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Role of guantitative CT in predicting
postoperative FEV; and chronic dyspnea

In patients undergoing lung resection

Il ruolo della TAC quantitativa per predire il FEV;
post-operatorio e la dispnea cronica nei pazienti da
sottoporre a resezione polmonare
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ABSTRACT

Lung resection is the mainstay of treatment in patients with
early stage non-small cell lung cancer. However, lung cancer
patients often suffer from comorbidities and the respiratory
reserve should be carefully evaluated preoperatively in order
to avoid postoperative complications. Forced expiratory vol-
ume in 1 second (FEV,) is considered to be an index that
depicts the patient’s respiratory efficacy and its prediction
has a key role in the preoperative evaluation of lung cancer
patients with impaired lung function. Prediction of postoper-
ative FEV, is currently possible with the use of perfusion
radionuclide lung scanning.

Quantitative CT is the analysis of data acquired during nor-
mal chest CT scan using the system’s software. By applying a
dual threshold of -500 to -910 Hounsfield Units, functional
lung volumes are estimated and postoperative FEV, can be
predicted by reducing the preoperative measurement by the
fraction of the part to be resected.

Studies have shown that preoperative predictions correlate
well with the actual postoperative measurements.
Additionally, quantitative CT results are in good agreement
with perfusion scintigraphy predictions. Newer radiological
techniques such as perfusion MRI and co-registered SPECT/CT
have also been used in the preoperative evaluation with sim-
ilar results.

In conclusion, chest CT which is obligatory for staging, can be
used for quantitative analysis of the already available data. It
is technically simple, providing an accurate prediction of
postoperative FEV,.Thus, quantitative CT appears to be a use-

ful tool in the preoperative evaluation of lung cancer patients
undergoing lung resection.

Keywords: Lung cancer, lung resection, predicted postoperative
FEV,, quantitative CT.

RIASSUNTO

La resezione polmonare ¢ il trattamento di prima scelta per i
pazienti con tumore polmonare non a piccole cellule in stadio
iniziale. Tuttavia i pazienti con tumore polmonare presentano
spesso comorbilita, quindi la riserva respiratoria dovrebbe es-
sere valutata attentamente in sede preoperatoria per evitare
complicanze postoperatorie.

Il volume espiratorio forzato in 1 secondo (FEV,) viene consi-
derato come l'indice che pil rispecchia l'efficienza respirato-
ria di un paziente, quindi predirne il valore postoperatorio ri-
veste un ruolo chiave nella valutazione preoperatoria dei pa-
zienti con tumore polmonare e funzionalita respiratoria alte-
rata. Attualmente & possibile stimare il valore di FEV; post-
operatorio con una scintigrafia polmonare perfusoria.

Viene definita TAC quantitativa un’analisi dei dati ottenuti
durante una normale TAC toracica utilizzando un software de-
dicato. Applicando una duplice soglia da -500 a -910
Hounsfield Units si possono stimare i volumi polmonari e si
puo quindi prevedere il FEV,; postoperatorio sottreaendo al
valore preoperatorio quello relativo alla quota da sottoporre
aresezione.

Alcuni studi hanno dimostrato che le stime preoperatorie cor-
relavano bene con il valore effettivamente misurato dopo
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l'intervento. Inoltre i risultati della TAC quantitativa sono in
accordo con quanto predetto dalla scintigrafia perfusoria.
Tecniche radiologiche piu recenti come la risonanza magneti-
ca perfusoria e la registrazione contemporanea di TAC e
SPECT sono state a loro volta utilizzate in sede preoperatoria
con analoghi risultati.

In conclusione la TAC del torace, che deve comunque essere
eseguita per la stadiazione del tumore, puo essere utilizzata
per un’analisi quantitativa di dati che sono gia disponibili.
Tecnicamente é semplice ed assicura una stima accurata del
FEV, postoperatorio. La TAC quantitativa appare percio come
un mezzo utile nella valutazione preoperatoria dei pazienti
con tumore polmonare candidabili all'intervento di resezione.

