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LAY ABSTRACT
High-intensity interval training is used increasingly in 
patient care. Various training patterns are used. For 
patients diagnosed with lung cancer, the first choice 
intervention is surgery. There is a wait of approxima-
tely a mean of 3 weeks between the clinical decision to 
operate and the intervention. A high-intensity interval 
training protocol was designed, to be performed during 
this time-window, to improve the physical condition of 
these patients before surgery. Patients cycled 3 times 
per week under supervision, performing 2 × 10-min se-
ries of 15-s sprints at peak power, interspersed with 
15-s pauses. Compared to usual care, just before sur-
gery, after 8 sessions of high-intensity interval training, 
the patients’ physical fitness was significantly improved 
while after surgery the outcome was improved.

Background: The outcome of surgery in deconditio-
ned patients can be improved through prehabilita-
tion. This study examined the effect of prehabilita-
tion in patients diagnosed with lung cancer. 
Methods: Candidates for lung cancer resection were 
assigned to high-intensity interval training (n = 74) 
or usual care (n = 77). Cardiopulmonary exercise 
testing and 6-min walk test were performed before 
and after training. High-intensity interval training 
consisted of 2–3-weekly, 2 × 10-min series of cyc-
ling at peak power, measured with cardiopulmonary 
exercise testing prior to training, with a 15-s on-off 
duty cycle, preceded by a 5-min warm-up and fol-
lowed by a 5-min cool-down. Work-rate, heart-rate, 
saturation, dyspnoea and leg effort were monitored. 
Results: Waiting time (median 25 days) allowed a 
median of 8 high-intensity interval training sessions 
to be performed. Adherence to mean high-intensity 
interval training was 87% (18% standard devia-
tion; SD). High-intensity interval training power in-
creased (23 watt, 95% confidence interval (95% 
CI): 20–26 watt), as did heart rate (14 bpm, 95% 
CI 11–16 bpm). Resting heart rate (–6 bpm, 95% CI 
–4 to –7 bpm) and heart rate 1 min post-cool-down 
decreased (–5 bpm, 95% CI –4 to –7 bpm). Aero-
bic capacity increased after high-intensity interval 
training (14%, 95% CI 3–26%), as did peak power 
output (median 7%, 95% CI 2–13%), but not after 
usual care. Six-min walk test score increased after 
high-intensity interval training (median 20%, 95% 
CI 14–26%), but not after usual care.
Conclusion: Short-term high-intensity interval train-
ing is feasible in deconditioned patients and in-
creases cardio-respiratory fitness and walking capa-
city.
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A potential curative option for early-stage non-
small cell lung cancer (NSCLC) is primary lung 

resection (1). However, physical deconditioning is 
a major risk factor for patients undergoing surgery, 
and low peak oxygen uptake (VO2peak) is a predictor 
of perioperative mortality and cardiopulmonary mor-
bidity (2, 3). A VO2peak cut-off of 16 ml/kg/min and 
an anaerobic threshold VO2 cut-off of 10–12 ml/kg/
min can distinguish between low- and high-risk for 
major postoperative complications (4). Pre-operative 
improvement in fitness (i.e. prehabilitation) is therefore 
clinically relevant. Prehabilitation reduces imminent 
risk prior to surgery and improves operative recovery 
and outcome (5). It also improves VO2peak, muscle 
strength and quality of life (6). Different prehabilita-
tion programmes for patients with NSCLC have been 
evaluated, in home-based, out- and in-patient settings, 
using strength exercise, continuous and interval train-
ing on a cycle ergometer or treadmill, breathing and 
coughing exercises, and specific inspiratory muscle 
training (7–13).

Inspired by the use of interval training by athletes, 
short high-intensity intervals of activity, interspersed 
by recovery periods, so-called high-intensity interval 
training (HIIT), are used increasingly in patient care 
(14, 15). HIIT refers to series of repeated sessions of 
efforts close to, or even over that corresponding to, 
peak aerobic power (Wpeak), interspersed by active or 
passive recovery periods. The duration of these repea-
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713Short-term HIIT in deconditioned patients

ted bouts of effort varies and can last between 10 s and 
several min, with varying recovery periods in between. 

Previously, we designed a randomized clinical trial 
(RCT) protocol with specific short-term pre-operative 
HIIT for patients with stage IIIA NSCLC. In the 
publication reporting the clinical results of this RCT 
the HIIT training protocol was not presented in detail 
(16). We therefore present here the proof-of-concept 
of the specific HIIT protocol used in the earlier RCT 
so that the method can be replicated. The feasibility 
of short-term HIIT was tested in deconditioned pa-
tients with NSCLC in the pre-operative period and 
the effects on aerobic capacity (VO2peak) and the 6-min 
walk test (6MWT) were quantified. The time-window 
for prehabilitation was from the time a decision was 
made to perform surgery until the actual surgery. This 
2–3-week period, used for preoperative examinations 
and logistics, cannot be reduced in our setting and thus 
provided an opportunity for prehabilitation. 

