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Abstract
Background: To evaluate the effectiveness of neuromuscular electrical stimulation (NMES) in early rehabilitation of patients with
postoperative complications after cardiovascular surgery.

Methods: 37 patients (25 men and 12 women) aged 45 to 70 years with postoperative complications after cardiovascular surgery
were included in the study. Eighteen patients underwent NMES daily since postoperative day 3 until discharge in addition to standard
rehabilitation program (NMES group), and 19 patients underwent standard rehabilitation program only (non-NMES group). The
primary outcome was the knee extensors strength at discharge in NMES group and in control. Secondary outcomes were the
handgrip strength, knee flexor strength, and cross-sectional area (CSA) of the quadriceps femoris in groups at discharge.

Results: Baseline characteristics were not different between the groups. Knee extensors strength at discharge was significantly
higher in the NMES group (28.1 [23.8; 36.2] kg on the right and 27.45 [22.3; 33.1] kg on the left) than in the non-NMES group (22.3
[20.1; 27.1] and 22.5 [20.1; 25.9] kg, respectively; P< .001). Handgrip strength, knee flexor strength, quadriceps CSA, and 6 minute
walk distance at discharge in the groups had no significant difference.

Conclusions: This pilot study shows a beneficial effect of NMES on muscle strength in patients with complications after
cardiovascular surgery. The use of NMES showed no effect on strength of non-stimulated muscle, quadriceps CSA, and distance of
6-minute walk test at discharge.
Further blind randomized controlled trials should be performed with emphasis on the effectiveness of NEMS in increasing muscle

strength and structure in these patients.

Abbreviations: 6MWT= 6-minute walk test, CSA = cross-sectional area, HS = handgrip strength, ICU = intensive care unit, KES
= knee extensors strength, KFS = knee flexor strength, NMES = neuromuscular electrical stimulation, POD = postoperative day.
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1. Introduction

Even a successful cardiac surgery is not a clear guarantee of
success and restoration of the patient’s lost function and
improvement in quality of life. There are a number of factors
that facilitate development of perioperative complications, such
as advanced age, comorbidity, severity of the underlying disease,
etc. One of the significant factors contributing to deterioration of
the rehabilitation outcome is “secondary sarcopenia,” which
develops as a result of limited physical activity in patients,
worsens the immediate results of rehabilitation, and increases the
length of hospitalization.[1] The production of myostatin and
pro-inflammatory cytokines is activated after cardiovascular
surgery, which leads to development of myodystrophy and
postoperative proteolysis of skeletal muscles.[2,3] Taking all of
physiological manifestations of the underlying disease, catabo-
lism of muscle tissue proteins with formation of sarcopenia and
early postoperative complications into consideration, postopera-
tive rehabilitation is mainly aimed at preventing muscle loss
and its weakness. Accordingly, developing effective methods
of rehabilitation is especially crucial in the early stages after
surgery.
In this regard, the use of neuromuscular electrostimulation

(NMES), which is usually used in chronic diseases with secondary
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sarcopenia, looks promising.[4,5] It has been shown that the use of
NMES is not only safe in patients immediately after cardiovas-
cular surgery,[6,7] but also reduces skeletal muscle proteolysis and
weakness.[8] In patients with early activation after cardiovascular
surgery, the use of NMES did not lead to additional improvement
in muscle strength, which could be due to uncontrolled physical
activity in the control.[9] This was the basis for the present study,
the purpose of which was to evaluate the effectiveness of NMES
in patients with complications after cardiac surgery limiting their
physical activity.
2. Methods

2.1. Study design and participants

This single-center, clinical randomized study was performed at
the Federal State Budgetary Institution’s Research Institute for
Complex Issues of Cardiovascular Diseases. Consecutive patients
who had significant postoperative complications after cardiovas-
cular surgery (prolonging their stay in the intensive care unit
[ICU] for at least 3 days) from March 2017 to June 2019 were
approached. Exclusion criteria for the study included: the need
for a repeated surgery; postoperative delirium; need for
hemodialysis after surgery; or refusal to participate in the study.
Participants were randomly assigned to undergo NMES or to
receive the usual postoperative rehabilitation program. Consid-
ering the intervention protocol, it was not possible to blind
patients and/or the investigator who performed the NMES.
However, the investigator who performed an ultrasound scan
and CSA measurement quadriceps were blind to patients’ group
of assignment. The study protocol was approved by the Local
Ethics Committee of the Institution. This work was supported by
exploratory scientific research “Rehabilitation of patients with
complicated postoperative period of cardiac surgery” ( 0546-
2017-0007).
2.2. Data collection

