
Abstract. Background/Aim: Esophagectomy and gastrectomy
are procedures with considerable physical burden and intense
post-operative care of which the patient’s physical condition
seems to be a relevant predictor. The gold standard of the
cardiorespiratory fitness is the peak oxygen consumption
(VO2peak). This pilot study examined the prognostic value of
VO2peak on post-surgery outcomes in esophageal and gastric
cancer patients. Patients and Methods: In this prospective
cross-sectional study, patients scheduled for esophagectomy or
gastrectomy were examined 24 h before the surgery regarding
their VO2peak. The post-operative complications according to
Clavien-Dindo grade IIIb/IV/V, Intensive-Care-Unit days, and
overall hospital stay were documented following surgery. In a
subset, body weight changes from surgery until hospital
discharge and first aftercare visit were recorded. Results: The
functional capacity was significantly reduced in 34/35 of the
included patients compared to matched norm-values (p<0.01).
The only significant correlation was found between VO2peak
values and body weight change from surgery to the first
aftercare visit. A subgroup comparison of patients with a

VO2peak <17 ml/min/kg and ≥17 ml/min/kg suggested small,
non-significant differences in post-surgery outcomes and
significant differences in the body weight change from surgery
to hospital discharge, favoring the higher-VO2peak subgroup.
Conclusion: The impaired functional capacity following
esophagectomy or gastrectomy may strengthen the rational for
exercise programs during neoadjuvant and pre-surgery phases.
The prognostic value of VO2peak on post-operative outcomes
remains uncertain due to noticeable descriptive differences, but
no significant correlations, potentially limited by the small-
sized population. Nonetheless, a correlation between VO2peak
and body weight change post-surgery was observed and
indicates a potential prognostic value of VO2peak.

Esophageal and gastric cancer are the fifth and eight most
common cancer types worldwide. Both are associated with
high mortality rates and poor prognoses (1). Esophagectomy
and gastrectomy are essential treatment procedures in
localized esophageal and gastric cancer, respectively. Both
procedures are impactful interventions with high risks of
postoperative complications, such as pneumonia, sepsis,
anastomotic leaks or respiratory complications (2). These
complications may lengthen the patients’ hospital stay and
days in the intensive care unit (ICU). The patient’s physical
health condition seems to be a prominent prognostic factor
for surgery outcomes (3). The question that arises is whether
a better physical performance would influence the prevalence
of postoperative complications, ICU-time, and length of
hospital stay in patients following esophagectomy and
gastrectomy. The gold standard for assessment of the
cardiorespiratory fitness is provided by the peak oxygen
consumption (VO2peak) (4). Therefore, this study
investigated the VO2peak values of esophageal and gastric
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cancer patients with planned surgery and documented the
medical recovery post-surgery. 

Patients and Methods
The present study was approved by the Institutional Review Board
of the Medical Faculty of the University of Cologne (No. 13-050).
The trial was registered in the ICMJE-conform German Clinical
Trials Register (DRKS00005037). Patients with esophageal and
gastric cancer were screened between April 2013 and April 2014 in
the Clinic and Policlinic for General-, Visceral-, and Tumor-surgery
of the University Hospital Cologne, Germany for inclusion. Patients
were eligible if they were (I) scheduled for esophagectomy or
gastrectomy (II) adults aged ≥18 y (III) and provided informed
consent. Patients were excluded if they (a) were not suited for
surgery (b) had instable bone metastases (c) or had severe
psychological or physiological diseases that contraindicated
exercise. Anthropometric data, diagnosis, and medical history
including the Charlson-Comorbidity-Index (CCI) (5) of eligible
patients were documented. 