The HIIT protocol was inspired by a study in cardiac 
rehabilitation, reporting that HIIT at Wpeak was feasible 
and safe in deconditioned patients with chronic heart 
disease (17). Since many patients with NSCLC smoke 
and experience dyspnoea on exertion, we expected that 
this particular HIIT might limit the extent of dyspnoea 
during training. Our hypotheses were that candidates 
awaiting primary lung resection surgery for NSCLC 
would be able to perform such HIIT despite decon-
ditioning, and that it would improve Wpeak, VO2peak, 
resting heart rate (HRrest), heart rate recovery (HR1min), 
dyspnoea and exercise capacity in these patients.

METHODS

Design

The study was a registered PROBE trial using assessor 
blinding and intention to treat analysis (ClinicalTrials.Gov: 
NCT01258478 (16)). Following protocol approval by the 
Geneva University Hospitals ethics committee (protocol 06-
225), informed written consent was obtained from patients 
with suspected or proven NSCLC stage IIIA or less. Consenting 
patients were randomized 1:1 into usual care (UC) or prehabi-
litation (PH)) using permuted blocks of 4. The randomization 
sequence was generated before the trial began and was kept 
concealed until the end of the study. Exclusion criteria were 
contraindications to perform cardiopulmonary exercise testing 
(CPET) (uncontrolled cardiac disease, severe pulmonary hyper-
tension, uncontrolled asthma) (18) and limitations to adhering 
to the rehabilitation programme; for example, difficulty cycling.

Exercise testing

The primary study endpoint was pre- to post-prehabilitation 
aerobic capacity change. After enrolment, patients performed 
CPET according to ATS/ERS standards (American Thoracic 
Society and European Respiratory Society) (18) on an upright 
electronically braked ergometer (Ergoline GmbH, Germany). 

Gas exchange was measured breath-by-breath with a metabolic 
cart (Sensor Medics Model 2200 SP, Yorba Linda, CA, USA). In 
these severely deconditioned patients the usual maximum criteria 
could not be used and subjective exhaustion was the main reason 
for cessation of the test. VO2peak was determined as the highest 
mean VO2 over 20 s and Wpeak was defined as the highest power 
maintained for 20 s (19). The ventilatory threshold (AT) was 
determined with the V-slope method as primary criterion and 
the first rise in the ventilatory equivalent for oxygen (VE/VO2) 
as secondary criterion (20). CPET was repeated the day before 
surgery. At enrolment the patients performed a 6MWT according 
to ERS and ATS guidelines, repeated just prior to surgery (21).

High-intensity interval training 

HIIT was performed between the decision for resection and 
its realization. For logistic reasons this period lasts 2–3 weeks 
in our setting. However, the waiting time for surgery was not 
prolonged in order to accommodate prehabilitation. Experienced 
respiratory physiotherapists supervised HIIT in personalized 
sessions (1–3 patients at a time), 3 times a week. Patients 
breathed room air throughout (no supplementary oxygen). HIIT 
was performed on an upright electromagnetic cycle ergometer 
(Motion Cycle 500, Emotion Fitness GmbH, Hochspeyer, 
Germany). Seat height was adjusted, and foot buckles ensured 
safety and comfort. The pedalling rate was 60–70 revolutions 
per min (RPM). After a 5-min warm-up at 50% Wpeak, patients 
performed HIIT, consisting of 15-s sprints at 100% Wpeak in-
terspersed by 15 s of passive resting periods, for 2 series of 10 
min, with a 4-min rest period in between. This was followed by 
a 5-min cool-down at 30% Wpeak (Fig. 1). The modified Borg 
Scale (0–10) was used to quantify dyspnoea and leg fatigue.

During HIIT the patients were verbally encouraged. Ses-
sions lasted approximately 30 min, but could be terminated 
prematurely upon strong dyspnoea, cardiac arrhythmia, or if the 
patient did not feel well enough to complete the session. Initial 
HIIT power output was set at 100%Wpeak, as measured during 
the CPET after intake. If the patients were unable to complete 
sessions at 100%Wpeak the power was lowered according to 
their capacity to obtain a dyspnoea and leg fatigue of at least 5 
Borg scale (i.e. less than “severe”). Power was increased again 
if dyspnoea or the sense of effort decreased below 5. An upper 
limit of 7 for dyspnoea and leg fatigue was set (corresponding 
to “very severe”). Work rate was adjusted each session as Borg 

Fig. 1. Overview of the high-intensity interval training (HIIT) paradigm. 
After 5-min warm-up at 50% Wpeak the participants performed 2 × 10-min 
blocks composed of 15-s sprints at 100% Wpeak interspersed by 15-s 
pauses, and a 4-min pause between the 2 blocks. A cool-down period 
of 5 min at 30% Wpeak completed the training.

