE 1. COMPARISON OF BASELINE CHARACTERISTICS OF 1,045 PATIENTS INCLUDED IN CURRENT
ANALYSIS WITH LOW VERSUS HIGH UPPER ZONE PERFUSION

Upper Zone Perfusion ,20% Upper Zone Perfusion >20%

Baseline Characteristic (n 5 555) (n 5 490) P Value

Demographic factors

Age, median (IQR), yr 68 (64, 71) 68 (64, 71) 0.61

Female, % 37 43 0.050

Body mass index, median (IQR), kg/m2 25 (22, 27) 25 (22, 28) 0.47

Smoking history

Pack-years of smoking, median (IQR) 60 (42, 84) 61 (42, 82) 0.60

Years since quitting, median (IQR) 8 (4, 14) 8 (4, 15) 0.31

Pulmonary function

FEV1, median (IQR), % predicted 27 (22, 32) 28 (23, 32) 0.31

FVC, median (IQR), % predicted 68 (59, 78) 69 (59, 79) 0.50

RV, median (IQR), % predicted 212 (185, 245) 208 (184, 238) 0.20

TLC, median (IQR), % predicted 127 (116, 136) 127 (117, 136) 0.59

DLCO, median (IQR), % predicted 28 (22, 34) 29 (24, 36) 0.003

Arterial blood gases

PaO2
, median (IQR), mm Hg 66 (59, 74) 63 (56, 70) ,0.001

PaCO2
, median (IQR), mm Hg 42 (38, 45) 42 (39, 46) 0.09

Quality-of-life scores

SGRQ total score, median (IQR) 53 (43, 62) 53 (43, 61) 0.69

SOBQ score, median (IQR) 63 (51, 74) 61 (48, 37) 0.99

Maximal exercise capacity, median (IQR), W 38 (25, 51) 38 (25, 51) 0.67

LVEF ,45%,* % 4.0 3.5 0.74

Percent emphysema in upper zone, median (IQR)† 29 (18, 40) 9 (3, 19) ,0.001

Definition of abbreviations: DLCO 5 diffusing capacity of carbon monoxide; IQR 5 interquartile range; LVEF 5 left ventricular

ejection fraction; RV 5 residual volume; SGRQ 5 St. George Respiratory Questionnaire; SOBQ 5 University of California at San

Diego Shortness-of-Breath Questionnaire; TLC 5 total lung capacity.

* Measured by transthoracic echocardiography.
† Measured by computed tomography densitometry and available for 606 patients.
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(1), that is, (1) those with upper lobe–predominant emphysema and
low exercise capacity (n 5 284 of 1,045), (2) upper lobe–predominant
emphysema and high exercise capacity (n 5 404 of 1,045), (3) non–
upper lobe–predominant emphysema and low exercise capacity (n 5

145 of 1,045), and (4) non–upper lobe–predominant emphysema and
high exercise capacity (n 5 212 of 1,045). In each of these four groups,
patients were further classified as having low or high upper zone
perfusion. Mortality and the other outcomes after randomization were
compared in those with low versus high perfusion.

Mortality was examined on the basis of Kaplan-Meier survival
curves. Log-rank tests were not used to compare survival curves because
the hazard functions were expected to cross each other because of the
early mortality from LVRS resulting in nonproportional hazards; in-
stead, the proportion of patients who died by a given time point after
randomization were compared by Fisher’s exact tests (1). The risk ratio
(RR) for mortality was estimated on the basis of the overall mortality in
each subgroup after a median follow-up of 6.0 years.

Outcomes besides mortality were examined by comparing the
proportions of patients (those with low vs. high upper zone perfusion)
who demonstrated improvement in these outcomes 1, 2, and 3 years
after randomization, using Fisher’s exact tests. Bar charts with corre-
sponding P values were used to summarize the results. The sample
sizes for these outcomes were 10–15% smaller than those for the
mortality analysis because patients who had not been in the study
long enough to complete 1-, 2-, or 3-year assessments had to be
excluded.

To determine whether there were differences in outcomes with
LVRS versus medical management for patients with low versus high
upper zone perfusion, logistic regression models were used. A separate
model was created with mortality at 1, 3, 5, 7, and 9 years and
improvement in exercise capacity and health-related quality of life 1
and 3 years after randomization as the outcome. Each model included
a term for treatment group assignment (LVRS vs. medical manage-
ment), upper zone perfusion (low vs. high), and an interaction term
between the treatment group and upper zone perfusion. P values for the
interaction terms were determined by exact score tests for logistic
regression. Because statistical tests for interactions have low power these
tests were performed separately in two groups (upper vs. non–upper lobe
predominant) instead of the four groups described previously.

