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Abstract. Purpose: This study sought to determine wheth&PXe-
radiospirometry (XRS) successfully selects patiatite to undergo lung
resection without postoperative respiratory congtian and whether
perfusion lung scintigraphy (PLS) is likely to pro& a similar selection of
patients for certain stages of the tumdethods: Two hundred and eighty-
four patients with resectable lung cancer undenpesbperative assessment
of postoperative forced expiratory volume in oneosel (FEM) by XRS
and PLS. Correlations, the Bland and Altman analysid contingency
tables were used to analyze the difference betvikentwo predictive
techniques.Results:. One hundred and sixty patients underwent lung
resection on the basis of XRS preoperative testinty. None of them
developed respiratory insufficiency. Despite a elosrrelation, the limits of
agreement between predicted REY XRS and PLS exceedead0.3 L/s.
For tumor stages T1Nx and T2NO, PLS underestimptstioperative FEV
whereas it overestimated this parameter for stddjeConclusion: The
agreement between XRS and PLS is unacceptablegca$ RS accurately
selects patients able to undergo lung resectiorhowit postoperative
pulmonary insufficiency. When only PLS is availgligher thresholds for
patients with stage Ill cancers and lower threshdtn those with stage |

cancers should be used to decide on operability.
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I ntroduction

When indicated, surgical resection offers the bhanhce for cure in patients
with non-small cell lung carcinoma. However, thangitory increase in the
dead space to tidal volume ratio during the postipe period may be
responsible for postoperative respiratory insugiicy in patients with
impaired preoperative lung function [1]. This hdighs the need for both
efficient postoperative care and an accurate sefedf patients who are
likely to undergo lung resection without severe tpperative respiratory
complications [2, 3]. Several studies have pointedt that global
spirometric tests fail to detect the patients tlaa¢ at high risk of
postoperative complications, particularly among sthowith chronic
obstructive pulmonary disease [1, 4]. Neverthelegwse tests are
recommended by several guidelines before pulmoresgction [5, 6], and
criteria for selecting patients who should be abld¢olerate lung resection
have been proposed on the basis of these tes]k Mhen these criteria are
not fulfilled, assessment of regional lung functlmynquantitative imaging is
required. Most studies and guidelines suggest ghlhonary resection is
feasible in patients with a predicted postoperafiiz/; of 30-40% or more
of the normal value [1, 3, 9, 10], or 1-1.2 L/s [112]. Quantitative
computed tomography scanning has shown promisisgltsg but this
method is not yet widely used [2, 3, 13, 14]. Moually, radionuclide
techniques, including lung ventilation or perfusi@tintigraphy, are
employed for the assessment of postoperative pwdmgoiunction [11, 15,

16].



Since the use of functional vital capacity (FV@ed not improve
the accuracy of patient selection [18], the regianaasurement of forced
expiratory volume in the first second (FB\s regarded as the most reliable
spirometric index of pulmonary insufficiency andshHzeen chosen by most
investigators to assess operability. With the usa spirometer and a large
field-of-view gamma-camera, equilibriumi**Xe-radiospirometry allows
simultaneous measurements of the global F&MW regional lung activities
that are proportional to the volumes of the pulmgnébes. Thus
measurements of changes in regional activities hia first second of
maximal forced expiration provide a direct assesgnoé regional FEY.
Along with bronchospirometry, which is invasiVé>Xe-radiospirometry is
considered as the method of first choice for treessment of preoperative
pulmonary function [18-27]. However, the widespredidical use of this
technique is impeded by the difficulties of perfamg a spirometric test
with a gaseous isotope in routine clinical settings
Alternatively, calculations based on measuremehtegional activities on
static ventilation radionuclide scans have beenl tis@stimate preoperative
FEV:. However, Tc-99m aerosols or ultrafine carbon ipl@g cannot be
delivered to poorly ventilated peripheral respirgtdoronchioles and the
physical decay of 81m-krypton occurs before an lgayiuim distribution
can be attained. Thus the uptake of these statitlaton agents can only
be regarded as an indirect means to assess redivalmeasured during
unforced breathing. Since airway hypoxia leads &soeconstriction of
peripheral pulmonary arteries, static ventilatiomd aperfusion lung

scintigraphies generally show a similar distribatiof activity in patients



with no isolated perfusion defects. Previous swidi@ve compared the
capacity of static perfusion and ventilation stsdiéor predicting

postoperative lung function and reported no sigaiit difference in

accuracy, with a trend toward technetium-99m maggoegated albumin
(*°™Tc-MAA) perfusion scintigraphy as the most relianethod in routine

settings [1, 28, 29].