J Rehabil Med 51, 2019
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714 C. Bhatia and B. Kayser

ratings and HR evolved, to target CPET-determined HRpeak at 
the end of sessions.

Measurements

Prior to HIIT, while quietly seated on a chair (5 min), resting 
heart rate (HRrest), resting dyspnoea (Dysprest, Borg 0–10 scale), 
and resting saturation (SpO2rest) were measured. During HIIT, 
HR, SpO2, dyspnoea, and leg fatigue sensation (Borg 0–10 scale) 
were monitored. The measurements were taken at the end of 
warm-up, during HIIT (highest HR, HRsession) and 1 min after 
the cool-down period (HR1min). SpO2 and HR were measured 
with a finger pulse-oximeter (Rad-5, Masimo Corporation, 
Irvine, CA, USA). 

Data analysis

For each patient, data for the first, middle and last HIIT train-
ing sessions were extracted and analysed. Data were analysed 
using Stata (v. 12), R (v. 3.3.2) and Prism (v. 8). Results were 
analysed using Student’s t-test, Mann–Whitney test and linear 
mixed effect models with a random effect on subject and a fixed 
effect on time for Wpeak, HRrest, HRsession and HR1min. Normality 
of data distribution was checked visually. Data are presented 
as means (with 95% confidence interval; 95% CI), medians 
(with interquartile range; IQ25–75%) or means (with SD). The 
alpha-level was set at 0.05. 

RESULTS

Patients
A total of 189 patients were screened, 164 provided 
consent and 13 were excluded. Data for a final total of 
151 patients were available for analysis; 74 PH and 77 
UC. The period from enrolment until surgery was simi-
lar in the 2 groups (PH: median 26 days, IQ25–75%, 
21–33 days; UC: median 25 days, IQ25–75%, 20–40 
days). Adherence to the prescribed training sessions for 
PH was 87 ± 18% (median 8 sessions, IQ25–75%, 7–10 
sessions). No adverse events were reported during the 
training programme. Baseline characteristics of the 
patients are shown in Table I. The 2 groups did not 
differ for preoperative patient characteristics (see 16). 

High-intensity interval training sessions
There were no significant differences for any of the 
measured variables between the first and the interme-
diate training sessions, except Wsession, which increased 
(mean difference 11 watt, 95% CI 8–13 watt, p < 0.001) 
and HRsession, which increased (mean difference 8 bpm, 
95% CI 6–11 bpm, p < 0.001) (see Fig. 2).

Wsession increased between the first and the last ses-
sion (mean difference 23 watt, 95% CI 20–26 watt, 
p < 0.001). This was accompanied by a significant 
increase in HRsession (mean difference 14 bpm, 95% CI 

Table I. Baseline characteristics of the study population

Variables
Usual care
(n = 77)

Prehabilitation
(n = 74) p-value

Age, years, mean (SD) 64 (10) 64 (13) 0.737
BMI, kg/m2, n (%) 24.4 (4.1) 25.0 (4.5) 0.365
Sex, male, n (%) 50 (65) 41 (55) 0.637
FEV1predicted, % predicted 88 (19) 86 (22) 0.588
ppo FEV1, % predicted 65 (14) 63 (17) 0.658
DLCO, % predicted 76 (19) 75 (21) 0.900
ppoDLCO,% predicted 64 (17) 62 (19) 0.832
VO2peak, ml/kg/min, mean (SD) 20.4 (5.7) 19.9 (5.7) 0.557
Distance 6MWT, m, mean (SD) 368 (143) 398 (167) 0.072

SD: standard deviation; BMI: body mass index; FEV1: predicted forced 
expiratored volume in the first second; ppo FEV1: predicted post-operative 
FEV1; DLCO: lung diffusing capacity for carbon-monoxide; ppoDLCO: predicted 
post-operative DLCO; VO2peak: maximum oxygen uptake reached during cardio-
pulmonary exercise testing; 6MWT: distance covered walking in 6 minutes (m).