Parole chiave: FEV; postoperatorio stimato; resezione pol-
monare; TAC quantitativa; tumore polmonare.

INTRODUCTION

Lung resection is the mainstay of treatment in
patients with early stage non-small cell lung cancer.
Operability is determined based on the stage, his-
tology and the respiratory reserve which has to be
carefully evaluated preoperatively, in order to avoid
serious postoperative complications. According to
current guidelines, this evaluation includes measure-
ment of the forced expiratory volume in 1 second
(FEV4), diffusing capacity for carbon monoxide
(DLco) and values < 80% predicted require further
investigation with exercise testing and estimation of
VO, max [1]. If exercise testing is not available, it
can be replaced by stair climbing. However, if alti-
tude reaching is less than 22 meters, then VO, max
measurement is highly recommended. Values < 10
ml/kg/min indicate increased risk and other treat-
ment modalities should be chosen. Values > 20
ml/kg/min indicate that the patient can undergo
resection up to pneumonectomy. Values from 10 to
20 mil/kg/min require prediction of postoperative
lung function. Patients with predicted postoperative
(ppo) FEV; and DLco > 30% pred. are suitable for
surgery. If either of them is < 30% pred., then ppo
VO, max should be estimated and if it is < 10
ml/kg/min or < 35% pred. other treatment options
should be considered. Thus, preoperative testing
regarding the respiratory reserve is complete and
every patient is fully evaluated so as not to be
excluded from the only, potentially curative treat-
ment.

Prediction of postoperative lung function is current-
ly possible using perfusion radionuclide lung scan-
ning [2,3]. Postoperative FEV; is predicted by reduc-
ing the preoperative value by the fraction of the
regional radioactivity counts of the part to be resect-
ed to total radioactivity counts of both lungs.
However, perfusion scintigraphy is a test that
requires special equipment, leads to radiation expo-
sure of the patients and their environment, is an
additional economic burden and is not accurate in
chronic obstructive pulmonary disease (COPD)
patients. On the other hand, chest computer tomog-
raphy (CT) scan is in any case available since it is
necessary for staging. Data acquired during normal
CT scan can be processed using the system’s soft-

ware and quantitative measurements can be per-
formed. Lung volumes estimated by quantitative CT
can be used to predict postoperative FEV;, by
reducing the preoperative measurement by the frac-
tion that the part to be resected contributes to the
total volume of both lungs.

CT analysis

All lung cancer patients are submitted to chest CT
scan for staging reasons. Images acquired during a
normal CT scan before the contrast administration
can be analyzed using the system’s software. Lung
parenchyma is isolated from the mediastinum and
chest wall and then segmented in three areas
according to the attenuation of each voxel, using
the dual threshold of -500 to -910 Hounsfield Units

(HU). Areas between these limits correspond to
areas of functional lung parenchyma, whereas areas
< -910 HU correspond to areas of emphysema and
areas > -500 HU to areas of tumor, postobstructive
atelectasis or pneumonitis. Using the software, the
volume of the functional lung parenchyma of both
lungs can be automatically calculated (Figure 1).

In addition, guided by the fissures between the dif-
ferent lobes and by delineating the region of interest
(i.e. the boundaries of the part to be resected) in
every slice with the cursor, functional lung volume
of the part to be resected can be estimated (Figures
2,3). Postoperative FEV, can be predicted by using
the following formula:
ppoFEV, = preoperativeFEV; x

(1- regional functional lung volume of the part to be resected )

total functional lung volume of both lungs

DISCUSSION

Non-small cell lung cancer is a disease usually
detected in an advanced stage and despite the
administration of chemotherapy and radiotherapy it
has poor prognosis. Early detection gives the oppor-
tunity of surgical resection, which has better sur-
vival rates. However, lung cancer patients often suf-
fer from comorbidities and careful preoperative eval-
uation should be performed to ensure postoperative
respiratory efficacy. FEV; is considered to be an
index that depicts the patient’s respiratory efficacy
and its prediction has a key role in the preoperative
evaluation of lung cancer patients with impaired
lung function. Qualitative prediction of postopera-
tive lung function is the simplest method frequently
used by thoracic surgeons and is based on segment
counting. Considering that right upper, middle and
lower lobes have 3, 2 and 5 segments respectively
and left upper and lower lobes 5 and 4 segments
respectively, each segment is considered to repre-
sent 1/19 of lung function. Postoperative FEV; is
predicted based on the formula:

ppoFEV: = preoperativeFEV; x (1-%)

