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Abstract
Background: Neoadjuvant chemotherapy (NAC) followed by surgery for resectable oesophageal or gastric cancer improves outcome when compared with surgery alone. However NAC has adverse effects and will reduce physical fitness. We assess here whether this might translate into impaired survival following surgery. 



Methods: We prospectively studied 116 patients with oesophageal or gastric cancer to assess the effect of NAC on physical fitness, of whom 89 underwent cardiopulmonary exercise testing (CPET) before NAC and proceeded to surgery. 39 patients were tested after all cycles of NAC but prior to surgery. Physical fitness was assessed by measuring oxygen uptake (o2 in ml.kg-1.min-1) at the estimated lactate threshold (L) and at peak exercise (o2 peak in ml.kg-1.min-1).  
Results: [image: ]o2 at [image: ]L and at peak were significantly lower after NAC compared to pre-NAC values: [image: ]o2 at [image: ]L 14.5±3.8 (baseline) vs. 12·3±3.0 (post-NAC) ml.kg-1.min1; p≤0.001; [image: ]o2 peak 20·8±6.0 vs. 18·3±5.1 ml.kg-.min-1; p≤0.001; absolute [image: ]o2 (ml.min-1) at [image: ]L and peak were also lower post-NAC; p≤0·001. Decreased baseline [image: ]o2 at[image: ]L and peak were associated with increased one year mortality in patients who completed a full course of NAC and had surgery; p=0.014. 
Conclusion: NAC before cancer surgery significantly reduced physical fitness in the overall cohort. Lower baseline fitness was associated with reduced one-year-survival in patients completing NAC and surgery, but not in patients who did not complete NAC. It is possible that in some patients the harms of NAC may outweigh the benefits. 
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INTRODUCTION
Worldwide, oesophageal cancer is the eighth most common cancer and the sixth most common cause of cancer-death, while gastric cancer is the fifth most common cancer and third most common cause of cancer-death [1].  In England and Wales, approximately 11,500 patients were diagnosed in 2013, of which 35% underwent planned curative resection [2]. Although potentially curative, surgical resection has a significant morbidity and mortality [3,4]; recent national audit data report 90-day mortality for oesophagectomy and gastrectomy as 3.2% and 2·8% respectively, with 1-year survival rates between 76·1% and 78·0% depending on the site of the primary tumour [2].

A recent meta-analysis provides evidence that for operable, early stage disease neoadjuvant chemotherapy improves survival over surgery alone [5] and in the UK the MAGIC trial has resulted in practice change in favour of NAC [6]. However treatment with NAC come at the risk of toxicity and in clinical practice patients are often associated with an increased risk of surgical morbidity [5]. Physiological toxicity includes down-regulated muscle proteasome dependent proteolysis leading to skeletal muscle wasting [7], oxidative stress [8] and mitochondrial death [9]. Although not statistically significant, sub-group analysis from the MAGIC study [6] demonstrated efficacy of NAC before upper gastrointestinal (UGI) surgery and suggests that less fit patients benefit less from NAC than fitter patients.  

 Traditionally ‘fitness’ has been measured using crude tools (Eastern Cooperative Oncology Group Performance Status), the assessment of which often varies significantly between clinicians [10]. An objective measure of physical fitness is therefore of significant clinical interest, provided the assessment can be undertaken non-invasively and reproducibly. 

Oxygen consumption increases after major surgery and a greater physiological reserve may allow patients to better tolerate this metabolic stress [11]. Cardiopulmonary exercise testing (CPET) provides an objective assessment of cardio-respiratory function under the stress of exercise.  Lower levels of physical fitness, as defined by oxygen uptake ([image: ]o2) at estimated lactate threshold ([image: ]L) and at peak exercise (peak) assessed by CPET, are associated with worse outcome following general [8-11] and UGI surgery [11–15]. A systematic review [14] concluded that CPET derived variables outperform alternative methods of preoperative risk stratification: 11 of 12 studies reported a significant association between [image: ]o2 at [image: ]L and postoperative outcome and 7/12 studies for [image: ]o2 at peak.  

In this study we set out to quantify CPET derived physiological parameters with the aim of assessing, whether their change over the course of NAC is able to identify patients whose outcome is adversely affected by NAC. 