Physical performance. Included patients performed a heart rate
monitored spiroergometry (device: cortex medical) 24 h before
surgery. The spiroergometry was realized on a bicycle-ergometer
(Ergoline), starting with 30 watts, and increasing 15 watts every
2nd minute until physical exertion. The maximum aerobic capacity
VO2peak (in ml/min/kg) were documented and further accounted
to rate the patient’s physical performance. Also, the patients’
attained VO2peak data were compared to the predicted sex-, age-,
and body weight-specific norm values (6). The norm values were
predicted as followed: 

Male: VO2 (l/min)=Body weight×(50.72-(0.372×age))/1.000 
Female: VO2 (l/min)=(Body weight+42.8)×(22.78-

(0.17×age))/1.000

Post-surgery recovery. Following surgery, the number of post-
surgery complications according to Clavien-Dindo (CD) grade
IIIb/IV/V (7), the number of days spent in the ICU, and the overall
length of the patients’ hospital stay were documented. The
complication-list frameworks of the Esophagectomy Complications
Consensus Group (ECCG) and the Gastrectomy Complications
Consensus Group (GCCG) were used to document post-operative
complications (8, 9). Post-surgery complications were further
divided into 1) pulmonary, 2) cardiovascular, 3) surgical, and 4)
other complications. Additionally, the body weight of patients was
recorded facultatively following surgery up to the day of hospital
discharge and at the first aftercare visit.

Statistical analysis. Descriptive data are presented as mean, median,
range, and standard deviation. Data analyses were performed using
SPSS 27 statistics software (IBM-SPSS, Inc., Armonk, NY, USA).
Absolut VO2peak data were compared to the matched norm values
with a paired-sample t-test. Linear regression models were
calculated for the VO2peak and post-surgery recovery outcomes. In
cases of patients’ death, they were excluded in the ICU and overall
hospital stay analysis. In a secondary analysis, the population was
separated into two subgroups according to a VO2peak cut-off value
of 17 ml/min/kg and compared in post-surgery complications, ICU
days, overall length of hospital stay, and body weight development.

Both groups were analyzed with the Mann–Whitney-U-Test for
between-group differences. The body weight change was analyzed
with a repeated measures ANOVA. The p-value was set to 0.05. 

Results

Overall, 48 patients were screened for inclusion of which 13
patients were excluded due to sole (radio-)chemotherapy
treatment (recruitment rate: 69%). Therefore, 35 patients were
eligible and included in the analyses. One patient died
following surgery. The majority received an esophagectomy
(68.6%) and were treated with neoadjuvant radiochemotherapy
(82.8%). Patients’ characteristics are described in Table I.

Physical performance. Overall, patients reached VO2peak
values between 10-28 ml/min/kg with a mean of 17.05±3.9
ml/min/kg. Only one patient (2.9%) attained a VO2peak over
the individually calculated norm value. The mean percentage
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Table I. Demographic, disease, and treatment characteristics of
included patients. 

                                                                                                     Value

Sex, n (%)                         Male                                              27 (77.1%)
                                          Female                                           8 (22.9%)
Age, years                        Mean±SD                                      59.4±10.9
                                          Median (range)                             62 (27-79)
BMI, kg/m2                       Mean±SD                                       21.6±3.4
                                          Median (range)                          21.3 (15.7-28)
Charlson-                          CCI=0, n (%)                               25 (71.4%)
Comorbidity                     CCI=1, n (%)                                 4 (11.4%)
Index                               CCI=2, n (%)                                 4 (11.4%)
                                          CCI=3, n (%)                                  2 (5.7%)
ASA score, n (%)             ASA Score=1                                 3 (8.6%)
                                          ASA Score=2                               20 (57.1%)
                                          ASA Score=3                               12 (34.3%)
Diagnosis                          Esophageal ADC                          24 (68.6%)
                                          Esophageal SSC                            7 (22.9%)
                                          Gastric cancer                                 4 (8.5%)
Clinical T stage                T1                                                    3 (8.6%)
                                          T2                                                    7 (20%)
                                          T3                                                  25 (71.4%)
Clinical N stage               N–                                                  4 (11.4%)
                                          N+                                                  28 (80%)
                                          Nx                                                   3 (8.6%)
Metastases                         M–                                                 35 (100%)
Grading, n (%)                1-2                                                   3 (8.6%)
                                          3-4                                                 32 (91.4%)
Medical treatment             None                                               1 (2.9%)
prior to surgery                 Neoadj. RCTx                              29 (82.8%)
                                          Neoadj CTx                                    1 (2.9%)
                                          Endoscopic mucosal resection     4 (11.4%)

