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Purpose: Aortic disease presents a significant risk of mortality
and morbidity, with hypertension considered the primary driver
of disease progression. Blood pressure naturally increases dur-
ing physical activity, and patients need guidance on the optimal
level of exercise. The purpose of this study was to evaluate
change in cardiopulmonary fitness after attending a rehabilita-
tion program using blood pressure-guided exercise intensity.
Methods: The cohort included patients with thoracic aortic
dissection (type A and B) and surgically operated thoracic aortic
aneurysm. All participated in a rehabilitation program with
maximum workload recommendations based on cardiopul-
monary exercise tests which were performed before and after
the rehabilitation program.
Results: 63 patients were included. At ventilatory threshold,
workload increased by 17-32 watt and oxygen uptake by
1.8-2.9 ml/kg/min. 22 patients were able to perform both tests
to exhaustion without exceeding blood pressure restrictions of
160-180 mmHg. These patients improved maximum workload
by 20.6 watt (95% CI, 13.0-28.3) and peak oxygen uptake by
2.3 ml/kg/min (95% CI, 1.2-3.5). Only two cases of light dizzi-
ness at the end of test were reported.
Conclusions: Generally, patients with aortic disease improved
oxygen uptake and workload during the rehabilitation pro-
gram. One-third of the patients were able to perform both
cardiopulmonary exercise tests to exhaustion without exceed-
ing blood pressure restrictions. No serious adverse events
occurred during test or exercise.
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Aortic disease is associated with high mortality and mor-
bidity, although advancing diagnostic, medical, and

surgical therapies have led to improvements.1 The incidence
of aortic disease is approximately 2.5-7.2 per 100 000-per-
son years, while the 5-year survival after aortic dissection is
estimated to be 70-80%.1-4 One of the most important long-
term factors in both operated and medically treated patients
is believed to be strict lifelong blood pressure control, as
high blood pressure strains the tissue in the aortic wall and,

in worst cases, leads to rupture and sudden death.5,6 Current
guidelines recommend a systolic blood pressure below
120 mmHg at rest.1 Blood pressure rises as work intensity
increases, and intense strength training can result in extreme
blood pressure levels, reaching up to 300 mmHg.7,8

Recommendations are light to moderate exercise intensity
for patients with aortic disease. Preferably, exercise intensity
is individualized depending on risk profiles.1

Many patients experience a fear of dying when diagnosed
with aortic disease, with generalized anxiety and, more tan-
gibly, a fear of physical exertion. Many have had an active
life style prior to the acute onset of disease and experience
a lack of freedom due to limitations in physical activities.9,10

Therefore, the physical restrictions imposed by blood pres-
sure control can exacerbate the impacted quality of life.11,12

Inactivity is also detrimental to health, both physically and
mentally. Physical activity is well-documented as protective
against cardiovascular disease, diabetes, and many other
diseases.13 Exercise and physical activity have a positive
effect on lowering blood pressure and are indeed recom-
mended for patients with hypertension.14 Mice-model stu-
dies have also shown that moderate cardiorespiratory fitness
may even have a protective impact against aortic disease,
and exercise reduces mortality, reversing inflammation and
promoting remodelling of the aortic wall.15,16 Very few
studies have investigated the effect of exercise and rehabili-
tation in humans with aortic disease.17,18

In 2017, Aarhus University Hospital (AUH) commenced
a rehabilitation program for patients with aortic disease
consisting of supervised exercise and patient education.
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KEY PERSPECTIVES

What is novel?

● Patients with thoracic aortic dissection or aneurysms
attending a rehabilitation program with blood pres-
sure-guided exercise intensity were able to improve
their cardiorespiratory fitness.

● One-third of the patients could perform cardiopul-
monary exercise testing to exhaustion without
exceeding blood pressure restrictions.

What are the clinical and/or research implications?

● No serious adverse events happened during test or
exercise.

● Further investigation is required to explore how
blood pressure-guided exercise intensity affects qual-
ity of life, disease progression, or prevention in both
the short- and long-term.
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Recommended exercise intensity is set based on the increase
in blood pressure during cardiopulmonary exercise testing
(CPX) aiming to keep blood pressure below 160 mmHg or,
in special cases with low risk of dissection, 180 mmHg. The
aim of the rehabilitation program is to restore and maintain
exercise capacity and quality of life by teaching safe habits of
physical activity. The long-term objective is to potentially
limit the progression of lifestyle-related diseases and reduce
the need for additional surgery. The purpose of this study
was to evaluate whether patients with aortic disease were
able to improve cardiorespiratory fitness when attending
a rehabilitation program with blood pressure restrictions.