PATIENTS AND METHODS
Methods and Materials
We conducted a single-centre, prospective, observational cohort study to test the hypothesis that NAC prior to UGI cancer surgery can have a harmful effect on physical fitness. We used [image: ]o2 at [image: ]L, assessed using CPET as a tool to measure physiological fitness. The ultimate aim was to assess whether changes in [image: ]o2 at [image: ]L have an effect on overall survival.  Research Ethics Committee approval (08/H1001/137; 08/H1001/139) and written informed consent were obtained. This study is registered with ClinicalTrials.gov (NCT01335555).

Patients and Setting
The study was conducted in a National Health Service (NHS) tertiary upper gastrointestinal cancer service situated in an 800-bed University Hospital. We approached consecutive eligible patients presenting for surgery between August 2007 and February 2009 to be recruited into the study. We recruited patients ≥18 years of age with resectable oesophageal or gastric cancer who were considered suitable for NAC.  Criteria for suitability for NAC were: patients ≤75 years; WHO performance status <2; tumour, node, metastasis (TNM) classification of ≥T2/N1. We excluded patients with tumours considered surgically non-resectable, patients unable to perform CPET due to other coexisting illness or conditions (e.g. lower limb dysfunction), patients declining surgery or chemotherapy and patients unable to give informed consent. Tumour staging involved endoscopic ultrasound, computer aided tomography, and positron emission tomography prior to chemotherapy. Recruited patients who remained candidates for resection surgery underwent NAC: Oesophageal cancer patients received treatment as per the interventional arm of OEO2, whilst junctional and gastric cancer patients as per the interventional arm of the MAGIC trial (Appendix 1) [6,16]. Postoperative pathological staging was compared with initial radiological staging to assess disease progression. Patients who underwent surgery following NAC (whether planned NAC treatment was completed or not) were followed up for one year for survival.

Conduct of Study
Patients who were candidates for curative surgery underwent CPET both before and after their NAC. CPET was conducted in accordance with American Thoracic Society/American College of Chest Physicians recommendations [17]. After 2-minutes rest and 2-minutes unloaded pedalling, patients performed ramped, continuous incremental, symptom limited exercise on a cycle ergometer (Ergoselect 200, Ergoline GmBH, Lindenstrasse, Germany) until volitional termination. Ventilation and gas exchange variables were measured using a metabolic cart (ZAN 620, Nspire Health, Longmont, Colorado, US). Heart rate, non-invasive blood pressure, pulse oximetry and 12-lead electrocardiogram (ECG) were monitored and recorded throughout. Ramp gradient was 15-20 watt/minute, selected according to the formula by Wasserman et al [18].

Approximately 4-weeks following completion of chemotherapy and immediately before planned surgery, resting spirometry and CPET were repeated in patients who completed all scheduled courses of NAC; patients who did not complete NAC were not retested.  Treatments were not postponed or changed on the basis of the CPET tests or spirometry

Measurements
Patient and surgical characteristics recorded at first CPET included age, gender, height, weight, diagnosis, staging, planned procedure, and American Society of Anaesthesiologists Physical Status Score (ASA-PS) [19]. Height and weight were also recorded at the second CPET.  Resting spirometry was performed at each CPET to derive FEV1 and FVC. Blood samples were obtained before and after NAC and analysed for haemoglobin (Hb; g.dL-1), white cell count (WCC; 10*9.L-1)) and albumin (g.dL-1).  








Ventilation and gas exchange variables derived from CPET included the amount of oxygen extracted from the inspired gas in a given period of time, expressed as o2 (measured in absolute terms (ml.min-1) and also calculated relative to body weight (ml.kg-1.min-1)). The highest [image: ]o2 achieved during a CPET session is termed at [image: ]o2 Peak. Ventilatory equivalents for oxygen and carbon dioxide (E/[image: ]o2 and E/[image: ]co2) are measurements of the ventilatory requirement for a given metabolic rate. Oxygen (O2) pulse is [image: ]o2 divided by heart rate, hence represents the amount of O2 extracted by the tissues of the whole body from the O2 carried in each stroke volume (ml/beat). Work rate (W) is defined as the rate at which work is performed on the ramp incremental test. All these variables are measured both at estimated lactate threshold (L) and at Peak exercise [17,18,20]. Estimation of L was performed using a conventional cluster of variables (breakpoint in the [image: ]o2 and [image: ]co2 relationship), with increases in E/[image: ]o2 and end-tidal oxygen partial pressure (PET O2) but no increase in E/[image: ]co2 or fall in end-tidal carbon dioxide partial pressure (PET CO2) [21,22]. Evaluation of [image: ]L was undertaken independently by two experienced assessors, blinded to each other’s assessments, with disagreement resolved by a third assessor.

