EUROPEAN JOURNAL OF
CARDIO-THORACIC
SURGERY

ELSEVIE

European Journal of Cardio-thoracic Surgery 19 (2001) 351-354

www.elsevier.com/locate/ejcts

Utility of standardized exercise oximetry to predict cardiopulmonary
morbidity after lung resection

G. Varela™, R. Cordovilla, M.F. Jiménez, N. Novoa

Section of Thoracic Surgery, Salamanca University Hospital, 37007 Salamanca, Spain

Received 27 July 2000; received in revised form 30 December 2000; accepted 30 December 2000

Abstract

Objectives: To evaluate if desaturation, measured by finger oximetry on standardized exercise, accurately predicts cardiopulmonary
morbidity after pulmonary resection. Methods: A prospective observational clinical study was carried out on 81 consecutive lung carcinoma
patients scheduled for pulmonary resection from February 1998 to March 1999. Finger oximetry was monitored during an incremental to
exhaustion cycle exercise test. The presence or absence of desaturation (cut-off value 90%) during exercise was recorded. Other independent
analyzed variables were: age of the patient (over 75th percentile), body-mass index (BMI) (over 75th percentile), presence of major cardio-
vascular co-morbidity, and calculated postoperative FEV1% (under 25th percentile) according to the number of resected segments
(ppoFEV1%). Postoperative cardiopulmonary morbidity was the evaluated dependent outcome. Fisher’s exact test and risk calculation on
contingency tables were used for statistical analysis. Results: A lobectomy was performed in 62 cases, a pneumonectomy was performed in 16
cases, and a segmentectomy was performed in three cases. The mean age of the patients was 63.6 years (SD 10.3, range 34-79 years, 75th
percentile 72 years), the mean BMI was 25.9 (SD 4.9, range 16.9-38.1, 75th percentile 29.3), and the mean ppoFEV1% was 64.1 (SD 2016.1,
range 29.5-98.6, 25th percentile 50.5). In 14 patients exercise desaturation was registered. Postoperative cardiopulmonary morbidity was
presented in 32 cases (five deaths). No correlation was found between postoperative morbidity and any of the following variables: age of the
patient, BMI, and co-morbidity. On univariate analysis only low ppoFEV1% (P < 0.001) was associated with the outcome, so no multivariate
analysis has been carried out. Conclusions: We have shown that desaturation during standardized exercise in this series adds no relevant
information to predict postoperative cardiorespiratory morbidity after lung resection. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction tive exercise oximetry predicts postpneumonectomy
outcome [5] and that it is a superior screen of the high

Pulmonary resection can be safely performed in patients
with compromised pulmonary function if they are selected
appropriately [1]. The current state of the art of functional
evaluation before lung resection has been recently reviewed
[2]. Apart from simple preoperative pulmonary function
tests, more sophisticated studies of cardiopulmonary func-
tion have been recommended to predict both postoperative
mortality and morbidity. Exercise testing in the preoperative
evaluation of the lung resection candidate provides an inte-
grated view of fitness of the respiratory and cardiovascular
systems. Measurement of maximal oxygen uptake in exer-
cise (VO,max) [3] seems to be a better metabolic indicator
of reserve that O, saturation. Nevertheless it is more expen-
sive and not available in all centres. Simple exercise tests
have been advocated for years [4] but some of them, such as
walking and stair-climbing tests, lack standardization [2].
Recently, it has been published that standardized preopera-
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risk patients than preoperative forced expiratory volume in
the first second (FEV1) [6]. On the other hand, Kearney et
al. [7] have found that desaturation on exercise is not a good
predictor of cardiorespiratory risk after lung resection.

The aim of this study is to evaluate if desaturation on
standardized exercise can be used as an independent vari-
able to predict postoperative cardiorespiratory morbidity
when the effects of other potential risk factors are controlled
by multivariate analysis.

