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Mechanical ventilation is an important part of advanced life support in the intensive care unit (ICU). This study
aimed to investigate the effects of ABCDE bundle on hemodynamics in patients on mechanical ventilation (MV).
This study used a cross-sectional overall controlled approach in which 143 patients on mechanical ventilation
were divided into 2 groups. In the pre-ABCDE bundle group (n=70), conventional sedation and analgesia strat-
egy were used. In the post-ABCDE bundle group (n=73), ABCDE bundle was used. Changes in hemodynam-
ics parameters and related prognostic indicators were monitored at various time points before (T0) and at 1 d
(T1),3d (T3), 5d (T5), and 7 d (T7) after implementation of the 2 strategies.

Mean arterial blood pressure (MAP), central venous pressure (CVP), heart rate (HR), and oxygenation index
(Pa0,/Fi0,) in the bundle group were improved more significantly than those in the pre-ABCDE bundle group
(P<0.05). For comparison between various monitoring time points in the same group, compared with before
intervention, MAP, CVP, HR, and PaO,/FiO, changed significantly in the bundle group at 3 d, 5 d, and 7 d af-
ter intervention, and the difference was statistically significant (P<0.05). Compared with before intervention,
differences in all hemodynamics indicators were statistically significant in the pre-ABCDE bundle group at 5 d
and 7 d after intervention (P<0.05). Compared with the pre-ABCDE bundle group, differences in prognostic in-
dicators in the post-ABCDE bundle were statistically significant (P<0.05).

ABCDE bundle is safe and effective for patients on mechanical ventilation, and can improve hemodynamics
and enhance oxygenation index. ABCDE bundle might be helpful in reducing 28-d mortality and improving
prognosis.

ABCED Bundle « Hemodynamics ¢ Mechanical Ventilation ¢ Oxygenation Index
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Background

Mechanical ventilation is an important part of advanced life
support in the ICU, and is essential in rescuing critically ill pa-
tients [1]. Pain and sedation therapy can alleviate pain, de-
crease anxiety and agitation, and induce therapy for antero-
grade amnesia [2]. Sedation and analgesia has become an
essential part of intensive medical treatment, and is an option
commonly used in the ICU [1]. The fundamental solution is to
strengthen the monitoring and implementation of the inter-
vention strategy. Based on evidence-based medicine, a seda-
tive and analgesic bundle intervention, referred to as ABCDE
bundle [3-5], has been used for ICU patients on mechanical
ventilation to improve the quality of medical care and to op-
timize clinical outcomes. Specifically, ABC refers to the awak-
ening and breathing coordination on a daily basis; D refers to
the delirium monitoring/management; and E refers to early
exercise/mobility. At present, most research on ABCDE bun-
dle has focused on the prognosis of patients on mechanical
ventilation and the prevention of ICU delirium and acquired
weakness [6-11], but few studies have assessed the effects
of hemodynamics. The hemodynamics index can show path-
ological and physiological changes and clinical development,
which could also be applied in diagnosis and therapy in the ICU.
Hemodynamics index monitoring is important in discovering the
causes of disease at the early stage. To effectively strengthen
sedation and analgesia management of ICU patients on me-
chanical ventilation, different intervention strategies were as-
sessed in this study. By doing so, effects on the hemodynamics
and prognosis of these patients were observed and evaluated.

Material and Methods

Design of study

This was a cross-sectional overall, before-after controlled study,
which had been approved by the Ethics Committee of the hos-
pital. Patients or their families agreed and voluntarily signed
an informed consent for medical testing.

Subjects

Inclusion criteria: 1) In accordance with the treatment indi-
cations of sedation and analgesia, and the application indi-
cations of mechanical ventilation [1]; 2) duration of mechan-
ical ventilation and treatment time of sedation and analgesia
>48 h; 3) length of stay in ICU >48 h; 4) age >18 years old;
5) type of artificial airway as orotracheal or tracheotomy tra-
cheal intubation.

Exclusion criteria: 1) Suffering severe head trauma, cerebrovas-
cular sequelae, and non-communicable patients with cognitive
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disorders; 2) status epilepticus; 3) neuromuscular disease or
limb movement disorder; 4) allergy to sedatives and analgesics.