Fig. 2. High-intensity interval training (HIIT) sessions 1–3. Resting 
heart rate prior to the training (HRrest,/min), power output during 
training (Wsession, watt), heart rate reached during training (HRsession,/
min), 1-min recovery heart rate (HR1min,/min), dyspnoea (Borg 1–10) 
and leg fatigue (Borg 1–10). Boxes represent the 25–75% percentiles, 
whiskers represent the Tukey range, and lines in the box represent the 
median values of the distribution.

www.medicaljournals.se/jrm
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715Short-term HIIT in deconditioned patients

the 6MWT (median 20%, 95% CI 14–26, p < 0.001) 
(Table II).

Cardiopulmonary exercise testing variable 
associations in the prehabilitation group
The Wpeak was higher in men compared with women 
(mean difference 13 watt, 95% CI 3–23, p = 0.010). 
There was a lower increase in Wpeak with an increase 
in age (the increase reduced by 0.58 watt per 1 year 
increment in age). There was less increase in Wpeak 
in patients with a higher baseline Wpeak (the increase 
reduces by 0.17 per increment of 1 watt in initial Wpeak)

The HRpeak during CPET was significantly lower in 
women compared with men (mean difference 7 bpm, 
95% CI 1–13 bpm, p = 0.018).

DISCUSSION

The objective of this paper was to report the design, 
application and efficacy of a particular HIIT paradigm 
to improve cardiorespiratory fitness in deconditioned 
patients with lung cancer. Our hypotheses were that 
candidates awaiting primary lung resection surgery for 
NSCLC would be able to perform such HIIT despite 
deconditioning, and that HIIT would improve aerobic 
power output (Wpeak), aerobic capacity (VO2peak), res-
ting heart rate (HRrest), recovery heart rate (HR1min), 
dyspnoea and exercise capacity (6MWT) in these 
patients. We found that the particular HIIT paradigm 
was well supported by this group of patients and that 
a median of only 8 training sessions significantly 
increased VO2peak and Wpeak. During the preoperative 
waiting period (median 25 days), VO2peak and 6MWT 
both increased by 15%, while they declined in the 
UC group. 

Given that VO2peak is an important predictor of out-
come for patients with NSCLC this finding is encou-
raging (2, 3). Not only VO2peak, but also 6MWT, was 
increased suggesting that the increase in aerobic power 

11–16 bpm, p < 0.01). HR1min decreased significantly 
(mean difference 5 bpm, 95% CI 4–7 bpm, p < 0.001). 

Dyspnoea sensation increased significantly from the 
first to the last session (mean difference 0.8 points, 
95% CI 1.2–2.1 points, p < 0.001). Leg fatigue also 
increased significantly (mean difference 0.8 points, 
95% CI 1.4–1.8 points, p < 0.001). 

Overall, there was a decrease in HRrest and in HR1min 
between the first and the last training sessions, whereas 
Wsession and HRsession increased. There were no statisti-
cally significant effects of sex, age or body mass index 
(BMI) on the evolution of HRrest. The higher baseline 
HRrest at the start, the greater was the decrease in HRrest 
in the final session. The decrease in HRrest in the final 
session amounted to a mean of –2 bpm (95% CI –1 to 
–3 bpm, p <0.001) for an increase in 10 bpm HRrest at 
baseline (see Fig. 3).

Evolution of Wsession was not significantly affected 
by age, sex or BMI. There was a trend for an elevated 
baseline Wsession to be associated with a greater increase 
in Wsession. The increase in HRsession between the first 
and the last sessions was negatively associated with its 
baseline value and with age. The higher HRsession at the 
start, the lower the increase in the final session. With 
increased age HRsession increased less with training. 
The increase in HRsession dropped by a mean of 0.3 bpm 
(95% CI 0.1–0. 6 bpm, p = 0.014) per year.

Fitness and exercise capacity
There was significant decrease in HRrest from the first 
to the third sessions (mean difference –6 bpm, 95% CI 
–4 to –7 bpm, p < 0.001). Significant changes in CPET 
and 6MWT were observed at the end of the intervention 
for the PH group. There was a significant increase in 
VO2peak (median 14%, 95% CI 3–26%, p = 0.004), and 
in Wpeak (median 7%, 95% CI 2–13%, p < 0.01). There 
was a significant increase in the walking distance of 

Fig. 3. Reduction in resting heart rate after 3 weeks of high-intensity 
interval training (HIIT) (delta HRrest) as a function of baseline resting 
heart rate (HRrest).