2. Materials and methods
2.1. Patient population

From February 1998 to March 1999, 112 lung carcinoma
patients were scheduled for pulmonary resection at our unit.
Patients who underwent exploratory or staging procedures or
pulmonary resection performed by a video-assisted techni-
que without thoracotomy and patients unable to perform a
preoperative exercise testhave been excluded. The remaining
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81 cases have been included in a prospective observational
clinical study. The selection criteria for operation included
the absence of major co-morbidity refractory to medical ther-
apy, PO, at rest over 50 mmHg, PCO, under 46 mmHg and
ppoFEV 1% over 30% of the normal value. Calculation of the
ppoFEV1% was based on the number of non-obstructed
pulmonary segments to be resected [8]. Smoker patients
were asked to stop smoking 2 weeks before surgery and the
absence of significant levels of blood COHb was assessed by
invasive arterial gasometry before admission.

2.2. Exercise test

The day before operation, patients were asked to perform
an incremental cycle ergometer protocol to exhaustion.
Exercise started at 35 W and the power increased by 35
W every 3 min. Patients were encouraged to maintain a
constant cycling cadence of 60/min. The test was inter-
rupted after 12 min or before if the patient presented
extreme dyspnea or fatigue, bradycardia, hypotension,
EKG ischemic changes or angina. Finger oximetry (by
means of a calibrated Nonin 8600 pulse oximeter) and
EKG were continuously monitored during the test and the
occurrence of desaturation (cut-off value 90%) at any time
was recorded.

2.3. Analyzed variables and outcomes

The independent variables included in the analysis were:
age of the patient, body-mass index (BMI), presence or
absence of cardiovascular co-morbidity, predicted post-
operative FEV1 (ppoFEV1) value (as a percentage of the
normal) and presence or absence of desaturation during
exercise test.

The considered outcome was the occurrence of cardior-
espiratory morbidity after surgery. Any of the following
postoperative events were considered: pulmonary atelecta-
sis or pneumonia [9], respiratory or ventilatory insufficiency
at discharge (PO, under 60 mmHg or PCO, over 45 mmHg),
need of mechanical ventilation at any time after extubation
at the operating room, pulmonary thromboembolism,
arrhythmia, myocardial ischemia or infarct and clinical
cardiac insufficiency.

2.4. Statistics

For descriptive analysis of the continuous variables the
mean, standard deviation and values of the 25th and 75th
percentiles were calculated. The values of the 75th percen-
tiles were used to convert the age and BMI into categorical
variables when needed. The 25th percentile was the cut-off
value to categorize ppoFEV1%.

The independence of variables and its univariate influ-
ence on the outcome were assessed by contingency tables,
Fisher’s bilateral exact test and risk calculation (odds ratio
and its 95% confidence interval). For statistical analysis
SPSS 9.0 software was used.

3. Results

Seventy-one cases were male and 10 were female. In 62
cases a lobectomy was performed, in 16 cases a pneumo-
nectomy was performed and in three cases a segmentectomy
was performed. The mean age of the patients was 63.6 years
(SD 10.3, range 34-79 years, 75th percentile 72 years), the
mean BMI was 25.9 (SD 4.9, range 16.9-38.1, 75th percen-
tile 29.3), and the mean ppoFEV1% was 64.1 (SD 2016.1,
range 29.5-98.6, 25th percentile 50.5). Thirty-five patients
presented cardiovascular co-morbidity: abnormal electro-
cardiogram (EKG) (16 cases), hypertension (15 cases),
cardiac arrhythmia (ten cases), coronary disease (four
cases), peripheral arterial disease (3 cases), previous
pulmonary embolism or stroke (two cases each) or cardiac
insufficiency (one case).

Desaturation during exercise was found in 14 cases (Fig.
1) and it was not related to low ppoFEV1% (P = 0.11). In
no case was the test stopped because of cardio-circulatory
symptoms or EKG abnormalities.

Thirty-two patients presented one or more cardiopulmon-
ary complication. Respiratory insufficiency occurred in 12
patients (one needed mechanical ventilation), seven patients
presented one or more episodes of atelectasis, another seven
had clinical cardiac insufficiency (one with pulmonary
oedema), six patients were diagnosed with postoperative
arrhythmia and five patients had a nosocomial pneumonia.
The overall mortality was 6.1%.

