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Prediction of postoperative pulmonary function in lung cancer
patients before tumor resection is essential for patient selection

for surgery and is conventionally done with a nonimaging segment

counting method (SC) or 2-dimensional planar lung perfusion

scintigraphy (PS). The purpose of this study was to compare
quantitative analysis of PS to SPECT/CT and to estimate the

accuracy of SC, PS, and SPECT/CT in predicting postoperative

pulmonary function in patients undergoing lobectomy. Methods:
Seventy-five non–small cell lung cancer patients planned for lobec-

tomy were prospectively enrolled (68% male; average age, 68.1 ±
8 y). All patients completed tests of preoperative forced expiratory

volume capacity in 1 s (FEV1) and diffusing capacity of the lungs for
carbon monoxide (DLCO), as well as 99mTc-macroaggregated albu-

min PS and SPECT/CT quantification. A subgroup of 60 patients

underwent video-assisted thoracoscopic lobectomy and measure-

ment of postoperative FEV1 and DLCO. Relative uptake of the lung
lobes estimated by PS and SPECT/CT was compared. Predicted

postoperative FEV1 and DLCO were derived from SC, PS, and

SPECT/CT. Prediction results were compared between the
different methods and the true postoperative measurements in pa-

tients who underwent lobectomy. Results: Relative uptake

measurements differed significantly between PS and SPECT/CT in

right lung lobes, with a mean difference of −8.2 ± 3.8, 18.0 ± 5.0, and
−11.5 ± 6.1 for right upper, middle, and lower lobes, respectively

(P , 0.001). The differences between the methods in the left lung

lobes were minor, with a mean difference of −0.4 ± 4.4 (P . 0.05)

and −2.0 ± 4.0 (P, 0.001) for left upper and lower lobes, respectively.
No significant difference and a strong correlation (R 5 0.6–0.76,

P, 0.001) were found between predicted postoperative lung func-

tion values according to SC, PS, SPECT/CT, and the actual postop-

erative FEV1 and DLCO. Conclusion: Although lobar quantification
parameters differed significantly between PS and SPECT/CT, no sig-

nificant differences were found between the predicted postoperative

lung function results derived from these methods and the actual post-
operative results. The additional time and effort of SPECT/CT quanti-

fication may not have an added value in patient selection for surgery.

SPECT/CT may be advantageous in patients planned for right lobec-

tomy, but further research is warranted.
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Lung cancer is the most common cause of death among on-
cologic patients worldwide (1). Resection is the treatment of choice

for early-stage non–small cell lung cancer (2). Because of a common

risk factor (smoking), many lung cancer patients have coexisting

lung disease resulting in reduced pulmonary function and an in-

creased risk of perioperative morbidity and mortality (3).
Estimation of respiratory reserve is an essential element of

preoperative evaluation. Candidates for lung resection undergo

respiratory evaluation by pulmonary function testing with mea-

surement of FEV1 (forced expiratory volume in 1 s) and DLCO

(diffusing capacity of the lungs for carbon monoxide) (3,4).

Patients with an FEV1 or DLCO that is less than 80% of the

predicted value are defined as high-risk patients and require that

pulmonary function be estimated after the operation by calcu-

lating the predicted postoperative FEV1 and DLCO (ppoFEV1

and ppoDLCO) (5,6). A predicted value of less than 30% is

considered a significant risk for perioperative mortality or mor-

bidity, and thus, the operation is contraindicated (5). The pre-

dicted postoperative lung function can be calculated simply by

multiplying the preoperative FEV1 or DLCO by the fractional

number of lung segments that will remain after the operation

(7). This method, called segment counting (SC), is considered

reliable, but some studies have found that it is inaccurate because

it ignores the possibility that some of the segments have reduced

function and it tends to underestimate the ppoFEV1 (7,8).
Radionuclide perfusion lung scanning with 99mTc-labeled macro-