METHODS

PATIENTS
This was a retrospective cohort study of patients who parti-
cipated in the rehabilitation program for aortic disease at
AUH between April 2017 and August 2023. This included
patients who were surgically treated for either thoracic aor-
tic dissection or aneurysm as well as those medically treated
for a type B thoracic aortic dissection. In general, all treated
patients were referred for rehabilitation. Patients who com-
pleted the rehabilitation program and the follow-up exercise
test were included in the study, which was mainly patients
from the Aarhus municipality.

SETTING
Echocardiography was performed in all patients prior to
discharge from hospital. Computerized tomography of the
entire thoracic and abdominal aorta was also carried out
within the first one to 3 months after surgery. Patients that
had undergone valve surgery had an additional echocardio-
gram 1 month after surgery. Cardiac and vascular surgeons
evaluated the images, where attention was directed to resi-
dual dissection or aneurysms, their diameters, and athero-
sclerotic burden. Furthermore, the overall risk factor profile
of patients was based on existing comorbidities, hyperten-
sion, and potential dispositions such as connective tissue dis-
orders. The final important parameter was the evaluation of
whether and when future intervention was necessary, which
influenced when the patient could undergo rehabilitation.
Electively operated patients (thoracic aneurysm or dilata-

tion with or without valve replacement) typically started
rehabilitation 6 weeks postoperatively, while patients with
thoracic aortic dissection (type A or B), regardless of treat-
ment, awaited a 3-month computerized tomography scan.
The rehabilitation program included CPX with breath-

by-breath gas exchange, electrocardiographic monitoring,
and blood pressure measurements. A physiotherapist and

a nurse experienced in the cardiac surgical field were pre-
sent. The test was performed on a cycle ergometer using
a ramp protocol estimated to reach maximal workload
between 8 and 12 minutes. The initial warm-up phase was
set to 2 minutes without or with minimal workload to
acclimatize and avoid a prompt rise in blood pressure. If
the systolic blood pressure exceeded 160 mmHg during the
test without the patient being strained in any way, antihy-
pertensive treatment was subsequently increased, if possible,
and the patient was later retested. The result of CPX was
used to recommend a maximum workload corresponding to
a systolic blood pressure ≤ 160 mmHg when exercising. Any
uncertainties about the test results and exercise recommen-
dations were discussed in the multidisciplinary aortic team
(consisting of physiotherapists, nurses, cardiologists, and
cardiac and vascular surgeons).
Thereafter, patients participated in supervised physical

exercise, combined with patient education in topics related
to aortic disease (eg, antihypertensive drugs and adverse
effects, diet, psychological aspects, and lifting and moving
techniques). Training sessions lasted one hour and were
scheduled two to three times a week for a period of
10 weeks. Every training session consisted of 20 to 30 min-
utes of cardiorespiratory fitness with an intensity compar-
able to 14-15 on Borg’s rate of perceived exertion,19 if
possible, without exceeding the recommended workload.
In addition, the training sessions included a short warm-
up, stretching, and muscle endurance training (90 second
exercise intervals) for approximately 20 minutes. Patients
were advised against contact sports, heavy lifting involving
Valsalva maneuvers, and strength training defined as ≤ 15
repetitions of maximum repetition.

OUTCOMES
Demographic and clinical variables were registered at hos-
pitalization, except for the body mass index (BMI), which
was measured on the day of CPX. Cardiorespiratory fitness
was measured by CPX. The test was performed on a cycle
ergometer using a ramp protocol aiming to reach maximal
workload between 8 and 12 minutes. Blood pressure was
measured at rest, after unloaded cycling for 2 minutes, at 3
and 6 minutes of cycling with increasing workload, and
hereafter every 90 seconds during the rest of the test. The
test was terminated if systolic blood pressure exceeded
160 mmHg. Cardiorespiratory fitness was defined as peak
oxygen uptake and maximal workload. Change in sub-max-
imal variables was evaluated when assessable: ventilatory
threshold (VT), defined as respiratory exchange ratio
(RER) = 1.0,20 and oxygen uptake efficiency slope (OUES),
estimated as oxygen uptake divided by the logarithm

Figure 1. Flow chart of patients participating in a rehabilitation program in Denmark with blood pressure-guided exercise intensity restrictions for
patients with thoracic aortic dissection or aneurysm, 2017-2023. Abbreviation: CPX, cardiopulmonary exercise test.
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of minute ventilation.21 These were available for patients
tested from May 2019 and onwards.