Analysis
The primary outcome variable was [image: ]o2 at [image: ]L (ml.kg-1.min-1). Secondary outcome variables included [image: ]o2 peak (ml.kg-1.min-1), oxygen pulse (mls.beat-1) at [image: ]L and peak, [image: ]E/[image: ]co2 at [image: ]L and peak, and survival at 1-year. The normality of the outcome variables was investigated graphically.  Patients who did not complete NAC did not have a follow-up exercise test (Group 1).  Patients who completed NAC and follow-up exercise measurement (Group 2) were compared to Group 1 patients using independent sample t-tests.  For Group 2 patients, pre-and post- NAC data were compared using paired t-tests for normally distributed data, and Wilcoxon matched pairs sign-rank test for non-normally distributed data.  Relationships between the change in haemoglobin concentration and change in [image: ]o2 at [image: ]L and peak (ml.kg-1.min-1) were assessed using Pearson correlation.  Patients were divided into two strata based on whether their baseline [image: ]o2 value ([image: ]L and peak) was above or below the median value. Kaplan-Meier survival curves were constructed for these patient groups. The Cox proportional hazards model was used to investigate whether survival was associated with the baseline values of the exercise variables.
 
Power Calculation
Sample size was based on a ten-patient pilot study from our institution.  The standard deviation of the difference in [image: ]o2 at [image: ]L (ml.kg-1.min-1) before and after NAC was 2.26 ml.kg-1.min-1.  We estimated that a sample size of 39 patients would achieve 80% power to detect a difference of 1.0 ml.kg-1.min-1 with statistical significance at the 5% level.

Results
Patient flow through the study is summarised in a CONSORT diagram (Figure 1 - online).  116 patients were reviewed in a multi-disciplinary team (MDT) meeting and considered eligible for surgery.  104 patients were recruited into the study and underwent CPET.  Twelve patients were not recruited because they were found not to have cancer following staging investigations (seven patients) or elected to have alternative treatments e.g. radiotherapy (five patients). 
 
Of 104 patients recruited into the study, 15 patients did not undergo surgery.  Eighty-nine remaining patients underwent surgery, of which 50 patients did not complete NAC and therefore did not have a post-NAC CPET (Group 1) (Median number of cycles = 2 (IQR 1-3). Thirty-nine patients completed all cycles of NAC and post-NAC CPET (Group 2). Post-NAC CPET was performed 4·5±0·75 weeks after completion of NAC and <2-weeks before surgery. Patient characteristics of Group 1 and 2 patients are presented in Table 1. There were no differences between the two groups other than group 1 patients were older than those in Group 2. In Group 2 patients, there were no differences between pre and post NAC non-CPET variables except that FEV1 and FVC were lower post NAC, which was not considered clinically significant.
 
Effect of NAC on Fitness
CPET derived variables before NAC in Group 1 and Group 2 are presented in table 2.  Patients in Group 1 tended to have a lower relative and absolute [image: ]o2 at [image: ]L and peak (ml.kg-1.min-1; and ml.min-1) than Group 2 patients, as well as a higher [image: ]E/[image: ]co2 at [image: ]L (p=0.012) and a lower oxygen pulse at [image: ]L (p=0.039) and peak (p=0.079). 
 
In Group 2 patients after NAC, [image: ]o2 (ml.kg.-1min-1) was reduced at [image: ]L (14·5±3·8 pre-NAC; 12·3±3·0 post-NAC; p<0·001) and peak (20·8±6·0 pre-NAC, 18·3±5·1 post-NAC; p<0·001) (table 3).  Figure 2 shows a ladder plot of individual patient’s [image: ]o2 (ml.kg-1.min-1) at [image: ]L in Group 2 pre- and post-NAC. Absolute [image: ]o2 (ml.min-1) at [image: ]L and peak was also reduced (p<0·001 for both comparisons). Oxygen pulse (ml.beat-1) was decreased following NAC at both [image: ]L (12·0±3·2 pre-NAC; 10·6±3·1 post-NAC; p<0·001) and peak (14·2±3·6 pre-NAC; 13.0±5·1 post-NAC; p=0.002). Ventilatory equivalent for carbon dioxide was increased following NAC at both [image: ]L (25·3±4·7 pre-NAC; 26·5±5·7 post-NAC; p=0.014) and peak (28·1±3·6 pre-NAC; 29·5±5·7 post-NAC; p=0.052).
 
