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ABSTRACT

Objective: This paper aimed to identify relevant literature about what are the factors that contributing to the
re-intubation and current intervention to overcome it among critical care patients. Methods: A scoping
review was carried out with the 17 articles which publish with the year 2010 to 2021. The literature search
was systematically done by using PRISMA flow diagram. The quality assessment was conducted by using
Effective Public Health Practice Project (EPHPP) assessment tool and the authors applied inter-rater
reliability for the included articles. Results: Four themes were emerged in this scoping review. Those were
the criteria for extubation, factors of extubation failure and re-intubation, medical conditions associated with
re-intubation, and intervention to reduce reintubation rate among critical care patients. Conclusion: The rate
of re-intubation among critical care patients can be reduced when protective measures take place properly.
Those are the use of non-invasive ventilation in between successful spontaneous breathing trials and
extubation, the proper usage of analgesics and sedatives during extubation and monitoring the indicators
like blood urea nitrogen and central venous pressure.
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recorded with 77.0% while non-invasive
ventilation comprised 17.8% admissions in the

INTRODUCTION

Critical care settings especially intensive care unit
(ICU) deals with patients who are having life-
threatening diseases that require multiple
intervention and continuous haemodynamic
monitoring @) Hemodynamic monitoring is an
important measure to ensure adequate tissue
oxygen delivery and end organ perfusion by
guiding the medical management to treat and
improves the patient’'s conditions O Moreover,
patients who are in the critical care setting have
problems with one or more organs and most of
them are unable to breath their own @ Thus, they
required a mechanical ventilation or an invasive
ventilation to support their breath.

According to the Malaysian Society of Intensive
Care, the invasive ventilation admission was
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critical care setting ®)-They also reported that the
re-intubation rate in critical care setting was 5.6%
©®). Furthermore, extubation failure and re-
intubation are associated with a high mortality rate
of 25 - 50% and those patients have higher chance
to re-admit to intensive care unit although they
have been discharged to the ward (ICU) 4-A
previous study found that the patients who
require re-intubation usually have poor prognosis
and the mortality rate is exceeding 30%-40%
irrespective of the cause for re-intubation ©):
Moreover, studies described that the re-intubated
patients within 48 to 72 hours of their initial
extubation have a higher mortality rate in critical
care setting (6&7.However, updated evidence-
based interventions are required to revamp the
medical management standard to improve patient
outcomes and lowering the in-ICU mortality rates.
Thus, this scoping review focused on the re-
intubation and factors that are associated with it
among critical care patients.

METHOD

This paper applied a scoping review method with
the aimed to identify relevant literature about
what are the factors that contributing to the re-
intubation and current intervention to overcome it
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among critical care patients.
Literature search strategies

The articles included in this review were retrieved
from the EBSCO, ProQuest, Scopus, NCBI and
BM] databases. Using Boolean phrase and the
keywords used were “ICU OR critical care setting
OR critical care wunit”, “reintubation AND
extubation”, “factor OR reason OR issue OR
problem”. The inclusion criteria for this review
were the studies that conducted for extubation and
reintubation procedure occur in critical care
settings, the studied that published between the
year 2015-2020, full-text articles, the studied that
published in English language.

Literature search outcomes

The searching of literature was systematically
done by using PRISMA flow diagram in this
scoping review. A total of 1,973,965 articles from
ProQuest, 200,446 articles from EBSCOhost
Discovery, 8711 articles from Scopus, 533 articles
from BM] Journal and 5395 articles from NCBI
were found at initial phase. Further screening
process was done by the author and confirmed
with the team members for quality assessment of
the included articles. A total of 17 articles were
chosen to be included in this scoping review and
further analysis was carried out. Figure 1 shows
the review of the literature process based on the
PRISMA flow diagram.

Quality assessment

All the included 17 articles were screened by two
authors independently. Disagreements were
resolved between the two authors and if it was not
solved other team members were also called for
discussion in the review process. The authors used
the key criteria for the quality assessment of the
selected articles. Those were selection bias, study
design, confounders, blinding, data collection
methods, withdrawals and dropouts, intervention
integrity, findings and recommendations for future
study. The quality assessment was conducted by
using Effective Public Health Practice Project
(EPHPP) assessment tool and the authors applied
inter-rater reliability for the included articles ®-
Based on previous study, if the authors obtained
0.6 of inter-rater reliability value which is
considered as fair agreement among raters and if
more than that considered excellent inter-rater
reliability value ©-In this scoping review, the
authors obtained the inter-rater reliability value of
0.77 (95% CI) which was considered as excellent
agreement between the reviewers.