SD: Standard deviation; BMI: body-mass-index; CCI: Charlson
Comorbidity Index; SCC: Squamous Cell Carcinoma; ADC:
adenocarcinoma; ASA: American Society of Anesthesiologists; Neoadj:
neoadjuvant; RCTx: radio-chemotherapy; CTx: chemotherapy.



of reached norm values was 64.9%±16.8%, ranging from
37% up to 110%. The differences in attained VO2peak and
predicted norm values were significant (p<0.001). The
VO2peak data as well as the individual norm values are
displayed in Figure 1.

Post-surgery complications. Overall, we documented n=16 post-
operative complications with Clavien-Dindo stage IIIb or above
(CD≥IIIb) affecting n=12 patients (34.3%). The majority of n=23
patients did not develop CD≥IIIb complications, n=8 patients
showed one CD≥IIIb complication, and n=4 patients suffered
two CD≥IIIb complications. One patient (n=1) died following
surgery. The most frequent complications were n=8 surgical
complications (i.p. anastomotic insufficiency, pylorus-spasm),
followed by n=7 pulmonary complications (i.p. respiratory
insufficiency, pneumonia), and n=1 other complication (sepsis).

No correlation (r=–0.162) between the patients VO2peak
and the overall number of CD≥IIIb complications or
complication subgroups (pulmonary, surgical or others) was
found (p=0.353). VO2peak was not a predictor (β=–0.029)
of post-surgery CD≥IIIb complications (p=0.353). 

Days in ICU. Following surgery, the mean duration in ICU
was 5.82±8.5 days and the median ICU-stay was 2 days.
Whereas the minimum was 1 day, one patient stayed for 34
consecutive days in the ICU following surgery. Neither the
correlation (r=0.010) of ICU-days and VO2peak values nor
the regression (β=0.023) were significant (p=0.953). 

Length of hospital stay. The patients’ length of overall
hospital stay varied between 11-51 days. The mean time
spent in hospital was 19.62±10.8 days, and the median was
15 days. No correlation between the patients VO2peak values
and length of hospital stay (r=–0.024) was found (p=0.895).
The regression showed VO2peak to not be a predictor
(β=–0.065) of the length of hospital stay. 

Body weight development. The body weights of n=21
patients were documented following surgery until hospital
discharge, ranging from 4-42 days after surgery with a mean
of 16.1±10 days and a median of 14 days. The mean body
weight change was –1.43±5.1 kg. No correlation between
VO2peak and body weight change (r=0.41) as well as no
predictive power of VO2peak (β=0.568) were found
(p=0.068). Body weight data of n=24 patients were
documented at first aftercare visit. The examination was
conducted 57-335 days after surgery with a mean of
113.7±65 days and a median of 113 days. The mean body
weight change was –7.9±5.7 kg. A correlation between
VO2peak and body weight change (r=0.432) was observed
(p=0.035). VO2peak showed predictive power (β=–0.737) as
well (p=0.02).

Subgroup analysis. According to the cut-off value, the
patients were divided into the low-VO2p (VO2peak <17
ml/min/kg, n=16) and high-VO2p groups (VO2peak ≥17
ml/min/kg, n=19). The subgroups showed similar baseline

Niels et al: VO2peak Βefore Esophagectomy and Gastrectomy 

1814

Figure 1. Overview of reached VO2peak values (in ml/min/kg) and the patients’ individual predicted norm value (6).



characteristics (Table II) except for the BMI, which was
higher in the low-VO2p group (23.3 vs. 20.2, p=0.009). The
mean VO2peak in the low-VO2p group was 13.75±1.91
ml/min/kg compared to 19.84±2.71 ml/min/kg in the high-
VO2p group (p<0.01). Also, the comparison of reached and
predicted VO2peak values showed differences between the
groups (p=0.03) with 58.4±14.6% (low-VO2p group) vs.
70.4±17% (high-VO2p group). 