STATISTICAL ANALYSES
Patient data were entered in a Research Electronic Data
Capture (REDCap) database hosted at AUH.22 Continuous
variables were presented as mean ± SD or CI if normally
distributed and median (IQR) if non-normally distributed.
Categorical variables were described using proportions and
compared by the χ2 test. Results were presented in groups of
a) patients who were tested to exhaustion in both CPX and b)
patients who were stopped by technicians in one or both CPX
due to high blood pressure. Groups were compared using
unpaired the T test or Wilcoxon Mann-Whitney test depend-
ing on data distribution. Changes from baseline to follow-up
were analyzed by a pairedT test orWilcoxon signed-rank test
as appropriate. A conventional P value of .05was used for the
determination of statistical significance. All analyses were
performed using Stata MP version 18 (Stata Corp).

RESULTS
Overall, 97 patients were referred to the rehabilitation pro-
gram at AUH. For different reasons, a third of the cohort did
not start or complete the rehabilitation program (Figure 1).
In total, 63 patients completed the rehabilitation program
and were included in the study. Demographic and clinical
characteristics are presented in Table 1.
The median (IQR) time to program initiation was

4.4 months (3, 6) after hospitalization. They participated
in a median (IQR) of 17 training sessions (15, 24).
Antihypertensive treatment was prescribed for 89% of the
patients, and on average, they were prescribed a median
(IQR) of 2 (1, 4) types of antihypertensive drugs when start-
ing the program. During the program, the antihypertensive
treatment was adjusted for one-third of the patients; the dose
was increased for 12 patients (19%) and decreased for 7
patients (11%). 41 patients (65%) were stopped by techni-
cians in either one or both CPX because of excessive systolic
blood pressure readings. There was no difference between
groups with respect to change in the antihypertensive dose
from baseline to follow-up CPX (P = .77). Patients continuing
CPX to exhaustion had a lower BMI than patients who were
stopped, but no statistically significant differences were seen
in other variables (Table 1). The patients had no change in
body weight from baseline to follow-up in either group.

ADVERSE EVENTS
No major adverse events indicating disease progression or
requiring hospitalization were reported in relation to CPX
testing and exercise. Two patients reported light dizziness at
the end of testing but recovered quickly.

CARDIORESPIRATORY FITNESS
Changes in cardiorespiratory fitness from baseline to fol-
low-up are detailed in Tables 2 and 3. In the group consist-
ing of subjects who performed both CPX tests to
exhaustion, 13 (59%) reached RER ≥ 1.05. The maximum
workload increased by 20.6 watt (95% CI, 13.0-28.3)
equivalent to 19%, while peak oxygen uptake increased by
2.3 ml/kg/min (95% CI, 1.2-3.5) equivalent to 15% from
baseline to follow-up. Furthermore, the OUES improved by
0.2 (95% CI, 0.06-0.4) corresponding to a 14% increase.
Four patients were stopped before reaching VT at baseline
testing, while five were stopped at the follow-up CPX. The
14 patients who reached VT in both tests showed an
improvement in workload of 32 watt (95% CI, 13-51) and

oxygen uptake of 2.9 ml/kg/min (95% CI, 1.0-4.8) at VT, a
relative increase of 24% each.
In the group stopped by technicians in one or both CPX, 19

patients (46%) reached RER ≥ 1.05. The group improved

Table 1

Demographic and Clinical Characteristics of Patients Participating in
a Rehabilitation Program in Denmark with Blood Pressure-Guided
Exercise Intensity Restrictions for Patients With Thoracic Aortic
Dissection or Aneurysm, 2017-2023a

All
Patients
(N = 63)

CPX to
Exhaustion
(N = 22)