FEV1 (2·86±0·85 pre-NAC; 2·75±0·86 post-NAC; p=0·01) and FVC (3·70±1·00 pre-NAC; 3·60±1·00 post-NAC; p=0.03 showed a statistically significant decrease. These were not considered to be clinically significant as they did not affect the surgical or anaesthetic assessment of fitness for surgery. Where paired measurements were available (n=21), Hb levels fell after NAC (13·40±1·50 pre-NAC; 11·77±1·47 post-NAC; p<0·001). Albumin and WCC were unchanged following NAC (41.7±3.8 vs. 39.6±4.6; p=0.07 and 7.8±3.8 vs. 7.1±2.3; p=0.37 respectively). There was no relationship between the fall in haemoglobin with NAC and the fall in the [image: ]o2 at [image: ]L and peak or with age, albumin or WCC (not shown). 

Relationship between fitness and outcome
In the 30-days postoperative period two patients (4%) died in Group 1 (one from cardiac complications on postoperative day 20, [image: ]o2 at [image: ]L 14.9; one on the day of surgery, [image: ]o2 at [image: ]L 13.4 ml.kg-1.min-1). There was one intraoperative death (3%) in Group 2 ([image: ]o2 at [image: ]L 16.7 ml.kg-1.min-1) (p=0.70).  Mortality at 1-year was 17 (34%) patients in Group 1 and 13 (33%) patients in Group 2 (p=0.92).  

In Group 1, there was no evidence of an association between 1-year survival after surgery and [image: ]o2 at [image: ]L (two sub-groups defined by [image: ]o2 at [image: ]L above or below the median; Hazard Ratio 1.02; 95%CI 0·84-1.23; p=0·81; Figure 3a). In Group 2, there was evidence of an association between survival following surgery and baseline (pre-NAC) [image: ]o2 at[image: ]L (Hazard Ratio 0.84; 95%CI 0.73–0.97; p=0.014; Figure 3b). Median survival time was 437 days ([image: ]o2 at [image: ]L ≤13·9ml.kg-1.min-1) vs. 819 days ([image: ]o2 at [image: ]L>13·9ml.kg-1.min-1). This analysis was robust for both univariate analysis and multivariate analyses adjusted for age, albumin, and TNM status to adjust for tumour staging.  A similar pattern was observed for [image: ]o2 at peak (ml.kg-1.min-1) (HR 0.90; 95%CI 0.83-0.99; p=0.03) and for [image: ]o2 at[image: ]L and peak (ml.min-1) (HR 1.00; 95%CI 0.99-1.00; p=0.05 and HR 1.00: 95%CI; p=0.06 respectively). Changes in [image: ]o2 at [image: ]L and peak were independent of tumour upstaging and down-staging during NAC (Figure 4 - online).  The number of patients with co-morbidities was too small to include this potential confound in any further analyses. There was no difference in length of stay in hospital, or in intensive care, between more and less fit patients, in either Group 1 or Group 2.

Discussion

This study is the first to report the effect of NAC prior to surgery on objectively measured physical fitness using CPET and identifies a reduction in [image: ]o2 at[image: ]L and [image: ]o2 peak following NAC. Our data support that CPET is a predictive biomarker, which identifies patients whose outcome may be adversely affected by NAC. Using a physiologically robust method we have shown a significant impact of NAC on physical fitness, in contrast to a recent study using self paced exercise tests only [23].  Furthermore, baseline physical fitness ([image: ]o2 at[image: ]L and peak) was predictive of death in patients completing NAC and surgery, but did not predict death in patients who had surgery without undergoing or completing NAC. This suggests that physiological reserve (defined as the ability to increase [image: ]o2 in response to an exercise challenge) is critical for UGI cancer surgery patients exposed to the dual physiological challenges of NAC and surgery.

