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Abstract
Introduction: Early Mobilization (EM) of patients in Intensive Care Unit (ICU) has received considerable attention in scientific literature over the past
several years. It has been reported that EM decrease Hospital Length of Stay (LOS).
Aim of the study: To explore the effect of early mobilization for post open heart surgery patients on hospital and ICU length of stay and its influence
on cost effectiveness.
Methods: 41 male and female patients with mean age (45.95 ± 13.3) were recruited from King Faisal Specialist Hospital and Research Center
(KFSHRC). Participant were randomly assigned to one of the two groups; Group I (n=21), Early intervention group program started 4-6 hours post
extubation as early Cardiac Rehabilitation (CR) intervention, or Group II (n=20), The standard care group to be seen 9-24 hours post extubation as
usual standard care of the hospital.
Intervention: Both groups had the same intervention of cardiac rehabilitation program that included; Aerobic exercises, strengthen exercises, gait
training and education. This program was modified from the American Association of Cardiovascular and Pulmonary Rehabilitation (AACVPR).
Outcome measures: Number of days in Intensive Care Unit Hospital Length of Stay and cost effectiveness were calculated by identifying the average
cost of one day in the ICU and in the hospital.
Results: Early intervention group (Group I) showed significantly lower number of days in ICUs (2.14 ± 1.03) compared to standard care group (5 ±
0.48), p<0.000. Group I, also showed significantly less hospital LOS (6.56 ± 1.63) compared to Group II (8.73 ± 1.67), p<0.000. The results of this study
showed that the cost saving time spent in the ICU for Group I; 15.327. Group I spent lesser number of days (2.14 ± 0.04 days) in the ICU as compared
to Group II (2.86 ± 0.55) thus saving approximately 45.76% ($16,511.84) in the cost of hospital care and 53.38% ($17,538.56) in the cost of ICU care.
Conclusion: Study concluded that early mobilization intervention in post-operative open heart surgery patients is safe while positively influencing
clinical outcomes, functional recovery, early discharges from the ICUs and the Hospital and ultimately reducing the cost of care.
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Introduction
Cardiovascular diseases in Saudi Arabia have a major economic
transition due to significant urbanization in recent years [1] and the
proportion of individuals living in urban centers has doubled in the
past decade [2,3]. This rapid urbanization has been associated with a
rise in the burden of cardiovascular diseases; however, the national
preventive health system and screening programs have trailed behind
J Heart Health | JHH