Summary statistics are reported as proportions or medians with
interquartile range. To compare continuous variables the t test or
Mann-Whitney test was used after assessing the data for normality.
Statistical significance was defined as two-tailed P , 0.05. All analyses
were performed with SAS version 9.1.4 (SAS Institute, Cary, NC).

RESULTS

The comparison of baseline characteristics of the 1,045 partic-
ipants included in our analysis with low versus high upper zone
perfusion is included in Table 1. Clinically small but statistically
significant differences were present for the diffusing capacity of

Figure 1. Kaplan-Meier survival curves after randomization for patients with upper lobe–predominant emphysema (n 5 688). Among those with

low exercise capacity (panel A1), mortality was lower with lung volume reduction surgery (LVRS) than with optimal medical management (risk ratio
[RR], 0.66; P 5 0.06). On further classifying patients by upper zone perfusion, this reduction in mortality was greater and was restricted to patients

with low upper zone perfusion (panel A2: RR, 0.56; P 5 0.008) unlike those with high perfusion (panel A3: RR, 0.97; P 5 0.62). Among those with

high exercise capacity at baseline (panel B1), reduction in mortality was again greater with LVRS (RR, 0.80; P 5 0.04). On further classification by
upper zone perfusion this reduction in mortality was restricted to patients with low upper zone perfusion (panel B2: RR, 0.70; P 5 0.02), unlike those

with high perfusion (panel B3: RR, 1.05; P 5 1.00).
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carbon monoxide and PaO2
. The percentage of female patients

was slightly higher among those with high versus low upper
zone perfusion. As expected, patients with low rather than high
upper zone perfusion had more upper zone emphysema.
Notably, spirometry results and exercise capacity at baseline
were similar in the two groups.

In the 555 patients with low upper zone perfusion, blood flow
to the right and left upper zones was symmetrically reduced:
median perfusion to the right upper zone was 7% (interquartile
range, 5–9%) and median perfusion to the left upper zone was
5% (interquartile range, 4–7%).

Upper Lobe–predominant Emphysema and Low

Exercise Capacity

Among the 284 patients with upper lobe–predominant emphy-
sema and low exercise capacity, mortality was lower with LVRS
rather than optimal medical management (Figure 1, panel A1:
RR, 0.66; P 5 0.06). When these patients were further
subclassified as having low or high upper zone perfusion this
reduction in mortality was greater and was present only in the
202 patients with low perfusion (Figure 1, panel A2: RR, 0.56;
P 5 0.008). The survival curves for LVRS versus medical

management separated early and the survival advantage was
maintained until the end of follow-up in (Figure 1, panel A2). In
contrast, for the remaining 82 patients who had high upper zone
perfusion there was no reduction in mortality (Figure 1, panel
A3: RR, 0.97; P 5 0.62).

Outcomes besides survival were superior with LVRS in these
patients (Figure 2, column A1). Among those with low upper
zone perfusion (Figure 2, column A2), these improvements with
LVRS were greater and were durable until Year 3 postrandom-
ization, unlike those with high upper zone perfusion (Figure 2,
column A3).

Upper Lobe–predominant Emphysema and High

Exercise Capacity

Among the 404 patients with upper lobe–predominant emphy-
sema and high exercise capacity, mortality was lower with LVRS
rather than optimal medical management (Figure 1, panel B1:
RR, 0.80; P 5 0.04). When these patients were further sub-
classified as having low or high upper zone perfusion this
reduction in mortality was greater and was present only in the
278 patients with low upper zone perfusion (Figure 1, panel B2:
RR, 0.70; P 5 0.02). In these patients, there was an early increase

Figure 2. Comparison of frequency of improvement in functional outcomes after randomization to lung volume reduction surgery (LVRS, solid bars)

versus optimal medical treatment (OMT, gray bars) for patients with upper lobe–predominant emphysema and low exercise capacity at baseline.
Outcomes were consistently better with LVRS through Year 3 (column A1). On further classification by upper zone perfusion, those with low (column

A2) rather than high upper zone perfusion (column A3) derived greater benefit from LVRS. These improvements were durable to Year 3 in patients

with low but not high upper zone perfusion. SGRQ 5 St. George’s Respiratory Questionnaire; SORQ 5 University of California at San Diego

Shortness of Breath Questionnaire. *Improvement in exercise capacity by at least 10 W; †improvement in FEV1 by at least 100 ml; ‡improvement in
total SGRQ score by at least 8 points; ximprovement in SOBQ score by at least 5 points from baseline.
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in mortality with LVRS that was likely postsurgical, followed by
a crossing of the curves and a reduced mortality beyond Year 4
with LVRS. In the remaining 126 patients with high perfusion
there was no difference in mortality with LVRS versus medical
management (Figure 1, panel B3: RR, 1.05; P 5 1.00).