Our data suggests a relationship between [image: ]o2 ([image: ]L and peak) and mortality in patients who completed NAC and surgery. Other groups have found CPET to reliably predict perioperative mortality after major intra-abdominal surgery [14,15]. However, studies of CPET variables before elective UGI cancer surgery found a relatively weak association between [image: ]o2 at [image: ]L and peak and outcome, consistent with our data from patients in Group 1 [11,24]. The significant relationship between fitness and outcome in Group 2 patients suggests an effect of NAC on mortality that is mediated through changes in physical fitness.  Although we do not have CPET data following NAC from Group 1 patients, the fact that they withdrew from NAC suggests a lower tolerance to NAC than the Group 2 patients who were able to complete all cycles.  In this respect, it is notable that Group 1 had lower baseline physical fitness than Group 2 patients.

The observed reduction in physical fitness following NAC may be a direct effect of NAC, or may be a consequence of alternative factors including disease progression, anaemia, inactivity, or poor nutritional intake.  In our cohort, tumours tended to down-stage after chemotherapy (Figure 4 - online), secondly, some patients became anaemic during NAC for reasons including haemorrhage from the tumour, bone marrow suppression (secondary to tumour burden or NAC) and nutritional factors.  Anaemia causes a reduction in the oxygen carrying capacity of blood and might be expected to cause a fall in measured [image: ]o2 at [image: ]L and peak.  The absence of correlation between changes in haemoglobin and changes in [image: ]o2 at [image: ]L and peak does not support anaemia as an important biological factor to explain our data. Strikingly, in some patients haemoglobin values rose after NAC whereas [image: ]o2 at [image: ]L and peak fell. Third, it is possible that patients experienced a fall in nutritional status following NAC and that this was associated with a fall in skeletal muscle mass with a consequent decline in exercise capacity. NAC may directly reduce physical fitness through a variety of mechanisms including cardiac, respiratory, circulatory, microcirculatory [25], cellular and mitochondrial damage leading to further oxidative stress [26].
 
Our findings have important clinical implications. Reduced aerobic fitness is associated with increased perioperative mortality and morbidity [14]. The data provides the first direct evidence that the beneficial effects of NAC in terms of tumour regression may be at least partly offset by an increase in risk due to reduced physical fitness. Particular strengths of this study include the novelty of the observation, the low risk of confounding by indication and the consistent conduct of objective exercise evaluation using CPET. This is the first time, to our knowledge that the harmful effects of NAC on physical fitness have been objectively measured using validated methodology. This observational study involved a cohort of unselected patients referred to a specialist centre receiving routine clinical care. Confounding by indication (the phenomenon whereby clinicians, aware that a test result may indicate poor prognosis, alter their practice with corresponding beneficial effects on outcome, thereby diluting the association between prognostic test result and measured outcome) [28] is unlikely, as CPET was not used to select whether patients were referred for NAC or surgery. CPET was performed on one machine, by the same clinical scientist, throughout the study. Limitations of this study include the observational design and relatively small size. Larger prospective studies are required to confirm this observation.

These findings are likely to be of particular importance in patients with borderline initial fitness where further loss of fitness after NAC may be critical, and in whom overall survival may even be improved by proceeding directly to surgery. Although the mean fall in [image: ]o2 at[image: ]L and peak was substantial, a small number of patients experienced minimal or no decline in these variables. The reason for this inter-individual variability is unknown. Identification of factors predictive of the response to NAC would allow better targeting of cancer therapies and improve the quality of information informing clinician and patient decisions. Finally, exercise interventions during or after NAC may attenuate the deleterious effects of NAC on physical fitness and thereby improve outcome. 
 
In conclusion, NAC before major cancer surgery significantly reduced physical fitness as assessed by CPET.  In patients completing NAC and surgery there was an association between physical fitness and survival at 1-year (reduced survival in the least fit) that was not observed in patients who did not complete NAC. These effects should be taken into account in the perioperative management of major surgical patients, and raise the question as to whether training interventions may improve physical fitness prior to surgery and thereby reduce perioperative harm. 
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Table 1 - Patient characteristics, resting lung function and tumour staging in all patient groups
	Patient Characteristics
	Total (n=89)

	Group 1 (n=50)
	Group 2 (n=39)
       Pre NAC                  Post NAC

	Age (years)a
Mass (Kg)
Height (m)
BMI (Kg.m2)
ASA Score
Tumour Stage
T1
	67.52 ± 10.04
75.70 ± 15.66
169.03 ± 8.50
26.58 ± 5.05
2.02 ± 0.64