BP-limitedb

CPX
(N = 41) P Value

Male 42 (67%) 13 (59%) 29 (71%) .35

Age, yr 61 ± 11 62 ± 10 60 ± 11 .40

BMI, kg/m2 25.7 ± 4.0 24.0 ± 3.3 26.6 ± 4.0 .01

Connective tissue
diseasec

10 (19%) 2 (11%) 8 (24%) .22

Hypertension 42 (71%) 14 (67%) 28 (74%) .56

Chronic obstructive
pulmonary disease

2 (3%) 1 (5%) 1 (2%) .58

Diabetes mellitus 2 (3%) 1 (5%) 1 (2%) .58

Left ventricular ejection fraction

30-50% 11 (17%) 5 (23%) 6 (15%)

<30% 4 (6%) 3 (14%) 1 (2%) .27

Type of aortic disease

Dissection, type A 26 (41%) 7 (32%) 19 (46%)

Dissection, type B 13 (21%) 7 (32%) 6 (15%)

Dilatation/
aneurysm

24 (38%) 8 (36%) 16 (39%) .25

Treatment

Aortic replacement 51 (81%) 16 (73%) 35 (85%) .22

Valve replacement 25 (40%) 9 (40%) 16 (39%) .88

Coronary artery
bypass grafting

3 (5%) 2 (9%) 1 (2%) .28

Other open thoracic
surgeryd

3 (5%) 1 (5%) 2 (5%) 1.00

Aortic stenting 8 (13%) 2 (9%) 6 (15%) .70

Medical treatment 4 (6%) 0 (0%) 4 (10%) .28

Urgency of open thoracic surgerye

Elective surgery 29 (55%) 13 (76%) 16 (44%)

Subacute 4 (8%) 0 (0%) 4 (11%)

Acute 12 (23%) 3 (18%) 9 (25%)

Vital indication 8 (15%) 1 (6%) 7 (19%) .16

EuroSCORE IIf 2.9
(1.8, 5.8)

2.9
(1.5, 3.8)

3.1
(1.8, 6.4)

.40

Abbreviations: BMI, body mass index; BP, blood pressure; CPX, cardiopulmonary exercise test.
aData are represented as n (%), mean ± SD if normally distributed, and median (IQR) if non-
normally distributed. P value expresses differences between sub-groups.
bCPX was terminated by technicians if systolic BP exceeded 160-180 mmHg.
cConnective tissue disorders cover hereditary thoracic aortic conditions, vasculitis, aortitis,
Marfan syndrome, and Danlos Ehlers.
dOther surgery such as re-operation of earlier composite graft, debranching.
eElective = planned and preventive surgery, subacute = must stay on hospital until surgery,
acute = surgery required before the next working day from diagnosis, vital indication = need
for external heart massage on the way to surgery or before onset of anesthesia.
fEuroSCORE II: estimated risk of surgery on basis of comorbidity and other factors.
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OUES by 0.3 (95% CI, 0.15-0.46) equivalent to 14%. The 26
patients who continued both CPX until VT showed an
improvement in workload of 17 watt (95% CI, 9-24) and
oxygen uptake by 1.8 ml/kg/min (95% CI, 0.6-2.9) at VT, a
relative increase of 18% and 11%, respectively. Six of the
patients who were stopped before reaching VT had missing
data on OUES.
When comparing the two groups at baseline, the patients

who performed CPX to exhaustion had a lower mean BMI
(24.0 ± 3.3 vs. 26.6 ± 4.0 kg/m2, P = .01) and OUES (median
1.5 [IQR 1.4, 2,4] vs. 2.2 [IQR 1.9, 2.5], P = .04) than patients
who were stopped by technicians.

DISCUSSION
Recognizing that high blood pressure strains the aortic wall, it
is logical to engineer exercise prescriptions based on CPX
testing and evaluation of how quickly the blood pressure
rises for the individual patient. Attention must be given to
risk stratification, particularly among aortic dissection
patients, to avoid any undue or excessive stress on the aortic
wall, when recommending maximum of systolic blood pres-
sure during exercise. There were no major adverse events as
previously reported by similar studies on this subject.5,13,23,24

Among patients attending rehabilitation with blood pres-
sure-guided exercise intensity, the majority of patients
improved workload and oxygen uptake at VT or peak
level. The only statistically significant differences between
groups were a lower baseline BMI and higher change in
OUES among patients performing CPX to exhaustion.
When comparing the results to other studies, notably only

two have evaluated change in exercise capacity after com-
pletion of rehabilitation.17,18 One study was a case-control
study by Fuglsang et al. including 10 patients with type
A aortic dissection.18 In a similar fashion, an improved
peak oxygen uptake was observed from 25.3 ± 7.9 to
28.6 ± 8.4 mL/kg/min (P = .001). The study was carried
out at the same university hospital as the current study but at
a time period (2010-2014) when referral for rehabilitation
was in its infancy and without any blood pressure restric-
tions during exercise. These patients showed a higher peak
oxygen uptake compared to patients from the current study.
However, only 10 of the referred 60 patients referred to
rehabilitation performed a CPX to exhaustion (five were
excluded due to incomplete testing), which raises questions
about the criteria for allowing CPX or exercise. The other
noted study was a cohort analysis conducted by Corone