Grouping

From May 2015 to October 2016, 143 patients on mechanical
ventilation admitted at the ICU in our hospital were included,
and were then grouped and numbered according to the order
of admission. Those admitted from May to December 2015
were classified into the pre-ABCDE bundle group (n=70) and
received conventional sedation and analgesia; while those ad-
mitted from January to October 2016 were classified into the
post-ABCDE bundle group (n=73) and received ABCDE bun-
dle. Patients were ages 29~76 years old, with an average age
of (61.1+10.7) years, including 77 males and 66 females. The
APACHE Il scores were (21.1+5.2), and the causes included 72
cases of severe pneumonia, 31 cases of chronic obstructive
pulmonary disease, 25 cases of sepsis, 6 cases of cardiogen-
ic shock, 2 cases of severe pancreatitis, and 7 cases “other”.

Methods and parameters of mechanical ventilation

Included patients underwent tracheal intubation or tracheosto-
my to install a ventilator (PB840, USA). The parameter settings
of the mechanical ventilation should be in accordance with the
actual conditions of the patients; therefore, we selected the
ventilation mode and set the parameters. The basic ventilation
models were pressure switch and the capacity switch. Assisted
respiration and controlled respiration are the most basic mod-
el for breathing machine, which could be selected according to
the clinical practice. The parameters were listed as the follow-
ings: with respiratory rate of 12 to 20 breaths/min, tidal vol-
ume of 6 to 12 ml/kg, triggering sensitivity of 1.5~3.0 L/min,
fraction of inspired oxygen <0.6, pressure support of 8-20 cm
H,0 (1 cm H,0=0.098 kPa), and positive end expiratory pres-
sure of 3~8 cm H,0. The patient’s conditions were carefully
assessed and the parameter settings were individualized ac-
cording to ventilator monitoring data: tidal volume (VT), pos-
itive end expiratory pressure (PEEP), plateau pressure (Pplat),
inspiratory flow, inspiratory time, fraction of inspired oxygen
(Fi0,), and respiratory rate (RR) [12].

Sedatives and analgesics

According to the Clinical Practice Guidelines for the Management
of Pain, Agitation, and Delirium in Adult Patients (2013) [1], all
subjects were recommended to use sedatives and analgesics
of non-benzodiazepines (propofol, dexmedetomidine) or ben-
zodiazepines (midazolam, lorazepam), and the dosage and
pump speed were adjusted according to the patient’s condi-
tion and delirium score.
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Implementation of ABCDE bundle

For each strategy, the bundle team members, consisting of phy-
sicians, nurses, respiratory therapists, and physiotherapists,
were trained by professional staff to achieve cooperation of
multiple disciplines [13,14]. ABCDE bundle was routinely im-
plemented for patients on mechanical ventilation every day.
After that, each intervention strategy and its results were re-
corded by the nurses in a Critical Care Record, and the data
were input into a Hospital Nursing System Electronic Form in
a timely manner. The specific implementation is as follows:

ABC: The awakening and breathing coordination; every morn-
ing, a wake-up was carried out and evaluated by the nurse; the
spontaneous breathing test was evaluated and implemented by
the physician at bedside, and the problems occurring during the
implementation were monitored and treated by the nurses in a
timely manner. During the wake-up and spontaneous breathing
test, changes in patient’s consciousness and vital signs were ob-
served, as well as the working status of the ventilator, the adopt-
ed mode, the parameters, and man-machine coordination [15].

D: Delirium monitoring/management; every morning, the de-
lirium in patients on mechanical ventilation was assessed by
trained nurses with the ICU delirium assessment diagnostic
table (CAM-ICU), and the delirium scores were obtained with
Richmond agitation-sedation scale (RASS) and sedation agi-
tation scale (SAS) [1]. The progression of delirium was moni-
tored and the daily assessment scores of patients on mechan-
ical ventilation were recorded. On this basis, the dose of the
sedatives and analgesics used was adjusted. Those diagnosed
as positive were further identified by the physicians.

