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Background. Oxygen consumption volume (VO2) and
esting energy expenditure are increased in emphysema
ecause of impaired respiratory function and mechanics,
ith greater oxygen cost of breathing and altered metabo-

ism. We hypothesized that lung volume reduction surgery
ay improve energy expenditure and metabolism.
Methods. In this 1-year prospective study, 30 patients
ith moderate-to-severe emphysema underwent bilateral

ung volume reduction surgery; 28 similar patients, who
efused operation, followed a standard respiratory rehabil-
tation program. Oxygen consumption volume and resting
nergy expenditure, both corrected for fat-free mass, VO2

roportion of respiratory muscles (%VO2Resp), respiratory
uotient, and energy substrate oxidation were determined
y using a calorimetric chamber with indirect methods.
Results. Only after surgery significant improvements

esulted in 1-second forced expiratory volume (�20.4%,
� 0.009), residual volume (�24.8%, p � 0.001), diffu-

ion-lung carbon-monoxide (�18.4%, p � 0.008), body
ass index (�5.5%, p � 0.01), resting energy expenditure

�8.2%, p � 0.006), and %VO2Resp (�44.1%, p � 0.0008)

ith increase in respiratory quotient (0.79 versus 0.84,
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ergata, Roma, Viale Oxford, 81, Rome 00133, Italy; e-mail: mineo@
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� 0.03) and conversion from prevalent lipid (44.6%
ersus 34.3%, p � 0.0007) to prevalent carbohydrate
25.2% versus 42.2%, p � 0.0006) metabolism. Thirteen
perated on patients discontinued oral steroids, showing
he most significant improvements. The remaining 17
xperienced significant changes compared with the reha-
ilitation group despite oral steroids (resting energy
xpenditure �7.0% versus �4.1%, and %VO2Resp
34.0% versus �0.7%, p � 0.001). Decrease of resting

nergy expenditure and %VO2Resp correlated with re-
uction of residual volume (p � 0.02 and p � 0.001) and

ncrement of body mass index (p � 0.03 and p � 0.004).
Conclusions. Lung volume reduction surgery signifi-

antly decreased %VO2Resp and resting energy expendi-
ure over respiratory rehabilitation and despite oral steroid
herapy. Substrate oxidation changed from prevalent lipid
o prevalent carbohydrate. Correlations with residual vol-
me and nutritional status suggest that restoration of respi-
atory mechanics reduces energy expenditure and approxi-
ates metabolism to normal.

(Ann Thorac Surg 2006;82:1205–11)

© 2006 by The Society of Thoracic Surgeons
evere emphysema is characterized by chronic hyp-
oxia and impaired respiratory function and mechan-

cs, with increased oxygen cost of breathing [1–3]. This
ondition induces greater oxygen volume consumption
VO2) and resting energy expenditure (REE), with abnormal
nergy substrates utilization [4], slowly leading to catabo-
ism, or respiratory cachexia, with weight loss despite sup-
lemental feeding [1–8]. Additional factors such as chronic
ystemic inflammation, prolonged steroid therapy, second-
ry endocrine abnormalities, inactivity, aging, and malnu-
rition also contribute to this altered metabolic status with
revalent lipid oxidation and protein wasting [5–8].
Lung volume reduction surgery has been shown to be

ffective in improving respiratory function, exercise tol-
rance, quality of life, and nutritional status in properly

ccepted for publication May 11, 2006.

ddress correspondence to Dr Mineo, Cattedra di Chirurgia Toracica,
niversità degli Studi di Roma Tor Vergata, Policlinico Universitario Tor
elected emphysematous patients compared with medi-
al therapy and respiratory rehabilitation [9, 10].

To date, little information is available about changes in
nergy expenditure and metabolism after lung volume
eduction surgery [11]. We hypothesized that surgical
herapy may ameliorate REE and metabolism by improv-
ng respiratory function and mechanics.