FINDINGS

There were four types of study designs were found
among the 17 articles. Those were two randomized
control trial studies, six cohort studies, eight case-
control studies, and one cross-sectional study.
Their study settings also vary from one another.
There were two studies from Thailand, two studies
from Korea, one study that was conducted at
China and Italy respectively, one study from
Ecuador, one study from Spain, three studies from
Singapore, one study from Pakistan, two studies
from United States of America, one study from
France and two studies from China. However, no
previous study was found from Malaysia.

Four themes were emerged in this scoping review.
Those were the criteria for extubation, factors of
extubation failure and re-intubation, medical
conditions associated with re-intubation, and
intervention to reduce reintubation rate among
critical care patients. The following sessions
explained further about the emerged themes.

The criteria for extubation

The criteria for extubation will differ according to
the hospital policy. Patients will be extubated if
they passed the spontaneous breathing trial (SBT)
(10). Furthermore, weaning and physiotherapy
protocols differ from each participating hospital
hence the practices will be different since the study
was conducted at 17 different Spanish medical-
surgical intensive care units (10- Another study also
described that the patients will be directly
extubated after SBT completion with the condition
that respiratory rate < 30 breaths/min, pH value >
7.35, carbon dioxide partial pressure (PaCO2) < 50
mmHg and Oxygen partial pressure (PaO2) > 70
mmHg with fraction of inspired oxygen (FiO2) of
0.3, without dyspnea, respiratory accessory muscle
recruitment and paradoxical abdominal motion (V-
A study from Korea described that critical care
patients who undergo SBT on low level of pressure
support ventilation (ranging from +5 to +10
cmH20, Positive end expiratory pressure (PEEP) 4
- 5 cmH20) has a successful extubation rate
compared to those patients who were not followed
the said process (12). Another study found that the
patients were eligible for SBT will be ventilated
with 5 cmH20 of PEEP and pressure support
before starting the SBT and the SBT was performed
on “T-piece” that connected to the oxygen source
for 1- or 2-hours duration will be decided by their
attending physicians (13). After that, those patients
were extubated once they were successfully
undergone the SBT period (13).
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Besides, a post-operative weaning criteria includes
hemodynamic stability whether no or decreasing
use of cardio active drugs, absence of significant
bleeding (<100 mL/h), absence of significant
arrhythmias, adequate urine output (>1 mL/kg/h),
oxygen saturation more than 95% with fractional
concentration of inspired oxygen less than 0.50 and
the patient also needed to be sufficiently awake to
follow commands ©®)-The critical care patients will
be extubated when they pass the SBT period and
their hemodynamic is stable.

Factors of extubation failure and re-intubation

The extubation failure is highly correlated with re-
intubation. Studies found that the re-intubation
was commonly happened in critical care patients
who have been extubated within 48 hours (¢ 1011&13
14). On the other hand, another study defined the re
-intubation as the extubation failure as unplanned
reintubation within 72 hours of extubation (12-The
factors of re-intubation were 3 major reasons:
cardiac, respiratory and thoracic ©-Highest rate of
re-intubation is respiratory reason where patients
get impending respiratory failure. Meanwhile for

cardiac patients, the reasons are because of
cardiopulmonary arrest, pulmonary hypotension
after combined valvular and CABG surgery and
arrhythmia ©)-

The factors of extubation failures also found in
high risk patients: age >65 years, comorbidities >1,
upper airway problems, COPD, APACHE 1I > 12,
>1 failed SBT, copious secretions, BMI >30, and
cardiac insufficiency, both in control and rest
group (9- Another study found that extubation
failures were common among overweight and
obese patients with planned extubation, the
frequent cause of extubation failures were a patient
with hemodynamic instability, excess secretions,
upper airway obstruction and encephalopathy -

Extubation failures usually occur to patients with
lower body temperature in which it reflects on the
severity of the illness and have less physiologic
reserve, patient with higher faces anxiety scale
(FAS) and higher calcium level ©-Moreover, even
though it was not statistically significant, the usage
of steroid, inotropic agents and sedatives can be
seen more in the patient with failed extubation ©
&12). A retrospective study conducted among 15840
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critical care patients in Taiwan found that
reintubation rate is high in older patients, patients
with comorbidities, district hospitals and public
hospitals (15