On univariate analysis (Table 1) the probability of cardi-
orespiratory postoperative morbidity was higher in patients
having low ppoFEV1% (odds ratio 7.1, 95% CI 2.3-22,
P < 0.001) while an advanced age, high BMI, co-morbidity
and exercise desaturation were unrelated to postoperative
cardiorespiratory morbidity. According to the univariate
results, no multivariate analysis was carried out.
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Fig. 1. Relation between ppoFEV 1%, exercise desaturation and occurrence
of postoperative cardiorespiratory morbidity. Means, black horizontal lines;
error bars and quartiles, boxes.
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Table 1

Influence of selected variables on the outcome by univariate analysis (Fisher’s exact test)

Cases with risk factor P value QOdds ratio (95% CI)
(complicated cases)
Cardiovascular co-morbidity 35(11) 0.25 0.5 (0.2-1.4)
Obesity 20 (10) 0.3 1.8 (0.6-4.9)
Advanced age 24 (11) 0.15 1.4 (0.5-3.8)
ppoFEV1% in the 25th percentile 21 (15) <0.001 7.1 (2.3-22)
Exercise desaturation 14 (8) 0.23 2.4 (0.7-7.7)

4. Discussion

In this study we have evaluated a cohort of 81 consecutive
patients who underwent lung resection at our unit in a 12
month period and who were able to perform a preoperative
incremental cycle exercise test. We have tried to identify
clinical and functional independent predictors of cardiore-
spiratory postoperative morbidity to evaluate if exercise
desaturation can be used as a simple and reliable tool in
the preoperative risk assessment. Prediction of operative
mortality is out of the scope of this study.

The prevalence of cardiorespiratory complications in this
series (39%) is higher than expected. In a prospective multi-
centre Spanish study [10], 152 out of 605 (25.1%) lung
carcinoma patients developed cardiorespiratory postopera-
tive complications. The difference in morbidity did not
affect the overall mortality (6.1% in our patients, 6.6% in
the cited series) and probably depends on the definitions of
the complications. We have tried to be exigent in defining
cardiorespiratory morbidity. Therefore, we have considered
PO, under 60 mmHg at discharge or any cardiac arrhythmia
as a complication regardless of whether the patient needed
any specific therapy. Some authors [11] consider postopera-
tive atrial fibrillation as a minor complication and hence it is
not reported in their studies.

The selected clinical independent variables were: age of
the patient, obesity, and cardiovascular co-morbidity. An
advanced age has been reported to be an independent
predictor of postoperative mortality [12], cardiorespiratory
morbidity [13] and overall morbidity [14] in lung carcinoma
patients. As in other series [10], we have not found age to
influence the outcome but we have to accept a patient selec-
tion bias since in our milieu physicians are reluctant to refer
elderly cases for elective lung cancer surgery. We agree
with other authors [10,15] that obesity is not a risk factor
for lung resection.

A limitation of our study is that we have considered major
cardiovascular co-morbidity as an independent variable
instead of separately analyzing different diseases. Peripheral
vascular [10] and coronary diseases [16] have been
presented as independent predictors of postoperative
morbidity. Due to the number of cases in our series we
have not performed such a separate analysis.

Although the type of resection has an influence on mortal-

ity [10,14], its effect on morbidity has not been clearly
demonstrated. Duque et al. [10] found only a slight increase
in the probability of complications in a group of pneumo-
nectomy patients (odds ratio 1.61), and Harpole et al. [14],
analyzing overall morbidity, did not find the type of resec-
tion to have an influence on morbidity. According to the
data presented by Bernet et al. [13] the rate of pneumonect-
omy is higher in younger patients and this fact must influ-
ence the outcome. Instead of analyzing the independent
effect of the amount of resected lung on morbidity we
have studied this factor jointly with the preoperative
FEV1%. In spite of its limitations [2], a low ppoFEV1%
is currently one of the most frequently reported risk factors
for lung resection [2,15]. In our study we have used the
formula proposed by Nakahara et al. [8] in 1985, who
made a distinction between obstructed and non-obstructed
pulmonary segments. Again, we have to suspect a possible
bias in selecting poor pulmonary function patients for
surgery. Some of the poor risk cases have probably not
been referred for evaluation.