The following preoperative clinical data were collected from the
patient’s clinical record: age, sex, body mass index, and standard
biochemical parameters of a blood sample. All patients
underwent transthoracic echocardiography with assessment of
the heart chambers structure, valvular pathology, left ventricle
systolic function. We also took perioperative parameters into
account: type of surgical intervention, cardiopulmonary bypass
time, and cross clamping time.
2.3. Intervention

The patients underwent NMES on the bilateral quadriceps
femoris muscle daily from postoperative day (POD) 3 until
discharge from the hospital (12 sessions or more). NMES was
delivered to each patient by a specially trained postgraduate in
the intensive care unit and then in the cardiovascular surgery
department using the device “Beurer EM80” (Germany). Self-
adhesive electrodes were located above the points of
attachment of the quadriceps femoris, the duration of each
session was at least 90 minutes, including a 5-minute warm-
up period. During the session, rectangular pulses with a
frequency of 45Hz were modulated. As a result, a tonic
contraction of M.quadriceps femoris was induced for 12
seconds, followed by a pause of 5 seconds. Amplitude of the
2

electric impulse was selected separately for each of the 4
channels of the stimulator, until muscle contraction identified
visually or by palpation was achieved, taking into account the
individual characteristics and the level of pain threshold of
each patient.
2.4. Outcomes

The primary result of this study was the isometric knee extensors
strength (KES) at discharge in groups. Secondary outcomes were
the handgrip strength (HS), knee flexor strength (KFS), and cross-
sectional area (CSA) of the quadriceps femoris in groups at
discharge. The indicators were measured upon POD 3 and upon
discharge from the hospital. Dynamometry of the lower
extremities muscles was carried out using an isokinetic
dynamometer “Lafayette MMT 01165” (USA), assessing of
the results (maximum and average muscle strength) directly on
the screen of the device. Four exercises were performed in pairs
for various muscle groups: knee extensors, knee flexors, ankle
joint extensors, and flexors. HS was measured with a
dynamometer “DK-100” (RF) sequentially, paired measure-
ments of the right and left upper limb were performed. Before
discharge from the hospital, a 6-minute walk test (6MWT) was
performed in a 75 meters long corridor with measurement of
walk distance.
Quadriceps femoris CSA was measured at two-third distance

from the anterior superior iliac spine to the superior border of the
patella. The measurements were carried out in a standardized
manner – the thickness of subcutaneous fat and muscle thickness
were assessed using real-time longitudinal scanning (Aloka SSD-
280 LS, 7.5MHz sensor), while quadriceps CSA was evaluated
using ultrasound (Aloka SSD-190b) equipped with a 5MHz
probe. The mean value of 3 consecutive measurements of CSA
using each ultrasound probe was recorded.[10]
2.5. Statistical analysis

All statistical analyses were calculated with STATISTICA 10.0
(Dell Software, Inc., Round Rock, TX). The Shapiro–Wilk test
was used to test data for normal distribution. Since the
distribution for all quantitative variables differed from normal,
they are presented as median, lower, and upper quartile.
Categorical data were reported as percentages. Differences in
quantitative data between NMES groups and controls were
evaluated using the Mann–Whitney test. Nominal and binary
signs were compared using the x2 criterion with Yates correction
for small samples. The Wilcoxon test was used to assess the
change of muscle status indicators in groups. A difference with P-
value< .05 was considered statistically significant.
3. Results

3.1. Study participants

Flow diagram of study participants is presented in Figure 1. Of
the 61 patients with postoperative complications after cardio-
vascular surgery during the study period, 17 were excluded. As a
result, 44 patients were included in this study and were
randomized: 21 patients received NMES along with the standard
postoperative rehabilitation program, and 23 in the control
group received only standard postoperative rehabilitation. After
randomization 7 patients dropped out. Finally, 37 patients