The aim of this study was to analyze the impact of lung
olume reduction surgery compared with respiratory
ehabilitation on REE and metabolism, for the first time
etermined by using a calorimetric chamber with indirect
ethods. Correlations among respiratory, nutritional, and
etabolic variables were evaluated to delineate a possible

xplanation for the clinical improvement after surgery.

aterial and Methods

tudy Design and Population
his prospective study was approved by our institution’s

uman Research Committee. Patients with moderate-to-
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evere emphysema were recruited from July 2000 to June
003. Written informed consent was obtained. The anal-
sis included intragroup (baseline versus 12-month post-
reatment) and intergroup (surgery versus respiratory
ehabilitation) comparisons. A 12-month follow-up was
onsidered as the most appropriate period to expect the
reatest improvement and stabilization in respiratory,
nergetic, and metabolic variables.
Indications for lung volume reduction surgery have

een previously reported [12]. Inclusion criteria required
atients to be clinically stable, performing regular mild
hysical activity, nonsmoking for at least 3 months, and
eceiving a balanced diet by our dietician (1,800 Kcal/
ay). Oxygen-dependent patients or those undergoing
espiratory rehabilitation in the last year, or with con-
omitant chronic diseases or receiving therapy capable of
nterfering with REE, were excluded.

Fifty-eight selected male patients, with heterogeneous,
ymmetric and mainly upper lobe located emphysema,
ere programmed for lung volume reduction surgery.
hirty patients were operated on (median age, 64.0 years;

nterquartile range, 58 to 68). The remaining 28 subjects

able 1. Respiratory, Biochemical, and Nutritional Measurem

easurements

LVRS (n

Baseline P

orced expiratory volume 1 second (L) 0.91 (0.76–1.09)
orced expiratory volume 1 second
(predicted %)

34.2 (24.6–42.0)

esidual volume pleth (L) 4.98 (4.32–6.20)
esidual volume pleth (predicted %) 189 (179–228)
iffusion lung carbon monoxide (mmol/
kPa*min)

3.75 (2.80–6.70)

iffusion lung carbon monoxide
(predicted %)

50.1 (38.5–56.0)

rterial blood oxygen pressure (kPa) 9.30 (8.8–10.3)
aximal inspiratory pressure (kPa) 8.3 (7.1–9.4)
aximal expiratory pressure (kPa) 10.4 (9.8–11.2)

ix-minute walk test (m) 410 (315–450)
yspnea index (MRC scale) 3.0 (3.0–4.0)
otal Short Form-36 (global score 0–100)d 50.1 (50.6–68.9)
t.George respiratory questionnaire
(general score 100–0)

26.6 (16.8–53.0)

ody mass index (kg/m2) 23.1 (21.8–25.3)
at-free mass (kg) 48.9 (45.5–52.5)
at mass (kg) 18.4 (16.0–22.4)
lbumin (g/dL) 4.0 (3.5–4.3)
ransferrin (mg/dL) 199 (163–270)
otal cholesterol (mg/dL) 133 (106–205)
rinary nitrogen (g/24h) 15.5 (13.7–18.0)
ethylprednisolone (mg/day) 10.5 (8.1–12.8)

ntragroup significance: a p � 0.01; b p � 0.05; c p � 0.001; d Gl
00]; e Values for oral steroid-continuing operated patients subset.

atients selected for lung volume reduction surgery (LVRS) and respir
hitney test) comparison of 12-month posttreatment percentage change
RC � Medical Research Council; NS � not significant.

ats.ctsnetjournalsDownloaded from 
median age, 65.0 years; range, 60 to 68) refused surgery
or personal reasons (psychological rejection of surgical
rocedure, fear of postoperative complication, lack of
onfidence in surgery) and were included in a standard-
zed respiratory rehabilitation program twice during the
ear, which entailed 3-hour supervised sessions 5 days a
eek for at least 6 weeks [12].
During the year before and after treatment, median

aily dosage of steroid therapy was calculated using
alues collected every 3 months by our medical center,
hich modified medical therapy considering clinical and

unctional findings (spirometry and arterial blood gases).

urgical Approach
ne-stage bilateral operation through four-port video-

horacoscopic access was performed. The most damaged
ortions of the lung were reevaluated by intraoperative

nspection and resected using simple nonbuttressed su-
ure lines, possibly excising a single strip of parenchyma
o reduce the lung volume of about 30% [12]. To facilitate
ung reexpansion, pulmonary ligament was routinely

RR (n � 28)
LVRS Vs RR

p Valuet Change Baseline Percent Change

20.4a 0.95 (0.78–1.10) 6.0b 0.0009
23.8c 35.0 (28.0–45.8) 5.6b � 0.0001

24.8c 5.05 (4.73–5.4) 1.3 � 0.0001
31.6c 194 (167–219) 1.5 � 0.0001
18.4a 3.60 (2.8–4.0) 2.1 0.008