S = the number of segments that are going to be
resected [4]. In the case of obstructed parts of the
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lung, qualitative prediction can be made using the
Nakahara formula: b
ppoFEV; = preoperativeFEV; x (1 - 42_-nn

b = the number of total subsegments in the resected
part, n = the number of obstructed subsegments
based on findings of bronchoscopy and chest CT,
assuming that b is 6, 4, 12 in the right upper, middle
and lower lobes respectively and 10 each in the left
upper and left lower lobes [5]. However, the func-
tional contribution of each segment to the total pul-
monary function can differ among patients, espe-
cially in the presence of underlying pulmonary dis-
orders such as emphysema or interstitial lung dis-
ease.

Prediction of postoperative FEV; using quantitative
analysis of chest CT scan was first proposed by Wu
et al. [6]. Based on the fact that the attenuation of
lung parenchyma at chest CT is primarily deter-
mined by the relative proportions of blood, gas,

)

FIGURE 1: QUANTITATIVE CT VOLUME ESTIMATIONS

extravascular fluid and pulmonary tissue, areas of
emphysema or fibrosis can be detected, since their
attenuation differs from functional lung parenchy-
ma. Different attenuations also have areas of tumor,
postobstructive atelectasis or pneumonitis. In order
to quantify these findings, different dual thresholds
of Hounsfield Units have been applied and, finally,
it was observed that by using threshold limits of -
500 to -910 HU, areas of tumor, atelectasis, fibrosis
and emphysema could be excluded and volumetric
assessment of functional lung parenchyma could be
performed, by measuring the volume of voxels
within these attenuation limits. Prediction of post-
operative FEV; could be performed by reducing the
preoperative value by the fraction of the regional
functional lung volume of the part to be resected to
the total functional lung volume of both lungs.
Thirty-eight patients were evaluated and results
were promising since CT-predicted values correlat-
ed well with the actual postoperative measurements

(A): Chest CT scan of a patient with a tumor in the left upper lobe.

(B): and (C): Quantitative analysis of functional lung parenchyma of both lungs, using the dual threshold of -500 to -910 HU. Areas in blue
correspond to voxels within these attenuation limits. Total functional lung volume of both lungs is estimated to be 3932.99 mL.



FIGURE 2: VOLUMETRIC ANALYSIS OF THE RESECTED LOBE (SAME PATIENT AS IN FIGURE 1)

C

(A): Fissure identification between left upper and lower lobe.

(B): Delineation of the region of interest (limits of the lobe to be resected) in all transaxial images.
(C): and (D): Volumetric analysis of the left upper lobe. Regional functional lung volume is estimated to be 1173.14 mL.

(r=0.93, p < 0.001).

Further studies evaluated the role of quantitative CT
in predicting postoperative FEV;, by simultaneously
comparing its results with the perfusion scintigraphy
predictions [7,8]. Bolliger et al., based on correla-
tion coefficients between predicted and measured
postoperative values (44 patients evaluated with
both methods, r = 0.91 for quantitative CT and 0.92
for perfusion scintigraphy), concluded that although
both methods performed well in predicting postop-
erative lung function, perfusion lung scanning was
slightly superior compared to quantitative CT. Wu et
al. also evaluated 44 patients and results showed
that both methods predicted postoperative FEV;
well in patients who underwent pneumonectomy
(n =28, r = 0.88 for quantitative CT vs. r = 0.86 for
perfusion scintigraphy) and lobectomy (n = 16, r =
0.90 vs. r = 0.80). As a result, the use of quantitative
CT was favored, based on its technical simplicity
and availability, its ability to define lobar anatomy
more objectively and its performance to the sub-
group of patients with a predicted postoperative

FEV1< 40% pred. In this subgroup of patients it was
observed that quantitative CT had no false-negative
findings, in contrast with perfusion scintigraphy
which had false-negative results. Quantitative CT
was therefore proposed for widespread use in pre-
dicting postoperative FEV;.

