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Abstract

Background There is lack of evidence regarding safety, effectiveness and applicability of prehabilitation on cardiac
surgery population, particularly in patients candidates to cardiac valve replacement. The aim of the study is to assess
and compare the effect of a multimodal prehabilitation program on functional capacity in patients with severe aortic
stenosis (AoS) and severe mitral regurgitation (MR) proposed for valve replacement surgery.

Methods Secondary analysis from a randomised controlled trial whose main objective was to analyze the efficacy
of a 4-6 weeks multimodal prehabilitation program in cardiac surgery on reducing postoperative complications. For
this secondary analysis, only candidates for valve replacement surgery were selected. The primary outcome was the
change in endurance time (ET) from baseline to preoperative assessment measured by a cycling constant work-rate
cardiopulmonary exercise test.

Results 68 patients were included in this secondary analysis, 34 (20 AoS and 14 MR) were allocated to the
prehabilitation group and 34 (20 AoS and 14 MR) to control group. At baseline, patients with AoS had better left
systolic ventricular function and lower prevalence of atrial fibrillation compared to MR (p=0.022 and p=0.035
respectively). After prehabilitation program, patients with MR showed greater improvement in ET than AoS patients
(101% vs. 66% increase from baseline). No adverse events related to the prehabilitation program were observed.

Conclusions A 4-6 week exercise training program is safe and overall improves functional capacity in patients with
severe AoS and MR. However, exercise response is different according to the cardiac valve type disfunction, and
further studies are needed to know the factors that predispose some patients to have better training response.

Trial registration The study has been registered on the Registry of National Institutes of Health ClinicalTrials.gov
(NCT03466606) (05/03/2018).
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Background

Exercise training plays a key role to improve functional
capacity in patients with heart disease after an event such
as acute coronary syndrome, stent placement or cardiac
surgery (rehabilitation), or as a preparatory interven-
tion before major surgery (prehabilitation) [1, 2]. Previ-
ous data on ischemic patients suggest that prehabilitation
improves physical fitness [3], but little is known of the
specific response to exercise training in patients with
severe valve disease. Physiopathology, hemodynamic
repercussion, and cardiac remodeling of the two most
frequent valve disease types in adults, aortic steno-
sis (AoS) and mitral regurgitation (MR), are known to
behave differently from other cardiac dysfunctions. As
a result, response to increased hemodynamic load and
catecholamine release caused by endurance training may
cause significant distinct effects in those specific popula-
tions. Fear of worsening not only symptoms and pulmo-
nary hypertension but also the possible adverse cardiac
effects including myocardial ischemia and arrhythmias
may have prevented patients with moderate to severe
valve disease from the benefit of an exercise training
program. Moreover, no consensus exists on the effec-
tiveness, exercise intensity, and duration of a prehabilita-
tion program in patients with severe valvular disease and
its potential benefit before and after valve replacement.
Many factors may contribute to exercise response vari-
ability. Hence, the identification and selection of patients
who may strongly benefit from intervention can help to
improve efficiency, sustainability, and adherence to this
preventive intervention.

Therefore, our objective is to assess and compare the
effect of a 4—6 week multimodal prehabilitation program
including high-intensity interval training, on functional
capacity in patients with severe AoS and severe MR pro-
posed for valve surgery.

Materials and methods

Design and population

The study is a secondary analysis from a single-centre,
randomised, open-label, controlled trial to determine if
a multimodal prehabilitation program (including super-
vised high-intensity endurance and resistance training,
psychological and nutritional support) reduces the rate of
postoperative complications after elective cardiac surgery
compared to standard care (control group). Characteris-
tics of the study design and exclusion criteria have been
reported previously in the study protocol [4]. Patients
scheduled for coronary artery bypass grafting (CABG)
and/or valve surgery, with an expected waiting time
before surgery of 6 weeks or more, were invited to partic-
ipate. The trial was carried out accomplishing all ethical
standards (Hospital Clinic of Barcelona Ethics Commit-
tee approval-HCB/2017/0708).
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For this secondary analysis, we restricted to the sub-
set of candidates to valve replacement surgery due to
severe AoS or severe MR, defined according to the latest
guidelines [5]. To analyze the response to exercise train-
ing, we only included the individuals who completed the
program. All participants underwent a baseline medical
and functional assessment: (i) clinical history and physi-
cal examination including the American Society of Anes-
thesiologists status, Charlson Comorbidity Index [6] and
European System for Cardiac Operation Risk Evaluation
(Euroscore II) [7]; (ii) functional capacity evaluation by
an incremental cardiopulmonary exercise test (CPET)
and endurance time (ET) measured by a cycling constant
work-rate exercise test performed at a load equivalent of
80% of the peak workload (PWR) the patient could tol-
erate on the incremental CPET [8] (Ergoline 900, Ergo-
line, Bitz, and Ergocard Professional, Medisoft), hand
grip strength test (Jamar Hydraulic Hand Dynamometer;
Sammons Preston), 6-minute walk test (6MWT) [9],
30-second Sit To Stand test (STS) [10], and estimation
of functional capacity by the Duke Activity Status Index
(DASI) [11] questionnaire; and (iii) assessment of physi-
cal activity level, measured by the Yale Physical Activity
Survey (YPAS) [12]. Patients were reassessed after the
program using the same tests, one week before undergo-
ing cardiac surgery (pre-surgery assessment). During the
exercise training program, the attendance to the sessions,
the progression of the training, and the occurrence of
adverse events were recorded.

