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Introduction

Invasive mechanical ventilation (IMV) is considered an 
essential procedure that should be present in the Intensive Care 
Units (ICU) [1-3], constituting one of the main interventions that 
are performed in the management of critically ill patients [4-5]. 
Approximately, 35% of admissions in these units require IMV [6], 
and its incidence is expected to increase in the coming decades 
[5]. The indications for the use of IMV are multiple, such as its 
use in postsurgical patient, acute respiratory failure, neurological 
deterioration or shock, among others [7], also considering that 
its application is determined by the failure of other previous 
treatments [1]. Thanks to mechanical ventilation, life can be 
saved many times, but its prolonged use can have a negative 
impact on the patient’s health [8-13] associated with a higher 
rate of complications such as increased mortality [1,6,8,9,14-
16], pneumonia associated with mechanical ventilation (VAP) 
[6,12,14,17], morbidity [9,14,15], increased hospital stay 
[5,8,11,15] and increased costs [2,7,9] among others. IMV  

 
produces associated complications, which is why it is necessary to 
reduce its use time as much as possible [9,12,18-20], being clear 
to the clinical team that the sooner it is removed or replaced by 
other techniques, the better the patient’s prognosis will be [21]. 

It has been studied that the weaning process occupies about 
40% of the total time that the patient spends connected to the 
ventilator [7,14,17,21-23], and the evidence of this data indicates 
the significant difficulty of its withdrawal. In addition, according to 
recently published studies [1,8,18], the assessment to know if the 
patient is ready to be extubated may not be adequate, since 50% 
of those accidentally extubated do not require new reintubation, 
which suggests the other 50% may be on the respirator longer 
than necessary. To adjust the intubation time, it seems that 
applying standardized protocols can reduce the times without 
harming health, and also allow early identification of the patient 
who is actually in ventilatory weaning conditions.
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According to the literature consulted, the use of IMV 
disconnection protocols seems beneficial, finding data that 
indicate a decrease in the total time of mechanical ventilation, 
the duration of weaning and the length of stay in the ICU without 
having an impact on the mortality and morbidity of the patient 
[24], as well as a significant reduction in costs [25-27]. The use 
of protocols brings efficacy to daily clinical practice and avoids 
individual judgment based on own experience, which in turn 
allows to reduce the variability in the disconnection process 
[4,8,28] with patients with similar characteristics.

The role of the nurse in this context has been considered 
relevant [4,5,8,15,25,29-32] and beneficial. However, it is difficult 
to find a definite guideline for the extubation process [24] and it 
continues to be an issue in which there is a lack of consensus [4] 
since the optimal timing and technique continue to be the subject 
of debate by professionals, reason why research in this field is 
justified.

The objective of the study we present is to know if the use of a 
standardized weaning protocol, carried out in a multidisciplinary 
way from the beginning of the process, reduces the connection 
time to the mechanical ventilator in critical patients compared 
to another group of patients who are disconnects without the 
application of a standardized protocol with exclusively clinical 
criteria. Secondary objectives are to compare the reintubation 
rates, the duration of the weaning process and the days of stay in 
the ICU between the two groups of patients.

Material and Method

A case-control study was conducted in the Critical Surgical 
Care Unit of the Elche General Hospital and the Alicante General 
Hospital, consisting of 9 beds and 12 beds respectively for critical 
surgical patients. The protocol was validated at the Elche Hospital 
[4] so that the same protocol was used as a validated tool for this 
study.

The work was approved by the ethics committees of both 
hospitals, and informed consent was obtained from the relatives 
of the patients who were part of the control group according to 
the indications of the ethics committee. In the group of cases, 
this consent was not required since the protocol was already 
consolidated in the center, and it was the only way to proceed with 
the patient.