Outcomes besides survival were superior with LVRS in these
patients (Figure 3, column B1). Among those with low upper
zone perfusion (Figure 3, column B2) the improvements were
greater and durable to the third year of follow-up, unlike those
with high upper zone perfusion (Figure 3, column B3).

Non–upper Lobe–predominant Emphysema and Low

Exercise Capacity

Among the 145 patients with non–upper lobe–predominant
emphysema and low exercise capacity, mortality was similar
with LVRS or optimal medical management (see Figure E1,
panel A1, in the online supplement: RR, 0.78; P 5 0.12). The
same remained true for patients with either low (Figure E1,
panel A2: RR, 0.88; P 5 0.38; n 5 36) or high upper zone
perfusion (Figure E1, panel A3: RR, 0.76; P 5 0.21; n 5 109).

Outcomes besides mortality were superior with LVRS in
these patients (Figure E2, column A) although the improve-
ments did not persist until Year 3 of follow-up. The same

pattern was present in those with either low or high upper zone
perfusion (Figure E2, columns B and C, respectively). P values
were nonsignificant for those with low perfusion 1 year post-
randomization, likely because of the smaller sample size
compared with the high-perfusion group (n 5 39 vs. 100).

Non–upper Lobe–predominant Emphysema and High

Exercise Capacity

Among the 212 patients with non–upper lobe–predominant
emphysema and high exercise capacity, mortality was non-
significantly higher with LVRS rather than optimal medical
management (Figure E1, panel B1: RR, 1.2; P 5 0.20). The
same remained true for patients with either low (Figure E1,
panel B2: RR, 1.8; P 5 0.33) or high upper zone perfusion
(Figure E1, panel B3: RR, 1.1; P 5 0.35).

Outcomes besides mortality were superior with LVRS in
these patients (Figure E3, column A) although the improve-
ments did not persist until Year 3 of follow-up. The same
pattern was present in those with either low or high upper zone
perfusion (Figure E3, columns B and C, respectively). P values
were nonsignificant for those with low perfusion 1 year post-
randomization, likely because of the smaller sample size
compared with the high perfusion group (n 5 34 vs. 96).

Figure 3. Comparison of frequency of improvement in functional outcomes after randomization to lung volume reduction surgery (LVRS, solid bars)
versus optimal medical treatment (OMT, gray bars) for patients with upper lobe–predominant emphysema and high exercise capacity at baseline.

Outcomes were better with LVRS through Year 3 after randomization (column B1). On further classification by upper zone perfusion, those with low

upper zone perfusion (column B2) rather than high upper zone perfusion (column B3) derived greater benefit from LVRS. These improvements were

durable to Year 3 in patients with low but not high upper zone perfusion. *Improvement in exercise capacity by at least 10 W; †improvement in FEV1

by at least 100 ml; ‡improvement in total SGRQ score by at least 8 points; ximprovement in SOBQ score by at least 5 points from baseline.
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The key findings from the analysis so far have been sum-
marized in Figure 4.

Differential Reduction in Mortality and Other Outcomes with

LVRS in Patients with Low versus High Upper Zone Perfusion

In the 688 patients with upper lobe predominance, P values for
interaction terms testing a differential survival advantage with
LVRS in those with low rather than high upper zone perfusion
(n 5 284 and 404) were significant after 5 years of follow-up
(P 5 0.01 at Year 7 and P 5 0.03 at Year 9) unlike those before
5 years (P 5 0.56 at Year 1, P 5 0.83 at Year 3, and P 5 0.23 at
Year 5).

In contrast, P values for the same interaction terms for the
357 patients with non–upper lobe–predominant emphysema
were nonsignificant throughout follow-up (P 5 0.70 at Year 1,
P 5 0.36 at Year 3, P 5 0.30 at Year 5, P 5 0.59 at Year 7, and
P 5 0.77 at Year 9).

Selection of a Cutoff Value for Defining Low versus High

Upper Zone Perfusion

Examination of the effect of using different cutoff values on
odds ratios predicting mortality 1 year post-LVRS confirmed
that 20% was a good cutoff because the odds ratios started to
approach 1 and the confidence intervals started to widen if the
cutoff exceeded or was less than 20% (Figure E4).

DISCUSSION

We examined the role of perfusion scintigraphy in patient
selection for LVRS, using data from a large randomized control
trial. Among those with upper lobe–predominant emphysema
and either low or high exercise capacity mortality was reduced
after LVRS if there was low and not high upper zone perfusion
(Figure 4). In contrast, among patients with non–upper lobe–
predominant emphysema there was no reduction in mortality
with LVRS, and performing perfusion scintigraphy did not
contribute new prognostic information.

