July 2025, Volume 35, Number 3

Journal of Holistic
Nursing and Midwifery

Original Paper

The Effects of the ABCDE Bundle on the Hemodynamic & ™
Stability of Patients Under Mechanical Ventilation

Javad Malekzadeh* (©), Mahsa Ghouchani? (), Tahereh Sadeghi® (©’, Ahmad Bagherimoghadam* (-, Mohammad Rajabpour®

1. Instructor, Department of Medical Emergencies, Nursing and Midwifery Care Research Center, School of Nursing and Midwifery, Mashhad University
of Medical Sciences, Mashhad, Iran.

2. Nursing (MSc.), Department of Critical Care Nursing, School of Nursing and Midwifery, Mashhad University of Medical Sciences, Mashhad, Iran.

3. Associate Professor, Department of Pediatrics, School of Nursing and Midwifery, Mashhad University of Medical Sciences, Mashhad, Iran.

4. Associate Professor, Department of Anesthesiology, School of Medicine, Imam Reza Hospital, Mashhad University of Medical Sciences, Mashhad, Iran.
5. PhD. Candidate of Nursing, Department of Medical-Surgical Nursing, School of Nursing and Midwifery, Mashhad University of Medical Sciences,
Mashhad, Iran.

Use your device to scan (9IETILTD Malekzadeh J, Ghouchani M, Sadeghi T, Bagherimoghadam A, Rajabpour M. The Effects of the ABCDE Bundle on
and esdheariceonlne the Hemodynamic Stability of Patients Under Mechanical Ventilation. J Holist Nurs Midwifery. 2025; 35(3):228-238. https://doi.
. org/10.32598/jhnm.35.3.2762

TGRS The Effects of ABCDE Bundle on Hemodynamic Status
https://doi.org/10.32598/jhnm.35.3.2762

Article info: : ABSTRACT

Received: 12/12/2024 :

Accepted: 12/05/2025 Introduction: The number of adult patients requiring mechanical ventilation in Intensive
Available Online: 01/07/2025 . Care Units (ICUs) is increasing every year. It is necessary to identify effective solutions to

hemodynamic problems of mechanical ventilation.

Objective: The present study was designed to determine the effect of the ABCDE bundle
(ABC: Awakening, Breathing, and Coordination, D: Delirium, Monitoring, E: Early Mobility) on
the hemodynamic stability of patients under mechanical ventilation.

Materials and Methods: The study is a two-group clinical trial. The research sample included
90 patients undergoing mechanical ventilation in an ICU, who were randomly assigned to the
intervention and control groups by the block randomization method. The most important
inclusion criteria were as follows: Being 18-60 years old; suffering from subgroups of
pulmonary diseases; and having a minimum duration of mechanical ventilation of 48 hours.
The exclusion criterion was unwillingness to continue participation in research at any stage.
In the intervention group, the ABCDE bundle was implemented in 7 days. Hemodynamic
indicators, including Mean Arterial Pressure (MAP), Pulse Pressure (PP), and Heart Rate (HR),
were measured on days 0, 1, 3, 5, and 7. In the control group, common sedation and pain
relief were performed according to the routine of the ward. Repeated Measures Analysis of
Variance (ANOVA), independent t-test, chi-square test, and Mann-Whitney test were used for
data analysis. P<0.05 were considered statistically significant.

Results: Patients’ MeanzSD ages were 48.76111.46 in the intervention group and 47.58+11.56
years in the control group. In the ABCDE bundle group, MAP was stable on day 7 compared with
day O, but there was a statistically significant decrease in MAP in the control group (P<0.05).
Also, in the intervention group, the PP increased and the HR decreased significantly (P=0.001).

Keywords: . The results of the repeated measures ANOVA showed that the effects of time, group, and
Mechanical ventilation, :  theinteraction effect of time and group on the mean MAP and PP were significant (P=0.001).
Intensive Care Units (ICUs), Additionally, only the effect of group on the mean HR was significant (P=0.038).