Furthermore, special interest has been shown in
examining the efficacy of quantitative CT in predict-
ing postoperative FEV; in patients with severe air-
flow obstruction, since many lung cancer patients
also suffer from COPD [9,10]. Sverzellati et al. eval-
uated by means of quantitative CT COPD patients
with lung cancer scheduled for lobectomy. Using
the same procedure and the same dual threshold of
Hounsfield Units, postoperative FEV; was predicted
and analysis showed significant correlation with the
actual postoperative measurements (r = 0.97,
p < 0.001). It can therefore be used as an alternative
tool to perfusion scans even in lung cancer patients
with borderline pulmonary function.

Newer radiological techniques have lately been
evaluated for their use in predicting postoperative
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FIGURE 3: QUANTITATIVE ANALYSIS OF A PATIENT WITH A TUMOR CAUSING ATELECTASIS OF THE LEFT UPPER LOBE

(>

(A): Chest CT scan.

(B): Volumetric analysis of both lungs. Total functional lung volume is estimated to be 3972 mL.

(C): Regional functional lung volume of the left upper lobe is only 9 mL due to the atelectasis. In this case, predicted postoperative FEV is

very similar to the preoperative measurement.

FEV; in lung cancer patients. Ohno et al. used per-
fusion MRI by assessing blood volumes within total
and resected lungs, quantitative CT by estimating
total and regional functional lung volumes, qualita-
tive CT by segment counting and nuclear medicine
studies such as the commonly used perfusion pla-
nar imaging and also SPECT and co-registered
SPECT/CT by assessing uptakes within total and
resected lungs [11,12]. Results from these studies
showed significantly good correlations between
predicted and measured FEV, for all techniques.
However, the predictive capability was better for
the state of the art radiological techniques, i.e.
dynamic perfusion MRI (r = 0.88), quantitative CT (r
= 0.88), and co-registered SPECT/CT (r = 0.88),
when compared with the traditional methods of
segment counting (r = 0.85), perfusion scintigraphy
planar imaging (r = 0.83) and SPECT (r = 0.85).
Similar results were reported by Yoshimoto et al.,

where quantitative CT and SPECT/CT were almost
equally accurate and superior to the segment count-
ing method [13].

Based on these studies, quantitative CT appears to
be a useful tool in the preoperative evaluation of
lung cancer patients, as its predictions seem to cor-
relate well with the actual postoperative measure-
ments. It has been tested in patients with marginal
pulmonary function with good results and appears
to be superior to traditional methods of prediction,
especially if we consider the fact that a chest CT
scan is in any case needed for staging reasons and
quantitative CT is the processing of the already
available raw data. Thus, no additional cost, patient
discomfort or further exposure to radiation are
needed to predict postoperative lung function.
Additionally, its capability to predict postoperative
chronic dyspnea is currently being investigated,
since prediction of FEV; as a single value is not an



accurate index to reflect the patient’s degree of dys-
pnea. Dyspnea ratings influence and predict gener-
al health status to a greater extent than do physio-
logic measurements [14,15]. This study is ongoing
in our institution and results so far show that pre-
dicted volume loss, estimated preoperatively using
quantitative CT, correlates well with the degree of
chronic dyspnea evaluated using the modified
Medical Research Council (MMRC) dyspnea scale 3
months after surgery. In addition, prediction of post-
operative FEV; is performed using the same proce-
dure of quantitative analysis as in the previous stud-
ies, although we use the low-dose technique in per-
forming the chest CT scan. Despite the lower level
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