[4]. With several thousand cases of all types of open-heart surgery
being accomplished each year in Saudi Arabia, there has been a parallel
expansion in Cardiology services along with considerable expansion
in the number and size of cardiac centers all over the Kingdom
[5]. Cardiac surgery is a relatively expensive surgical subspecialty
required for an inflating number of patients’ worldwide. In order
to properly serve the growing patient population, it is necessary to
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closely evaluate the availability of the necessary services to go online
with the increasing number of surgeries and ICU admissions and to
control the costs involved in cardiac surgery [6]. The muscle inactivity
has been proved to be an important risk factor for intensive care unit
[7]. Recent studies reported that about 20-50% of critically ill patients
experience Intensive Care Unit-Acquired Weakness (ICU-AW) that
lead to different disorders caused by polyneuropathy and myopathy
after ICU admission [8-10]. Several studies also reported that these
disorders may be associated with reductions in health-related quality of
life and increased risks of death after hospital discharge [11,12]. Early
Mobilization (EM) of patients in the ICUs has received considerable
attention in clinical and scientific literature over the past several years.
It has been recognized as a key component in accelerating recovery
post major surgeries and plays a great role in enhancing quality of life
in patients admitted to ICU [13]. The term “Early Mobilization” refers
to the application of Physical Therapy including passive and active
mobilization, respiratory muscle training, out of bed mobilization
and gait training [14]. In 2013, Hodgson CL, et al. reported that the
application of physical activity within the first 2-5 days of critical
illness is widely accepted definition of early mobilization [15].
Numerous studies emphasized on the benefits of early mobilization
in ICU. In 2013, Berry MJ, et al. reported that early exercise has the
potential effect on decreasing the hospital length of stay and improving
the level function of ICU patients [16]. A recent systematic review by
Dos Santos PMR, et al. anticipated that early mobilization plays an
important role in preventing postoperative complications, improving
functional capacity and reducing the length of hospital stay of patients
who underwent cardiac surgery [17]. Although, safety consideration
used to be a major barrier to generalize the early mobilization in
clinical practice especially in ICU [18], recent systematic reviews
and meta-analysis proved conclusively that early mobilization for
ICU patients is safe and had low incidence of adverse events [19-21].
According to the 2018 study by Zhang L, et al. early mobilization in
the ICU exerts a positive and safe effect on hospital outcomes for
patients who require mechanical ventilation [22]. Similarly, Tipping
CJ, et al. proved conclusively that early mobilization for ICU patients
is safe [18]. However, few studies reported that calculating costs of
Intensive Care Units (ICU) Length of Stay (LOS) has a great impact
on analyzing patient characteristics and identification of cost drivers
to optimum utilization of resources [7,23]. A recent study by Kilic M,
et al. reported that cost estimations for ICU stay are heterogeneous
and still revealing that only 5% of the patients presenting to hospitals
are admitted to intensive care unit. It has been reported that The ICU
occupied less than ten percent of total hospital beds, yet ICU care
represents one third of total health care costs. Although this rate may
appear remarkably low, the ICU costs constitute a large portion of
total hospital expenses [24]. Studies reported that 3,949 US dollars
(US $) per day is an average cost of hospital stay and an average cost
of first day in the ICU is about 10,794.00 US dollars and then plateaus
at $3,968/day by the third day, depending on the need for mechanical
ventilation. However, surgical floor costs are estimated to be 1,488 US
$ per day [24-26]. King Faisal specialist Hospital and Research Center
(KFSHRC) has been recognized as one of the largest tertiary health
care facility in the region (Saudi Arabia) and considerably has the
same average cost for patients care due to the high risk conditions that
have been operated and admitted to the surgical ICU [27]. Despite
all the evidences about the optimistic effect of early mobilization on
health outcomes and quality of life in patients admitted to ICU, it
is not yet clinically proposed in many health care facilities in Saudi
Arabia and most of the gulf region. And the cost effectiveness of early
mobilization on ICU and hospital length of stay has not yet has a wide

considerable attention in our clinical and scientific literature in Saudi
Arabia over the past several years. Therefore, the aim of this study was
to explore the effect of early mobilization for post open heart surgery
patients on hospital and ICU length of stay and its influence on cost
effectiveness.

Methods
Study design
This study is a single blinded RCT interventional study.

Ethical approval and consent form
Ethical approval was obtained from the Research Advisory Council
of King Faisal Specialist Hospital and Research Centre (KFSHRC)
in Saudi Arabia. All participants were asked to complete and sign a
consent form that included an agreement to participate in the study.
Explanation of the study, adverse events and the right to withdraw
from the study at any time were done and included in the form.

Subjects recruitment
41 subjects (22 females and 19 males) were consistent with the
inclusion criteria and were recruited from KFSHRC see CONSORT
diagram (Figure 1). All participants were diagnosed with Rheumatic
Heart Disease (RHD) and underwent open heart surgery; Aortic valve
replacement (AVR), Mitral Valve Replacement (MVR), or Tricuspid
Valve Replacement (TVR). All subjects were recruited from KFSHRC
intensive care units; Cardiac Surgical Intensive Care Unit (CSICU) and
Cardiovascular Step-down Unit (CVSD), Riyadh, Kingdome of Saudi
Arabia (KSA).

Sample size
The sample size was estimated calculated using a minimal difference
in the length of stay in the intensive Care Unit (ICU) of critically ill
patients. Power analysis was set at 90% at an alpha level of p<0.05.