Breathing exercises, Delirium, Conclusion: It seems that the ABCDE bundle can improve hemodynamic indicators and be

Exercise :  performed as an effective and accessible method by nurses.
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Highlights
® Hemodynamics index monitoring is important in discovering the causes of disturbance.

o The ABCDE bundle is a multidisciplinary, evidence-based bundle of care that aims to improve recovery from
critical illness.

e The ABCDE bundle can improve hemodynamic indicators based on the results of this study.
Plain Language Summary

Mechanical ventilation and receiving sedation drugs lead to hemodynamic disturbances in patients admitted to the
Intensive Care Unit (ICU). Sedation and analgesia can help increase patient comfort, but it has a non-selective inhibition
of blood circulation and breathing centers. Mechanical ventilation may also cause instability in the hemodynamic
status of patients. ABCDE (ABC: Awakening, Breathing, and Coordination, D: Delirium, Monitoring, E: Early Mobility)
bundle is a suitable alternative to decrease some adverse effects of mechanical ventilation. The present study
was conducted to determine the impact of the ABCDE bundle on the hemodynamic stability in 90 patients under

mechanical ventilation. The results showed that the ABCDE bundle can improve hemodynamic indicators.

Introduction

dult patients requiring mechanical ventilation

in Intensive Care Units (ICUs) are increasing [1].

Mechanical ventilation improves ventilation,

reduces breathing work, strengthens spontane-

ous breathing, and increases active breathing
capacity [2]. Patients under mechanical ventilation undergo
sedation to tolerate the endotracheal tube and long-term
lying position, prevent fighting with the ventilator, tolerate
many procedures, and optimize oxygen consumption [1].
Sedation and analgesia can help increase patient comfort,
but it has a non-selective inhibition of blood circulation and
breathing centers [3]. Mechanical ventilation may also cause
hemodynamic instability in patients [4]. Common adverse
cardiovascular responses to mechanical ventilation include
barotrauma, lung injury, pneumonia, hemodynamic altera-
tions and instability, myocardial ischemia, autonomic dys-
function, and cardiac dysrhythmias. Other problems include
endotracheal tube complications, respiratory muscle weak-
ness, and secretion retention [5].

Examining hemodynamic indicators is an important
monitoring tool for critically ill patients. It can not only
determine the real response of the body but also help in
clinical interventions and appropriate treatment to im-
prove tissue perfusion as soon as possible [6]. Therefore,
there is an urgent need to implement interpersonal and
evidence-based strategies to reduce the complications as-
sociated with long-term mechanical ventilation, long-term
sedation, and improving hemodynamic status in adults un-
der mechanical ventilation [7].

The ABCDE bundle (ABC: Awakening, Breathing, and
Coordination, D: Delirium and Monitoring, E: Early Mobil-
ity) is a multidisciplinary, evidence-based approach that
improves the prognosis of patients in the ICU by enhanc-
ing the quality of care and outcomes of patients under
mechanical ventilation [8]. In the US, the implementa-
tion of the ABCDE bundle is supported not only by special
care groups but also by national quality improvement or-
ganizations as a means to increase the quality and safety
of critical care and improve the prognosis of patients [9].
Among the benefits of the ABCDE bundle are reducing the
duration of mechanical ventilation, hospitalization, and the
prevalence and duration of delirium [10]. Although the pre-
vious studies that implemented at least three of the ABCDE
bundle components showed positive short-term benefits
regarding the length of ICU stay and mortality [9, 10], they
reported that bundle implementation did not necessarily
reduce the incidence or duration of delirium [11].

The ABCDE bundle is safe and effective [11]. Still, its ef-
fects on central venous pressure, Heart Rate (HR), and
oxygenation index (PaO,/FiO,) in patients undergoing me-
chanical ventilation have been reported in a descriptive
cross-sectional manner [3]. Also, in previous studies [3, 10,
11], three components of the bundle have mainly been
used, and there is limited evidence regarding the effective-
ness of the full implementation of this bundle. Besides, its
efficacy on the complications of mechanical ventilation has
been given less attention, and the results of the studies are
contradictory.
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Therefore, this study was conducted as a clinical trial
to determine the effect of using the ABCDE bundle on
the stability of the hemodynamic indicators of patients
under mechanical ventilation.