Exercise testing permits the evaluation of the respiratory
and cardiovascular interactions and different tests have been
used to predict the postoperative outcome. As we have stated
above, simple walking or stair-climbing tests lack standardi-
zation [2] and the use of oxygen delivery parameters adds
quantitative character to exercise testing. Calculation of
VO,max during exercise is a better parameter than measure-
ment of O, saturation. Nevertheless, it has been published
that there is a reasonable correlation between low VO,max
and desaturation on exercise, measured by an invasive tech-
nique [17,18]. The reliability of exercise pulse oximetry has
been studied showing that this technique accurately esti-
mates changes in arterial saturation between rest and exercise
for clinical purposes [19].

In our series, all patients were asked to refrain from
smoking for at least 2 weeks before surgery to try and
avoid errors in estimating O, saturation due to the presence
of blood COHb [20].

We have found a few published reports in the literature
dealing with the prediction of postoperative morbidity by
exercise oximetry [5-7]. Only one of the studies [7] fails to
demonstrate a predictive value for exercise desaturation.

In the retrospective study of Rao et al. [6] on 396 cases, it
is concluded that exercise desaturation is a superior screen
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of the high risk patients than preoperative spirometry,
although they recommend the substantiation of this conclu-
sion by means of a prospective study. Preoperative spiro-
metry does not correlate with postoperative morbidity [7] so
probably the authors should have selected other parameters
to compare.

Ninan et al. [5], in a retrospective study on 46 pneumo-
nectomy cases, also found a high correlation between desa-
turation and both major morbidity and prolonged intensive
care unit stay after pneumonectomy. In their study major
morbidity — cardiac postoperative events are not reported —
and death are together considered the dependent outcome.
Although no multivariate analysis is presented, the authors
examine the influence of other functional variables on the
outcome. In their experience, low ppoFEV1 is not a predic-
tive variable. Unfortunately, functional selection criteria for
operation are not clearly stated.

In 1994 Kearney et al. [7] published a prospective analy-
sis of a series of 331 patients who underwent lung resection.
They found low ppoFEV1 to be the only independent
predictive variable for postoperative morbidity. These
authors have included in their series patients who underwent
surgery for benign conditions (20% of the cases). The inclu-
sion of this subset of patients is interesting as it has been
demonstrated that, in smokers, the lower the FEV1 the
higher the probability of the patient having lung carcinoma
[21], although in the study of Harpole et al. [14] malignancy
was not a prognostic factor for postoperative morbidity. To
avoid bias in the study design we have decided not to
include patients diagnosed with non-malignant diseases. In
our unit 15% of pulmonary resections are performed for
chronic inflammatory or infectious diseases, such as bronch-
iectasis, aspergiloma, hydatidosis, etc. We have previously
found that these patients represent another kind of popula-
tion because of significant differences in age, preoperative
FEV1 and lower operative morbi-mortality.

To conclude, in our experience, exercise oximetry desa-
turation is not correlated with postoperative cardiorespira-
tory morbidity controlling for ppoFEV1%. For this reason,
this simple test should not be included in the preoperative
work-up of lung resection candidates.

Acknowledgements
This investigation has been financed in part by a SOCAL-

PAR grant. Jesus Fidalgo and Sandra Garcet have kindly
reviewed the statistics of the study.

References

[1] Cerfolio RJ, Allen MS, Trastek VF, Deschamps C, Scanlon PD, Pair-

olero PC. Lung resection in patients with compromised pulmonary
function. Ann Thorac Surg 1996;62:348-351.

[2] Bolliguer CT, Perruchoud AP. Functional evaluation of the lung
resection candidate. Eur Respir J 1998;11:198-212.

[3] Dales RE, Dionne G, Leech JA, Lunau M, Schweitzer I. Preoperative
prediction of pulmonary complications following thoracic surgery.
Chest 1993;104:155-159.

[4] Reichel J. Assessment of operative risk of pneumonectomy. Chest
1972;62:570-576.