Using postoperative spirometric measurements gelc standard,
however, some authors have pointed out the hightdagion of perfusion
lung scintigraphy in predicting postoperative residpulmonary function
for pneumectomies as well as for lobectomies [D833]. This method may
be appropriate for measuring the precision of peeajve predictions, but it
does not directly address the problem of preventpastoperative
respiratory insufficiency. Since perfusion scindighy remains in routine
use for the assessment of operability, these eedlilstrate the need to
confirm the accuracy of this method for determiniige risk of
postoperative pulmonary insufficiency among pasiestheduled for lung
resection.

The goals of this study were therefore twofoldstiwe sought to
determine whether**Xe-radiospirometry actually succeeds in selecting
patients able to undergo lung resection safely.os@cwe investigated
whether the simpler perfusion lung scintigraphlykisly to provide a similar
selection of patients for certain stages of canelich would justify its use

in place of***Xe radiospirometry.



M aterials and methods

Patients

Two hundred and eighty-four patients (60 femalet 224 males, mean age
64+10 years, range 38-84 vyears) referred for isotopreoperative
pulmonary functional assessment were prospectimelyded in the study.
Ethical approval was obtained from the Ethics Cotteaiof the School of
Medicine. All patients were affected by squamoud carcinoma or
adenocarcinoma and scheduled for lobectomy or paeetomy. The
international system for staging lung cancer [3@swsed to classify the
anatomic extent of the disease. Mean T and N valm® respectively
2.3t1 (range 1-4) and (9 (range 0-3). None of the patients presented
known distant metastasis when the perfusion scagpigy and the
radiospirometry were performed (M=0). The numbepatients included in
the study with respect to T and N descriptors @shin Table 1. Using the
international stage grouping classification schethis, corresponds to 105
patients (37 %) with 1A or IB, 54 patients (19 %])tlwlIIA or 1IB, 66
patients with [lIA (23 %) and 59 patients (21 %}willB.

In the patient population, the primary tumor wasaked almost as
often in the right lung (141 patients, 25% in thgper lobe, 20% in the
lower lobe, 5 % in the middle lobe) as in the leftg (143 patients, 28 % in
the upper lobe, 21 % in the lower lobe, 1 % in lingular segments).
Thirty-nine patients had a history of previous lusyygery regarding the
right lung (12 upper lobectomies, 5 lower lobectesnil middle lobectomy

and 2 pneumectomies) or the left lung (8 upper dabuies, 7 lower



lobectomies and 4 pneumectomies). Given the siematwith a history of
pneumectomy, the results described for the whaldyspopulation were
evaluated in a population of 278 patients only whkeea possibility of
another pneumectomy was under consideration.

All patients underwent®*xe-radiospirometry, immediately followed
by a perfusion lung scintigraphy. The results fraime perfusion
scintigraphy were not used to decide whether theeqa would undergo
lung surgery. According to usual guidelines [3, B decision to operate
was based on**Xe-radiospirometric assessment, when the predicted
postoperative FEVwas above a threshold defined as 1 L/s or 35%@f t
normal FEVf evaluated with respect to the gender, height ajed i the
patient [37]. Postoperative complications were peasively monitored and
were defined as any cardiovascular or pulmonarybie that required
special treatment within 1 month of the operatiofhis included
postoperative ventilation support > 24 h, reintidrafor respiratory failure,

acute carbon dioxide retention, pneumonia and ctis.