Figure 1. Flow diagram of study participants; NMES = neuromuscular electrical stimulation.
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(NMES group, n=18; control, n=19) were enrolled in the
analysis after excluding patients lost to follow-up. No differences
were found in the baseline characteristics of the groups (Table 1),
including the results of laboratory tests and instrumental studies
(Suppl. Table 1, http://links.lww.com/MD/F46, Suppl. Table 2,
http://links.lww.com/MD/F47). Both groups were comparable in
the surgery types, the cardiopulmonary bypass duration, and the
cross-clamp time (Table 2), the groups also did not differ in types
of postoperative complications, with the exception of more
frequent respiratory failure (P= .029) in the NEMS group
(Table 3). The initial strength indicators of the studied muscles
and the quadriceps CSA also had no significant differences in the
groups (Suppl. Table 3, http://links.lww.com/MD/F48, Suppl.
Table 4, http://links.lww.com/MD/F49).

3.2. Effects of NMES on primary and secondary outcomes

The change in the KES from baseline to discharge is shown in
Figure 2. Although it increased significant in both group, in the
NMES group the increase was more pronounced (P< .001), in
3

contrast to the control group (P= .001). Accordingly KES at
discharge was significantly higher in the NMES group than in
the non-NMES group (P= .004 on the right and P= .017 on
the left).
The KFS and handgrip strength increased from baseline to

discharge to the same extent in both groups (Figs. 3 and 4, Suppl.
Table 3, http://links.lww.com/MD/F48). The quadriceps CSA
muscle increased more in the NEMS group than in the control
from the POD 3 to the time of discharge (Fig. 5, Suppl. Table 4,
http://links.lww.com/MD/F49). However, the quadriceps CSA
muscle at discharge, as well as HS, and KFS in the NMES group
and control group had no significant difference.
3.3. Other follow-up changes

Other indicators of muscle status are presented in Suppl. Table 3,
http://links.lww.com/MD/F48. Average KES increased to a
greater extent during treatment in the NMES group. At the
same time, average and maximum KFS increased equally in both
groups. A 6MWT before discharge did not show a difference
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Table 3

Types of postoperative complications and duration of inpatient
treatment.

NEMS group
(n=18)

Control group
(n=19) P-level

Acute heart failure (n, %) 5 (27.8%) 5 (26.31%) .920
Paroxysm of atrial fibrillation
(n, %)

6 (33.3%) 11 (54.9%) .134

Sternal wound complication
(n, %)

1 (5.6%) 0 (0%) .298

Multiple organ failure
syndrome (n, %)

7 (38.9%) 3 (15.8%) .114

Respiratory failure (n, %) 6 (33.3%) 1 (5.3%) .029
Acute renal failure (n, %) 2 (11.1%) 3 (15.8%) .677
Medication in the Intensive Care Unit
Opioids (n, %) 18 (100%) 17 (89.5%) .162
Dobutamine (n, %) 13 (72.2%) 15 (78.9%) .347
Noradrenaline (n, %) 12 (66.7%) 11 (57.9%) .576
Glucocorticoids (n, %) 5 (27.8%) 2 (10.5%) .084
Benzodiazepines (n, %) 4 (22.2%) 5 (26.3%) .512

Intensive Care Unit length of
stay (d)

8.0 [7.0; 13.0] 7.0 [6.0; 8.0] .303

Hospital length of stay (d) 25.0 [23.0; 30.0] 22.0 [20.0; 25.0] .429

NMES=neuromuscular electrical stimulation.

Table 1

Baseline characteristics of patients.

NEMS Group
(n=18)

Control group
(n=19) P-level

Men (n, %) 12 (66.7%) 13 (68.4%) .909
Age (yr) 61.5 [52.0;71.0] 64.0 [60.0;68.0] .445
Body mass index (kg/m2) 28.4 [25.2;30.9] 28.4 [25.8;32.5] .296
GFR (mL/min/1.73 m2) 64.4 [47.3;93.6] 65.7 [52.6;82.5] .698
Myocardial infarction history (n, %) 7 (38.9%) 9 (47.4%) .603
PCI history (n, %) 3 (16.7%) 5 (26.3%) .476
Hypertension (n, %) 16 (88.9%) 18 (94.7%) .515
Stroke history (n, %) 4 (22.2%) 1 (5.3%) .132
Permanent atrial fibrillation (n, %) 3 (16.7%) 2 (10.5%) .585
Diabetes mellitus (n, %) 3 (16.7%) 3 (15.8%) .942
COPD (n, %) 1 (5.6%) 1 (5.3%) .414
Carotid artery stenosis (n, %) 5 (27.8%) 2 (10.5%) .237
Peripheral arterial disease (n, %) 2 (11.1%) 0 (0%) .248
Preoperative medical therapy
Beta-blocker, n (%) 11 (61.1%) 14 (73.4%) .296
Statins, n (%) 8 (44.4%) 10 (52.6%) .424
ACE-I, n (%) 10 (55.6%) 11 (57.9%) .912
Diuretic, n (%) 6 (33.3%) 7 (36.8%) .864
Amiodarone, n (%) 2 (11.1%) 3 (15.8%) .542