E: Early exercise/mobility; according to the conditions of pa-
tients on mechanical ventilation, a 3-stage activity was adopt-
ed [11]: sitting on the bed, standing by the bed or sitting in a
chair, and exercising at the bedside. The specific program of
exercise was developed by the physician. Sitting on the bed,
the patient was assisted by the nurse to turn over and change
posture, and passive joint movement was carried out. If the
patient’s condition permits, he/she could be guided and en-
couraged by the nurse to maintain sitting and to perform ac-
tive joint movement. Eventually, the patient was jointly assist-
ed by the physician, physiotherapist, and nurse to perform a
small range of exercises, and whether the exercise should be
stopped or its interval should be extended was evaluated in
a timely manner; adverse events, such as falling out of bed
or the tube falling off, should be prevented during exercise.

Pre-ABCDE bundle group: The conventional sedation and an-
algesia strategies were used, and the patient’s levels of se-
dation and consciousness were monitored to avoid hypoten-
sion and excessive sedation; heart rate, cardiac rhythm, blood
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pressure, central venous pressure, breathing, and blood oxy-
gen saturation were routinely and closely monitored.

Observation index

MAP, CVP, HR, and Pa0,/FiO, of patients in the pre-ABCDE bun-
dle and post-ABCDE bundle group at time points of T0, T1, T3,
T5, and T7 were recorded, and 5 consecutive cycles were av-
eraged; we also recorded the dosage of sedatives and analge-
sics used, the related prognostic indicators: mechanical venti-
lation duration, length of stay in ICU, and 28-d survival rate.

Statistical analysis

SPSS17.0 statistical software was used for statistical analysis.
Repeated measures analysis of variance was used for compar-
ison of repeated measurements, the t test was used for com-
parison of the means of 2 groups, and the %? test was used
for comparison of the rates of both groups. P<0.05 was con-
sidered statistically significant.

Results

General data

Differences in age, sex, and APACHE Il scores between groups
were not statistically significant (P>0.05). Furthermore, differ-
ences in MAP, CVP, HR, and PaO,/FiO, were not statistically
significant before intervention (P>0.05) and were thus com-
parable (Tables 1, 2).

Hemodynamics indicators

Compared with the pre-ABCDE bundle group, improvements
of MAP, CVP, HR and PaO_/Fi0, were most significant in the
post-ABCDE bundle group at 3 d, 5 d, and 7 d after interven-
tion, and the difference was statistically significant (P<0.05).
The number of offline patients for the corresponding time pe-
riod was higher in the post-ABCDE bundle group than in the
pre-ABCDE bundle group (P<0.05). Comparison at different
monitoring time points in the same group, compared with be-
fore intervention, showed that hemodynamics indexes in the
post-ABCDE bundle group at 3 d, 5 d, and 7 d after interven-
tion decreased significantly (P<0.05). Compared with before
intervention, the differences in the hemodynamics indicators
in the pre-ABCDE bundle group at 5 d and 7 d after interven-
tion were statistically significant (Table 3, P<0.05).

Sedatives and analgesic drugs

Comparison of the dose of sedatives and analgesic drugs be-
tween groups showed that the dose used in the pre-ABCDE
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Table 1. Comparison of general data between two groups (xs).

Groups Age (Y) Gender (M/F) APACHE Il scores
Pre-ABCDE bundle group 62.26+9.8 34/36 20.54+4.9
' PostABCDEbundle e000t115 4330 279855
CFvalene 1063 oago~ 20144
CPvake 03s 0oass 0158
* Fvalue; ** X? value.
Table 2. Comparison of hemodynamics indexes before intervention between two groups (x+s).
Groups MAP CvP HR Pao,/FiO,
Pre-ABCDE bundle group 77.617.3 8.04+2.2 105.31+9.0 166.60+17.3
PostABCDEbundle 78468 784x21l 10665¢104 167404173
CFvalee 040 o84 0668 0070
CPvake o514 o033 0415 0792
Table 3. Dynamic changes of hemodynamics indexes in two groups (x+s)
G . MAP cvp HR Pa0,/Fi0,
(mmHg) (cmH,0) (bpm) (mmHg)
TO 77.6x7.3 8.04+2.2 105.31+9.0 166.6+17.3
o 796185 851829 10350471 1688:165
Pre-ABCDE bundle group T3 go0s64® . 8374260 102708820 171381440
s g21164% - 0541320 959147.0% 2378313
v slLas6a® 047132 9041169% 273125.3%
""""""""""""""""""""""""""" To 78468 78421 10665104 16744173
o 803195 . 800829 10500487 17188172
Bundle group s 836177 . go0s34% 98464737 194382815
s gass7om gals31% 9342167 240283935
v 8371697 . 872130% 8561:7.2% 257.0839.0%