17.9a 50.3 (38.9–59.0) 2.5 0.007

10.6a 9.5 (9.0–10.4) 5.2b 0.001
23.2c 8.4 (7.4–9.4) 8.0b 0.0007
7.1b 10.1 (8.9–12.2) 4.2 0.049

15.8a 412 (400–448) 8.1a 0.001
50c 3.0 (3.0–4.0) �25a 0.0008
17.0a 49.1 (52.4–69.2) 3.3 0.001
28.5c 24.1 (10.1–33.9) �10.3a 0.0006

5.5a 22.9 (22.0–24.5) �1.3 0.01
5.9a 50.5 (45.7–53.2) �2.5 0.0009
6.9a 18.5 (17.4–19.6) 3.0 0.007

11.0a 3.9 (2.7–5.1) 0.5 0.001
9.3b 205 (176–309) �1.2 0.007

14.9a 142 (113–169) �1.5 0.001
15.0a 15.0 (13.0–19.7) 6.5 0.0009
30.7c,e 10.4 (8.4–11.9) �29.3a NS

core � [(all answer score-lowest score possible/highest score possible)*

rehabilitation (RR): intragroup (Wilcoxon test) and intergroup (Mann-
a are expressed as median values and interquartile range.
ents

� 30)
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ectioned. Neither pleural abrasion nor tent protection
ere performed.

espiratory and Nutritional Evaluation
espiratory and functional evaluations included arterial
lood gas analysis, plethysmography, 6-minute walk test,
nd dyspnea index [13]. Quality of life was assessed with
he Medical Outcomes Study Short Form 36-Item [14] and
t. George’s Respiratory Questionnaire [15]. Nutritional
valuation included classic biochemical and anthropomet-
ic measurements. In addition, body composition, both fat
nd fat-free masses, was accurately measured by using a
otal body dual-energy X-ray absorptiometry (model QDR
000; Hologic, Waltham, Massachusetts), the present gold
tandard for this evaluation [16].

nergetic and Metabolic Assessment
otal VO2 was defined as the summation of metabolic
O2, assumed to be constant during the measurement,
nd VO2 of respiratory muscles: therefore, the increment
f total VO2 would reflect the increment of oxygen cost of
reathing.
We measured total VO2 at rest by using a calorimetric

hamber with indirect methods. Classically, indirect cal-
rimetry requires devices unsuitable for emphysematous
atients (mouthpiece, nose-clip, and canopy). In contrast,

he calorimetric chamber allows patients to breath nor-
ally, providing a more accurate measurement. The

xamination was performed under basal conditions (after
2-hour fasting and 24-hour drug interruption). One-day
rine was collected to determine daily nitrogen excretion.
very patient entered the room at 7:30 am and rested in
ed for a 4-hour period during the measurement. The
O2 and carbon-dioxide production (VCO2) were mea-

ured continuously using a thermomagnetic oxygen an-
lyzer (Magnos 4G; Hartman & Braun, Frankfurt, Ger-

able 2. Energetic and Metabolic Measurements

easurements

LVRS (n � 30)

Baseline Percen

O2 (mL/min) 232 (205–243) �

O2/fat-free mass (mL/kg/min) 4.72 (4.38–5.05) �

VO2Resp (%) 11.3 (2.31–18.7) �

EE predicted (kJ/24h) 5831 (5423–6477)
EE (kJ/24h) 6630 (5867–6957) �

EE/fat-free mass (kJ/kg/24h) 134 (123–145) �

espiratory quotient 0.79 (0.79–0.82)
onprotein respiratory quotient 0.79 (0.79–0.82)
arbohydrates (g/24h) 100.0 (84–111)
ipids (g/24h) 78.9 (67.7–88.5) �

roteins (g/24h) 96.8 (81–113) �

ntragroup significance: a p � 0.05; b p � 0.01; c p � 0.001.

atients selected for lung volume reduction surgery (LVRS) and respir
hitney test) comparison of 12-month posttreatment percentage change
EE � resting energy expenditure; %VO2Resp � proportion of oxygen
onsumption.

ats.ctsnetjournalsDownloaded from 
any) and an infrared carbon-dioxide analyzer (Uras 3G;
artman & Braun), respectively, calibrated before and

fter each test with a mixture of gases, with a coefficient
f variation of 0.9% and 1.5%, respectively. The accuracy
f measurements was assessed burning a weighted amount
f buthane inside the chamber after each examination.
Energetic and metabolic variables were calculated ac-

ording to the formula of Weir and derived equations [17,
8]: REE (KJ/24h) � {[(VO2*3.94) � (VCO2*1.10)]*1.44} �
2.17*urinary nitrogen)*4.186; respiratory quotient � VCO2/
O2; nonprotein respiratory quotient � (1.44*VCO2 �
.89*urinary nitrogen)/(1.44*VO2 � 6.04*urinary nitrogen).