Another prospective observational study about
predictive factors of reintubation in Thailand,
identified that elevated blood urea nitrogen level,
low hemoglobin level, and muscle weakness were
identified as independent risk factors for
reintubation (6. Unplanned extubation is also a
significant risk factor for reintubation. Nearly 2.6%
of study’s patients experienced an unplanned
extubation with a reintubation rate of 23.1% (2
Another factors for reintubation also because of
longer duration of mechanical ventilation before
extubation, initial intubation for respiratory
reasons, initial intubation outside of the operating
room setting and the use of NIV after extubation
(7). Apart from that, reintubation risk is also
associated with anaemia in which is defined either
as serum haemoglobin levels <10 g/ dl or
haematocrit <34% in prior studies (1-In addition,
the environmental factors such as unplanned
extubation usually occurred during night shift and
with nurses with shorter career and experience (17

Medical conditions associated with reintubation

As mentioned by previous study, there were 3
factors of reintubation which were cardiac,
respiratory and thoracic ©-Weak patients have a
higher risk of reintubation after spontaneous
breathing trial (SBT) (10 Respiratory muscle
exhaustion is an important criteria for diagnosing
post-extubation respiratory failure because SBT
can be demanding especially for critically ill
patients (13- In addition, inability to manage
secretions are also important risk factors for
reintubation (0

In a retrospective control study, it was stated that
the factors that connected to the reintubation were
when the patient had pneumonia and/or sepsis (12
In addition, the researchers also stated that if the
initial reason for extubation was respiratory reason
the patient will be likely to be reintubated (2-The
common aetiologies of patients that experienced
reintubation were pulmonary failures,
cardiovascular failures and neurological failures -
Moreover, diabetes mellitus and stroke were the
common underlying comorbidities that associate
with reintubation @-Studies also found that failed
extubation groups also have higher blood urea
nitrogen (BUN) level and end stage renal failure
(ESRD) €&7). A study also found that patients who
have pneumonia also lead to extubation failure (6

Intervention to reduce re-intubation rate

Studies have suggested that 1 hour re-connection
to the ventilator to rest after successful SBT period,
the use of noninvasive ventilation (NIV) protocol
extubation for periods of at least 1 hour, and with a
minimal duration of 8 hours within the first 24
hours following extubation can reduce the re-
intubation rate from 28% to 15%among critical care
patients (10&18). Another study also suggested that
proper usage of sedations and analgesics can
reduce the asynchronization of patient and
ventilator interface, thus reducing the oninvasive
positive-pressure ventilation (NIPPV)failure, the re
-intubation rate and mortality rate (19)

Moreover, NIV usage after extubation helped to
reduce the wusage of re-intubation risks @D
However, a study showed that NIV prophylactic
after extubation only benefits to patients that have
weak cough peak flow post extubation (3)-Besides
that, 1.0 g/dl difference in median hemoglobin
levels of critical care patients were not associated
with extubation failure, however it is wise to note
that the role of anemia as the markers for disease
severity and respiratory failure (12-A study also
suggested that there were top three predictors for
successful extubation in critical care patients which
were rapid shallow breathing index (RSBI),
respiratory rate and minute ventilation (14

DISCUSSION

Based on this scoping review findings, there are
few aspects that can be taken into consideration as
key indicators to prevent the rising trends in rate
of re-intubation among critical care patients. The
following sessions will describe further about
discussion.

Criteria for extubation

Studies have described that the higher blood urea
nitrogen (BUN) level was associated with
extubation failure among critical care patients © &)
The BUN measures the amount of urea in the
blood and indicates kidney function of the patients
9-The higher BUN level was associated with risk
of kidney disease progression and was useful for
renal outcomes prediction in ventilated patients -
This suggested that good kidney prognosis can
predict the success of the extubation among critical
care patients.

Another study suggested that the abnormal rise in
central venous pressure during spontaneous
breathing trial (SBT) was associated with
extubation failure (13- Cardiac patients were at risk
for extubation failure due to abrupt burden for the
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cardiovascular system (4-This was support by a
study saying that one of the common etiology of
reintubation was cardiovascular failures ¢ 22)
Moreover, the higher BUN level was associated with
cardiovascular mortality in patients with acute heart
failure @3- Therefore, it is suggested to consider the
findings above as the indicators of criteria for
extubation to decrease the risk of re-intubation,
improve the rate of mortality and the length of
hospital stays among critical care patients.

Factors of extubation failure and reintubation

Studies have shown that advanced age seems to be
highly correlated with extubation failure @-22.The
reason might be due poor underlying health
condition or comorbidity that they have prior to the
hospital admission such as COPD, hypertension and
hypeglycemia. Moreover, extubation failures usually
occur to patients with lower body temperature in
which it reflects on the severity of the illness and
have less physiologic reserve, patient with higher
faces anxiety scale (FAS) and higher calcium level ©):
A study also found out that the difference level of
haemoglobin is not associated with extubation failure
(12. This finding was opposite from a study which
they found that higher haemoglobin levels were
associated with weaning success @4 In addition,
haemoglobin involves in oxygen delivery that affect
the cardiac workload, breathing and respiratory
muscle endurance (4&25.Besides, patients with SBT
failure have increase in haemoglobin values which
indicate that SBT induced higher haemoglobin and
haematocrit values (4&2). However, patients with red
blood cell transfusion were associated with severity if
diseases thus can give insight about further prognosis
@-Thus, we need to monitor the haemoglobin level
in critical care patients before the extubation take
place.