Before starting the study, three one-hour meetings were 
held at the Alicante Hospital whose patients were to be part of 
the control group, where all the personnel who participated were 
explained what the study consisted of and what the objectives set. 
A specific logbook for data collection was prepared for this centre 
and aspects about its proper completion as the only information 
gathering tool were discussed. Only one hour-long meeting 
was held at the General Hospital of Elche since the pilot study 
had already been carried out previously and the data collection 
logbook had been worked on, so the staff was already trained with 

the study. 

The inclusion criteria were all patients over eighteen years of 
age who underwent surgery admitted to both units, who required 
IMV for a time greater than or equal to twenty-four hours and who 
were subsequently extubated and whose family members had also 
signed the informed consent prepared for this purpose. Patients 
who died during the IMV period and patients with tracheostomy 
ventilation were excluded. 

A total of ninety-one patients who met the inclusion and 
exclusion criteria were part of the study. In the control group, 
the patient was extubated according to the usual clinical practice 
where there was no previously standardized protocol and the 
procedure was carried out according to the individual criteria of 
the responsible physician. In the group of patients at the Elche 
General Hospital, the patient was extubated following the protocol 
created for this purpose and designed specifically for this study 
(Figure 1). The data of both centers were obtained during the 
period of time between January 1, 2016 and December 1, 2019.

The variables studied were the same as those used in the 
pilot study conducted at the Elche General Hospital. As socio-
demographic variables: age and sex; as outcome variable the 
time of invasive mechanical ventilation; as explanatory variables: 
presence of comorbidities measured as Charlson comorbidity 
index value [33], length of stay in the unit, time spent in weaning, 
reintubations, time until the weaning process begins from the 
patient’s admission, anesthetic risk classification (ASA) (American 
Society of Anesthesiologists) and Acute Psysiology and Chronic 
Haealth Evaluation (APACHE) II. In addition, the indicator SAPPS 
(Simplified Acute Physiology Score) III was added as a variable in 
both groups.

The statistical package Statical Package for the Social Science 
(SPSS) 26.0 was used to analyze the data. For the analysis and 
comparison of continuous quantitative variables such as total IMV 
time, stay in days or weaning time, Student´s T test, and they were 
expressed as mean ± standard deviation (SD). For the analysis of 
qualitative variables such as sex or reintubations, contingency 
tables were made and the Fisher test or the Chi-square test were 
used, finally expressed as a percentage. In addition, correlation 
tests were performed between the IMV time variable and the rest 
of the study variables using the Pearson test to correlate numerical 
variables when at least one of them followed a normal distribution, 
or the Spearman’s test if none had a normal distribution. A value of 
p<0.05 was considered statistically significant.

Results

The study included a total of ninety-one patients, fifty belonging 
to the group in which the protocol was applied (Elche Hospital) 
and forty-one belonging to the group without standardized 
protocol (Alicante Hospital). In the group of cases, 2 patients 
were excluded because tracheostomy was finally performed. In 
the control group, 14 patients were excluded because they did not 
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meet the IMV time criteria established prior to the study inclusion. 
The variables studied and their comparison are shown in Table 1, 

where the characteristics of the patients and the description of the 
variables of both groups are observed.

Figure 1: Weaning algorithm [4]. 
*PEEP= Positive End Expiratory Pressure; ☨PSOP= Support pressure; ‡Vt= Tidal Volume; §A/C=Assisted/Controlled; ☨FR/VT= Rapid 
Shallow Breathing Index

Both groups were comparable in terms of age (p=0,351), sex 
(p=0,399), ASA classification (p=0,874) and severity according 
to SAPSS III (p=0,400) without finding statistically significant 
differences, observing an average age above 60 years (66,92 ± 
17,143 vs 63,54 ± 17,122), with a predominance of male sex (54% 
vs 63,4%) and with an ASA classifier that reaches a value of 3 on 
a scale of 5 points in both samples (2,83±0,975 vs 2,80±0,901).