Compared to the low-VO2p group, the high-VO2p group
showed reduced overall length of hospital day by 3.07 days
(–14.4%), reduced ICU-stay by 3.06 days (–40.7%), and a
lower CD≥IIIb complication rate by 0.43 complications/patient
(–62.3%). However, none of the mentioned differences reached
statistical significance (p>0.069). Figure 2 shows the
differences in both groups regarding the post-operative
outcomes and Table III shows the allocation and type of post-
surgery CD≥IIIb complications, separately. 

In the subset of patients with a documented body weight
following surgery until hospital discharge, n=10 patients
referred to the low-VO2p group and n=11 to the high-VO2p
subgroup. Mean day of body weight documentation was
19.2 days (low-VO2p group) and 13.3 days (high-VO2p)
with no significant differences, and the median day was
13.5 and 14, respectively. The mean body weight change
was –4.5 kg in the low-VO2p group and 1.4 kg in the high-
VO2p group (p=0.007). Figure 3 shows the distribution of
body weight change from surgery to hospital discharge of
both groups and in regard to the timing of body weight
documentation.

The body weight at first after care visit was collected for
n=24 patients, n=12 for each subgroup. The mean duration
between surgery and first aftercare visit was 153 days in the
low-VO2p group and 114.1 days in the high-VO2p group with
no significant differences, and the median was 123.5 and 104.5
days, respectively. Both groups showed reductions in body
weight compared to baseline body weight with a mean of –9.1
kg in the low-VO2p group and –6.1 kg in the high-VO2p group
(p=0.48). Figure 4 displays the body weight change at the first
aftercare visit of both group and in regard to the time-interval
between surgery and the first aftercare visit. 
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Table II. Baseline characteristics of both subgroups.

                                                                                                                                            <17 ml/min//kgKG             ≥17 ml/min//kgKG           p-Value

Sex, n (%)                                                                   Male                                                      11 (68,8%)                          15 (78,9%)                   0.122
                                                                                     Female                                                   5 (31,2%)                            4 (21,1%)                      
Age, years                                                                    Mean±SD                                              62.4±10.4                              56.8±11                      0.498
                                                                                     Median (range)                                    63.5 (37-79)                          57 (27-74)                      
BMI, kg/m2                                                                 Mean±SD                                               23.3±3.2                                20.2±3                       0.009
                                                                                     Median (range)                                  23.3 (17.3-28)                    19.8 (15.7-26.3)                 
Charlson-Comorbidity Index                                      CCI=0, n (%)                                          9 (56%)                              16 (84%)                     0.638
                                                                                     CCI=1, n (%)                                          3 (19%)                                1 (5%)
                                                                                     CCI=2, n (%)                                          3 (19%)                                1 (5%)
                                                                                     CCI=3, n (%)                                           1 (6%)                                 1 (5%)
ASA score, n (%)                                                        ASA Score=1                                           1 (6%)                                2 (10%)                      0.092
                                                                                     ASA Score=2                                          9 (56%)                              11 (58%)
                                                                                     ASA Score=3                                          6 (38%)                               6 (32%)                        
Diagnosis                                                                     Esophageal Ca                                     13 (81,2%)                          18 (94,7%)                   0.218
                                                                                     Gastric Ca                                             3 (18,8%)                             1 (5,3%)                       
Mean VO2peak (ml/min//kg)                                                                                                  13.8 (10-16)                        19.8 (17-28)                <0.001
Mean VO2peak matched-norm reached (%)                                                                          58.4 (38-83)                       70.4 (37-110)                 0.034

SD: Standard deviation; BMI: Body-Mass-Index, CCI: Charlson Comorbidity Index; Ca: cancer; ASA: American Society of Anesthesiologists;
Neoadj.: neoadjuvant; RCTx: Radio-Chemotherapy; CTx: chemotherapy. Bold values indicate statistical significance.