Table II. Changes in cardiopulmonary exercise testing (CPET) 
and 6-min walk test (6MWT) parameters for the usual care and 
prehabilitation groups in the preoperative period (deltas)

Variables n
Usual care
Median (IQR)

Prehabilitation
Median (IQR) p-value

Delta-VO2peak, ml/kg/min 151 –1.5 (–3.2 to 0.5) 2.9 (1.1 to 4.2) 0.004
Delta-Wpeak watts 150 –4 (–9 to 1) 8 (1 to 15) 0.021
Delta-AT, % 136 –2.5 (–6.9 to 3.1) 3 (–2.1 to 8.3) 0.183
Delta-HRpeak/min 149 –9 (–16 to 0) –5 (–11 to 1) 0.237
Delta-6MWT, m 148 –2 (–9 to 5) 66 (8 to 125) 0.001
Delta-HRpeak 6MWT 120 –1 (–10 to 8) 0 (–12 to 9) 0.804

Data analysed by Mann–Whitney U test. Adapted from Licker et al. (16).
Significant values are shown in bold.
IQR: interquartile range; VO2peak: maximum oxygen uptake reached during 
CPET; Wpeak: peak power output reached during CPET; AT: anaerobic threshold; 
HRpeak, peak heart rate  reached during CPET; 6MWT: distance covered walking 
in 6 minutes (m); HRpeak 6MWT: peak heart reached during 6MWT

J Rehabil Med 51, 2019
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potentially translated into better exercise capacity in 
daily life settings. We previously published the clini-
cal impact of this particular intervention on surgery 
outcome (16). The pulmonary complications, mainly 
atelectasis, were reduced by 45% in PH and the effect 
was more pronounced in patients who demonstrated 
a greater response to HIIT. This resulted in a mild 
reduction in the length of stay in the post-anaesthesia 
care unit (median –7 h, IQ25–75% –4 to –10 h) (16).

Our finding that just 8 training sessions over 3 weeks 
resulted in a significant improvement in fitness is in 
agreement with earlier work. HIIT was shown to result 
rapidly in positive aerobic effects; just 6 sessions of 
HIIT can produce these changes due to an increase in 
the mitochondrial content, thereby enhancing oxygen 
uptake (22). Several meta-analyses of controlled trials 
also confirmed that HIIT increases VO2peak and that the 
effect is greater for candidates who are less fit (14, 
23). In addition, HIIT improves fitness in patients with 
severe heart disease (17). 

At baseline the mean VO2peak and mean 6MWT 
distance were 18% and 42%, respectively, below the 
predicted values in these patients (16). It has been 
shown that cardio-respiratory fitness is an independent 
factor in mortality and length of hospitalization (24). 
In individuals undergoing non-cardiac surgical proce-
dures high levels of preoperative function, in particular 
higher cardio-respiratory fitness, are associated with 
better survival after surgery (24–26). Due to the design 
of the current study it was not possible to include only 
severely deconditioned patients. However, it is possible 
that the more severely deconditioned patients could 
benefit the most, as suggested by the observed changes 
in resting heart rate.

Resting heart rate (measured in standardized condi-
tions) was lowered as a result of the exercise training 
in our patients. A low resting heart rate is characteristic 
of a higher fitness level and is a predictor of all-cause 
mortality (27). It was demonstrated that HIIT improved 
resting heart rate more than did other modes of training 
in patients with coronary artery disease (28). Numerous 
trials have shown a mean decrease in resting heart rate 
of 3–10 bpm after HIIT training, conducted for 8 weeks, 
12 weeks or 6 months, at 60–90% of Wpeak (29, 30). We 
saw a mean reduction in resting heart rate of 6 bpm after 
a median of 8 HIIT sessions at 100% of Wpeak. Since 
there was no significant change in HRrest between the first 
and the intermediate HIIT sessions, it can be assumed 
that it takes approximately 2–3 weeks to notice the first 
changes with this type of HIIT paradigm.

Exercise is associated with increased sympathetic 
and decreased parasympathetic activity and the period 
of recovery after maximum exercise is characterized 
by a combination of sympathetic withdrawal and pa-

rasympathetic activation. A mean extra resting heart 
rate recovery of –5 bpm was observed 1 min after 
cool-down in our patients. Heart rate recovery (HRR) 
after strenuous exercise has been shown to be more 
rapid among individuals with higher levels of fitness 
and following aerobic training programmes in a variety 
of adult and paediatric populations (31, 32). HRR is 
thought to represent both the restoration of parasympa-
thetic input and the withdrawal of sympathetic tone 
after exercise; it may therefore be an indicator of 
changes in fitness level and overall training status (33).