aggregated albumin can be used to estimate and quantify the

regional distribution of lung function. The contribution of a lobe

or an entire lung can be determined by drawing regions of interest

on planar perfusion images. Typically, the data from quantitative

radionuclide perfusion scans are reported as the percentage of

function contributed by the 6 lung regions: upper third, middle

third, and lower third of each hemithorax. These data, combined

with the preoperative lung function value and the location and

planned extent of surgical resection, permit a calculation of the
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ppoFEV1/DLCO value. The ppoFEV1 derived from planar per-
fusion scintigraphy (PS) has shown a fair correlation with the
spirometry-measured postoperative FEV1 in pneumonectomy pa-
tients (9); however, less is known about using perfusion scintigraphy
to estimate postlobectomy lung function. SPECT can provide tomo-
graphic images of lung perfusion. The comparison of SPECT (with-
out concomitant CT) and PS has shown no significant advantage in
postoperative lung function prediction (10–12), possibly because
of attenuation effects and the inability to trace the lobar anatomic
boundaries since the lung fissures are not visible in the study. In
recent years, several studies have attempted to compare the post-
operative prediction of lung function between PS and SPECT/CT
perfusion scans with various methodologies (13–19). Most of these
studies had small numbers of lobectomy patients, and some did not
compare the predicted results with the actual postoperative lung
function tests. Some of the studies found SPECT/CT-based calcu-
lations to be superior, but some showed no difference from planar
imaging.
This study aimed to compare lung function quantification with

PS and SPECT/CT and to estimate the accuracy of SC, PS, and
SPECT/CT for the prediction of postoperative lung function, in a
selected and homogeneous group of early-stage non–small cell
lung cancer patients undergoing video-assisted thoracoscopic lobec-
tomy (VATS).

MATERIALS AND METHODS

Patients who had been admitted for VATS lobectomy or bilobectomy

because of non–small cell lung cancer with reduced pulmonary function
(FEV1 or DLCO , 80% of predicted) were included in the study.

Seventy-five patients were prospectively enrolled from December
2016 to April 2018 (mean age 6 SD, 68.1 6 8 y; 51 men [68%]; 66

smokers [88%]). The study was approved by the Institutional Ethics
Committee, and each subject signed an informed consent form.

All included patients underwent preoperative spirometry (for FEV1)

and DLCO 1–14 d before surgery (pre-FEV1 and pre-DLCO) and
showed reduced lung function (FEV1 or DLCO , 80% of predicted).

Lung perfusion scanning was performed 1–5 d before surgery after a
slow intravenous injection of 150 MBq of 99mTc-macroaggregated al-

bumin with the patient supine. Imaging data was acquired on a dual-
head g-camera (Discovery 670; GE Healthcare) using a low-energy

high-resolution parallel-hole collimator and an energy window of 140
keV 6 10% for emission counts. PS consisted of a static posterior and

anterior acquisition of 500,000 counts on a 256 · 256 matrix with a
square pixel size of 1.74 mm. SPECT was performed with projection

data every 6� for 360� of rotation with a matrix of 128 · 128, a square
pixel size of 4.45 mm, and an acquisition duration of 15 s per pro-

jection. The SPECT acquisition was followed by a helical CT scan at a
peak voltage of 120 kV and adaptive tube current (50–180 mA using

GE Healthcare Smart mA with a noise index of 24.6). The pitch was
1.375, with 1 s per rotation. Image slice thickness was 3.75 mm, and

the matrix size was 512 · 512 for a 50-cm-diameter transverse field of
view. CT was reconstructed using filtered backprojection and a soft-

tissue filter. SPECT was reconstructed with CT attenuation correction

using ordered-subset expectation maximization with 2 iterations, 10
subsets, Butterworth postfiltering (order, 10; cutoff frequency, 0.48

cm21), and an isotropic voxel size of 4.45 mm. PS was processed
for quantitative perfusion analysis using automatic software provided

by the Xeleris workstation (GE Healthcare). The software divides both
lungs into 3 regions of interest and calculates the relative uptake in

each region (zone) using the geometric mean of the anterior and poste-
rior images (Fig. 1A). In the right lung, the upper, middle, and lower

zones correspond to the right upper lobe (RUL), right middle lobe (RML),
and right lower lobe (RLL), respectively. In the left lung, the upper

zone and half of the middle zone correspond to the left upper lobe
(LUL) and the lower zone, and half of the middle zone corresponds

to the left lower lobe (LLL). Quantitative analysis of the SPECT/CT
image data was done with semiautomatic software, Qlung, provided

by GE Healthcare (Fig. 1B). The software requires the reader to

FIGURE 1. Methods of quantitative analysis of perfusion images in patient with RLL tumor. (A) Posterior view of planar study with automatic lung

division into 6 zones. (B) Qlung quantitative analysis of SPECT/CT.
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mark each lung fissure in (at least) 2 places on the CT images. The

software then automatically draws volumetric regions of interest for
each lobe and calculates its relative uptake. The relative uptake was

calculated for all 5 lobes in both methods (PS and SPECT/CT).
The predicted postoperative lung function values (ppoFEV1 and

ppoDLCO) were calculated by 3 methods: SC, PS, and SPECT/CT.
SC was calculated by multiplying the preoperative lung function tests

by the predicted fraction of segments the patient will have after resection
(8). The total number of segments in both lungs is 19 (3 in the RUL, 2 in

the RML, 5 in the RLL, 5 in the LUL, and 4 in the LLL):

ppoFEV1 or ppoDLCO

5
pre-FEV1 or pre-DLCO · ð19 2number of excised segmentsÞ

19
:

PS was calculated by multiplying the preoperative lung function tests
by the predicted residual functioning lung according to the planar

quantification (20):

ppoFEV1 or ppoDLCO

5
pre-FEV1 or pre-DLCO· ð1002% perfusion of planned resectionÞ

100
:

SPECT/CT was calculated similarly to PS-predicted values using the

percentage of perfused lung to be resected based on the SPECT/CT
quantification. Using the predicted lung function results from SC and

PS, patients with either a ppoFEV1 or a ppoDLCO of less than 30%
were defined as being at very high risk and were excluded from

surgical treatment.
Of the 75 enrolled patients, a subgroup of 60 underwent VATS

lobectomy. Within a month after the operation, all patients in this subgroup
underwent additional lung function tests, including FEV1 and DLCO (post-

FEV1 and post-DLCO), at the same facility where the preoperative
tests were done. The subgroup’s patient characteristics are detailed

in Table 1.
The results of the postoperative lung function tests were com-

pared with the predicted values according to the 3 different methods

specified.

Statistical Methods

Quantitative variables are presented as mean 6 SD and range.
Qualitative variables are described with frequencies and percentages.

Statistical analysis was performed with SPSS Statistics, version 25.0
(IBM).

Agreement between quantitative measures was determined by
Bland–Altman analysis using a scatterplot for the difference of

paired measures and the average of each pair. Limits of agreement
were defined as the mean of differences 6 2 SDs. Paired-sample t

testing was used for comparisons between the quantitative measures,
and Pearson correlation coefficient testing was used to evaluate the

relationship between those measures. The normal distribution of the
measures or of the differences between the paired measures was described

with histograms and tested with the 1-sample Kolmogrov–Smirnov test.
Normality was tested as a preliminary assumption for the Pearson corre-

lation coefficient testing and the paired-sample t test. An a-value of less
than 5% was considered significant. A 2-sided significance level is pre-

sented, unless otherwise noted.

RESULTS

Comparison of Relative Uptake Quantified by PS and

SPECT/CT

The relative uptake was calculated for each lung lobe using PS
and SPECT/CT quantification in all patients. The mean relative

uptake calculated by PS and SPECT/CT and the difference

between them is shown in Table 2. A significant difference was

found between the quantitative methods in all lung lobes except

for the LUL. PS consistently showed higher relative uptake in

the RML (mean difference [PS 2 SPECT/CT], 18.0 6 5.0; P ,
0.001) and consistently lower results for the RUL and RLL

(mean difference [PS 2 SPECT/CT], 28.2 6 3.8 and 211.5

6 6.1, respectively; P , 0.001). A minor but significant differ-

ence was found between the methods in the LLL (mean differ-
ence [PS 2 SPECT/CT], 22.0 6 4.0; P , 0.001), and no
significant difference was found in the LUL (mean difference
[PS2 SPECT/CT],20.46 4.4; P. 0.05). A difference of more
than 10% in lobar quantification between methods was observed

in 26 patients (35%) in the RUL, 69 patients (92%) in the RML,

47 patients (63%) in the RLL, 3 patients (4%) in the LUL, and

5 patients (7%) in the LLL.
Despite the significant difference in relative uptake calcu-

lated by PS and SPECT/CT, there was a good correlation
between the 2 methods in all lung lobes except the RML (Fig.
2). The correlation was stronger in the LUL, LLL, and RUL
(R 5 0.67, 0.77, and 0.64, respectively; P , 0.001) and moder-
ate in the RLL (R 5 0.49; P , 0.001). A weak correlation, with
borderline significance, was found for the RML (R 5 0.22;
P 5 0.57).

Comparison of Predicted Postoperative Lung Function

Calculated According to SC, PS, and SPECT/CT and the

Actual Postoperative Results

In the subgroup of 60 patients who underwent VATS lobectomy,
31 (52%) underwent right lobectomy and 29 left lobectomy

(48%). Most lobectomies were of the LUL (21, 35%) and RUL

(19, 32%), and only 3 patients underwent RML lobectomy (5%)

(Table 1).
The mean ppoFEV1 and ppoDLCO measurements calculated

using SC were 58.66 13.9 and 54.26 13.9, respectively. The mean

ppoFEV1 and ppoDLCO were 60.8% 6 14.0% and 56.5% 6
15.3% when calculated by PS and 60.4 6 13.6 and 55.7 6 13.4