Quantitative variables are presented as medians and quartiles.
ACE-I=angiotensin converting enzyme inhibitor, COPD=chronic obstructive pulmonary disease,
GFR=glomerular filtration rate, NMES=neuromuscular electrical stimulation, PCI=percutaneous
coronary intervention.
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between groups (P= .166). The NMES course also did not affect
the overall duration of treatment in the hospital (P= .429).
4. Discussion

In the present study, NMES of the quadriceps muscle was
associated with a more noticeable increase in the strength of the
stimulated muscles compared to the control group in patients
with complications after cardiovascular surgery. We did not
Table 2

Operative procedure.

NEMS group
(n=18)

Control group
(n=19) P-level

Coronary artery bypass
grafting (n, %)

6 (33.3%) 8 (42.1%) .582

Aortic valve replacement (n,
%)

2 (11.1%) 2 (10.5%) .954

Mitral valve replacement (n,
%)

1 (5.6%) 0 (0%) .298

Coronary artery bypass
grafting and valve
replacement (n, %)

1 (5.6%) 4 (21.1%) .168

Multivalve operations (n, %) 1 (5.6%) 2 (10.5%) .580
Bental surgery (n, %) 3 (16.7%) 3 (15.8%) .942
Aortic dissection (n, %) 2 (11.1%) 0 (0%) .135
Heart transplantation (n, %) 3 (16.7%) 0 (0%) .063
Cardiopulmonary bypass

duration (min)
125.0 [93.0; 173.0] 138.0 [61.0; 173.0] .522

Aortic cross-clamp time
(min)

81.5 [66.0; 117.5] 85.0 [35.0; 112.0] .634

Quantitative variables are presented as medians and quartiles.
NEMS=neuromuscular electrical stimulation.
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identify the effect of NEMS on unstimulated muscles (HS and
KFS) and quadriceps CSA.
4.1. Muscle strength

There is no consensus regarding the possibility of NMES
improving muscle strength in patients after cardiovascular
surgery. Iwatsu et al[8] showed that the NMES during the first
5 PODs was able to increase not only the KES, but also the HS.
However, this study was nonrandomized, NMES intervention
was split between 2 different hospitals. Apparently, this
limitation influenced the results of the study. The randomized
study in the same clinic did not reveal the effect of NMES on the
stimulated muscles strength.[9] Inclusion of patients before
surgery made it possible in this study to compare pre-surgery
muscle status to its restoration in the postoperative period.
However, this way of the patients’ recruitment led to the majority
of patients having an uncomplicated postoperative period. This
allowed patients to participate in the rapid activation program,
therefore, the addition of a short course of NMES, apparently,
was not sufficient to provide an additional increase in muscle
strength. In other study patients were included before the surgery,
they were rapidly activated and the additional NMES during the
first 5 PODs did not lead to an increase in the stimulated muscles
strength.[11] In contrast, postoperative complications were the
inclusion criterion in our study, which forbade the rapid
mobilization of patients. Similar, in the Catastim 2 study the
median stay of patients in ICU was 6 to 7 days, and in NMES
group muscle strength was restored faster.[12] But by the
discharge time (after the cessation of the NMES course in the
NMES group and after regime expansion and activation of
patients in the control), the change in muscle strength was
independent of group allocation. In our study, the stay in the ICU
was longer, and the NMES course continued until hospital
discharge, which, apparently, allowed preserving the favorable
effect of NMES.



Figure 2. Knee extensor strength at POD 3 and discharge in NMES (n=18) and control (n=19) groups.
∗
Between Baseline and Discharge in the Group;

∗∗
Between

Groups in Baseline or in Discharge. NMES=neuromuscular electrical stimulation, POD=postoperative day.