The type of surgery performed on the patient was different in 
both groups (p=0,001), with general surgery interventions being 
predominant compared to the rest of specialties (62% vs 43,9%), 
followed by neurosurgery interventions (16% vs 26,8%). In the 

CCI, significant differences were also found (p=0,001), obtaining 
higher values in the control group (2,84 ± 2,721 vs 4,72 ± 2,613).

As to the variables most closely related to IMV, significant 
differences were found in weaning in hours (p<0,01), the 
total time the patient spends connected to IMV (p=0,048) and 
reintubations (p=0,021). During weaning, measured in hours, a 
significant decrease in the time used with the application of the 
protocol was observed (2,40 ± 1,43 vs 41,250 ± 51,60) compared 
to the usual clinical practice; something that affected the variable 
total IMV time (p=0,048), achieving a reduction of approximately 
31 hours (85,29 ± 46,72 vs 116,92 ± 94,39). The time it takes to 
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start weaning from the patient’s admission was not affected by the 
use of the protocol, without differences between the two samples 

(p=0,981), something similar happened in terms of the patient’s 
hospital stay in the ICU (p=0,855).

Table 1: Comparison of the variables studied. .

Variables With protocol n=50 Without protocol n=41 p value

Age in years (X ±SD) 66,92±17,143 63,54±17,122 0,351

Sex (%)    

Male  54 63,4
0,399

Female 46 36,6

Type of surgery (%)    

General Surgery 62 43,9

0,001

Neurosurgery 16 26,8

Urology 6 0

Vascular Surgery 4 2,4

Cardiac Surgery 0 22

Traumatology 12 2,4

CCI* (X ±SD) 2,84 ±2,721 4,72± 2,613 0,001

ASA☨ (X ±SD) 2,83±0,975 2,80±0,901 0,874

SAPS III‡ (X ±SD) 57,989±16,208 61,76±17,541 0,400

Stay in days (X ±SD) 10,80±9,44 11,20±11,36 0,855

Weaning in hours (X ±SD) 2,40±1,43 41,250±51,60 <0,01

Time from admission to start of weaning (X ±SD) 82,050±46,57 82,41±77,29 0,981

Total IMV§ time (X ±SD) 85,29±46,72 116,92±94,39 0,048

Reintubations (%)    

Yes 2 17,1
0,021

No 98 82,9

*CCI= Charlson comorbidity index; ☨ASA= American Society of Anesthesiologists; ‡ SAPS III= Simplified Acute Physiology Score III; § IMV= 
invasive mechanical ventilation

The ventilatory mode with which the patient was connected to 
the IMV varied between both groups according to the application 
of the multidisciplinary protocol or the extubstantiation according 
to the individual criteria of the physician, finding important 
differences in this aspect (Table 2). In the protocol group, the 
ventilatory modality to which the patient was connected once IMV 
started was Assisted/Controlled (A/C) in 100% of the cases, while 
in the control group this mode was used in the 56,1% of patients. 
When it was determined that the patient was ready to begin 
weaning, it was changed to spontaneous mode (ESP) in 100% of 
the patients in the case group, while in the control group there was 
more variability in this respect, with Synchronised Intermitent 
Mandatory Ventilation (SIMV) being more predominant (43,9%). 
When using oxygen in T, differences were also observed (100% vs 
9,8%), occurring in the same way when carrying out reductions 

in support pressure where, in the case of controls, most were 
performed according to medical criteria while in the group of 
cases the pattern established in the protocol was followed (100% 
vs 39%). It should be noted that in the control group most of 
the patients (36,58%) were extubated using only decreases in 
support pressure, while in the case group, 100% of the patients 
initially used decreases in support pressure followed by the use 
of oxygen in T.

The variables that were most related to the IMV time in the 
group with the protocol were age in years (p=0,032), the time it 
takes to start weaning from the patient’s admission to the unit 
(p≤0,01) and reintubations (p≤0,01) as shown in Table 3. In the 
control group, stay in days (p≤0,01) and the time it takes to start 
weaning from the patient’s admission to the unit (p≤0,01).
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Table 2: Ventilatory modes, use of O2 in T* and Psop☨.