Table 2

Variables Estimated by CPX on Patients Participating in a Rehabilitation Program in Denmark With Blood Pressure-Guided Exercise Intensity
Restrictions for Patients With Thoracic Aortic Dissection or Aneurysm Who Continued CPX to Exhaustion (N = 22), 2017-2023a

Baseline CPX Follow-up CPX Mean Difference P Value

Rest phase

Systolic BP, mmHg 124 ± 20 115 ± 16 −10 (−22 to 2) .11

Diastolic BP, mmHg 83 ± 11 75 ± 9.7 −8 (−15 to −1) .03

Submaximal effort (n = 18) (n = 17) (n = 14)

Workload at VTb, watt 89 (64, 105) 109 (86, 147) 32 (13-51) <.01

VO2 at VTb, mL/kg/min 15.6 ± 4.6 18.4 ± 3 2.9 (1.0-4.8) <.01

Maximum effort

Maximum workload, watt 112 (76, 160) 139 (94, 174) 20.6 (13.0-28.3) <.01

Maximum workload, % of predicted 107 (75, 123) 124 (103, 143) 17 (10-25) <.01

Peak VO2, mL/kg/min 19.5 ± 6.2 21.9 ± 5.7 2.3 (1.2-3.5) <.01

Peak VO2, % of predicted 78.0 ± 23 91 ± 21 12 (6-18) <.01

Respiratory exchange ratio 1.11 ± 0.12 1.11 ± 0.12 0.002 (−0.10 to 0.05) .93

HR, beats/min 119 ± 24 118 ± 23 −2 (−7 to 4) .55

HR, % of predicted 75 ± 14 75 ± 14 0.6 (−0.2 to 4) .72

Oxygen pulse, mL/beat 12.6 ± 4.6 14.5 ± 4.8 2.2 (1.1-3.4) <.01

Oxygen pulse, % of predicted 106 ± 30.4 127 ± 42 21 (7-34) <.01

Systolic BP, mmHg 154 ± 22 152 ± 25 −2 (−10 to 7) .70

Diastolic BP, mmHg 83 ± 14 76 ± 12 −7 (−11 to −2) <.01

VE, L/min 49 (39, 77) 64 (45, 87) 5.5 (0.3-10.6) .03

VE, % of predicted 66 ± 23 73 ± 19 7 (2-13) .01

VE/VCO2 slope 30.5 ± 6.1c 30.7 ± 3.9c 0.2 (−1.8 to 2.3)c .83

VO2/watt 9.2 ± 1.9c 9.2 ± 1.04c 0.04 (−0.9 to 1.0)c .94

OUES 1.5 (1.4, 2.4)c 1.9 (1.4, 2.7)c 0.2 (0.06-0.40)c .01

Abbreviations: BP, blood pressure; CPX, cardiopulmonary exercise test; HR, heart rate; OUES, oxygen uptake efficiency slope; VCO2, carbon dioxide production; VO2, oxygen uptake; VE, minute
ventilation; VT, ventilatory threshold.
aBaseline and follow-up data are presented as mean ± SD when normally distributed and median (IQR) and when not-normally distributed. Differences between baseline and follow-up are
presented as mean (95% CI).
bVT estimated by respiratory exchange ratio = 1.0.
cData are only available for 15 participants.
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et al. and included 33 patients with type A aortic dissection
from nine different cardiac rehabilitation centers in
France.17 The thirteen patients who were tested on bicycle
ergometer before and after rehabilitation also showed an
increase in maximal workload from 62.7 ± 11.8 to
91.6 ± 16.5 watts (P = .002). Interestingly, the baseline
and follow-up workload were significantly lower compared
to the results in our study. Corone et al. did not describe any
blood pressure termination criteria, or other reasons, for
terminating the test, and it is unclear whether this could
explain the difference in work capacity, or whether the
patients simply had lower cardiorespiratory fitness. Both
of the above-mentioned studies were limited by small sample
sizes, and comparisons are further complicated by unclear
inclusion criteria and CPX protocols.
Our study did not include a control group, and one could