Increased vagal activity associated with a faster HRR 
has been shown to be associated with a decrease in risk 
of death (34). In a systemic view it was found that HRR 
is considerably reduced after an aerobic exercise pro-
gramme in patients with established heart disease (35). It 
was also demonstrated that HRR at 1–2 min recovery is 
a prognostic measurement (36). Further study is required 
to determine whether a mean  extra reduction of 5 bpm 
in patients with NSCLC is of physiological importance 
with regards to a short-term rehabilitation programme. 
The HRR in our patients did not improve between the 
first and intermediate HIIT sessions, and the changes 
were seen only for the final session in comparison with 
the first session. In the later HIIT sessions the patients 
were well accustomed to exercise and they were exer-
cising at higher intensities, with a significant increase in 
HRsession, dyspnoea and leg fatigue ratings. It is possible 
that the HRR changes occurred at the end because of 
the higher intensities of work, which demanded much 
more cardio-respiratory effort, and also that a training 
programme requires time to result in measurable chan-
ges. These findings also suggest that these deconditioned 
patients may not have been able to reach their “true” 
maximum aerobic capacity during the first CPET.

This study was performed with lung cancer patients 
awaiting surgery. The study took advantage of this im-
portant time-window of opportunity to assess whether 
exercise can have an important role in cardiorespiratory 
fitness in such a short time, as well as motivating pa-
tients to play an active role in their well-being (5). A 
systematic review of 18 pre-surgical exercise protocols 
suggested functional and clinical benefits, which are 
extremely important in cancer care, and pre-surgical 
exercise can therefore be considered as a potential 
adjuvant therapy (37). The American College of Sports 
Medicine clearly states in its guidelines for cancer 
survivors that exercise is safe in the pre-operative and 
post-operative periods, and leads to improved physical 
functioning and better quality of life (38).

The challenge in this trial was to maintain adherence 
despite the fact that some patients had marked decon-
ditioning and highly sedentary levels. Twenty-two 
percent of the patients had an ASA score of 3–4 (patient 

www.medicaljournals.se/jrm
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717Short-term HIIT in deconditioned patients

has severe systemic disease that is not incapacitating, 
or patient has incapacitating disease that is a constant 
threat to life) (39). Adherence is a major limitation in 
any study using exercise as an intervention. It is im-
perative to have an exercise protocol that is enjoyable, 
especially because waiting for a potential life-saving 
operation is very stressful. There are several studies 
suggesting that HIIT is perceived to be more pleasu-
rable even if it is more physically demanding than a 
moderate intensity exercise regime (40). Even though 
it was not systematically evaluated, we observed that 
our patients’ satisfaction and motivation improved 
from the first to the last sessions as the date of surgery 
approached. The patients who received prehabilitation 
also seemed to remain more active and motivated to 
get back to a fitter state in the post-operative period. 

It would therefore be interesting to combine a preha-
bilitation HIIT regime with a post-operative rehabilita-
tion programme to determine if the benefits obtained 
are maintained for a longer time and what influence it 
has on the quality of life of the patients. Combining or 
replacing a lower-body HIIT with an upper-body HIIT 
could also be interesting for patients who have lower 
limb impairment. Although 30% of the patients in the 
rehabilitation group had chronic obstructive pulmo-
nary disease with dyspnoea at rest, and effort was a 
challenge, the training was well tolerated, indicating 
the possibility of its regular application in pulmonary 
rehabilitation programmes. It would be important to 
combine such training with nutrition coaching and 
psychological support for the patients in future studies 
in order to maximize the results. 

Conclusion

A short-term HIIT paradigm using 15-s sprints at 100% 
Wmax is feasible and safe in the pre-operative period 
and increases cardio-respiratory fitness in patients 
with NSLCC.

ACKNOWLEDGEMENTS
This study was supported by the Clinical Research Centre of 
the University Hospital of Geneva and the Geneva Associa-
tion Against Cancer. Methodological support was given by the 
Clinical Research Center, University of Geneva and Geneva 
Hospitals, Antoine Poncet. We also thank all the collaborators 
that made the study possible (16).

The authors have no conflicts of interest to declare.

REFERENCES

1. Sanchez-Lorente D, Navarro-Ripoll R, Guzman R, Moises 
J, Gimeno E, Boada M, et al. Prehabilitation in thoracic 
surgery. J Thorac Dis 2018; 10: S2593–S2600.

2. Brunelli A, Belardinelli R, Refai M, Salati M, Socci L, Pompili 
C, et al. Peak oxygen consumption during cardiopulmonary 
exercise test improves risk stratification in candidates to 
major lung resection. Chest 2009; 135: 1260–1267.

3. Benzo R, Kelley GA, Recchi L, Hofman A, Sciurba F. Com-
plications of lung resection and exercise capacity: a meta-
analysis. Respir Med 2007; 101: 1790–1797.

4. Licker M, Schnyder JM, Frey JG, Diaper J, Cartier V, Inan C, 
et al. Impact of aerobic exercise capacity and procedure-
related factors in lung cancer surgery. Eur Respir J 2011; 
37: 1189–1198.