Variables With protocol n=50 Without protocol n=41

IMV ‡: Start % ni fi % ni fi

A/C§ 100 50 1 56,1 23 0,561

SIMV⩨ 0 0 0 4,9 2 0,049

Spontaneous 0 0 0 0 0 0

Others 0 0 0 0 0 0

Weaning start:       

A/C § 0 0 0 2,4 1 0,024

SIMV⩨ 0 0 0 43,9 18 0,439

Spontaneous 100 50 1 14,6 6 0,146

Others 0 0 0 0 0 0

Use of O2T*:       

Yes 100 50 1 9,8 4 0,098

No 0 0 0 51,2 21 0,512

Decrease in Psop☨:       

According to medical criteria 0 0 0 39 16 0,39

Does not decrease 0 0 0 12,2 5 0,122

Is not used 0 0 0 9,8 4 0,098

Decreases following protocol 
pattern 100 52 1 0 0 0

Psop☨ ↓ according to criteria with-
out use of O2T* 0 0 0 36,58 15 0,36

O2T* without using Psop☨ 0 0 0 4,87 2 0,048

O2T* + Psop☨  without ↓ Psop☨ 0 0 0 2,43 1 0,024

Psop☨ without ↓ without using O2T* 0 0 0 9,75 4 0,097

Psop☨↓ according to protocol + 
O2T* use 100 50 1 0 0 0

*O2T=oxygen with T-piece; ☨Psop= support pressure; ‡IMV= invasive mechanical ventilation; §A/C= Assisted/controlled; ⩨SIMV= synchronized 
intermittent mandatory ventilation.

Table 3: Factors associated with invasive mechanical ventilation time.

Variables With protocol n=50 p value Without protocol n=41 p value

Sex vs IMVT* 0,234 0,441

Age in years  vs IMVT* 0,036 0,403

CCI☨vs IMVT* 0,961 0,903

ASA‡ vs IMVT* 0,566 0,918

SAPS III§ vs IMVT* 0,244 0,796

Stay in days vs IMVT* 0,128 <0,01

Weaning in hours vs IMVT* 0,702 0,039

Time from admission to start of weaning vs 
IMVT* <0,01 <0,01

Reintubations vs IMVT* <0,01 0,263

*IMVT= invasive mechanical ventilation time; ☨CCI= Charlson Comorbidity Index; ‡ASA= American Society of Anesthesiologists; §SAPS III= 
Simplified Acute Physiology Score III.

http://dx.doi.org/10.19080/JAICM.2021.11.555817
http://dx.doi.org/10.19080/JAICM.2022.11.555820
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Discussion

The work carried out tries to evaluate whether the 
implementation of a protocol is really effective assumed by a 
medical-nurse team within the IMV disconnection process, and 
therefore, if its inclusion can achieve improvements in care, in 
contrast to the usual clinical practice where all the weight of the 
process falls on the responsible doctor and on his own individual 
clinical judgment. To achieve this goal, it is necessary to implement 
a standardized protocol based on scientific evidence where the 
individual judgment of each professional does not affect the 
care provided to the patient, and therefore, does not contribute 
to the appearance of certain clinical variability in patients with 
similar characteristics. In this case, the protocol that is applied is 
adapted to the conditions of the critical surgical patient and its 
approach from a multidisciplinary point of view where the joint 
work between the doctor and the nurse is clearly reflected in its 
algorithm.