Figure 3. Knee flexor strength at POD 3 and discharge in NMES (n=18) and control (n=19) groups.
∗
Between Baseline and Discharge in the Group;

∗∗
Between

Groups in Baseline or in Discharge. NMES=neuromuscular electrical stimulation, POD=postoperative day.

Figure 4. Handgrip strength at POD 3 and discharge in NMES (n=18) and control (n=19) groups.
∗
Between Baseline and Discharge in the Group;

∗∗
Between

Groups in Baseline or in Discharge. NMES=neuromuscular electrical stimulation, POD=postoperative day.

Sumin et al. Medicine (2020) 99:42 www.md-journal.com

5

http://www.md-journal.com


Figure 5. Quadriceps muscle cross-sectional area at POD 3 and discharge in NMES (n=18) and control (n=19) groups.
∗
Between Baseline and Discharge in the

Group;
∗∗
Between Groups in Baseline or in Discharge. NMES=neuromuscular electrical stimulation, POD=postoperative day.
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The training impact of isolated NMES is inferior to active
training with voluntary muscle contractions,[13] therefore, it is
usually proposed to combine NMES with active exercises,[14] for
example, such a combination is used in athletes.[15] This is not
surprising, since NMES provides an additional activation of
those muscle fibers that are not involved in the voluntary muscle
contraction.[16] As a result of NMES, a number of adaptation
processes occur in skeletal muscles,[17] and in the function of the
nervous system.[18] To maximize the effect of NMES, sufficiently
intense exposure regimes[19] and/or a long course of stimulation
(at least 4 weeks for athletes) are required. Based on this, a 5-day
NMES course with a fairly moderate degree of exposure, as was
the case in the above studies in patients after cardiovascular
surgery, is quite likely to have a limited effect.[9,11] A longer
NMES course in our study is a likely explanation for its ability to
furtherly increase the stimulated muscles strength.
Absence of differences between the groups in the strength

increase of unstimulated muscles in our study is quite consistent
with these considerations. Nevertheless, there are well-known
observations of strength gain in contralateral muscles that have
not been exposed to stimulation[8,20]; this phenomenon is called
cross education and may be explained by changes in the nervous
system.[21] The non-detection of this phenomenon in our study
may be explained by the short duration of the NMES course (for
example, changes in the contralateral limb appeared after 3
weeks of exposure[20]).
4.2. Muscle structural changes

Early course NMES does not cause changes in muscle structure in
patients after cardiac surgery, regardless of increased or
decreased muscle strength,[12] which was confirmed in the
present study (the quadriceps CSA muscle at discharge in groups
had no significant difference). It was previously shown that the
intensity of NMES in healthy has a positive correlation with
muscle CSA.[19] Also NEMS in healthy people, with a course
duration of up to 4 weeks, leads to an increase in the strength of
stimulated muscles without their hypertrophy.[22] The NMES
intensity in patients after cardiac surgery was significantly
lower,[8,9] and the course duration was shorter, which explains
our results. Nevertheless, the fact that the CSA quadriceps muscle
6

increased more in the NEMS group than in the control from POD
3 until discharge, in our opinion, deserves examination in further
randomized trials.
4.3. Study limitations

The main limitation of this study was non-blind muscle strength
testers, which can lead to biased measurements. Although
identical stimuli were used in the initial and final measurements,
we suggest that the results of muscle strength assessment in this
study still have the potential to overestimate the effect of NEMS.
To clarify this, a blind randomized controlled trial focused on the
effectiveness of NEMS in increasing muscle strength in patients
with complications after cardiovascular surgery will be required.
However, the results of this study provide data on indications for
NMES based on patient characteristics and information on dose-
response relationships in this category of patients.
Another limitation was the lack of a preoperative assessment of

muscle strength, quadriceps muscle CSA, and the distance in
6MWT, since patients were included in the postoperative period
after the development of complications. This did not allow us to
evaluate the change of these parameters compared to the
preoperative period. However, the assessment of the dynamics
of these parameters in the postoperative period seems to us
important in itself.
5. Conclusions

This pilot study show beneficial effects of NMES on muscle
strength in patients with complications after cardiovascular
surgery. The use of NMES showed no effect on strength in non-
stimulated muscle, quadriceps CSA, and 6MWT distance at
discharge. Further blind randomized controlled trials should be
performed with emphasis on the effectiveness of NEMS in
increasing muscle strength and structure in these patients.
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