[5] Ninan M, Sommers E, Landreneau RJ, Weyant R, Tobias J, Luketich
J, Ferson P, Keenan RJ. Standardized exercise oximetry predicts post-
pneumonectomy outcome. Ann Thorac Surg 1997;64:328-333.

[6] Rao V, Todd TRJ, Kuus A, Buth KJ, Pearson FG. Exercise oximetry
versus spirometry in the assessment of risk prior to lung resection.
Ann Thorac Surg 1995;60:603-609.

[7] Kearney DJ, Lee TH, Reilly JJ, DeCamp MM, Sugarbaker DJ.
Assessment of operative risk in patients undergoing lung resection.
Chest 1994;105:753-759.

[8] Nakahara K, Monden Y, Ohno K, Miyoshi S, Maeda H, Kawashima
Y. A method for predicting postoperative lung function and its rela-
tion to postoperative complications in patients with lung cancer. Ann
Thorac Surg 1985;39:260-265.

[9] CDC definitions for nosocomial infections 1988. Am Rev Respir Dis
1989;139:1058-1059.

[10] Duque JL, Ramos G, Castrodeza J, Cerezal J, Castanedo M, Yuste M,
Heras F. Early complications in surgical treatment of lung cancer: a
prospective, multicenter study. Ann Thorac Surg 1997;63:944-950.

[11] Holden DA, Rice TW, Stelmach K, Meeker DP. Exercise testing, 6-
min walk, and stair climb in the evaluation of patients at high risk for
pulmonary resection. Chest 1992;102:1774-1779.

[12] Romano PS, Mark DH. Patient and hospital characteristics related to
in-hospital mortality —after lung cancer resection. Chest
1992;101:1332-1337.

[13] Bernet F, Brodbeck R, Guenin MO, Schiipfer G, Habicht JM, Stulz
PM, Carrel TP. Age does not influence early and late tumor-related
outcome for bronchogenic carcinoma. Ann Thorac Surg
2000;69:913-918.

[14] Harpole Jr. DH, DeCamp Jr. MM, Daley J, Hur K, Oprian CA,
Henderson WG, Khuri SF. Prognostic models of thirty-day mortality
and morbidity after major pulmonary resection. J Thorac Cardiovasc
Surg 1999;117:969-979.

[15] Pate P, Tenholder MF, Griffin JP, Eastridge CE, Weiman DS. Preo-
perative assessment of the high risk patient for lung resection. Ann
Thorac Surg 1996;61:1494-1500.

[16] Licker M, Perrot M, Hohn L, Tschopp JM, Robert J, Frey JG, Schwei-
zer A, Spiliopoulos A. Perioperative mortality and major cardio-
pulmonary complications after lung surgery for non-small cell carci-
noma. Eur J Cardio-thorac Surg 1999;15:314-319.

[17] MarkosJ, Mullan BP, Hillman DR, Musk AW, Centico VF, Lovegrove
FT. Preoperative assessment as a predictor of mortality and morbidity
after lung resection. Am Rev Respir Dis 1989;139:902-910.

[18] Morice RC, Peters EJ, Ryan MB, Putnam JD, Ali MK, Roth JA.
Exercise testing in the evaluation of patients at high risk for compli-
cations from lung resection. Chest 1992;101:356-361.

[19] Escourrou PJ, Delaperche MF, Visseaux A. Reliability of pulse
oximetry during exercise in pulmonary patients. Chest
1990;97:635-638.

[20] Tobin MJ. Respiratory monitoring in the intensive care units. Am Rev
Respir Dis 1988;138:1625-1642.

[21] Lange P, Nyboe J, Appleyard M, Jensen G, Schnohr P. Ventilatory
function and chronic mucus hypersecretion as predictors of death
from lung cancer. Am Rev Respir Dis 1990;141:613-617.

G20z Arenuer Lz uo Jesn oolyeiBoliqig ORIABS-YSN Ad LGLY2E/LGE/S/6L/10IHE/SI0fe/W00 dNO"oIWapEeoE//:sd)y WOy papeojumod