The use of disconnection protocols has been beneficial in the 
literature to reduce hospital stay [1,8,11,15,24], reflecting figures 
of around 11% [15]. The review carried out by Hirzallab et al. [8] 
showed that, thanks to the use of protocols led by nurses, it was 
possible to reduce the length of stay compared to the usual care 
provided by the doctor; data that conflict with those obtained 
by other authors such as Sephayar et al. [29], who obtained a 
shorter mean hospitalization but without statistically significant 
differences when comparing both groups. In our case, it was also 
not possible to reduce the ICU stay, something that could be due 
to the influence of other factors independent of the respiratory 
failure itself and which have repercussions on the discharge of 
the patient, such as the need to request tests prior to discharge 
or the physician’s conservative attitude due to the associated 
comorbidities of the surgical patient. It should be noted that the 
increase in stay was not correlated with the increase in IMV time 
in the protocol group, but nevertheless it did correlate in the 
control group, thus indicating that the variable IMV time had more 
representativeness in the control group and that in the group with 
protocol the reasons for the lengthening of the stay could be other 
different.

The time it takes to start the weaning process from the time 
the patient is admitted until he is ready to be extubated did not 
vary either when comparing both groups. In the previous pilot 
study, there was an important difference between the prospective 
and retrospective cohorts; being this much longer the time it took 
in the prospective group. This difference was probably produced 
by the fact that when applying a protocol, a series of very rigid 
criteria were taken into account to assess whether the patient 
was a candidate, which were not taken into account in the group 
without protocol, thus reducing the times. In this case, the absence 
of statistical significance could be indicating that, although a 
standardized protocol is not applied in the control group, the 
same parameters described in the literature could be assessed. 
Furthermore, a correlation was also observed between IMV time 

and the time it takes to start the weaning process in both groups. 
In previous works, this variable has not been compared, so it has 
not been possible to make the comparison and discussion.

In studies previously carried out [6,20,25], positive results 
were obtained regarding the importance of the nurse when 
assessing the patient and their ability to successfully overcome 
the weaning process. Sephayar et al. [29] indicate that, thanks to 
the nurses’ assessment, the inconveniences of using IMV can be 
reduced, which leads to timely weaning; considering the nurse’s 
judgment as relevant when preparing for safe and effective 
weaning. In the Cochrane review [15], it was possible to reduce the 
duration of weaning by 70% thanks to the application of protocols, 
stating that they can also train the nurse to start the process early, 
identifying more quickly the patients who are ready to your start; 
similar data to those found in the review by Hirzallab et al. [8] 
where the time was reduced from 47 hours to 25 hours. The results 
obtained in the previous bibliography are in line with those found 
in our work, where the weaning time was significantly reduced 
in the case of the application of the protocol, reducing the times 
from 41 to 2 hours approximately. This difference is determined 
by the inclusion of the nurse in the process, where all the changes 
made at the ventilatory level take place step by step according to 
the indications without the need to wait for the assessment of the 
responsible physician; something that makes the disconnection 
much more agile and allows the patient not to stay connected to 
the ventilator longer than necessary. In the protocol group, there 
was no significant correlation between the time spent in weaning 
and the total duration of IMV, something that did not occur in the 
control group, probably because in the latter group the time spent 
in weaning is much longer, being a variable oof great importance 
and the most influential when measuring IMV times.

The total time that the patient spends connected to the IMV 
is lengthened in the case of the control group; something that 
has already been published in previous studies where, with the 
application of protocols, it was possible to reduce the ventilatory 
time by 26% [15] compared to the usual clinical practice. 
According to Ward et al. [28], ventilatory time can be reduced 
from 7 to 3 days with the application of disconnection protocols. 
Authors such as Hirzallab et al. [8] explain that the use of these 
tools can increase the autonomy of nurses and at the same time 
reduce mechanical ventilation times; similar statements were also 
made by other authors such as Atefeh et al. [31], who managed to 
reduce the time by approximately 13 hours with the use of nurse-
led protocols. In our case, we managed to reduce the total IMV time 
by more than 31 hours compared to the group without a protocol, 
times more than significant if we consider the high complications 
that the patient may suffer from lengthening ventilatory times. In 
addition, it must be considered that the shortening of the time did 
not have a negative impact on the need for reintubations, which 
are more numerous in the case of patients without protocol, 
difference that can be explained by the fact of following a very 
explicit a very explicit guideline in the extubation process without 
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skipping any step that could lead to a poor assessment of the 
preparation of the patient to be definitely weaned. According to 
previously published studies, the use of weaning protocols has 
been observed to be effective for rapid extubation [1,19], finding 
a significant relationship between the nurse’s influence and the 
success in the removal of the tube [30], achieving reductions in 
reintubations [29]. In the Cochrane review [15], reintubations 
were reduced from 10% to 8% with the use of protocols; in our 
case, the reduction ranged from 17% to 2% with the use of a 
nurse-directed protocol.