also speculate whether the improved cardiorespiratory fitness
was a mere post-surgery recovery. Norton et al. investigated
this thesis by a cohort study including 64 patients with aortic
disease.23 The patients were tested at three and 15months after
open repair without any intervention in between. They found

no significant change in cardiorespiratory fitness in 21 patients
with type A aortic dissection (from 18.3 to 19.1 mL/min/kg,
P = .23), but an improved peak oxygen uptake (from 20.2 to
22.4 mL/kg/min, P = .0003) in 43 patients with thoracic
ascending aortic aneurysms. These patients achieved the same
improvement in oxygen uptake 15 months after surgery as the
patients in the present study did 8.6 months after surgery.
A CPX termination criterion defined as systolic blood pressure
≥ 180 mmHg was noted, although this reportedly did not
occur. To some extent, one would infer that cardiorespiratory
fitness improves as time from surgery passes, and the effect of
a rehabilitation program on cardiorespiratory fitness is there-
fore difficult to quantify. Likewise, the economical onus is
difficult to quantify, as facilities and resources have been in
place for many years for any referred cardiovascular patient.
Indeed, future studies regarding improvement in physical capa-
city and quality of life, as well as the long-term costs and
benefits of rehabilitation, would be of great value.

CHALLENGES IN EVALUATING CPX VALUES
In general, evaluations of changes in cardiorespiratory fit-
ness are complex. One particular limitation in this study is

Table 3

Variables Estimated by CPX on Patients Participating in a Rehabilitation Program in Denmark With Blood Pressure-Guided Exercise Intensity
Restrictions for Patients With Thoracic Aortic Dissection or Aneurysm Who Performed Blood Pressure-Limited CPX (N = 41), 2017-2023a,b

Baseline CPX Follow-up CPX Mean Difference P Value

Rest phase

Systolic BP, mmHg 129 ± 16 129 ± 14 −1 (−7 to 4) .57

Diastolic BP, mmHg 83 ± 13 80 ± 11 −2 (−7 to 3) .42

Submaximal effort (n = 31) (n = 31) (n = 26)