Materials and Methods

This clinical trial was conducted on 90 intubated pa-
tients under mechanical ventilation from July to De-
cember 2022. The sample size was calculated based on
the study of Ren et al. [3]. For this purpose, 45 patients
were estimated in each group, taking into account 90%
power (1-B), 5% type 1 error (a), effect size of 10, stan-
dard deviation of 15, and the correlation between mea-
surements of 0.8. Taking a 10% drop into account, about
100 patients were recruited for the study. The samples
were divided into the intervention (n=46) and control
groups (n=46) using a random block allocation method
(25 block sizes of 4 on the sealed envelope website
[12]). One patient in the intervention group and one in
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the control group were excluded due to not participat-
ing in the follow-up (Figure 1). Random concealment
was done using the SNOSE (Sequentially Numbered,
Opaque, Sealed Envelope) technique.

The inclusion criteria were as follows: Being age 18-
60 years old, suffering from subgroups of pulmonary
diseases (e.g. chronic obstructive pulmonary diseases,
acute respiratory distress syndrome, pneumonia, and
embolism) based on medical records, the minimum
duration of mechanical ventilation and treatment time
of sedation and analgesia >48 hours [13], the minimum
length of stay in ICU 248 hours, no neuromuscular dis-
ease (such as Myasthenia Gravis (MG), Muscular-spinal
Atrophy (SMA), based on medical record), no physical
disorder, Richmond Agitation-sedation Scale (RASS)
score 20. The exclusion criteria were as follows: Un-
willingness to continue participation in research at any
stage, patient’s death or transfer from the ICU, and lack
of consciousness despite cessation of sedation.

[ Enrollment ]

Assessed for eligibility (n= 100)

Excluded (n= 8)
+ Not meeting inclusion criteria (n= 4)
+ Declined to participate (n= 2)

+ Other reasons (n= 2)

Randomized (n= 92)

l

\ 4 (

Allocation ] v

Allocated to the intervention group (n= 46)
+ Received allocated intervention (n= 46)
+ Did not receive allocated intervention (n=
0)

Allocated to the control group (n= 46)
+ Received allocated intervention (n= 46)
+ Did not receive allocated intervention (n= 0)

! [

Follow-Up ]

A 4

Lost to follow-up (give reasons) (n= 0)

Discontinued intervention (Lost to follow up)
(n=1)

Lost to follow up (n= 1)

Analysis ] v

Analyzed (n= 45)
+ Excluded from analysis (n=0)

Figure 1. CONSORT flow diagram of study

Analyzed (n= 45)
+ Excluded from analysis (n= 0)
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The tools used in the present study were the demo-
graphic form, the RASS, the full outline of unresponsive-
ness (FOUR) score, and the researcher-made checklist
of hemodynamic status. The demographic information
form included questions about age, gender, marital sta-
tus, past medical history, and smoking/drug abuse.

The patients’ hemodynamic indicators, including
Mean Arterial Pressure (MAP), Pulse Pressure (PP), HR,
and Blood Pressure (BP), were measured using Alborz
B5 and B9 monitoring devices. The reliability of these
devices was checked by regularly calibrating them. Ad-
ditionally, the research team followed the manufactur-
er’s guidelines for properly using and maintaining the
devices.

The RASS measures the level of restlessness in the ICU.
This scale is a 10-point continuum from -5 to +4. The
validity of this instrument has been confirmed by Ely
and Sessler [14, 15]. The FOUR score scale is an interna-
tional scale for monitoring the level of consciousness of
intubated patients, and the validity and reliability of this
tool have already been confirmed [16]. RASS and FOUR
scores were measured in both groups of patients before
the intervention.

The ABCDE bundle was used in the intervention group.
The implementation of the ABCDE bundle was as fol-
lows. ABC includes awakening and breathing coordina-
tion, and has 4 stages [17]. In the first step, a screen-
ing for the Spontaneous Awakening Trial (SAT) safety
is done. If the screening is deemed safe, step 2, which
involves “doing SAT,” will be carried out, and the admin-
istration of sedatives will be discontinued under the su-
pervision of the attending physician.

In the second stage, sedation is resumed with half the
previous dose, and start the first stage is started again
24 hours later. If step 2 is successful, step 3 is ignited.
The researcher performs the spontaneous breathing
trial (SBT) safety screening in this stage according to the
protocol. If the failure criteria appear in this stage, stage
1 is repeated 24 hours later.