Energy substrate oxidation was calculated according to
he following formulas [19]: carbohydrates (g/24h) �
5.926*VCO2 � 4.189*VO2 � 2.539*urinary nitrogen); pro-
eins (g/24h) � (6.25*urinary nitrogen); lipids (g/24h) �
2.432*VCO2 � 2.432*VO2 � 1.943*urinary nitrogen) and
xpressed as percentage values of their relative
tilization.
Respiratory muscles VO2 was calculated as the propor-

ion of VO2 of respiratory muscles compared with the
otal VO2 (%VO2Resp) from the measured and the pre-
icted REE values, according to the formula proposed by
akayama and coworkers [11]: %VO2Resp � REE mea-
ured � 0.98*REE predicted/REE measured*100. In this
ormula, resting VO2Resp in normal subjects was as-
umed equal to 2%, and the predicted REE was calcu-
ated using the Harris and Benedict equation [18]: REE
redicted (KJ/24h) � [66.46 � 13.75*(weight) �
.04*(height) � 6.76*(age)]*4.186.

The REE and VO2 were corrected for fat-free mass to
etter evaluate the effective metabolism in the most active
ody district (muscle tissue), to avoid underestimation, and

o normalize all data for group comparison [8].
Measurements of the calorimetric chamber were
atched and validated in a healthy population of the

RR (n � 28)
LVRS Vs RR

p Valueange Baseline Percent Change

233 (212–254) 1.3 � 0.0001
4.60 (4.03–5.29) 4.5 � 0.0001
10.2 (1.03–20.7) 1.8 � 0.0001
5929 (5567–6441) �0.6 0.0009
6712 (6046–7146) 1.2 0.001
131 (115–153) 4.2 0.0007
0.79 (0.79–0.83) 0.5 0.006
0.79 (0.74–0.83) 0.8 0.007
102 (102–111) 1.4 � 0.0001
73.2 (68.1–82.4) �2.1 0.001
93.8 (85–99) 6.5 0.008

rehabilitation (RR): intragroup (Wilcoxon test) and intergroup (Mann-
a are expressed as median values and interquartile range.
t Ch

5.7a

9.1b

44.1c

4.8a

4.9a

8.2b

4.3a

5.2a

43.3c

30.2c

15.2b

atory
s. Dat
consumption consumed by respiratory muscles; VO2 � oxygen
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ame age and sex, using values obtained by a traditional
ndirect calorimeter with canopy device (Deltatrac II

BM-200; Datex-Ohmeda, Datex-Engstrom Instrumen-
arium, Helsinki, Finland). These values resulted not
tatistically different from those measured with the
hamber.

tatistic Evaluation
escriptive statistics were presented as median and

nterquartile ranges, while posttreatment changes were
ndicated as the median percentage of the baseline value.

wing to the nonnormal distribution of some variables
nd the relative small sample size, nonparametric tests
or paired (Wilcoxon) and unpaired (Mann-Whitney)
omparisons were used (SPSS 9.05 version, Chicago,
llinois). In the surgical group, correlations (Spearman)
mong respiratory, nutritional, energetic, and metabolic
ariables were performed using postoperative percent-
ge changes.

esults

ntragroup (Baseline to 12-Month Posttreatment)
valuation
ll patients in both groups were available for a 12-month

ollow-up. None of the operated on patients underwent
espiratory rehabilitation in the year of follow-up. After

ig 1. Median absolute values of (A) resting energy expenditure (REE/
at-free mass) and (B) oxygen consumption (VO2/fat-free mass), after
ung volume reduction surgery (LVRS) and respiratory rehabilitation
RR). The p values of intragroup comparisons (Wilcoxon, near lines)
nd intergroup comparisons (Mann-Whitney, near brackets) are
neported. Bars represent interquartile ranges. (NS � not significant.)