5. Weston M, Weston KL, Prentis JM, Snowden CP. High-
intensity interval training (HIT) for effective and time-
efficient pre-surgical exercise interventions. Perioper Med 
(Lond) 2016; 5: 2.

6. Pouwels S, Fiddelaers J, Teijink JA, Woorst JF, Siebenga 
J, Smeenk FW. Preoperative exercise therapy in lung 
surgery patients: a systematic review. Respir Med 2015; 
109: 1495–1504.

7. Benzo R, Wigle D, Novotny P, Wetzstein M, Nichols F, Shen 
RK, et al. Preoperative pulmonary rehabilitation before 
lung cancer resection: results from two randomized stu-
dies. Lung Cancer 2011; 74: 441–445.

8. Bobbio A, Chetta A, Ampollini L, Primomo GL, Internullo E, 
Carbognani P, et al. Preoperative pulmonary rehabilitation 
in patients undergoing lung resection for non-small cell 
lung cancer. Eur J Cardiothorac Surg 2008; 33: 95–98.

9. Divisi D, Di Francesco C, Di Leonardo G, Crisci R. Pre-
operative pulmonary rehabilitation in patients with lung 
cancer and chronic obstructive pulmonary disease. Eur J 
Cardiothorac Surg 2013; 43: 293–296.

10. Jones LW, Peddle CJ, Eves ND, Haykowsky MJ, Courneya 
KS, Mackey JR, et al. Effects of presurgical exercise training 
on cardiorespiratory fitness among patients undergoing 
thoracic surgery for malignant lung lesions. Cancer 2007; 
110: 590–598.

11. Morano MT, Araujo AS, Nascimento FB, da Silva GF, Mes-
quita R, Pinto JS, et al. Preoperative pulmonary rehabilita-
tion versus chest physical therapy in patients undergoing 
lung cancer resection: a pilot randomized controlled trial. 
Arch Phys Med Rehabil 2013; 94: 53–58.

12. Pehlivan E, Turna A, Gurses A, Gurses HN. The effects of 
preoperative short-term intense physical therapy in lung 
cancer patients: a randomized controlled trial. Ann Thorac 
Cardiovasc Surg 2011; 17: 461–468.

13. Stefanelli F, Meoli I, Cobuccio R, Curcio C, Amore D, Ca-
sazza D, et al. High-intensity training and cardiopulmonary 
exercise testing in patients with chronic obstructive pul-
monary disease and non-small-cell lung cancer undergoing 
lobectomy. Eur J Cardiothorac Surg 2013; 44: e260–265.

14. Mugele H, Freitag N, Wilhelmi J, Yang Y, Cheng S, Bloch 
W, et al. High-intensity interval training in the therapy 
and aftercare of cancer patients: a systematic review 
with meta-analysis. J Cancer Surviv 2019; 13: 205–223.

15. Ross LM, Porter RR, Durstine JL. High-intensity interval 
training (HIIT) for patients with chronic diseases. J Sport 
Health Sci 2016; 5: 139–144.

16. Licker M, Karenovics W, Diaper J, Fresard I, Triponez F, El-
lenberger C, et al. Short-term preoperative high-intensity 
interval training in patients awaiting lung cancer surgery: 
a randomized controlled trial. J Thorac Oncol 2017; 12: 
323–333.

17. Guiraud T, Nigam A, Gremeaux V, Meyer P, Juneau M, 
Bosquet L. High-intensity interval training in cardiac re-
habilitation. Sports Med 2012; 42: 587–605.

18. ATS/ACCP. ATS/ACCP Statement on cardiopulmonary 
exercise testing. Am J Respir Crit Care Med 2003; 167: 
211–277.

19. Force ERST, Palange P, Ward SA, Carlsen KH, Casaburi 
R, Gallagher CG, et al. Recommendations on the use of 
exercise testing in clinical practice. Eur Respir J 2007; 
29: 185–209.

J Rehabil Med 51, 2019



JR
M

JR
M

Jo
ur

na
l o

f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e
JR

M
Jo

ur
na

l o
f 
R

eh
ab

ili
ta

ti
on

 M
ed

ic
in

e

718 C. Bhatia and B. Kayser

20. Beaver WL, Wasserman K, Whipp BJ. A new method for 
detecting anaerobic threshold by gas exchange. J Appl 
Physiol (1985) 1986; 60: 2020–2027.

21. ATS. ATS statement: guidelines for the six-minute walk 
test. Am J Respir Crit Care Med 2002; 166: 111–117.

22. Jacobs RA, Fluck D, Bonne TC, Burgi S, Christensen PM, 
Toigo M, et al. Improvements in exercise performance with 
high-intensity interval training coincide with an increase 
in skeletal muscle mitochondrial content and function. J 
Appl Physiol (1985) 2013; 115: 785–793.