If step 3 was successful, step 4 is initiated, and “SBT
intervention” is performed. Implementing SBT involves
discontinuing mechanical ventilation support and us-
ing a ventilator with a respiratory rate set at zero, posi-
tive end-expiratory pressure/continuous positive air-
way pressure <5, pressure support ventilation <5, and
a T-tube. This intervention is deemed successful if the
patient tolerates spontaneous breathing for 30-120
minutes [18] and the anesthesiologist prescribes extu-
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bating. In the event of failure in stage 4, full respiratory
support is provided for the patient.

Every morning, the Delirium (D) in patients on me-
chanical ventilation was assessed using the ICU D as-
sessment diagnostic table. The progression of D was
monitored, and the daily assessment scores of patients
on mechanical ventilation were recorded. On this basis,
the anesthesiologist adjusts the dose of the sedatives
and analgesics used. The physicians further identified
those diagnosed as positive.

For E stage (early exercise/mobility) and according to
the conditions of patients on mechanical ventilation, if
they meet the minimum criteria for early mobility, an ac-
tivity was adopted: Sitting on the edge of the bed, stand-
ing by the bed, or sitting in a chair, walking a short dis-
tance. During the mobility, the criteria for stopping early
mobility were considered according to the protocol [11].

Finally, hemodynamic indicators, including MAP, PP,
and HR, were measured at the end of the interventions
and after the doctor’s visit on days 0, 1, 3, 5, and 7.

In the control group, according to the routine of the
ward, common sedation and pain relief were performed.
The patient’s level of consciousness and hemodynamic
indicators were measured after the doctor’s visit on
days 0, 1, 3, 5, and 7. This process was performed for
each patient throughout the week, and depending on
the number of active beds in the hospital, 5 to 10 pa-
tients were studied each week.

Data analysis was done using SPSS software, ver-
sion 20, and descriptive statistics, including frequency,
Mean+SD, were calculated. Next, quantitative data re-
garding normal distribution were checked using the Kol-
mogorov-Smirnov and Shapiro-Wilk tests. The indepen-
dent t-test was used to compare two groups regarding
normal quantitative variables, and the Mann-Whitney
U test was used for non-normal quantitative variables
(age, FOUR score, and RASS). Qualitative variables (gen-
der, marital status, past medical history, and smoking/
drug abuse) were also compared between the two
groups using the chi-square test. A repeated-measure
ANOVA test was used to compare the intra-groups. In
all tests, P<0.05 was considered statistically significant.
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Results

Patients’” MeantSD ages were 48.76+11.46 in the in-
tervention and 47.58+11.56 years in the control group.
The result of the Mann-Whitney U test showed no sta-
tistically significant difference between the two groups
in this respect. Also, the Mean+SD of the FOUR score
scales were 7.78+1.24 in the intervention group pa-
tients and 8.00+1.10 in the control group. The result of
the Mann-Whitney test showed no statistically signifi-
cant difference between the two groups in this respect.
The MeanzSD scores of the RASS scale were -2.16+0.71
in the intervention and -2.00+0.77 in the control group.
The result of the Mann-Whitney U test showed no sta-
tistically significant difference between the two groups
in this regard. The other demographic and disease char-
acteristics of the two groups are listed in Table 1.

The result of the independent t-test showed that the
mean MAP before the intervention (day 0) and the first
day was not statistically significantly different in the
two study groups. However, the MeantSD MAP were
79.39410.9 on the day 3, 74.2+13.6 on the day 5, and
68.7+14.8 on the day 7 in the control group, which
showed a statistically significant decrease compared
to the intervention group (P<0.05). Also, the repeated
measures ANOVA results showed that the effects of
time, group, and timexgroup on the mean MAP were
statistically significant (P=0.0001). The post hoc (Bonfer-
roni) test revealed that the mean MAP from day 3 to day
7 significantly decreased (P=0.0001). These results were
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shown in Table 2. Figure 2 shows the changes in MAP
over time in two groups.

The mean PP values showed no statistically significant
difference before the intervention (day 0) and on days
1 to 3 in the patients of the two groups. However, the
MeanSD PP values were 56.04+11.11 on the day 5
and 58.92+6.81 on the day 7 in the intervention group.
The independent t-test results showed that in the inter-
vention group, from the 5 to the day 7, the mean PP
value increased significantly compared to the control
group (P=0.0001). The results of the repeated measures
ANOVA demonstrated statistically significant effects of
time, group, and timexgroup on the mean PP (P=0.012).
Also, post hoc test (Bonferroni test) indicated a signifi-
cant decrease in the mean PP value from day 5 to day 7
(P=0.001). These results were shown in Table 3. Figure 3
shows the changes in PP over time in two groups.

