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Cardiovascular Effects 

There are many articles in the literature that evaluate the use of robotic exoskeletons and their 

effect on cardiovascular outcome measures across a variety of diagnoses. Most of these 

publications cover the Ekso 1.1/GT/NR device (25), referred to as “Ekso” in this paper. Other 

devices used include ReWalk (9), Indego (6), HAL (5), ExoAtlet (2), and SuitX Phoenix (1), 

among others. The most widely studied diagnosis was Spinal Cord Injury (23), followed by CVA 

(1) and ABI (1). The most commonly reported outcome measures in regard to cardiovascular 

effects were Heart Rate (HR) (26), Blood Pressure (BP) (16), VO2 (15) and VCO2 (4). 

Spinal Cord Injury (SCI) 

Several articles in the literature demonstrated that robotic exoskeleton usage in persons with 

SCI can induce positive cardiovascular effects and even exercise. In a 13 subject Ekso study in 

participants with SCI, it was found that cardiorespiratory measures including peak heart rate and 

oxygen uptake (HRpeak and VO2peak) increased from 9-35% from sitting to standing and further 

by 22-52% from standing to walking with the Ekso in a single session.1 The authors concluded 

that walking in the Ekso allowed these users to achieve moderate intensity levels of exercise.1 

Walking was found to induce a higher average VO2 when compared to either sitting or standing 

in both individuals with SCI and healthy controls in another Ekso study.2 An 8 subject ReWalk 

study in persons with SCI reported that average oxygen uptake and heart rate were found to be 

significantly higher for walking when compared to sitting or standing.3 One participant from a 

four subject Ekso SCI study demonstrated an increase in oxygen uptake from 0.27 L/min during 

rest to 0.55 L/min during walking.4 Another 4 subject Ekso study in persons with SCI reported a 

range of cardiorespiratory responses from low (24% VO2peak) in the least impaired individual to 

supramaximal (124% VO2peak) in the participant with the greatest impairment.5 A smaller two 

subject Ekso SCI case study reported similar findings; exoskeleton walking was compared to 

overground walking without a device and it was found that the participant with a lower starting 

walking capacity had greater cardiorespiratory responses than the participant that started with a 

greater walking capacity.6 An Indego study in persons with SCI that evaluated cardiorespiratory 

and metabolic responses at different walking speeds found that walking in the device resulted in 

%VO2peak range of 51.5 to 63.2% and metabolic cost ranged from 3.5 to 4.3 METsSCI.7 

Participants in an Ekso SCI study were able to achieve light to moderate levels of exercise 

based on reported heart rate changes.8 A case study using a subject who ambulated with the 

Ekso found an increase in both heart rate and blood pressure when active voluntary effort was 

required (i.e. less device assistance).9 A 52 subject multisite Ekso study in persons with SCI 

who completed a median of 21 sessions reported a significant increase in heart rate during the 

sessions and no change in blood pressure.10 Data analysis in an 11 subject SCI Ekso study 

where participants used the device three times per week for up to 25 sessions revealed no 

significant differences over time for heart rate or blood pressure when looking at the study from 

beginning to end however, heart rate did increase 15-21% within the sessions while blood 

pressure remained unchanged.11 Another single subject SCI case study found that walking in 

the Ekso in combination with spinal stimulation yielded an increase in cardiac response as 

measured by heart rate and blood pressure.12 Two ReWalk SCI studies reported that average 

heart rate and blood pressure were found to be higher following a training session.13,14 A third 

ReWalk study in six persons with SCI noted that average blood pressure went from 121/77 pre-
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session to 129/83 post-session and average heart rate went from 68 pre-session to 92 post-

session, indicating an exercise-like response.15Although inconsistency in VO2 measures was 

reported in a 3 subject SCI Ekso study, elevated heart rates were found in all participants when 

compared to seated rest.16 In an SCI case study with 2 subjects it was found that the subjects 

reached peak HR at 53% and 60% of age predicted max after a single session with the Ekso.17 

Fifteen individuals with SCI used both Ekso and Lokomat and it was found that greater 

cardiovascular effort was required when using the Ekso.18 A review of various devices found that 

gait training with robotic assistance improved peak oxygen consumption to a greater degree for 

subjects with chronic incomplete spinal cord injury.19 Several of these studies reported 

significant increases in heart rate after using an exoskeleton in persons with SCI and some 

noted that users were able to achieve light to moderate levels of exercise. 