14
	70.52 ± 10.82
74.81 ± 13.22
169.30 ± 8.05
25.83 ± 4.64
2.12 ± 0.59

11
	64.86 ± 9.06
78.10 ± 18.01
168.64 ± 9.21
27.60 ± 5.43
1.87 ± 0.70

2
	65.00 ± 9.12
76.82 ± 17.88
168.69 ± 9.27
26.81 ± 5.30
1.87 ± 0.70

4

	T2
T3
	36
32
	24
11
	12
22
	13
16

	T4
	7
	4
	3
	6

	Resting Lung Function
FEV1 (L)b
FVC (L)c
	

2.64 ± 0.81
3.47 ± 0.98
	

2.52 ± 0.75
3.33 ± 0.91
	

2.86 ± 0.85
3.70 ± 1.00
	

2.75 ± 0.86
3.60 ± 1.00


a p=0.03 Group 1 vs. Group 2 pre-NAC
b p=0·01 Group 2 pre- NAC vs. post- NAC
c p=0·03 Group 2 pre- NAC vs. post- NAC







Table 2 - Comparison of Baseline Exercise Data of Group 1 and Group 2

	Variable
	Group 1 
(n=50)
	Group 2 Pre 
(n=39)
	Mean Difference 
(95% CI)
	p-value*

	
[image: ]o2 atL(ml.kg-1.min-1)
	13·4 (2·3)
	14·5 (3·8)
	1·09 (-0·30 to 2·48)
	0.123

	
[image: ]o2 at  L (ml.min-1)
	984 (241)
	1118 (371)
	134 (-3 to  271)
	0.055

	
o2  pulse at L (L.beat-1)
	10·7(2·8)
	12·0 (3·2)
	1·35 (0·07 to 2·64)
	0.039

	o2  pulse at peak
	12·8 (3·80)
	14·2 (3·6)
	1·41 (-0·17 to 2·98)
	0.079

	[image: ]o2 peak (ml.kg-1.min-1)
	18·9 (4·2)
	20·8 (6·0)
	1·82 (-0·44 to 4·07)
	0.113

	[image: ]o2 peak (ml.min-1)
	1399 (382)
	1612 (567)
	213 (2 to  423)
	0.048

	
[image: ]E/[image: ]co2 at L
	27·3 (5·5)
	25·3 (4·7)
	-2·04 (-4·18 to 0·10)
	0.012

	[image: ]E /[image: ]co2 at peak
	29·7 (7·1)
	28·1 (3·6)
	-1·63 (-3·93 to 0·67)
	0.472


*[image: ]o2 measures assessed using paired t-test.  Wilcoxon matched pairs sign-rank test used for O2 pulse and[image: ]E/[image: ]co2 measures.




















Table 3 - Before and After Comparison of Exercise Data of group 2 pre- and post- NAC

	Variable
	Group 2 
Pre
	Group 2 Post
	Mean Difference (95% CI)
	p-value*

	
[image: ]o2 at L (ml.kg-1.min-1)
	14·5 (3·8)
	12·3 (3·0)
	2·19 (1·47 to 2·91)
	< 0·001

	
[image: ]o2 at  L (ml.min-1)
	1118 ( 371)
	945 (324)
	173 (111 to  235)
	< 0·001

	
O2 pulse at L (L.beat-1)
	12·0 (3·2)
	10·6 (3·1)
	1·45 (0·74 to 2·16)
	< 0·001

	O2 pulse at  peak
	14·2 (3·6)
	13.0 (5·1)
	1·28  (0·00 to 2·56)
	0.002

	[image: ]o2 peak (ml.kg-1.min-1)
	20·8 (6·0)
	18·3 (5·1)
	2·51 (1·55 to 3·47)
	< 0·001

	[image: ]o2 peak (ml.min-1)
	1612 (567)
	1423 (522)
	189 (100 to  277)
	< 0·001

	[image: ]E[image: ]co2 at peak
	28·1 (3·6)
	29·5 (5·7)
	-1·2 (-3·00 to 0·17)
	0.052


*[image: ]o2 measures assessed using paired t-test. Wilcoxon matched pairs sign-rank test used for O2 pulse and[image: ]E /[image: ]co2 measures.
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