The primary outcome was the change in ET after com-
pleting the prehabilitation program. The magnitude of
change in the ET (from baseline to pre-surgery assess-
ments) was compared between groups (severe AoS vs.
severe MR patients) and between intervention vs. control
group. Secondary outcomes were the effects on func-
tional capacity assessed by a submaximal exercise test
(6MWT), hand grip strength test and STS; and differ-
ences in physical activity level, measured by the YPAS.

Intervention

Participants in the intervention group underwent a 4—-6
week personalized multimodal prehabilitation program
in addition to standard care. The main components of the
program consisted in:

a) Supervised high-intensity interval training program:
1 h per session, 2 sessions per week at the hospital
outpatient gym. It consisted of at least 5 sets
combining 2 min. of moderate to high-intensity
exercise (starting at 70% of PWR and progressing
to 90-100% of PWR throughout the program)
interspersed with 2 min. of active recovery periods
at a lower intensity (40% of PWR), performed
on a stationary bike. Likewise, they performed a



Lépez-Hernandez et al. BMC Anesthesiology (2024) 24:280

resistance strength training of 2—3 upper and lower
limb exercises based on 2-3 sets of 8—15 repetitions,
avoiding Valsalva maneuvers. During the training
session, patients were continuously monitored with a
2 electrode non-invasive wearable electrocardiogram
(ECQ) system (Nuubo ECG). Side effects attributed
to the exercise training were registered: hypotension,
arrhythmia, chest pain, cardiac arrest, syncope,
angina and/or myocardial infarction.

b) Promotion of physical activity and healthy lifestyle:
as described elsewhere [4].

¢) Incentive spirometer exercising. Patients were
instructed in daily breathing exercises (chest
expansions, diaphragmatic breaths and deep
inspirations) with a 4000mL volumetric incentive
spirometer (Airlife, Vyaire Medical Inc), to perform
at least twice a day, 1-2 sets of 10—15 breaths for
each exercise.

d) Nutrition counselling on a well-balanced
cardioprotective Mediterranean diet and protein
supplementation for an intake of 1.2-1.5 g/kg/day.

e) Weekly mindfulness sessions. Participants were
invited to attend 1 hourly session per week of
Mindfulness-Based Stress Reduction led by a
registered psychologist.

Table 1 Baseline clinical characteristics and demographics of
patients included in the multimodal prehabilitation program

AoS (n=20) MR (n=14) P-value
Age (yr) 72+12 69+10 0532
Male 15 (75) 9 (64) 0.382
NYHA Il to IV 3(15) 3(21) 0.901
FEV, (% predicted) 84+19 85+17 0.816
LVEF (%) 61+7 5548 0.022
PHT 0(0) 2(14) 0.162
AFib 2(10) 6 (43) 0.035
Euroscore Il (score) 1.7+£1.7 20+1.2 0.644
Use of beta-blocker 8 (40) 7 (50) 0410
Charlson (score) 38+23 41+2.1 0.727
CSHA (score) 33+£12 34+£12 0.846
DASI (score) 3354166 232114 0.054
YPAS (score) 4094223 3234122 0.199
VO2 peak (mL/Kg/min) 164+5.1 13.9+4.0 0.151
ET (sec) 332+111 278117 0.179
6MWT (m) 468+ 86 470+79 0.926
HG dominant (Kg) 30+10 28+10 0.594
30"STS (repetitions) 13+4 12+3 0359

Data are presented as mean=SD or n (%), as appropriate

Abbreviations: AFib: atrial fibrillation; CSHA: Canadian Study of Health and
Aging clinical frailty scale; DASI: Duke activity status index; ET: endurance time;
FEV1: forced expiratory volume in 1 s; HG: hand-grip; LVEF: left ventricular
ejection fraction; NYHA: New York heart association classification; PHT:
pulmonary hypertension; STS: sit-to-stand test; VO2: oxygen consumption;
YPAS: Yale physical activity survey; BMWT: 6-minute walk test

Page 3 of 7

Participants in the control group followed the standard
preoperative protocol that included physical activity
recommendations, nutritional and smoking cessation
advice. Moreover, patients suffering from iron-deficiency
anemia received intravenous iron infusion.