Cooper and colleagues revived interest in LVRS in the
1990s; they examined both the perfusion scintigram and chest
CT in selecting surgical candidates with heterogeneous distri-
bution of diseased areas amenable to surgical resection (21).
Subsequent research compared perfusion scintigraphy with
visual examination of the chest CT to determine which one
technique was superior in identifying upper lobe–predominant
emphysema. However, these studies were limited in sample size
and produced conflicting results (2, 6–9, 22).

Similar to our findings from this updated NETT data set,
results from the analysis of the initial data from NETT found
that the (upper)/(middle 1 lower) zone perfusion ratio did not
identify differential improvements in survival, exercise capacity,
and health-related quality of life up to 2 years after randomi-
zation. In our analysis, the statistical tests for interaction
become significant only after Year 5 of follow-up. This is not
surprising because these statistical tests have optimal power
when about 50% of the cohort has had events (death in our
study), that is, about Year 6, which was the median survival in
our cohort. Also, these tests were significant only for those with
upper lobe predominance, whereas the tests for interaction in
the early NETT data were performed in the entire cohort
(upper and non–upper lobe predominant) because the impor-
tance of upper lobe predominance as a prognostic variable was
not established at that time.

At our medical center in Boston and at the University of
Pennsylvania, even prior to our results being known, perfusion
scintigrams have been obtained and visually examined for
disease distribution in all patients being evaluated for LVRS.
Our results now provide the evidence and an objective frame-
work for the interpretation of these scintigrams. We recom-
mend that patients with upper lobe–predominant emphysema
on visual examination of the chest CT undergo perfusion
scintigraphy in addition to measurement of maximal exercise
capacity. This will allow the clinician to classify them into one of
the four subgroups described at the bottom of Figure 4. For
patients with non–upper lobe–predominant emphysema perfu-

Figure 4. Flow diagram summarizing the
main results of our analysis. Risk ratios

(RRs) for mortality were estimated on the

basis of the overall mortality in each sub-

group after a median follow-up of 6.0
years. The RR for improvement in exercise

capacity was assessed by maximal work-

load achieved on a cycle ergometer 2

years after randomization (less than 10
W vs. at least 10 W).*High risk were

patients with FEV1 not exceeding 20%

predicted and either diffusing capacity
of carbon monoxide not exceeding 20%

predicted or nonheterogeneous distri-

bution of emphysema on computed to-

mography. †Patients with non–upper
lobe–predominant emphysema and low

exercise capacity can experience more

frequent improvement in functional out-

comes with lung volume reduction sur-
gery (LVRS) rather than optimal medical

management though these are not dura-

ble beyond the first 2 years after LVRS,
unlike in patients with upper lobe–

predominant emphysema. There is no

improvement in survival with surgery. In

the current analysis upper zone perfusion
did not help further define prognosis in

this group of patients.
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sion scintigraphy should not be performed because no addi-
tional prognostic information is obtained.

The likely reason why lung perfusion provides additional
prognostic information in patients known to have upper lobe
predominance on chest CT is because unlike chest CT, which is
a purely anatomical measure of emphysema distribution, lung
perfusion also reflects regional lung function (5, 23). A combi-
nation of structural (chest CT) and functional (perfusion
scintigraphy) upper lobe predominance may give a better
summary of emphysema distribution for the purpose of patient
selection for LVRS rather than structural disease alone. There-
fore, surgical resection of emphysematous and poorly perfused
lung produces better results than resection of emphysematous
but better perfused parenchyma.

Our data suggest that patients with low versus high upper
zone perfusion are part of the same clinical phenotype of
advanced emphysema because a number of important clinical
variables were similar in the two groups (Table 1).

Our study has a number of limitations. The division of each
lung into three zones of equal craniocaudal height was arbitrary;
however, this method is easy to remember and apply in clinical
practice. Even though the same method was used to define lung
zones in scintigraphic and CT images, the lung zones may not
have corresponded exactly when assessed by these different
imaging techniques. Finally, the long duration of follow-up and
data on a number of outcomes resulted in a large number of
comparisons and P values. We attempted to minimize the
number of tests by being selective, for example, tests for
interaction were performed at alternative years instead of
annually during follow-up. Also, the P values obtained in-
dicated consistent patterns in the data with no one ‘‘standout’’
value that would suggest a chance finding.

Conclusion

Perfusion scintigraphy should be considered in patients with
upper lobe–predominant emphysema being evaluated for LVRS,
because those with upper lung perfusion less than 20% rather
than 20% or more of total lung perfusion are likely to live longer
and have more frequent improvement in functional outcomes
with LVRS rather than continued medical management.
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