Figure 2. Comparison of low- and high-VO2p group on the mean
number of post-surgery CD≥IIIb complications, ICU days and overall
length of hospital stay. ICU: Intensive care unit; CD: Clavien-Dindo.



Discussion

This study examined the physical performance of esophageal
and gastric cancer patients prior to their planned surgery and
investigated the correlation between physical performance
and the number of post-surgery complications, ICU-days,
length of hospital stay and post-operative body weight
change. The overall physical performance measured with a
spiroergometry was below the individually calculated norm
values in 34 of 35 patients. No correlations between physical
performance and post-surgery complications, ICU-duration,
and length of hospital stay were found nor could a prognostic

value of VO2peak be identified. In a smaller subset, with a
reported body weight change at first aftercare visit, a
correlation with VO2peak was found with a predictive power
of VO2peak. In a direct comparison of the low- and high-
VO2p patient subgroups, noticeable differences on post-
operative outcomes could be observed.

A first important finding of this investigation was the low
physical performance of the investigated patients. Except for
one patient, the remaining 34 patients showed reduced
relative VO2peak data in relation to age, sex, and body-mass
matched norm values (p<0.01). Seven patients did not reach
50% of their calculated VO2peak norm, illustrating severely
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Table III. Comparison of low- and high-VO2p group on the patients’ number of post-surgery CD ≥IIIb complications.

Number of                                                              0 (%)                                 1 (%)                                             2 (%)                                       Overall
CD ≥IIIb complications                                                                                                                                                                                          patients

Patient-                    Low-VO2p,                        n=8 (50%)                        n=5 (31%)                                     n=3 (19%)
subgroups              VO2peak <17                                                           n=1: pylorospasm                 n=1: aspiration pneumonia+
                                                                                                            n=3: resp. insufficiency              anastomotic insufficiency                  n=16 (100%)
                                                                                                                   n=1: stenosing                      n=1: resp. insufficiency 
                                                                                                              esophagogastrostomy               +anastomotic insufficiency
                                                                                                                                                                  n=1: cholinergic sepsis+ 
                                                                                                                                                                          re-laparoscopy                                     
                                High-VO2p                       n=15 (79%)                        n=3 (16%)                                      n=1 (5%)                               n=19 (100%)
                               VO2peak ≥17                                                           n=1: pylorospasm                    n=1: resp. insufficiency 
                                                                                                            n=1: resp. insufficiency             +anastomotic insufficiency 
                                                                                                      n=1: anastomotic insufficiency                             
                                                                                                                               
CD: Clavien-Dindo; resp: respiratory.

Figure 3. Comparison of low- and high-VO2p group on the body weight change from surgery until hospital discharge. BW: Body weight.



reduced physical performance prior to surgery. Heavily
decreased physical performance was found as a predictor of
poor overall survival in patients undergoing esophago-gastric
surgery and should be considered as a target for specific
therapeutic approaches to increase functional capacity, such
as pre-surgery exercise (10). Even short-term exercise may
be enough to prevent post-operative complications following
esophagectomy (11).

One major factor surely contributing to the patients’ low
physical performance is neoadjuvant medical treatment.
(Radio-)chemotherapy regimens were administered in 30 of
our patients before esophagectomy or gastrectomy. They are
known to reduce cardiovascular fitness and therefore,
increase postoperative morbidity and mortality rates in
esophageal or gastric cancer patients (12, 13). Several
studies have suggested that esophageal cancer patients
undergoing neoadjuvant chemotherapy may benefit from an
exercise prehabilitation approach with improved functional
capacity before and after esophagectomy (14) and reduced
readmission rates during neoadjuvant chemotherapy and
following surgery (15). One study even showed positive
impacts in functional capacity, rates of post-surgery
complications, and atelectasis following esophagectomy due
to a 7-day exercise program before surgery (16). Our results,
however, indicate no significant correlations between
physical VO2peak capacity and post-surgery complications,
ICU-days, and overall length of hospital stay. That is
contrary to existing studies that determine VO2peak values
or results of a 6-min walking test as a predictor of post-