TABLE 1
VATS Subgroup Patient Characteristics (n 5 60)

Parameter n (%) Average Range

Surgery side, right 31 (52%)

RUL lobectomy 19 (32%)

RML lobectomy 3 (5%)

RLL lobectomy 8 (13%)

LUL lobectomy 21 (35%)

LLL lobectomy 8 (13%)

RUL 1 RML lobectomy 1 (2%)

Preoperative FEV1 (%) 74.5 ± 18 32–109

Preoperative DLCO (%) 68.9 ± 17 31–127

Postoperative FEV1 (%) 60.8 ± 15.7 30–101

Postoperative DLCO (%) 55.4 ± 14.3 29–92
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when calculated by SPECT/CT. The actual mean postoperative lung

function results were an FEV1 of 60.8% 6 15.7% and a DLCO of

55.4% 6 14.3%. A significant correlation was found between the

predicted FEV1 and DLCO and the postoperative results for all 3

methods (Fig. 3). The ppoFEV1 calculated by SC showed the stron-

gest correlation to the actual postoperative value (R 5 0.76; P ,
0.001), whereas the SPECT/CT-derived ppoDLCO calculation had

the strongest correlation to the postoperative value (R 5 0.64; P ,
0.001). Bland–Altman plots showed no significant differences be-

tween predicted and postoperative values for any of the 3 methods

(Fig. 4), with the lowest limits of the 95% confidence interval

being shown by SC for FEV1 (218.4 to 22.9) and SPECT/CT for

DLCO (220.6 to 21.5).
A comparison of the values predicted by the different methods

and the postoperative measurements showed similar results in

patients undergoing either right- or left-sided lobectomy, with

correlation coefficients of 0.74, 0.70, and 0.71 (P, 0.001) for SC,

PS, and SPECT/CT, respectively, for right-lung lobectomy and

0.80, 0.76, and 0.80 (P , 0.001), respectively, for left-lung lobec-

tomy. Comparison between the methods according to the lobes

resected showed similar results in all lobes except the RML, where

the ppoFEV1 and ppoDLCO calculated by PS were lower than the

results by SC and SPECT/CT and lower than the actual postopera-

tive results (Supplemental Fig. 1; supplemental materials are avail-

able at http://jnm.snmjournals.org), though a statistical analysis was

not possible since only 3 patients underwent RML lobectomy.

DISCUSSION

In this prospective study on a homogeneous population of
patients with localized non–small cell lung cancer planned for

VATS lobectomy, although significant differences were shown be-

tween the relative lobar uptake quantified by PS and SPECT/CT in

the right lung lobes, no significant differences were found between

these methods for predicting postoperative lung function.
These results are consistent with some of the previous studies

comparing the role of tomographic techniques such as SPECT/CT

to PS (summarized in Table 3) and were validated in this study

using strict methodology in patient selection, an advanced SPECT/

CT-derived lung segmentation method, a single facility for lung

function testing, and a single surgical method. Previous studies

comparing these methods included patients undergoing several

types of procedures, including pneumonectomy, lobectomy, and

segmentectomy, and several surgical methods, including thoracotomy

and VATS (10,11,17,18). Our study population was homogeneous,

containing only patients undergoing VATS lobectomy, since in patients
undergoing pneumonectomy, PS is sufficient for assessing the relative
uptake of the whole lung. VATS lobectomy was the only surgi-
cal method used in the current study to avoid differences in the
patient recovery process after thoracoscopic procedures and
open thoracotomies—differences that can affect postoperative
lung function tests.
Several previous studies did not compare the scintigraphy-

derived results with actual postoperative lung function tests, and
some evaluated only FEV1 as a measure of the patient’s lung
function (14,15,18,19,21). In this study, the predicted results (ppo-
FEV1 and ppoDLCO) according to the different quantification
methods were compared with the postoperative tests, which are
considered the gold standard, in a subgroup of 60 patients. We
included in our lung function assessment both FEV1 and DLCO,
since FEV1 is considered to be the standard reference value but
recent studies have shown that DLCO has a better correlation with
survival after lobectomy for lung cancer patients (22,23). All pa-
tients in the VATS lobectomy subgroup underwent lung function
tests before and after surgery, and the tests were conducted during
a specified and limited period before and after surgery. Because
the results of lung function tests can vary significantly between
different facilities, all lung function tests in our study were con-
ducted at a single facility.
The SPECT and CT scans in this study were acquired se-