Workload at VTc, watt 99 (77, 148) 106 (83, 161) 17 (9-24) <.01

VO2 at VTc, mL/kg/min 16.4 ± 5 18.3 ± 7 1.8 (0.6-2.9) <.01

Maximum effort

Maximum workload, watt 117 (73, 153) 131 (105, 173) 19.4 (10-29) <.01

Maximum workload, % of predicted 88 ± 29 104 ± 31 16 (6-26) <.01

Peak VO2, mL/kg/min 17.7 (15.4, 23.8) 18.1 (15.3, 24.8) 1.3 (0.3-2.4) .02

Peak VO2, % of predicted 78 ± 18 84 ± 21 6 (1-10) .01

Respiratory exchange ratio 1.06 ± .13 1.07 ± .11 0.02 (−0.02 to 0.06) .41

HR, beats/min 118 ± 24 121 ± 25 4 (−2 to 9) .19

HR, % of predicted 75 ± 13 76 ± 14 1.3 (−1 to 4) .30

Oxygen pulse, mL/beat 13.6 ± 4.0 14.8 ± 4.4 1.1 (0.4-1.8) <.01

Oxygen pulse, % of predicted 108 ± 28.2 115 ± 28 5 (−0.9 to 12) .09

Systolic BP, mmHg 174 ± 19 179 ± 22 4 (−4 to 13) .33

Diastolic BP, mmHg 88 ± 15 82 ± 12 −7 (−13 to −2) .01

VE, L/min 60 (42, 73) 57 (45, 70) 1.7 (−4.9 to 8.3) .60

VE, % of predicted 65 ± 22 67 ± 22 2 (−5 to 9) .52

VE/VCO2 slope 30 ± 5.5d 28.3 ± 5.1e −1.8 (−3.5 to 0.02)d .053

VO2/watt 10.1 ± 2.8d 9.4 ± 1.2e −0.6 (−1.9 to 0.6)d .31

OUES 2.2 ± 0.7d 2.4 ± 0.8e 0.3 (0.15-0.46)d <.01

Abbreviations: BP, blood pressure; CPX, cardiopulmonary exercise test; HR, heart rate; OUES, oxygen uptake efficiency slope; VCO2, carbon dioxide production; VO2, oxygen uptake; VE, minute
ventilation; VT, ventilatory threshold.
aBaseline and follow-up data are presented as mean ± SD when normally distributed and median (IQR) and when not-normally distributed. Differences between baseline and follow-up are
presented as mean (95% CI).
bCPX stopped by technicians if BP exceeded 160-180 mmHg.
cVT estimated by respiratory exchange ratio = 1.0.
dData are only available for 28 participants.
eData are only available for 34 participants.
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that many patients were unable to perform CPX to exhaus-
tion due to blood pressure restrictions. Thus, changes in
peak outcomes were limited to one-third of the cohort.
Efforts were made to complement the evaluation with ana-
lyses on submaximal levels using VT. Estimating VT by
methods such as V-slope calculations were deficient, as the
course of the respiratory curves were often incomplete in the
submaximal tests, and estimates of VT were often implau-
sibly low. Instead, the use of RER = 1.0 was employed, as
this method was more reliable under these circumstances.
Regardless of the method used, VT expressed as

a percentage of maximum effort exhibits significant varia-
bility. In sedentary individuals, VT occurs at 50-60% of
peak oxygen uptake but increases with age, with normal
values ranging from 35 to 80% of peak oxygen uptake.20

Post hoc analysis on patients performing CPX to exhaustion
in baseline CPX showed that VT occurred at 78% of peak
oxygen uptake, ranging from 47% to 97%. Thus, the exact
level of intensity by CPX termination and recommended
intensity of exercise is unknown when terminated by tech-
nicians. Optimally, exercise intensity should be estimated as
percentage of maximal oxygen uptake to calculate indivi-
dual zones of exercise intensity which requires performing
CPX to exhaustion.
Another challenge when evaluating changes in CPX

values were changes in antihypertensive treatment. The var-
iation in blood pressure increases may be multifactorial:
poor compliance of antihypertensive medication, white
coat syndrome, or even refractory responses to the recom-
mended therapy. A complicating factor is the potential dam-
pening effect of antihypertensive medication on physical
exertion levels.25,26 Therefore, changes in antihypertensive
treatment present a possible confounder when evaluating
changes in cardiorespiratory fitness. However, there were
more patients who increased the dose (19%) than patients
who decreased their dose (11%), perhaps suggesting that the
improvements registered in the current study could be
underestimated rather than overestimated.

STRENGTHS AND LIMITATIONS
Data were recorded prospectively but collected and ana-
lyzed retrospectively, and therefore, some values in relation
with CPX testing were not available for all patients. The
criteria for exclusion were rather minimal, which strength-
ens the representativeness of the results. For example,
patients were not excluded based on lowRER at exhaustion,
as they still provided valuable information on physical capa-
city. Some patients stopped their test before reaching VT or
3.5 metabolic equivalents (equaling moderate walking pace)
because of general exhaustion or fatigued leg muscles, some-
what indicative of poor cardiorespiratory fitness and muscle
strength. This is not surprising, since the cohort also
included patients who had undergone a long hospital stay.
Provided their blood pressure limit adherence could be
maintained, they were not restricted from cardiorespiratory
exercise and testing.
Another strength to this analysis is the long inclusion

period (2017-2023). This did not, unfortunately, equate
with a cohort large enough for important subanalyses. It
should be noted that the study was also interrupted by the
coronavirus disease-2019 pandemic. Efforts were made,
however, to provide exercise-related video consultations.

CONCLUSION
In general, patients attending a rehabilitation program with
blood pressure-guided exercise intensity experienced

improved oxygen uptake and workload. One-third of the
patients were able to perform both CPX studies to exhaus-
tion without exceeding blood pressure restrictions and had
little to no restrictions related to cardiopulmonary exercise.
Only few minor events of light dizziness occurred at the end
test, and the rehabilitation program with blood pressure-
guided exercise intensity was considered a safe way of mana-
ging cardiorespiratory fitness among patients with aortic
disease.
Whether or not initiating rehabilitation could have an

effect on the patient quality of life is uncertain, and how
rehabilitation with blood pressure-guided intensity may
impact physical and mental health is still a subject for
further investigation. Knowledge about benefits and risks
of exercise in this patient group are tenuous, and the impact
of patient education and mental support could play a more
important role.
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