23. Milanovic Z, Sporis G, Weston M. Effectiveness of high-
intensity interval training (HIT) and continuous endurance 
training for VO2max improvements: a systematic review 
and meta-analysis of controlled trials. Sports Med 2015; 
45: 1469–1481.

24. Snowden CP, Prentis J, Jacques B, Anderson H, Manas D, 
Jones D, et al. Cardiorespiratory fitness predicts mortality 
and hospital length of stay after major elective surgery in 
older people. Ann Surg 2013; 257: 999–1004.

25. Jack S, West M, Grocott MP. Perioperative exercise training 
in elderly subjects. Best Pract Res Clin Anaesthesiol 2011; 
25: 461–472.

26. West MA, Loughney L, Lythgoe D, Barben CP, Sripadam 
R, Kemp GJ, et al. Effect of prehabilitation on objectively 
measured physical fitness after neoadjuvant treatment 
in preoperative rectal cancer patients: a blinded inter-
ventional pilot study. Br J Anaesth 2015; 114: 244–251.

27. Bohm M, Reil JC, Deedwania P, Kim JB, Borer JS. Resting 
heart rate: risk indicator and emerging risk factor in 
cardiovascular disease. Am J Med 2015; 128: 219–228.

28. Warburton DE, McKenzie DC, Haykowsky MJ, Taylor A, 
Shoemaker P, Ignaszewski AP, et al. Effectiveness of 
high-intensity interval training for the rehabilitation of 
patients with coronary artery disease. Am J Cardiol 2005; 
95: 1080–1084.

29. Molmen-Hansen HE, Stolen T, Tjonna AE, Aamot IL, Eke-
berg IS, Tyldum GA, et al. Aerobic interval training reduces 
blood pressure and improves myocardial function in hyper-
tensive patients. Eur J Prev Cardiol 2012; 19: 151–160.

30. Munk PS, Staal EM, Butt N, Isaksen K, Larsen AI. High-
intensity interval training may reduce in-stent restenosis 

following percutaneous coronary intervention with stent 
implantation: a randomized controlled trial evaluating the 
relationship to endothelial function and inflammation. Am 
Heart J 2009; 158: 734–741.

31. Yamamoto K, Miyachi M, Saitoh T, Yoshioka A, Onodera S. 
Effects of endurance training on resting and post-exercise 
cardiac autonomic control. Med Sci Sports Exerc 2001; 
33: 1496–1502.

32. Prado DM, Silva AG, Trombetta IC, Ribeiro MM, Guazzelli 
IC, Matos LN, et al. Exercise training associated with diet 
improves heart rate recovery and cardiac autonomic ner-
vous system activity in obese children. Int J Sports Med 
2010; 31: 860–865.

33. Watson A, Brickson S, Prawda E, Sanfilippo J. Short-term 
heart rate recovery is related to aerobic fitness in elite 
intermittent sport athletes. J Strength Cond Res 2016; 
31: 1055–1061.

34. Hull SS, Jr., Vanoli E, Adamson PB, De Ferrari GM, Fore-
man RD, Schwartz PJ. Do increases in markers of vagal 
activity imply protection from sudden death? The case of 
scopolamine. Circulation 1995; 91: 2516–2519.

35. Snoek JA, van Berkel S, van Meeteren N, Backx FJ, Daa-
nen HA. Effect of aerobic training on heart rate recovery 
in patients with established heart disease; a systematic 
review. PLoS One 2013; 8: e83907.

36. Shetler K, Marcus R, Froelicher VF, Vora S, Kalisetti D, 
Prakash M, et al. Heart rate recovery: validation and met-
hodologic issues. J Am Coll Cardiol 2001; 38: 1980–1987.

37. Singh F, Newton RU, Galvao DA, Spry N, Baker MK. A sys-
tematic review of pre-surgical exercise intervention studies 
with cancer patients. Surg Oncol 2013; 22: 92–104.

38. Schmitz KH, Courneya KS, Matthews C, Demark-Wah-
nefried W, Galvao DA, Pinto BM, et al. American College of 
Sports Medicine roundtable on exercise guidelines for can-
cer survivors. Med Sci Sports Exerc 2010; 42: 1409–1426.

39. Irlbeck T, Zwissler B, Bauer A. ASA Klassifikation: Wandel 
im Laute der Zeit und Darstellung in der Literatur. Anaes-
thesist 2017; 66: 5–10. 

40. Thum JS, Parsons G, Whittle T, Astorino TA. High-intensity 
interval training elicits higher enjoyment than moderate in-
tensity continuous exercise. PLoS One 2017; 12: e0166299.

www.medicaljournals.se/jrm