Inclusion criteria
• Post open heart surgery: Only post valves replacement
• Same surgery technique (through med-sternum)
• Age group 30-60
• Hemodynamic stable (Stable vital signs, normal temperature, etc.)
• No post-operative complication

Exclusion criteria
• Ejection Fraction <35%
• Any Male/female patient >60
• Intubation period >6 hours post operation
• Hemodynamic unstable
• Mental health disorders
• Any post-surgical complications (generalized muscle weakness,
hemiplegic, or wound infection of the sternum or leg.
• Any post-operative complications.

Randomization
All participants were randomly assigned to one of the two groups
using a consecutive sampling. Group I: Started early mobilization
intervention 4-6 hours post extubation, while Group II: followed the
standard practice; started 9-24 hours post extubation.
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Figure 1: Consort flow diagram of participant’s recruitment.

Intervention
All participants post open heart surgery (valves surgery) who have
been referred for Cardiac Rehabilitation Program (CRP) were seen
using KFSHRC, Cardiac Rehabilitation program of early mobilization
intervention. The program was a 4-5 days that included; patients
assessment, breathing exercise using” Spirometer”, Active Range of
Motion (AROM) exercise (10-15 repetition hip flexion, extension,
abduction, adduction, ankle pumping exercises for the lower
extremities in addition to elbow flexion, extension, and shoulder
elevation for the upper extremities), early mobilization of sitting on
edge of bed or out to the chair, sit to stand (2-5 times), marching in
a place, and gait training (100-300 meters). All these exercises were
adapted from the American Association of Cardiovascular and
Pulmonary Rehabilitation (AACVPR) [28]. Exercises were applied
gradually and progressively within four to five days see table 1. Both
group had same exercise program, however, group I has been seen
earlier (4-6 hours post extubation) compared to group II who have
been seen >9 hours.

Outcome measure
The outcome measures were; the numbers of hours that each
patient spent in the surgical ICU from the admission till the discharge.
The Length of Hospital Stay (LOS) was also detected by calculating
the number of days that each patient hospitalized by calculating the
total number of days from day of surgery till day of discharge from
the hospital. The cost effectiveness of each patient in the ICU and
hospital LOS was calculated as well. Each day in the hospital has a

cost depending on the date (first day or second day) the place (ICU or
hospital unit), thus the cost of each day in ICU and/or in the hospital
unit was identified then the total numbers of days were calculated.

Data collection and statistical analysis
All collected data were analyzed using SPSS (version 20, IBM,
Armonk, NY). All data were tested for normal distribution. Differences
in demographic characteristic between participants in the sample were
explored by comparing means. Repeated measure analysis of variance
(ANOVA) was used to compare all means [29]. The significant level
was set at p<0.05 and data is presented as mean and standard deviation
(mean ± SD).

Results
A total of 50 participants were approached and consented to
participate in the study, only 41 (22 females and 19 males) were
consistent with the inclusion criteria and were randomly assigned to
one of the two groups. Group I; the early mobilization intervention
group (n=21) or Group II; the standard care group (n=20). The
demographic data is displayed in table 2. Types of open heart surgery
procedures were Aortic Valve Replacement (AVR) for E.M group were
45% versus 55% for standard care group, Mitral Valve Replacement
(MVR) were 64.7% versus 41.1% and Tricuspid Valve Replacement
(TVR) were 33.3% versus 66.7, see table 3. None of the variables
showed significant differences between the two groups. Both groups
had similar age, p<0.48, there were no significant difference between
the two groups, in gender p<0.17 nor in the Body Mass Index (BMI),
p<0.54. There were no statistically significant differences between the
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Table 1: The intervention description for the two groups.
Activities

Day I: 4-6 hours
post extubation

Day II

Group I
Day III

Day IV

Day V

Day I:
9>hours post
extubation

Day II

Group II

Day III

Day IV

Day V

Breathing
Spirometer
AROM exercise: both upper and
lower limbs
Sitting upright on bed or out on chair
if possible
Breathing
Spirometer
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand
Walking (few steps)
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand × 2-5
Walking 100-200 meters
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand × 2-5
Walking 100-200 meters(m)
Sit-stand × 2-5
Walking 200-300m
Up down stair 10 levels
Bike 5-10 min
Breathing
Spirometer
Sitting upright on bed or out on chair
if possible
Breathing
Spirometer
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand
Walking (few steps)
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand × 2-5
Walking 100-200 meters
AROM exercise: both upper and
lower limbs
Sitting out on chair
Sit-stand × 2-5
Walking 100-200 meters(m)
Sit-stand × 2-5
Walking 200-300m
Up down stair 10 levels
Bike 5-0 min