operative outcomes (17, 18). Compared to both studies with
91 and 111 patients, our pilot study was limited by the small
number of examined patients. A larger cohort would be
more fitting in regard to regression and correlation analyses.
Nonetheless, a small but potentially meaningful descriptive
indicator of the differences of post-operative outcomes
according to their VO2peak values can be assumed on the
basis of the cut-off value comparison of the low- and high-
VO2peak-groups. The fitter group showed a mean of –3.07
days (–14.4%) in the overall length of hospital stay, –3.06
days (–40.7%) in ICU-days and –0.43 (–62.3%) post-
operative CD≥IIIb complications/person compared to the
low-VO2p group. The overall number of pulmonary
CD≥IIIb complications in the high- VO2p group was n=2,
whereas in the low-VO2p fit group was n=5. However, none
of these descriptive differences reached statistical
significance (p>0.069). Moreover, the potential impact of
physical performance on (pulmonary) post-surgery CD≥IIIb
complications was reported in comparable studies, which
may have affected ICU-days and overall hospital stay as
well (17, 18). Also, the potential impact of  VO2peak on
post-operative outcomes suggests potential economic
savings through the better physical function of patients
before surgery, as well as specific exercise regimes prior
surgery (19). 

Another interesting finding was the patient-subset with
documented body weight, showing body weight reductions
in the post-surgery period until hospital discharge, but
especially in the aftercare follow-up visits. In this subset, the
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Figure 4. Comparison of low- and high-VO2p group on the body weight change from surgery to the first aftercare visit. BW: Body weight.



VO2peak seemed to predict a body weight decrease at the
first aftercare visit (p=0.02). The heavy body weight decline
[–9.1 kg (low-VO2p) and –6.1 kg (high-VO2p)] from surgery
to the first after care visit strengthens the rationale for
nutrition and exercise programs following surgery to reduce
the risk of cachexia development or progression. Also, the
subgroup comparison of low- and high-VO2p patient groups
revealed significant differences in the body weight after
surgery until hospital discharge, favoring the high-VO2p
patients (p=0.007). However, a mean body weight change of
1.4 kg following surgery compared to –4.5 kg in the low-
VO2p group may suggest potential water retentions.
Nevertheless, these observations may influence other post-
operative outcomes such as complications, ICU-days, and
length of stay. Noteworthy, the small sample size with
documented body weight and the heterogeneous timing of
body weight assessment limit these findings. 

Despite our findings, the question whether the functional
capacity of patients undergoing esophago-gastric surgery has
prognostic value remains. Skeletal muscle mass and strength
serve as important factors of physical performance. Skeletal
muscle mass and presence of sarcopenia were shown to be
independent risk factors of post-operative pulmonary
complications (20) and seem to be a prognostic factors for
relevant survival after esophagectomy (21). Additionally, the
skeletal muscle mass seems to correlate with neoadjuvant
chemoradiation-toxicities and may influence the following
post-operative complication rate in esophageal cancer
patients (22). Handgrip strength was also identified as a
prognostic factor of post-operative complications (23) and
mortality rates following esophagectomy (24) or gastrectomy
(25). Therefore, assessment of muscle mass and strength
should be included in the pre-operative prognostic
assessment of esophageal and gastric cancer patients,
additionally to a functional capacity assessment. 

In conclusion, this cohort study reported a heavily reduced
pre-surgery physical performance but could not confirm
VO2peak as a prognostic factor for post-operative outcomes,
except for body weight change. The low sample size may
limit the significance of our analyses, since noticeable
differences in the post-operative outcomes between low and
high-VO2p patient groups were observed, favoring the high-
VO2peak patients. Nonetheless, our results indicate the need
of approaches that will help maintain the physical
performance of esophageal and gastric cancer patients during
their neoadjuvant chemoradiation/chemotherapy and in the
field of prehabilitation. Exercise and nutrition programs may
be a promising approach.
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