ats.ctsnetjournalsDownloaded from 
urgery, significant improvements were found in the
ajority of respiratory, symptomatic, and nutritional

ariables (Table 1): 1-second forced expiratory volume
�20.4%, p � 0.009), residual volume (�24.8%, p � 0.001),
iffusion lung carbon monoxide (�18.4%, p � 0.008),
ody mass index (�5.5%, p � 0.01), fat-free mass (�5.9%,
� 0.005), and fat mass (�6.9%, p � 0.004). The VO2 and
EE were significantly reduced (Table 2, Fig 1), especially
hen corrected for fat-free mass (�9.1%, p � 0.001 and
8.2%, p � 0.006, respectively); similarly, %VO2Resp

howed a relevant decrement (�44.1%, p � 0.0008).
espiratory quotient presented a moderate increment

0.79 versus 0.84, p � 0.03) with conversion of energy
ubstrate utilization (Fig 2) from prevalent lipid (44.6%
ersus 34.3%, p � 0.0007) to prevalent carbohydrate
25.2% versus 42.2%, p � 0.0006) metabolism with mod-
rate protein sparing (27.6% versus 24.1%, p � 0.009).
After respiratory rehabilitation, only some respiratory

nd symptomatic variables improved while metabolic
nd nutritional parameters remained substantially stable
Tables 1 and 2, Fig 1). Respiratory quotient and substrate
tilization confirmed after treatment an abnormal prev-
lent lipid metabolism (43.7% versus 40.3%) in compari-
on with carbohydrate (25.3% versus 28.0%) with mild
rotein depletion (26.2% versus 27.1%; Fig 2).

ntergroup (Surgical Versus Respiratory Rehabilitation)
valuation
t baseline, no statistical differences were found between

urgical and rehabilitation groups in respiratory, nutri-
ional, and metabolic variables, confirming the homoge-

ig 2. Median percentage values of energy substrate utilization
ate after lung volume reduction surgery (LVRS) and respiratory
ehabilitation (RR). Significances of posttreatment intragroup
Wilcoxon test) comparisons are reported. (White areas � lipids;
ray areas � carbohydrates; black areas � proteins; NS � not
ignificant; Post � postoperative; Pre � preoperative.)
eity of the two populations. As expected, emphysema-
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ous patients showed greater REE and lower respiratory
uotient with altered substrate utilization respect to the
ealthy population, with a normal mixed metabolism

respiratory quotient around 0.85) and a prevalent carbo-
ydrate metabolism.
Twelve months after treatment, the operated on pa-

ients revealed significant improvement in respiratory,
utritional, and metabolic variables in comparison with
ehabilitated ones, approximating the healthy group. In
articular, VO2 and REE significantly decreased, with
VO2Resp considerably reduced. Energy substrate utili-

ation returned to a more physiologic prevalent carbo-
ydrate oxidation with respiratory quotient approximat-

ng normal (Tables 1 and 2, Figs 1 and 2).

teroid Therapy Evaluation
t baseline, the surgical and the respiratory rehabilita-

ion groups were closely matched for median oral steroid
aily dosage: methylprednisolone 10.5 mg/day (inter-
uartile range, 8.1 to 12.8 mg/day) and 10.4 mg/day (8.4 to
1.9 mg/day), respectively.
After surgery, 13 patients discontinued oral steroid

herapy (oral steroid discontinuing, baseline value 10.4
g/day); the remaining 17 operated on subjects signifi-

antly reduced the median daily dosage (oral steroid
ontinuing: baseline value 10.5 mg/day; posttreatment
hange �30.7%, p � 0.0004). After rehabilitation, none of
he patients was able to discontinue oral steroids, al-
hough a significant reduction (�29.3%, p � 0.0005) in the

edian daily dosage was achieved (Table 1).
The inhaled steroid and beta2-agonist therapy in both

roups remained unchanged after treatment and during
he entire year of follow-up: beclomethasone 1.3 mg/day
1.2 to 1.5 mg/day) or budesonide 580 �g/day (540 to 610
g/day); salbutamol 345 �g/day (325 to 387 �g/day) or

ormeterol 40 �g/day (34 to 47 �g/day).
To evaluate the impact of oral steroids on REE and
etabolism, we analyzed the operated on patients who
ere able to discontinue oral steroids and those who

ontinued. This last subset of patients was also compared
ith the respiratory rehabilitation group.
At baseline, no statistical differences were found

mong the two subsets of the surgical group and the
espiratory rehabilitation one, either in respiratory, nu-
ritional, and metabolic variables or in the oral steroid
osage.
Twelve months after treatment, the operated on pa-