Scintigraphic assessment of regional pulmonary function

Dynamic scintigraphic studies were recorded usinigrge field-of-view
dual-head gamma camera (DST-XL, SMVi, Buc, Framwei low-energy
high-resolution parallel-hole collimators. All vdation images were
acquired in a 64x64 matrix. The patient was insthih the seated upright
position in front of the radiospirometer. The twetettors of the gamma-
camera were facing the back of the patient, in léie (LPO) and right

posterior obliqgue (RPO) incidences. These incidenaere chosen to



minimize the differential attenuation of th&Xe signal from the different
lobes. Next, 1110 MBq (30 mCi, that is 3mCi/L) &FXe gas was
introduced into a closed rebreathing spirometernfN.€on II; RadX,
Houston, Texas) equipped with a £absorber and oxygen supply.

After becoming accustomed to the mouthpi@ee nose clip, the patient was
instructed to breathe normally at the usual ratafdeast 3 minutes to reach
equilibrium. During this phase, FVC measurementseweerformed. Once
equilibrium was reached, the FEYheasurements were recorded as planar
dynamic LPO, and RPO scintigraphic data were aeduat five images/s
for 20 seconds. This acquisition was followed bwashout phase during
which the patient inspired room air. The expirectomie of***xe and room
air was vented to a charcoal trap ventilation systé&/ashout images were
recorded every 2 seconds for 2 minutes, but weteused for this study.
Last, with the subject still connected to the spieter andhe camera in the
same position, 185 MBq (5 mCi) 61"Tc-macroaggregated albumin were
injected intravenously and static perfusion imagesre acquired in a

128x128 matrix.

Image treatment and analysis

First, the dynamic images recorded during FEMeasurement were
summed and a threshold corresponding to 30% ahtdeamal pixel activity
in the resulting image was used to set the backgtquxel values to zero.
This image was used to define six regions of istefl|®@Ol) corresponding to
the upper lobes, the lower lobes, the middle lobd the two lingular

segments. To improve accuracy and reproducibiiitg, ROIs were defined



using the segmental reference chart proposed byhsgn et al. [38]. The
two images corresponding to this reference chartefib and right posterior

obligue views were automatically translated andesc#o fit the summed

images of the lung activity (Fig. 1).

TIME-ACTIVITY CURVES FOR THE SIX ROI

COUNTS

Figure 1

Then, for each dynamic image corresponding to & tinterval of 0.5
seconds, the values of the pixels belonging tovargROI were summed to
derive six time-activity curves (TAC). Because thmges were acquired at
equilibrium and the half-life of**Xe is relatively long compared with the
duration of the test (T=5.24 days), the activit,eeasured in these TACs
were proportional to the volumes of each pulmoraipg. The coefficient of
proportionality was computed by comparing the gloB&V; and the
corresponding variation of activity within the twdungs. Thus
measurements of the variation of activity withingewen ROI during 1
second of forced expiration following maximal insgion provided a direct
measurement of regional FEVfor each of the six lobes studied. These

measurements of FEMvere termed radiospirometric measurements (RS-
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FEV,). Similarly, the same ROIs were applied to thdictkeft and right
posterior oblique perfusion scintigraphic imageke Telative function of
each lobe was estimated by the ratio of the agtivitthe corresponding
ROI to the total lung activity. Regional lung fuimet was then estimated to
be the product of the relative function of a givarimonary lobe and the
global FEM measured during the radiospirometric test. Thessesarements
of FEV; were termed perfusion measurements (P-EBvd compared with

the radiospirometric measurements.

Satistical analysis

The mean value standard deviation (SD) and the range charactéhiee
distributions of the parameters. Statistical sigaiice was defined g%
value < 0.05. Continuous data were compared wjthiged Student’s t-test
or a paired Wilcoxon'’s test, as appropriate. Agreets between predicted
postoperative parameters provided by perfusion lsomtigraphy and
133¢e-radiospirometry were assessed using the BladdAdiman method.
The limits of agreement of the two methods wereingef as the mean
differencet1.96 standard deviation of the differences. Theseqnences of
these limits of agreement were explored by compytiositive and negative
predictive values for the two methods with the prasly defined threshold.
A ROC curve analysis was performed to determinethiheshold for lung
perfusion scintigraphy that would prevent any lwagection that had been
rejected usind**Xe-radiospirometry. Last, in order to investigathether

the (T, N) staging could explain the difference$-i\V; assessments by the
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two scintigraphic methods, these differences wévaled into quartiles to

perform a Pearsog? test and a Mantel-Haenszgltest for trend.