F
Frequency

I
Intensity

T
Time

T
Type

Daily: 5-10
Repetition for
each limb
Once/day

20% below the
target HR 60% of
HR max Borg scale
(RPE): <11

10-15 min

AROM
Exercises

Daily: 10-15
Repetition for
each limb.
Once/day

20% below the
target HR 60-75%
of HRmax Borg
scale (RPE): <11

10-15 min

AROM
Exercises

Daily: 10-15
Repetition for
each limb.
Once/day

20% below the
target HR 60-75%
of HRmax Borg
scale (RPE): <11

10-15 min

AROM Exercise

Daily: I0-15
Repetition for
each limb

The target HR
60-75% of HRmax
Borg scale (RPE):
<11

15-20 min

AROM
Exercises Gait
Training

Daily: 10-15
repetition
Once /day

The target HR
60-75% of HRmax
scale (RPE): <11

15-20 min

AROM
Exercises Gait
Training UP
and down
stairs

Daily: 5-10
Repetition for
each limb Once/
day

20% below the
target HR 60% of
HR max Borg scale
(RPE): <11

10-15 min

AROM
Exercises

Daily: 10-15
Repetition for
each limb. Once/
day

20% below the
target HR 60-75%
of HRmax Borg
scale (RPE): <11

10-15 min

AROM
Exercises

Daily: 10-15
Repetition for
each limb. Once/
day

20% below the
target HR 60-75%
of HRmax Borg
scale (RPE): <11

10-15 min

AROM Exercise

Daily: 10-15
Repetition for
each limb. Once/
day

The target HR
60-75% of HRmax
Borg scale (RPE):
<11

15-20 min

AROM
Exercises Gait
Training

Daily: 10-15
repetition Once
/day

The target HR
60-75% of HRmax
scale (RPE): <11

15-20 min

AROM
Exercises Gait
Training UP
and down
stairs
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Table 2: Demographic characteristics of the study population.
Group I (n=21) Mean Group II (n=21) Mean
(SD)
(SD)
Age
Gender
BMI

Table 4: ICU, hospital length of stay and cost.

42.90 ± 14.05

45.95 ± 13.26

p<0.48

21 ± 0.49

20 ± 0.50

p<0.17

27.09 ± 3.31

28.06 ± 6.22

p<0.54

Table 3: Types of valves procedure.
Types of
procedures

Group I (n=21)

Group II (n=20)

p value

No of days in ICU:
COST:

2.14 ± 1.03
$15,317.52

5.00 ± 0.48
$32,856.08

0.000

No of days in Hospital:
COST:

6.56 ± 1.63
$19,573.20

8.73 ± 1.67
$36,085.04

0.000

Total cost

$34,890.72

$68.941.12

0.000

p value %

E.M group (n=20)

Standard care group
(n=21)

Total

AVR

9 (45%)

11(55%)

20

MVR

11 (64.7%)

7 (41.1%)

18

TVR

1 (33.3%)

2 (66.7%)

3

Total

21

20

41

two groups in the number of intubation hours; Group I: 6.38 ± 0.59
and Group II: 6.85 ± 0.81 hours, p>0.40.
The early intervention group (Group I) significantly showed less
number of days in the ICUs (2.14 ± 1.03) compared to the standard
care (Group II) which showed more days in the ICUs (5 ± 0.48),
p<0.000. The results also showed statistically significant difference
between the two groups in the hospital LOS. Early intervention
group had significantly less hospital length of stay (6.56 ± 1.63) days
compared to the standard care group (8.73 ± 1.67) days, p<0.000 see
table 4 & figure 2.
Furthermore, the intervention group incurred significantly less
costs during their hospital stay ($19,573.20) as compared to the
standard care group ($36,085.04). Consequently, early mobilization
intervention saved approximately $16,511.84. The early mobilization
group also incurred less cost for ICU stay ($15,317.52) as compared
to the standard group ($32,856.08) thus saving $17,538.56 see table 4.