The mean HR values showed no statistically signifi-
cant difference in the patients of the two study groups
before the intervention and during the study (on days
1, 3, 5, and 7). Regarding the intra-group comparison,
repeated measure ANOVA showed that HR decreased
significantly in the intervention group (P=0.038), but not
significantly in the control group. Moreover, time and
group had no significant interaction effect on HR. Also,
the results of this test showed that the mean HR value
was statistically significant between assessment stages
(day 0, 3, 5, and 7), as shown in Table 4. Figure 4 shows
the changes in HR over time in the two groups.

Table 1. Comparing demographic and disease characteristics of the two groups

No. (%)
Variables P
Intervention (n=45) Control (n=45)
Male 26(57.8) 24(53.3)
Gender 0.671
Female 19(42.2) 21(46.7)
Single 11(24.4) 10(22.2)
Marital status 0.803
Married 34(75.6) 35(77.8)
Cardiac 9(20) 10(22.2)
Respiratory 2(4.4) 5(11.1)
Medical history 0.434
Renal 0(0.0) 5(11.1)
Gastrointestinal 0(0.0) 1(2.2)
Smoking/Drug Smoking 13(28.9) 11(24.4) 0623
Abuse Drug abuse 11(24.4) 9(20)

“The chi-square test.
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Table 2. Comparing mean atrial pressure between the two groups

Days Group No. Mean1SD P

Intervention 45 94.22+10.14

0 0.878
Control 45 93.92+8.58
Intervention 45 90.08+10.61

1 0.498
Control 45 88.52+11.15
Intervention 45 84.87+12.6

3 0.001
Control 45 79.39+£10.96
Intervention 45 85.88+11.14

5 0.001
Control 45 74.22+13.56
Intervention 45 87.13+11.81

7 0.001
Control 45 68.75+14.77

Variable: P=0.0001
Group: P=0.0001
Time: P=0.0001

Timexgroup: P=0.0001

Repeated measures
analysis of variance
(ANOVA)

‘The independent t-test.

Table 3. Comparing the mean pulse pressure between the two groups

Days Group No. MeaniSD P

Intervention 45 57.36+13.59

0 0.733
Control 45 58.36+14.07
Intervention 45 54.07+14.64

1 0.179
Control 45 55.56+12.50
Intervention 45 55.04+12.91

3 0.076
Control 45 50.42+11.48
Intervention 45 56.04+11.11

5 0.001
Control 45 44.49+10.74
Intervention 45 58.92+6.81

7 0.001
Control 45 40.87+8.50

Variable: P=0.0001
Group: P=0.01
Time: P=0.0001

Timexgroup: P=0.012

ANOVA

“The independent t-test.
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Table 4. Comparing the mean heart rate between the two groups

Days Group No. MeantSD P
Intervention 45 94.82+15
0 0.216
Control 45 91.16+£12.82
Intervention 45 94.6+15.12
1 0.259
Control 45 91.02+14.77
Intervention 45 89.84+15.27
3 0.762
Control 45 91+19.17
Intervention 45 86.96+11.2
5 0.728
Control 45 90.71+£23.38
Intervention 45 83.51+10.45
7 0.707
Control 45 90.84+28.78

Variable: P=0.038

Group: P=0.829

Time: P=0.458
Time and group: P=0.612

ANOVA

"The independent t-test.

Discussion breathing modes lighter, and moving more, has been
able to maintain the MAP of the patients better than
This study showed that in the intervention group, the control group and achieve hemodynamic stability.

MAP remained stable from the third day onwards, but The present study’s findings are consistent with Ren
in the control group, it decreased significantly from et al. study, which showed that the ABCDE bundle has
day 3 to 7. It seems that the ABCDE intervention, by helped stabilize MAP [3].

reducing the consumption of sedation, making the
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Figure 2. MAP of patients from day 0 to day 7 in the two groups
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Figure 3. PP of patients from day O to day 7 in the two groups

This result might be seen because the ABCDE bundle
can expand the airway, lower mucus viscosity, and
make airway secretions easier to discharge. In addition,
ABCDE has been shown to alleviate bronchial spasm
and reduce lung tissue inflammation by activating and
releasing lipoproteins on the alveolar wall. As a result,
the secretion of mucus is allowed to be hydrolyzed,
helping to dilute sputum discharge and promoting mi-
crocirculation of the lungs [19], improving the ratio of
ventilation/blood flow and the circulatory function, en-
hancing oxygenation index, and improving the patient’s
hemodynamics indicators.