The detailed characteristics of the intervention have
been previously reported in the study protocol [4].

Statistical analysis

Accepting an alpha risk of 0.05 in a two-tailed test with
34 in the prehabilitation group and 34 in the control
group, the statistical power was 100% to recognize as sta-
tistically significant a difference of means of 250 s in the
endurance time [13].

Data were presented as mean and standard deviation
or absolute frequency. Group means were compared
using Student’s t-test, Mann-Whitney or ANOVA tests as
appropriate. All analyses were performed using STATA
14.0 (Stata Comp, College Station, Tx, USA).

Results

The inclusion period of the randomised controlled trial
(RCT) spanned from March 2018 to June 2021. The
results from the primary outcome of the clinical trial
were submitted for publication.

From a total of 160 patients included in the RCT, we
selected 68 patients with severe valve disease for this
secondary analysis. Among them, 20 and 14 patients
with severe AoS and MR, respectively, were allocated to
the prehabilitation group. On the other hand, 20 and 14
patients with severe AoS and MR, respectively, were allo-
cated to the control group.

Baseline clinical characteristics and demographics of
patients included in the prehabilitation group are sum-
marized in Table 1. Patients with AoS had better left
systolic ventricular function and a lower prevalence
of atrial fibrillation compared to MR group. Although
non-statistically significant, patients with AoS showed
better related physical function parameters (i.e., DASI,
VO,peak, ET, and hand-grip) and were less sedentary
(YPAS) compared to MR patients.

Comparing prehabilitation vs. control groups,
there were no differences at the time of inclusion
(Table 1S-Supplementary Material).

The mean adherence to prehabilitation program was
over 80% (i.e., percentage of completion of the scheduled
training sessions) and mean duration of the prehabilita-
tion program was 7 weeks. The impact of the prehabili-
tation program on functional capacity was measured
for patients with severe AoS (Table 2) and severe MR
(Table 3). After completing the prehabilitation program,
the functional capacity in both patients with severe AoS
and severe MR was improved, showing a significant
increase in ET (Tables 2 and 3, respectively). Overall,
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Table 2 Functional capacity related outcomes in both AoS prehabilitation and control groups

Prehabilitation group

Control group

Baseline PreSurgey P-value Baseline PreSurgey P-value
ET (seq) 331116 552+254 0.003 343+206 441 +£257 0.084
6MWT (m) 488+81 507+74 0.072 465+133 483+133 0.009
STS (repetitions) 128+3.7 143+40 0.133 124+58 125+6.2 0.821
HG-D (kg) 30.2+89 31.2+88 0.251 31.8+84 285+85 0.012
YPAS (score) 45+22 53+16 0.191 3716 42+18 0.297

Data are presented as mean = SD. Missing values for Prehab group: ET=3, 6MWT=4, STS=4, HG-D=3, YPAS=3. Missing values for the Control group: ET=9, 6MWT=38,

STS=9,HG-D=7, YPAS=7

Abbreviations: ET: endurance time; HG-D: dominant hand-grip; STS: sit-to-stand test;

YPAS: Yale physical activity survey; 6MWT: 6-minute walk test

Table 3 Functional capacity related outcomes in both MR prehabilitation and control groups

Prehabilitation group

Control group

Baseline PreSurgery P-value Baseline PreSurgery P-value
ET (seq) 272+120 560+ 289 0.001 264111 247 +£106 0.644
6MWT (m) 477+79 507+79 0.016 477 £141 449+193 0.303
STS (repetitions) 11.7+33 133+44 0.027 133+6.3 14494 0.578
HG-D (kg) 289+103 30.8+10 0.199 30.2+10 31.1+£84 0422
YPAS (score) 344123 518+164 0.008 394+195 43.8+30.1 0.544

Data are presented as mean = SD. Missing values for Prehab group: ET=1, 6MWT=1, STS=2, HG-D=1, YPAS=2. Missing values for the Control group: ET=3, 6MWT=4,

STS=4,HG-D=4, YPAS=4

Abbreviations: ET: endurance time; HG-D: dominant hand-grip; STS: sit-to-stand test;

YPAS: Yale physical activity survey; 6MWT: 6-minute walk test

patients with MR showed greater improvement in ET
than AoS patients (101% vs. 66% increase from baseline).