The main differences in the disconnection process between 
the two compared samples are determined by the application of 
the designed protocol. In the previous bibliography, it is indicated 
that the SIMV mode is not recommended for prolonged weaning 
since it can cause fatigue and muscle overload with the consequent 
increase in days of mechanical ventilation [1-4], which is why it 
was ruled out in our protocol, observing here differences in the 
control group, where the SIMV mode is used only in 4,9% of the 
patients who start mechanical ventilation but nevertheless, it is 
subsequently used in 43,9% of the patients once they are consider 
candidates for weaning. Training of the respiratory muscles can 
be achieved by gradually decreasing the support pressure on the 
respirator, usually up to 8 cm H2O [1], or by using a T-piece to 
supply oxygen to the patient. Authors such as Hernández-López et 
al. [21] indicate that there is a problem when it comes to knowing 
whether the spontaneous breathing test should be performed 
with a T-tube or with decreases support pressure, the first one 
having lower sensitivity and better specificity when identifying 
a possible reintubation. In any case, the weaning period should 
not exceed 120 minutes [17,21,22,26,34-38], something that 
was reflected in the protocol group, not happening in the control 
group, where the weaning time is much higher. In most patients in 
the control group, the support pressure with decreases according 
to medical criteria was used at the time of weaning. while in 
the group of cases both techniques were used to ensure correct 
extubation. According to the work carried out by Chittawatanarat 
et al. [22], where they compared the use of the T-piece and the 
decreases in support pressure in the spontaneous breathing test 
in patients underwent surgery, the use of support pressure led to 
a greater number of disconnection attempts, but once achieved, 
reintubation was greater in weaned group with T-piece.

Although the results obtained in our work follow the same 
line as the previously consulted bibliography, there are some 
differences that make it not similar in its entirety. In most of the 
works consulted, the importance of the application of a weaning 
protocol to achieve improvements in the patient connected to 
the IMV is mentioned, but in very few of them speak about the 
importance of the nurse within this context and the need to 
approach the process from a multidisciplinary point of view; 
something that is considered of maximum relevance in our work. 
This is perhaps the main difference with previous studies; but 

it is also important to note that our sample consists exclusively 
of surgical patients, something that does not happen in the rest 
of publications where mixed units are mentioned in which there 
are patients who have undergone surgery and others who, on 
the contrary, have not specified it. The fact of working with 
surgical patients implies having to adapt the protocols to certain 
conditions, such as the fact of needing an upcoming surgery. In 
addition, the role of the nurse and the doctor in initiating the 
disconnection process is not described in such detail in any of the 
papers consulted, describing in such detail the steps to be taken to 
avoid having to go back once the patient is considered a candidate.

However, in our case, the sample size can be indicated as a 
limitation, probably due to the limited size of the units studied and 
the type of patients that are received in them, which means that 
they do not meet the mechanical ventilation criterion greater than 
or equal to 24 hours to be included in the study.

Conclusion

With the implementation of a disconnection protocol carried 
out in a multidisciplinary way, the time spent in weaning, the time 
of invasive mechanical ventilation and the reintubation figures 
can be reduced without observing negative consequences on the 
patient’s health.

The inclusion of the advanced practice nurse in such complex 
procedures should be considered an important aspect to achieve 
comprehensive and quality care that is adapted to the needs of the 
patient.
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