Discussion
The findings of the current study are consistent with studies
revealing that early mobilization for ICU patient is safe and has
positive outcomes on quality of life [17,18]. The main findings of this
study showed that the early intervention group reveals a statistically
significant difference in ICU and hospital length of stay when
compared to the standard care group.
Most of the empirical evidences highlighted the importance of early
mobilization for ICU patients with some pertinent distinction. Some
studies concluded that there is a divide between ICU clinicians who
wish to implement early mobilization based on current evidence while
on the other hand are clinicians who believe that early mobilization is
an intervention that should be tested in a large patient-centered trial in
order to determine long term outcomes including functional recovery
[15,17].
The results of this study revealed that early mobilization intervention
for post open heart surgery patients improved short-term physical
function, reduced post-operative complications and the number of
days spent in the surgical ICU as well as reduced the total hospital
length of stay and ultimately decreased the cost. In 2007 Bigatello

Figure 2: Display of ICUs and hospital length of stay.

LM, et al. reported that the average ICU Length of Stay is about 3.3
days and for every day spent in an ICU bed, the average patient spent
an additional 1.5 days in a non-ICU bed [30]. As a result of early
mobilization intervention in the post-operative patients as presented
in our study whereby the intervention commenced between 4-6 hours
post extubation, the patients stayed 2.14 days in the ICU as compared
to the standard care group of patients who stayed 6.56 days.
The average cost of an ICU stay is estimated to be US $10,794.00 for
the first day and then plateaus at US $3,968/day by the third day. The
current study revealed that early mobilization showed a cost saving
of US $17,538 (about 53% of total ICU cost). The early mobilization
group spent 2.14 days in the ICU with an estimated cost of $15,317.32
per patient. The standard care group on the other hand, is estimated
to cost $32,856.08 per patient. As a result of the implementation of the
EM protocol, the study showed that the Hospital is able to save a total
of $17,538.56 per patient per ICU stay.
It has been reported that cost effectiveness in the ICUs constitute
a large portion of total hospital costs [24,31]. However, evidences
reported that ICU admission is one of the most cost effectiveness in
the hospital admission as a result of many required equipment that
may need to be attached to the patient such as mechanical ventilation
[23,32]. In this study, the results indicated that early intervention
group spent less days in the ICU (approximately 3 days shorter than
the standard care group), a result of applying early mobilization.
Hereby suggesting that early mobilization is safe and effective,
evidenced by a 45.76% ($16,511.84) reduction in the cost of care.
The current study showed that early mobilization if successfully
implemented will enhance delivery of quality of care with positive
implication and benefits to all stakeholders involved in managing ICU
patients. Therefore, the outcomes of this study may add to the existing
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evidences the important of early mobilization intervention to critically
ill patients and to post open heart surgery patients.

9.

Conclusion
The results of this study add to the emerging evidence that early
mobilization intervention is safe, effective and has a prodigious
influence in decreasing the length of ICU stay, reducing the overall
length of hospital stay, improving the patient outcomes including the
quality of life as well as decreasing the financial burden of care. By
implementing EM, patients were discharged early from the ICU as
well as from the hospital with significant decrease in the cost of care
thus highlighting its potential benefits as a cost effectiveness measure.

Limitations
The current study is a single blind RCT study that used single center
experience (KFSHRC) in the capital city of Saudi Arabia. Therefore,
these study findings cannot be generalized to the entire population
of Kingdom of Saudi Arabia (KSA). This study is only restricted to
post-open valve heart surgery patients hence cannot be extrapolated
to other subset of patient categories.

Future Research
Recommendations for further studies will include a reproducibility
studies at more than one hospital or centers. Additionally, if similar
studies were conducted on other open-heart surgeries such as post
Coronary Bypass Graft (CABG) patients, it may add to existing
evidence in the literature.
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