ET individual changes for patients reassessed prior to
surgery are shown in Fig. 1. 90% of MR patients showed
a positive response to exercise (established as >30% ET
increase), while in AoS group, 62% showed the men-
tioned increase.

Patients with severe MR involved in prehabilitation
also showed significant improvement in other func-
tional parameters such as 6MW T, hand grip, or STS-test
(Table 3).

Regarding patients allocated to control group, those
with severe AoS remained functionally unchanged dur-
ing surgery waiting-list time, whereas not prehabilitated
patients with severe MR, showed a trend to functional
decline during this time (ET 21% decrease from baseline)
(Fig. 1).

No patients had any adverse events or complications
attributable to the physical training, neither during the
sessions nor during the program period.

Discussion

The results from this exploratory study support that a
supervised high-intensity exercise training program as
part of multimodal prehabilitation overall enhances pre-
operative functional capacity. Likewise, this intervention
seems feasible and safe in patients with severe valve dis-
ease candidates to valve replacement. Prehabilitation may
even prevent the significant functional deterioration that

occurred in these patients while being in the waiting list
before surgery, especially in MR patients. However, the
effect on aerobic capacity appears to be heterogeneous
among these valve diseases. Patients with severe MR
seem to benefit more from intervention in terms of func-
tional capacity, patients with AoS showed more mod-
est benefit but patients in the control group presented a
deterioration in hand grip.

Since cardiorespiratory fitness response to exercise
presumably determines the benefit of prehabilitation
programs on the postoperative outcomes, identifying
patients that will response to exercise is crucial to be effi-
cient. ET has gained popularity over the years in evalu-
ating the effect of exercise interventions in different
populations because of its higher sensitivity in compari-
son to other tests [14]. Although there is no consensus, a
20 to 30% increase in ET is widely accepted in other pop-
ulations to define a positive response to an exercise pro-
gram [15]. We assumed the ET to be a valid variable to
assess response to exercise training and in our study, the
proportion of patients fulfilling this score was differential
between severe MR and AoS patients (92 vs. 65%). We
could see a less intense response in 6-WMT and in fact,
patients with AoS in control group presented a signifi-
cant increase after the intervention, one possible expla-
nation would be learning or hawthorne effect.

Many factors may contribute to this functional capac-
ity response variability. Some are related to unmodifiable
factors, such as age, genetics, subjacent comorbidities
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Fig. 1 Individual changes for endurance exercise at baseline and before
surgery by groups. Legends: Abbreviations: AoS: Aortic stenosis; ET: en-
durance time; MR: Mitral Regurgitation; Presurg: Pre-Surgery. (a) patients
included in the prehabilitation group. (b) patients in the control group

and baseline fitness; while others to modifiable factors,
such as training characteristics.

The profound impact of the valve lesion on cardiac
performance and the severity of the valve lesion, which
are key points when deciding for surgical intervention,
might also affect the exercise response. Different reac-
tions to exercise training in MR may be related to specific
responses to catecholamine release and hemodynamic
profile during exercise. In fact, patients with MR pre-
sented a worse ejection fraction than those with AoS,
even when ejection fraction may be a poor marker of left
ventricular (LV) function in MR and may underestimate
the extent of LV systolic dysfunction. Because of adrener-
gic release, tachycardia may be beneficial in the acute set-
ting of exercise, thanks to a decrease in diastole time and
regurgitation volume. Volume overload seen in MR can
be handled in a ventricle with preserved systolic func-
tion, and response to exercise may enhance forward flow
without significant pulmonary congestion. Patients with
severe MR and those with end-stage heart failure, specifi-
cally those with severely depressed LV systolic function
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may share some characteristics, such as volume overload
and pulmonary edema, and possibly offer a good sub-
strate for improvement with endurance training. Patients
with severe AoS traditionally present with preserved LV
systolic function but suffer from diastolic dysfunction
due to hypertrophy and non-compliant chambers. Ven-
tricular stiffness and decreased compliance may harden
ventricular filling and stroke volume increase needed
during exercise whereas tachycardia decreases diastole
and further impairs ventricular filling. In our study, exer-
cise training in patients with AoS modestly improved ET
and prevented from deterioration.

It is also worth mentioning that greater improvements
in functional capacity have been previously reported
after prehabilitation programs in less fit patients com-
pared to patients with higher baseline fitness [16]. Thus,
the higher benefit observed in MR patients after preha-
bilitation may be partially explained by their significant
trend to lower baseline fitness compared to AoS patients.