quentially, thus avoiding errors of misregistration and enabling
attenuation correction of the SPECT data. SPECT/CT quantitative
assessment of lung perfusion was performed using the Qlung
semiautomatic software, which divides the lung into volumes of
interest for each lobe according to the actual lung fissures, thus
ensuring that even in patients with significant anatomic changes
the segmentation is correct. Other commercial software from dif-
ferent vendors is available for lobar segmentation and will need to
be validated separately. Some of the previous studies acquired the
SPECT and the CT scans at different time points and coregistered
both datasets later (14,16). This method can cause misregistration
errors. Other studies used different methods of segmentation of
the SPECT/CT data into the lung lobes. For example, the study
by Kovacević-Kuśmierek et al. (17) used the CT for finding land-
marks, such as the position of the tracheal bifurcation or the fourth
rib, for the location of the lung fissures, since the low-dose CT did
not visualize the fissures themselves. This method can introduce
lung segmentation errors in patients with unusual lung anatomy,
especially in patients with gross emphysematous or fibrotic
changes.

TABLE 2
Relative Uptake of Lung Lobes According to Planar and SPECT/CT and Difference Between Methods (n 5 75)

Lobe

Planar SPECT/CT

Mean (%) Range (%) Mean (%) Range (%) Mean difference 2-sided significance

RUL 9 (±3) 3–20 18 (±5) 7–31 −8.2 (±3.8) ,0.001

RML 27 (±4) 13–37 10 (±4) 3–24 18.0 (±5.0) ,0.001

RLL 14 (±5) 2–27 26 (±7) 3–53 −11.5 (±6.1) ,0.001

LUL 23 (±4) 11–34 23 (±6) 6–40 −0.4 (±4.4) 0.05 (NS)

LLL 26 (±6) 6–43 24 (±7) 3–40 2.0 (±4.0) ,0.001

NS 5 No significance.
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The comparison between the relative lobar uptake according to
PS and SPECT/CT showed significant differences in the quanti-
tation of the right lung lobes but minor differences in the left lung
lobes. The difference between the methods was most pronounced

in the RML, with a mean difference of 18.06 5.0 and a difference
of more than 10% found in 92% of the patients. This result was
probably due to the inability of PS to differentiate between the
RML and the remainder of the right lung. Similar results were

FIGURE 2. Correlation between relative uptake calculated by PS and SPECT/CT for each lobe (n 5 75).
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shown in studies by Suh et al. (18), Genseke et al. (19), and Pro-
vost et al. (24).
Although significant differences were found between the

quantification methods, no such differences were shown when the

predicted postoperative lung function was calculated according to
the different methods in the VATS lobectomy subgroup, including
the simple nonimaging SC method. SC had a slightly better
performance in predicting the post-FEV1 values and SPECT/CT in

FIGURE 3. Correlation between predicted and postoperative FEV1 and DLCO for 3 methods in VATS lobectomy subgroup (n 5 60).
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predicting the post-DLCO values, but these were minor differences.
We did find a difference, however, in the predicted values for both
FEV1 and DLCO between the PS method and the remainder of
the methods in RML lobectomy patients, but these could not be
statistically proven because of the small number of patients in

this group. The study of Suh et al. showed similar results, but
only a small portion of patients in the study underwent post-
operative lung function tests (9/55 patients) (18).
The major limitation of our study was the relatively small number

of patients, especially patients undergoing RML lobectomy.

FIGURE 4. Bland–Altman plots comparing predicted and postoperative FEV1 and DLCO for 3 methods in VATS lobectomy subgroup (n 5 60).
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CONCLUSION

Lobar quantification significantly differs between PS and SPECT/
CT in the right lung lobes. SC, PS, and SPECT/CT showed similar
performance in prediction of postoperative FEV1 and DLCO.
SPECT/CT may have an added value in patients planned for
right-lung lobectomy, but further research on a larger patient cohort
is needed.
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KEY POINTS

QUESTION: Is SPECT/CT-based quantification of perfusion scan

different from PS-based quantification, and which method of

predicting postoperative lung function in lobectomy patients is

more accurate?

PERTINENT FINDINGS: In this prospective study on 75 patients,

SPECT/CT-based quantification of lung function significantly dif-

fered from planar-based quantification in the lobes of the right

lung. No significant differences were found between predicted

lung function calculated with a nonimaging SC method, planar

perfusion scanning, SPECT/CT, and the actual postoperative

values in a subgroup of 60 patients.

IMPLICATIONS FOR PATIENT CARE: In most lung cancer pa-

tients who are candidates for lobectomy, postoperative lung

function can be predicted with the simple nonimaging SC method.

Lung scintigraphy with SPECT/CT quantification should be con-

sidered for right lobectomy over planar-based quantification.
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