Results

Spirometric results and immediate outcome after surgery

For the whole population, the mean global FVC aBYfwere respectively
3.13t0.72 L (range: 1.21-5.28 L) and 24259 L/s (range: 0.88-4.51 L/s).
One hundred and sixty patients (56 %) of the 2&uded had a predicted
postoperative FEVassessed by**Xe-radiospirometry that was above the
operability threshold; these patients underweng lsurgery within 1 month

of the scintigraphic assessment of regional pulmohaction. The surgical
resection included 82 right lobectomies (32 upmdrettomies, 19 lower
lobectomies, 7 middle lobectomies and 24 pneumeeg)mand 78 left
lobectomies (34 wupper lobectomies, 19 lower Ilobeas and 25
pneumectomies). The patients who underwent pnewmgchad predicted
RS-FEM = 1.26+ 0.31 (range 0.73 — 2.21) as assessed by radiosgting
and P-FEVY = 1.26+ 0.29 (range 0.72 — 2.14) as assessed by perfusion
scintigraphy. For the patients who had a lobectorthe predicted
postoperative FEVvalues were RS-FEMV= 1.81+ 0.53 (range 0.74 — 3.45)
and P-FEVY = 1.81+ 0.59 (range 0.82 — 3.76), respectively. No patient
developed respiratory insufficiency or required @amental oxygen at the
time of hospital discharge. The postoperative cowas uneventful for 151

patients. Nine patients (5.6 %) died within thestfimonth of surgery. The
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complications responsible for these fatal outcomeie postoperative septic
shock (5 patients who benefited from neoadjuvanenabtherapy),

cardiogenic shock (3 patients) and acute bleedingatient).

Correlations in the whole population

In the whole population studied, the intraclassrelation coefficient
between preoperative P-FE¥YNd RS-FEY assessed for pneumectomy was
0.90 (95% confidence interval: 0.88-0.92), showsngrery good global
agreement between perfusion scintigraphy Hfide-radiospirometry (Fig.

2).

P-FEV1 (Lis)

] 02 05 075 1 1,25 15 1,75 2 225 25 275
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Figure 2.

The differences D between P-FEV and RS-FEY assessed for
pneumectomy ranged from —0.89 to 0.55 L/s (Fig.TBe mean difference
was 0.014+ 0.17 L/s and the limits of agreement were —0.3D.8% L/s.

The Wilcoxon test showed that; BDvas significantly different from zero,
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although this difference was relatively smadkQ.03; median difference =

0.015 L/s).
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Figure 3.

Similar means and limits of agreement were founeémwb, was evaluated
for the two subgroups corresponding to right arfiddeeumectomies.

When a lobectomy was scheduled, the intraclass eledion
coefficient between P-FEVand RS-FEY was 0.94 (95% confidence
interval: 0.92-0.95) for all the patients includedhe study, confirming the
very good global agreement between perfusion sgaphy and***Xe-
radiospirometry (Fig. 4). The differences Between P-FEVand RS-FEY
assessed for lobectomy ranged from —0.85 to 0.82([if. 5). The mean
difference was 0.01% 0.21 L/s and the limits of agreement were —0.39 to

0.41 L/s. The Wilcoxon test showed that Was not significantly different
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from zero, although this difference was relativeiyall £=0.06; median

difference = 0.03 L/s).
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Similar means and limits of agreement were fourttewD was
evaluated for the subgroups corresponding to lamer upper lobectomies,
as well as for the right and left lungs.

Tables 2 and 3 show the number of patients thatidvbave been
accepted or rejected for a lung resection using pheviously defined
threshold. According to the preoperative result®viged by ***Xe-
radiospirometry, 56% of the patients would have nbecepted for
pneumectomy and 91% for lobectomy. Of the 15 ptgigior whom
radiospirometric analysis did not allow pneumectowlyereas perfusion
scintigraphy did, nine underwent lobectomy withopibstoperative
complication, and six were denied surgery. For ¢hesx patients, the
difference P-FEY — RS-FEV averaged 0.3% 0.13 L/s (range: 0.16-0.55
L/s). To prevent any pneumectomy that would havenbeejected using
133¢e-radiospirometry, the threshold for perfusionnsigraphy was 1.46
L/s. On the other hand, the only patient who wasetklobectomy, whereas
P-FEV, was above the threshold, had similar predictivé/ FRy the two
methods (1.06 and 0.94 with perfusion scintigraphyg radiospirometry,
respectively).