96
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76

0 day 1day

Intervention

Figure 4. HR of patients from day 0 to day 7 in the two groups

3 day
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5 day 7 day

Control

After hemodynamics indicators improve, the patient’s
cardiopulmonary function increases, and the dose of
sedatives and analgesics is reduced. Sedative drugs
can inhibit the sympathetic nervous system, leading to
decreased angio ectasis and myocardial suppression,
which all lead to hemodynamic effects. Therefore, ap-
propriate use of sedatives may stabilize hemodynamics,
reduce stress response, lower oxygen consumption, and
improve patient comfort and efficacy of the therapeutic
strategy [20].

Also, this study’s results showed that the ABCDE bun-
dle helps increase the PP of patients in the intervention

3 day 5 day 7 day

Control
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group. Negro et al. also obtained similar results [17].
The results of previous studies showed one of the most
important hemodynamic changes in patients undergo-
ing mechanical ventilation with positive pressure is an
increase in intrathoracic pressure, which leads to a tran-
sient decrease in venous return and, subsequently, a re-
duction in the stroke volume of the right ventricle, and
after several heart beats, left ventricular stroke volume
decreases [21, 22]. Therefore, mechanical ventilation
causes a periodic change in the emptying of the left ven-
tricle, such as a change in the cardiac output. Some of
the benefits of the ABCDE bundle are increasing venous
return, stroke volume, and cardiac output, ultimately
leading to improved PP.

The ABCDE bundle strengthens the intensity of the
diaphragm, improves the respiratory state, enhances
spontaneous breathing work, and improves circulatory
function [11]. These activities suggest that the ABCDE
bundle can improve the PP [23, 24].

Also, this study showed no significant difference be-
tween the use of the ABCDE bundle and the HR of the
patients in the two groups. However, in the intervention
group, the heart rate decreased significantly from days 0
to 7. Thus, the ABCDE bundle intervention had reduced
HR by maintaining MAP and improving stroke volume.
Moreover, mechanical ventilation imposes obvious ten-
sile stress and compressive stress on the alveolar epithe-
lium during the breathing movement [25]. Suppose the
duration and intensity of such tensile and compressive
stimulation are too great. In that case, these excessive
biophysical stimuli might be transformed into the regu-
latory signals of cytotoxicity and inflammation, leading
to cell and tissue damage [26], and the hemodynamics
indicators cannot change significantly in the short term.

Of course, in the study of Ren et al., the mean HR of
patients in the ABCDE bundle group improved on the
seventh day after the intervention compared with the
first day [3]. This difference can be attributed to the type
of study, the random allocation of patients (sampling at
two different times), and the lack of homogeneity of pa-
tients in the Ren et al. study. This result has challenged
the results of our research, and caution should be taken
when generalizing the results. Another reason is the dif-
ference in the mean age of the patients. In the Ren et
al. study, the mean age of the patients was 61.1 years;
in this study, it was 48.2 years. With increasing age, the
incidence of tachyarrhythmias increases (in Ren et al.
study, the HR of the patients was 109 beats, but in this
study, it was 90 beats). A higher HR can be improved
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more easily with the ABCDE bundle, while in this study,
the HR was within the normal range.

One of the limitations of this study was its single
center; therefore, results in that context could not be
deemed to confirm results from other ICUs. Another
limitation of this study is the duration of the interven-
tion, and it is necessary to investigate the long-term ef-
fects of the ABCDE bundle. Therefore, it is essential to
conduct more extensive multicenter studies to increase
the generalizability of the results.

The results of this study showed that the ABCDE bun-
dle helps stabilize MAP and increase PP, but does not
positively affect HR. Due to its cheap price and avail-
ability, it is suggested that the ICU staff use this valu-
able strategy to maintain the hemodynamic stability of
patients. Of course, more extensive studies are needed
to know other benefits and side effects.
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