Compared with TO: *P<0.05; compared with the pre-ABCDE bundle group: @ P<0.05; compared with the post-ABCDE bundle group:
b P<0.05; TO — before intervention; T1 — 1d after MV; T3 — 3d after MV; T5 — 5d after MV; T7 — 7d after MV.

better than in the pre-ABCDE bundle group, and the difference
was statistically significant (P<0.05, Table 5).

bundle group was higher than in the post-ABCDE bundle group,
and the difference was statistically significant (P<0.05, Table 4).

Prognostic indicators
Discussion

Comparison of delirium incidence, 28-d survival, mechanical

ventilation duration, and length of ICU stay between 2 groups
showed that the delirium incidence in the pre-ABCDE bundle
group was higher than in the post-ABCDE bundle group, while
the prognostic indicators in the post-ABCDE bundle group were

This work is licensed under Creative Common Attribution-
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Monitoring the hemodynamics index is an important clinical
strategy for critically ill patients, which can not only determine
the real-time response of the body, but also assist in clini-
cal interventions, all of which can guide therapy and improve
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Table 4. Comparison of the dose of sedatives and analgesics between two groups (x+s).

Sufentanil Midazolam
Total dose Average dose Total dose Average dose
(mg) (mg/kg-h) (mg) (mg/kg-h)
Pre-ABCDE bundle group 70 292.1+58.6 0.030+0.007 286.7+58.1 0.029+0.007
PostABCDEbundle 73 1708736 001850009 16465704 0017:0009
CTvae 1080 8746 1128 s430
Cpvale 0000 o000 0000 o000

Comparison between the pre-ABCDE bundle and post-ABCDE bundle groups: P<0.05;

Table 5. Comparison of delirium incidence, 28d survival, mechanical ventilation duration, and length of stay in ICU between
two groups (xs).

Delirium 28 d survival
Mechanical ventilation  Length of stay in
Survival rate " Survival rate duration ICU
(%) (%)
Pre-ABCDE bundle group 70 29 41.4 51 72.9 7.51+3.36 9.76+3.75
Post-ABCDE bundle 73 13 17.8 64 87.7 5.67+3.03 7.47+2.53
T value/X? 9.611** 4.980** 4.856* 4.435*
P value 0.002 0.026 0.001 0.000

* T value; ** X2 value.

tissue perfusion. Mechanical ventilation can recover the effec-
tive ventilation of patients, strengthen spontaneous breathing
work, and enhance the active breathing capacity of the venti-
lator. However, increased heart rate and other discomfort may
be caused in ICU patients on mechanical ventilation. Sedation
and analgesia treatment can make patients “comfortable and
safe”, but has a non-selective inhibition on the circulatory and
respiratory center [16]. Nevertheless, the application of ABCDE
bundle is safe and effective [15-18]. At present, the effect of
ABCDE bundle on the hemodynamics of patients on mechan-
ical ventilation has been rarely investigated [19]. Therefore, in
this study, 2 intervention strategies were used to dynamical-
ly monitor the hemodynamics of patients on mechanical ven-
tilation at 5 time points in an attempt to reveal the changing
pattern of their hemodynamics and to explore the influences
of ABCDE bundle on the hemodynamics and prognosis of pa-
tients on mechanical ventilation [20].

Our results show that data in the pre-ABCDE bundle group,
MAP, CVP, HR, and PaO_/FiO, did not change significantly at
1d and 3 d after intervention (P>0.05); in the post-ABCDE
bundle group, the hemodynamics indicators showed no dif-
ference at 1 d after intervention compared with before in-
tervention (P>0.05). Mechanical ventilation imposes obvious