ients who discontinued oral steroids showed the most
ignificant improvement in the evaluated variables. In-
erestingly, the operated on patients who continued oral
teroids experienced significant changes compared with
he respiratory rehabilitation ones, although differences
f dosage between these two groups were not significant:
-second forced expiratory volume (�18.6% versus
6.0%, p � 0.005), residual volume (�22.9% versus
1.3%, p � 0.0008), diffusion lung capacity for carbon
onoxide (�17.2% versus �2.1%, p � 0.001), body mass

ndex (�4.3% versus �1.3%, p � 0.04), fat-free mass
�4.2% versus �2.5%, p � 0.01), fat mass (�5.1% versus
3.0, p � 0.03), VO2 adjusted for fat-free mass (�7.3% o

ats.ctsnetjournalsDownloaded from 
ersus �4.5%, p � 0.005), REE adjusted for fat-free mass
�7.0% versus �1.2%, p � 0.001), %VO2Resp (�34.0%
ersus �1.8%, p � 0.001), and respiratory quotient
�4.2% versus 0.5%, p � 0.007). Energy substrate utiliza-
ion also presented significant changes in carbohydrate
�31.2% versus �1.4%, p � 0.001), lipid (�19.2% versus

2.1%, p � 0.001), and protein (�9.9% versus �6.5%, p �
.01) oxidation.

orrelation Analysis
n the surgical group, the improvements in respiratory
unction were positively correlated with the amelioration of

etabolic and anthropometrics parameters (Fig 3). Namely,
he decrements of REE and %VO2Resp were significantly
orrelated with the reduction of residual volume (� � 0.49,
� 0.02 and � � 0.59, p � 0.001, respectively) and with the

ncrement of body mass index (� � �0.47, p � 0.03 and � �
0.57, p � 0.004, respectively). Moderate significance was

lso found between REE and 1-second forced expiratory
olume (� � �0.48, p � 0.02), whereas mild significance was
ound with diffusion lung capacity for carbon monoxide
� � �0.42, p � 0.04) or fat-free mass (� � �0.38, p � 0.05).

nly marginal significances were found between REE and
aximal inspiratory pressure (� � �0.31, p � 0.07), or

-minute walk test (� � �0.30, p � 0.07) or St.George’s
espiratory Questionnaire (� � 0.28, p � 0.08).

omment

n severe emphysema, REE is increased as much as 20%

ig 3. Correlations (Spearman) among main respiratory (residual
olume), nutritional (body mass index), and metabolic (proportion
f VO2 consumed by respiratory muscles [%VO2Resp] and resting
nergy expenditure [REE]) variables in the surgical group. Correlation
oefficient rho (�) and significances (p value) are reported.
f the normal, especially in malnourished patients, as a
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esult of an inefficient and expensive work of breathing
1–8]. Indeed, chronic hypoxia and impaired respiratory

echanics, secondary to airways obstruction, pulmonary
estruction, and increased residual volume, induce the
ctivation of disadvantageous accessory respiratory mus-
les with supplementary VO2 and greater REE. This
ypermetabolic condition, with progressive imbalance
etween “oxygen requirement and availability,” deter-
ines an abnormal energetic substrates utilization,

lowly leading to catabolism and respiratory cachexia,
espite increased caloric intake [7, 8]. Furthermore, en-
anced levels of inflammatory cytokines (ie, tumor ne-
rosis factor-alpha) [20], prolonged medical therapy
mainly steroids), and peculiar hormonal abnormalities
ie, reduction of sex steroids and increment of glucocor-
icoids) [21] increase depletion of both fat and fat-free

asses [7, 8] and contribute to a suboptimal utilization of
arbohydrates [22], with change to prevalent lipid oxida-
ion, protein wasting, and decrement of the respiratory
uotient [5–8]. Finally, mastication, swallowing, and gas-

ric filling worsen dyspnea and hypoxia, inducing an-
rexia and malnutrition [5, 7].
Lung volume reduction surgery provides immediate

nd prolonged improvement of static volumes, exercise
apacity, quality of life, and nutritional status over max-
mal medical and rehabilitation therapy [9, 10, 23–27]. All
hese changes appeared correlated with the surgical
eduction of residual volume [12, 25–27].