Other studies focused on the evidence showing that exoskeletons were not overly taxing to use 

in regard to cardiovascular effects. One eight subject SCI Ekso study found no effects on VO2 

after using the device two to three times per week for 12 weeks.20 A ReWalk study in persons 

with SCI compared the device to a KAFO and found higher VO2 and VO2max values for the 

KAFO in both the six minute walk test (6MWT) and 30 minute walk test (30MWT).21 In a 

randomized 16 subject SCI study that compared Ekso to activity based therapy, it was found 

that the standing heart rate was significantly higher in the activity group when compared to the 

Ekso group at the end of the study.22 However, it was noted in the same study that 

cardiovascular efficiency improved during the 6MWT for the Ekso group after 6 weeks and was 

maintained though the end of the 24 week study period.22 These publications indicated that 

exoskeletons were no harder, and even easier in some cases, to use when compared to 

alternative therapies like KAFOs or activity based therapy. 

Another interesting study in 12 non-randomized SCI participants compared Ekso with usual care 

physiotherapy and found a significant reduction in arterial wave reflection and mean arterial 

pressure which is notable because arterial wave reflection, which can be used to infer the 

degree of systemic arterial wave reflection, has been shown to predict future cardiovascular 

events and all-cause mortality independent of blood pressure.23 Arterial wave reflection is the 

augmentation pressure expressed as a percentage of central pulse pressure.23  

Stroke (CVA) 

The literature reporting on cardiovascular effects in persons with CVA who utilized a robotic 

exoskeleton is slim. A two subject Ekso study in persons with CVA found that the participants 

achieved 75-85% of the calculated max heart rates through 86-100% of the 30 training 

sessions, completed over a period of 10 weeks.24  

Acquired Brain Injury (ABI) 

There is only one known publication evaluating the cardiovascular effect of robotic exoskeletons 

in persons with ABI. Ten subjects with ABI used the Ekso and it was reported that participants 

were in the light to very light range for HR during the 10.4 ± 4.8 completed sessions.25 
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Review Articles 

One review examining both body weight supported treadmills (BWSTT) and overground 

exoskeletons concluded that walking in an exoskeleton led to improvements in cardiovascular 

endurance while BWSTT did not.26 A review that examined studies using various devices 

(including gait trainer, Lokomat, Indego, HAL, and SMA, among others) in persons with CVA, 

SCI, and healthy subjects concluded that metabolic and cardiorespiratory outcome measures 

were lower during robot assisted gait when compared to walking without a device.27 Another 

review that examined 31 articles using various devices in persons with SCI came to the 

conclusion that the use of such a wide range of metrics to measure cardiovascular outcomes 

made these studies too difficult to compare.28 Use of several different devices in persons with 

SCI was evaluated in another review and while the authors acknowledged that significant 

increases in HR and oxygen consumption while transitioning from sitting to standing were 

reported in several different studies, they offered the explanation that this may be considered a 

normal response to maintaining blood pressure when changing position.29  

Conclusions 

As mentioned in a review article28 above, the wide variety of outcome measures reported in the 

literature make it challenging to draw an overall conclusion on the cardiovascular effect of 

robotic exoskeletons. In general, using the devices led to increases in outcome measures such 

as heart rate, blood pressure, and VO2. Although these results did not necessarily correlate to 

high intensity exercise, these increases were seen as positive. 
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ABI = acquired brain injury, CVA = stroke, SCI = spinal cord injury  

 