Medical conditions associated with reintubation

Medical conditions such as pneumonia, and cardiac
failure were common cause for re-intubation among
critical care patients 6&14).This was supported by a
recent study stated that severe pneumonia patients
were likely to have extubation failure @)-This can be
indicated by APACHE II score > 17.5, blood glucose
> 9.87 mmol/], fentanyl usage > 1.135 mg/d, and the
need for RBC transfusion might be associated with
higher risk of extubation failure @V

Study also shown that the patient with lower body
temperature associated with disease severity ©-
Patient with low temperature or hypothermia can
lead to coagulopathy which can be hard to be
detected since lab assays run in boy normal
temperature @ &24). Furthermore, it also associated
with longer hospital stays, requirement for blood

transfusion and increase risk of cardiac diseases
which will ultimately affect the quality of life of
patients (24&2627). Additionally, patients with fever
were associated with less likelihood to successful
weaning from ventilator 6&29.The study also
found out that patient with hypothermia also
associated with decreased ventilator-free days and
higher mortality rate - Thus, assessing the
underlying medical conditions of critical care
patients is important.

Intervention to reduce re-intubation rate

The re-intubation can be prevented if there is
intervention done before or after the extubation.
The intervention might be the use of non-invasive
ventilation such as venturi mask or the use of
correct sedatives and analgesics during the
extubations. A previous randomize control study
was conducted among critical care patients (0
They have formed control group and rest group.
The control group was extubated straight after a
successful spontaneous breathing trial (SBT).
Meanwhile the rest group was given a 1 hour
reconnection to a mechanical ventilator before
extubation. Their results showed that reintubation
within 48 hour post extubation was common in the
control group rather than the rest group (0-This
could be due to the SBT period. SBT can be hard
work for critically ill patients which could lead to
diaphragm muscle fatigue. Thus, the reconnection
to mechanical ventilators after a tired SBT helps
the muscle to relax and prepare for extubation.

Studies also shown that usage of NIV after
extubation reduce the risk of re-intubation among
critical care patients (2&28). Another intervention
used to reduce risk of re-intubation is the use of
analgesics and sedatives during extubation
especially if the patient undergoes unplanned
extubation (@7 & 29. Moreover, patients with
unplanned extubation have significantly higher
incidents of pain and lower sedation levels which
likely to cause delirium (7)-In order to manage the
interface intolerance of extubation, administering
the sedatives (dexmedetomidine, propofol) or
analgesia (fentanyl, sufentanyl) to patients that
develop NIPPV asynchrony in which ultimately
decrease the failure of NIPPV trial (24 & 29).

According to their hypothesis, analgesics and
sedatives can reduce the rate of delirium, relieve
anxiety, and stimulate patients to sleep.
Physiologically, the body stress response such as
hypertension and tachycardia can be modulated in
which improve the respiratory status. It also
reduced patient’'s use of NIPPV. Therefore, we
need to focus monitoring about cardiovascular
function by monitoring the central venous
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pressure and neurological status of patients after
starting SBT so that appropriate intervention can
be taken.

LIMITATION

There is limited study conducted on intervention
to improve the rate of successful extubation. In
addition, there is very limited study on this
particular topic especially in Malaysia. Even
though there is evidence and study in the
Southeast Asia region, the demographic will be
different and will eventually affect the study
results. The study for the indicator that predicted
extubation failure is widely available however
there is no specific research on the effectiveness of
it.

CONCLUSION

The rate of extubation failure and re-intubation is
still considerably high among critical care
patients. It was associated with failed
spontaneous breathing trials, severity of medical
conditions of patients and environmental factors
such as experience of staff. Re-intubation can lead
to longer hospital stay and higher mortality rate.
However, it can be reduced with several
prophylactic interventions such as the use of non-
invasive ventilation in between successful
spontaneous breathing trials and extubation, the
use of analgesics and sedatives during extubation
and monitoring the indicators like blood urea
nitrogen and central venous pressure. Future
studies that focus on intervention to reduce re-
intubation incidents should be conducted. Studies
for extubation and re-intubation should also
include the assessment of nurses and physicians
in handling extubated patients as external factors.
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