The positive predictive values for the perfusiomduscintigraphy
were 90% for pneumectomy (95% confidence inter83k93) and 99.6 %
for lobectomy (95% confidence interval: 96-99); thegative predictive
values were 88% (95% confidence interval: 83-94Q afl% (95%

confidence interval: 55-86), respectively.
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Links with the anatomic extent of the lung cancer

Stage T, as well as the international stage gra@umilassification, was
significantly linked with the difference in the assment of FEY by
perfusion scintigraphy antf*Xe-radiospirometry f = 0.01 andp = 0.03,
respectively) when a pneumectomy was scheduled.pReumectomies,
perfusion scintigraphy underestimated postoperdil¥; when T=1 or for
stages IA and IB. On the contrary, for T=4 and $tages IlIA or 1B,
perfusion scintigraphy overestimated postoperaf¥g/; in comparison
with **Xe-radiospirometry. All but one of the patients wivere denied
surgery with P-FEY suggesting operability had 1lIB tumors. The Mantel
Haenszel test showed evidence of a linear quawnétaglationship between
the differences and the grouped stages=(0.01). A similar tendency
occurred when stage N was studied alone or whempaleslobectomy was
scheduled. In these situations, however, no smmifi link between the
difference in predicted FEMand the staging could be proven by our dpta (
= 0.07-0.09 for T or grouped stages when a lobegtaas scheduled arl

= 0.22-0.52 for N stages whatever the surgery).

Discussion

Using postoperative measurements of FBY a gold standard, most authors
have reported an overall imprecision and inaccurady perfusion
scintigraphy in the assessment of postlobectomyduak pulmonary
function, with errors greater than 15% leading igniicant postoperative

mortality [12]. Some authors have reported sigaificoverestimations of
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postoperative FEY [30,34], whereas others have pointed out several

limitations including a systematic underestimatminpostoperative FEV

[28, 11]. Thus, previous studies stated that aiptied preoperative FEV

of around 0.7-0.8 L/s should not be consideredtal wontraindication to
surgery, whereas an operability threshold of ptedigpostoperative FEV

equal to 1.2-1.3 L/s should be chosen, especialyeft pneumectomies or
upper lobectomies where the margin of uncertamtyreater [11].

The key clinical point, however, is not so much uerify that
perfusion lung scintigraphy can predict postopeeatFEV; as it is to
determine whether this technique is able to rejfiaieéntify the patients with
an increased risk of pulmonary insufficiency duritige postoperative
period. Moreover, even if postoperative measuresn@itFEV; may be
regarded as a gold standard, this parameter is diticult to measure with
high reproducibility when, as in the present wdhe study population is
living in a large geographic area. For this reastim immediate
postoperative outcome was used to determine whesuwantigraphic
methods can actually succeed in selecting patiabls to undergo lung
resection safely.

In the present study, operability was decided smgu predicted
postoperative FEY assessed by**Xe-radiospirometry only, with the
threshold value that is generally used with lungfyseon scintigraphy
[1,3,9,10,11]. None of the 160 patients who undetw®bectomy or
pneumectomy developed postoperative respiratonyffineency or a need
for supplemental oxygen. This justifies the us&€*dfe-radiospirometry as a

gold standard to evaluate the results provideddsfupion lung scintigraphy
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in the selection of patients scheduled for surgaitjpough the study design
did not allow us to draw conclusions about the sepatients (2.5% of the
population) who were denied pneumectomy or lobegtom the basis of
radiospirometric measurements, whereas lung perfussuggested
operability.