Changes in energy expenditure and metabolism after
ung volume reduction surgery have been poorly inves-
igated. Recently, in a 3-month prospective study on
nd-stage malnourished emphysematous patients,
akayama and colleagues [11] showed that lung surgery,
ainly unilateral, reduced energy expenditure of respi-

atory muscles only during exercise, by decreasing small
irway obstruction and lung hyperinflation. Pulmonary
unction and VO2 were measured by using a method of
ontinuous expiratory dead space [28] while %VO2Resp
as indirectly calculated from the measured energy

xpenditure and the predicted values.
In this prospective study, we report the 12-month

esults after bilateral lung volume reduction surgery in 30
ell-nourished patients with moderate-to-severe em-
hysema compared with an homogeneous group of pa-

ients receiving respiratory rehabilitation therapy. Rest-
ng energy expenditure and metabolism were evaluated
or the first time by using a calorimetric chamber with
ndirect methods. In addition, nutrional status was more
ccurately evaluated in comparison with our previous
tudies [26, 27] by using dual-energy X-ray absorptiom-
try for body composition, both fat and fat-free mass.
We observed that only surgery significantly reduced

EE, VO2, and %VO2Resp, improved respiratory quo-
ient with change from prevalent lipid to prevalent car-
ohydrate metabolism, and restored body composition.
orrelation analysis suggested that postoperative im-
rovement of respiratory function and mechanics posi-

ively influences oxygen cost of breathing and energy
xpenditure, thus modifying substrate utilization and

mproving metabolism and nutritional status. In fact, the i

ats.ctsnetjournalsDownloaded from 
ecrement of %VO2Resp and REE seemed correlated
ith the reduction of residual volume and the increment
f body mass index.
The reduction of residual volume and thoracic hyper-

nflation implies the recuperation of proper respiratory
uscles function and mechanics. The recruitment of new

lveolar capacity and supplementary pulmonary micro-
ircles ameliorates gas exchanges. These events disrupt
he compensatory but inefficient work of breathing, thus
educing the respiratory and metabolic overload, save
EE, and restore a positive energy balance. The in-
reased oxygen availability and the reduced oxygen cost
avor an appropriate substrate utilization, with a more
hysiologic prevalent carbohydrate metabolism, an in-
rement of respiratory quotient, and a recovery in body
omposition, both fat and fat-free masses.

The correlations between REE and the amelioration of
-second forced expiratory volume, diffusion lung capac-
ty for carbon monoxide, and fat-free mass supported this
tatement. Recuperation of metabolic efficiency may con-
ribute to the recovery of exercise tolerance and the
eturn to a normal daily activity, thus explaining the
arginal correlations between REE and some functional

nd quality of life–related variables.
Respiratory rehabilitation therapy did not modify pul-
onary static volumes, thus producing only mild im-

rovement of respiratory mechanics and gas exchanges
espite the reduction of oral steroids. The persistent
reathing overload and oxygen imbalance maintain the
ypermetabolic-catabolic status with elevated REE and
ltered metabolism.
Interestingly, only surgery allowed the suspension of

ral steroids. Patients who completely discontinued oral
teroids showed the most significant changes, whereas
hose who continued oral steroids, even at lower doses,
xhibited more significant improvements than respira-
ory rehabilitation patients. This finding confirms the
egative effects of oral steroids on metabolic and nutri-

ional variables, outlining a role of surgery per se in
estoring REE and metabolism.

Limitations of the study may be represented by the
onrandomized nature of the trial, although the homo-
eneity at baseline of the two arms of the study group
as statistically proven. The relatively small sample size
id not allow appropriate dose-dependent and categoric
nalyses for oral steroid therapy. The evaluation of the
ffect of inhaled steroids and beta2-agonists that could
otentially affect energy expenditure was marginal. The
ole of metabolic hormones and inflammatory mediators
n the systemic complication of severe emphysema was
ot investigated. Furthermore, the results were limited to
short period of observation, and the long-term effects of

urgery on energy expenditure and metabolism were not
vailable. A randomized controlled trial for at least 3-year
eriod would be desirable to reinforce our data.
In conclusion, we found that lung volume reduction

urgery significantly reduces REE by decreasing
VO2Resp with increment of respiratory quotient and

eturn to a prevalent carbohydrate metabolism. These

mprovements are not found in patients treated by respi-
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atory rehabilitation, and occurred despite oral steroid
herapy. Correlations with residual volume and nutri-
ional status suggest that the restoration of respiratory
unction and mechanics reduces energy expenditure and
pproximates metabolism to normal, representing a pos-
ible explanation for the clinical improvement after
urgery.
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