This work is licensed under Creative Common Attribution-
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tensile stress and compressive stress on the alveolar epitheli-
um during the breathing movement [21]. If the duration and
intensity of such tensile and compressive stimulation were
too great, these excessive biophysical stimuli might be trans-
formed into the regulatory signals of cytotoxicity and inflam-
mation, leading to cell and tissue damage [22], and the he-
modynamics indicators can’t change significantly in the short
term. Moreover, our patients were relatively old (61.1+10.7
years). Lung function declines with age, and the intervention
time was too short; therefore, the short-term intervention ef-
fects were inadequate. Compared with the pre-ABCDE bun-
dle group, the hemodynamics indicators in the post-ABCDE
bundle group were improved more significantly at 3 d, 5 d,
and 7 d after intervention (P<0.05), with more offline patients
than in the pre-ABCDE bundle group during the same period
(P<0.05). The dose of sedatives and analgesics used in the pre-
ABCDE bundle group was higher than in the post-ABCDE bun-
dle group (P<0.05). The incidence of delirium in the post-ABCDE
bundle group was lower than in the pre-ABCDE bundle group,
which might be mainly attributed to use of the ABCDE bun-
dle for the following reasons. 1) It can effectively strengthen
the patient’s own breathing work and improve the patient’s
respiratory muscle function [8], and eventually increases dia-
phragm activity [23], leading to spontaneous improvement of
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the oxygenation index. 2) Early exercise therapy can reduce the
body disorders and delirium incidence [3], promoting the auton-
omous movement function of the respiratory muscle [24], due
to the spontaneous enhancing the oxygenation index. 3) After
hemodynamics indicators improved, the patient’s cardio-pul-
monary function increased, the number of offline patients in-
creased accordingly, and the dose of sedatives and analgesics
was reduced. Sedative drugs can inhibit the sympathetic ner-
vous system, leading to decreased angiectasis and myocardi-
al suppression, which all lead to the hemodynamics effects.
Therefore, appropriate use of sedative drugs can stabilize he-
modynamics status, decrease stress response, down-regulate
oxygen consumption, and enhance comfort of the patients
and efficacy of the therapeutic strategy. Compared with before
intervention, the hemodynamics indicators in the pre-ABCDE
bundle group were improved at 5 d and 7 d after the interven-
tion (P<0.05). Compared with before intervention, MAP, CVP,
and HR in the post-ABCDE bundle were significantly reduced
at 3d, 5d, and 7 d after the intervention, and PaO,/FiO, in-
creased significantly. MAP, CVP, HR and PaO,/FiO, were signifi-
cantly improved at 7 d (P<0.05) compared with 1 d, indicating
that both intervention strategies improve the hemodynamics
indicators of patients on mechanical ventilation. This might be
because both intervention strategies can expand the airway,
lower mucus viscosity, and make airway secretions easier to
discharge. Furthermore, both strategies activate and release
lipoproteinase on the alveolar wall, relieve bronchial spasm,
and alleviate the inflammatory exudation of lung tissues. As
a result, the hydrolysis of mucus secretion is enabled, help-
ing dilute sputum discharge, promote micro-circulation of the
lung [25], improve the ratio of ventilation/blood flow and the
circulatory function, enhance oxygenation index, ad improve
the patient’s hemodynamics indicators.

The difference in the prognosis between the bundle and pre-
ABCDE bundle groups was statistically significant (P<0.05), as
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the post-ABCDE bundle group had shorter duration of mechan-
ical ventilation and length of ICU stay, as well as reduced 28-d
mortality. This was consistent with the findings of Balas et
al. [26]. The major reason was that the application of ABCDE
bundle strengthened the intensity of diaphragm activity, im-
proved the respiratory state, enhanced spontaneous break-
ing work, improved circulatory function, and promoted the
recovery of lung functions. Therefore, a therapeutic strate-
gy involving hemodynamics is critical for good outcome and
reduces 28-d mortality. This suggests that use of the ABCDE
bundle can improve the prognosis of patients on mechani-
cal ventilation.

Conclusions

ABCDE bundle can significantly improve the hemodynamics
indicators of patients on mechanical ventilation, reduce the
dose of the sedatives and analgesics used, and keep the he-
modynamics indicators, including MAP, CVP, and HR, at lev-
els beneficial to patients. Finally, according to the patients’ re-
sponse, ABCDE bundle could achieve the optimal therapeutic
ends. Based on satisfying the volume state of the tissue per-
fusion, the ABCDE bundle is not only beneficial to the venous
return, cardiac work, but also could protect the other organs,
all of which could increase the oxygenation index and improve
the circulatory function.

Therefore, application of the hemodynamics therapy mediat-
ed targeted therapy strategy is the crucial factor for improv-
ing the outcomes of the patients.
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