The modality, intensity, and volume of exercise, as well
as the specific training program all influence the individ-
ual training response. There is little evidence regarding
the dose and specific exercise training characteristics of
the prehabilitation intervention, especially in cardiac sur-
gery patients. To our knowledge, no other training pro-
grams such as continuous exercise or moderate-intensity
interval training have been tested and it is possible that
one size does not fit all these particular patients. The
effects of a given dose of exercise training on cardiorespi-
ratory fitness response are not uniform at the individual
level, while some individuals gain large improvements,
others show small or even no improvement. Indeed, stud-
ies specifically designed to assess the individual variation
in exercise response demonstrate substantial variability
in functional capacity response [17, 18].

The evidence in this specific population (i.e., patients
with severe MR and AoS who fulfilled criteria for valve
replacement surgery) is scarce likely because recommen-
dations for exercise training in people with severe valve
disease preclude them from extenuating exercise, due to
the risk of complications and even previously reported
sudden death. This applies specifically to patients with
severe AoS and those patients with severe MR and pul-
monary hypertension, ventricular dilatation, or systolic
dysfunction. Traditionally and based on expert opinions,
low-intensity aerobic exercise is usually recommended in
patients with valve disease to improve functional capac-
ity and general well-being [19]. A very recent randomised
controlled trial in elective cardiac surgery including
about 50% of patients undergoing valve replacement,
revealed that adverse event rates during prehabilitation
were higher than in the standard care group [20]. How-
ever, the authors recognized that only a minority were
related to the intervention. Moreover, they did not state
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if any monitoring during the exercise was performed.
On the contrary, our setting included a supervised and
indoor monitored exercise training as a part of the pre-
habilitation program. Intensity of highly demanding
exercise in athletes and highly active individuals is radi-
cally different from exercise training during prehabilita-
tion [21]. Exercise training in prehabilitation should not
be considered as the bottom line, as it aims to improve
functional capacity, to avoid sarcopenia and has a piv-
otal role to improve frailty in surgical patients in a short
period of time. In our study, all patients safely concluded
the program with no adverse effects associated to the
intervention.

This study has some limitations that we must address.
First, it consists of a secondary analysis derived from a
randomised controlled trial whose main objective was
to analyze the feasibility and efficacy of a multimodal
prehabilitation program in cardiac surgery in terms of
reduction of postoperative complications. Therefore,
the sample size used might not be adequate for the per-
formed analysis and our findings should be cautiously
considered as exploratory. Even so, the sample size is ade-
quate to assess the response to exercise in patients with
severe valvular heart disease. Further studies with wider
samples are needed in order to confirm these findings. In
addition, some data at the pre-surgery assessment were
missing as a result of COVID-19 pandemic restrictions.
Second, CPET with incremental load was only performed
at baseline to plan the exercise program. After interven-
tion, change in ET was used to assess functional capacity
before surgery. ET correctly reflects functional capacity,
but more data could have been obtained from maximal
oxygen consumption (VO,, and anaerobic threshold.
Moreover, ET has been validated to assess exercise
response but more studies are needed to assess response
to prehabilitation. Third, there is some evidence that car-
diac remodeling can be obtained after short interventions
[22]. Unfortunately, we didn’t perform any measurement
of cardiac geometry or function immediately before and
after the intervention and we can’t correlate improve-
ment of endurance time with cardiac remodeling. Fourth,
multimodal prehabilitation is a more complex interven-
tion, including in our case other components like nutri-
tional and psychological support that could have played
a role in the positive results. Finally, only the preopera-
tive period is analyzed but we have no long-term data. It
would be desirable to know long-term adherence to life-
style changes and its implication in postoperative func-
tional status.

Conclusions

In summary, patients with severe AoS or MR seem to
benefit from a preoperative exercise training program
of at least 4—6 weeks with no complications associated.
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However, exercise response may be different depending
on the type of valve dysfunction, and patients may benefit
differently according to their baseline fitness, comorbidi-
ties, and cardiovascular reserve. This complex multifac-
torial nature of functional capacity response variability
poses a significant challenge to our understanding. Fur-
ther studies are needed to know the factors that predis-
pose some patients to have a better training response in
order to design a tailored approach to every patient and
better use of resources in clinical practice.

Abbreviations
AoS Aortic stenosis

CABG Coronary artery bypass grafting
CPET Cardiopulmonary exercise test
DASI Duke Activity Status Index
ECG Electrocardiogram

ET Endurance time

Lv Left ventricular

MR Mitral regurgitation

PWR Peak workload

6MWT  6-minute walk test

STS Sit to Stand test

YPAS Yale Physical Activity Survey
VO, Oxygen consumption
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