Perfusion lung scintigraphy can be regarded asratxuas the mean
difference between predicted postoperative FBY this technique and by
133 e-radiospirometry remained small (for pneumect@hieor not
significantly different from zero (for lobectomiesBut the limits of
agreement for predicted postoperative Exére greater that 0.3 L/s for
pneumectomies as well as for lobectomies. Thisesmeat did not depend
on the lobe in which the tumor was located. Therfdhe differential
attenuation of th&**Xe signal from the different lobes does not siguifitly
alter the measurements when posterior oblique émcids are used. In the
population of this study, this poor agreement wdwdsle led to a high error
rate in rejecting patients for surgery (12% for gmectomies and 29% for
lobectomies), mainly for patients with IA, IB andNx lung tumors. These
results are consistent with those published by daioo et al. [11]. On the
other hand, perfusion lung scintigraphies were d@bun overestimate
postoperative FEY for patients with 1lIIA or IlIB lung tumors, posdib
because of a decrease in lung perfusion that isdoet to the hypoxic
vasoconstriction reflex [41]. Further studies aeguired to check this
hypothesis, but our results indicate that if onlgd perfusion scintigraphy
is available, operability thresholds equal to osgbly lower than 1L/s for

IA, IB and T1Nx lung tumors should be used. On dtieer hand, when a
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pneumectomy is scheduled to cure IlIA or IlIB cas¢digher thresholds of
up to 1.4-1.5 L/s are necessary to prevent any feagction that would be

rejected using®**Xe-radiospirometry.

Conclusion

The data presented in this study confirm that, edat the lung surgery
scheduled**Xe-radiospirometry reliably identifies those patgmvith no
increased risk of pulmonary insufficiency durings thostoperative period.
In clinical centers wher&Xe-radiospirometry is unavailable, preoperative
pulmonary function testing may be performed withrfggon lung
scintigraphy, provided that higher thresholds ameduto decide on
operability in patients with advanced lung cancdrast, as recently
suggested [42], the results of this study point th& need for further
research to determine whether it is possible to logeer thresholds for
133 e-radiospirometry, in order not to deny surgerpatients who are able

to tolerate it.
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Figurelegends

Fig. 1. Definition of the regions of interest and time#aty curves showing
volumes of each pulmonary lobe versus time, duriag**Xe-

radiospirometric test.

Fig. 2. Predicted postoperative FEMVfor pneumectomy, assessed by

perfusion scintigraphy (P-FEYversus-*Xe-radiospirometry (RS-FEY.

Fig. 3. Plot of the predicted postoperative FEWifference for
pneumectomy (perfusion scintigraphy mirtt¥e-radiospirometry) against
the mean obtained by the two methods. Solid lieggasent the limits of

agreement. The dashed line represents the meanetite.

Fig. 4. Predicted postoperative FEYor lobectomy, assessed by perfusion

scintigraphy (P-FEY) versus-**Xe-radiospirometry (RS-FEY.

Fig. 5. Plot of the predicted postoperative FEdifference for lobectomy
(perfusion scintigraphy minus$>3Xe-radiospirometry) against the mean
obtained by the two methods. Solid lines represimtimits of agreement.

The dashed line represents the mean difference.
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Table 1. Number of patients included in the study with respe T and N

stages
T1 T2 T3 T4 All' T
NO 68 37 17 18 140
N1 11 26 11 12 60
N2 4 34 17 16 71
N3 0 1 8 4 13
All N 83 98 53 50 284




Table 2. Number of patients with predictions of postopemafiE\;
compatible or not with pneumectomy, using assessheperfusion

scintigraphy or by**e-radiospirometry

28

Pneumectomy RS-FEN: FEVLMm RS-FEM < FEVLm
P-FEV; > FEVum 141 15
P-FEV, < FEVUm 14 108

P Perfusion lung scintigraphiRS ***Xe-radiospirometry
FEV; Forced expiratory volume in 1 second
FEVLm 1 L/s or 35% of the normal global FEYor the patient



Table 3. Number of patients with predictions of postopemafiE\;
compatible or not with lobectomy, using assessrgmerfusion

scintigraphy or by**e-radiospirometry

29

Lobectomy RS-FEY> FEVLm RS-FEM < FEVLm
P-FEV:. > FEVUm 249 1
P-FEVL < FEVUMm 10 24

P Perfusion lung scintigraphiRS ***Xe-radiospirometry
FEV; Forced expiratory volume in 1 second
FEVLm 1 L/s or 35% of the normal global FEYor the patient



