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Abstract

Background: Endotracheal intubation (El) associated with mechanical ventilation (MV) is frequently performed in critically ill
patients admitted to intensive care unit (ICU) with sepsis.

Obijectives: This study aimed to assess the impact of important factors on the duration of tracheal intubation in patients with sepsis
at the ICU admission.

Methods: Adult patients admitted to the mixed medical-surgical ICUs with sepsis at the ICU admission who needs prolonged
mechanical ventilation (PMV) (= 21 days) were included in this retrospective secondary analysis study. The primary outcome was
ICU mortality. Baseline demographic and clinical characteristics of all patients were assessed as risk factors associated with the
duration of MV by univariate and multivariate Binary logistic regression.

Results: Eighty-five patients required more than 21 days of MV. Out of the 85 patients, 52 (61.2%) patients were intubated within
30 to 34.50 days and 33 (38.8%) patients had intubation within 34.51 to 65 days, and categorized as PMV and very prolonged
MV groups, respectively. Two parameters were significantly associated with very prolonged MV which are as follows: older age
1.229 (95% ClI: 1.002-1.507, P=0.048) and long hospital stay (LOS) 2.996 (95% Cl: 1.676-5.356, P<0.001). No significant survival
difference was observed between the two groups of study. (33.3% vs. 25%, P=0.406).

Conclusion: Our observations showed that the older age and LOS as pre-ICU stay in patients with positive sepsis at the ICU
admission can prolong the duration of intubation. In addition, no significant survival difference was observed between patients with
PMV and very prolonged MV.
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1. Background
Sepsis is a major cause of intensive care unit (ICU)

essential life-saving intervention; however, this procedure
and its duration are associated with several factors.

admission, which carries a higher mortality rate compared
to non-septic ICU patients."” The systemic and destructive
response of the host to the infection is defined as sepsis.
Delayed treatment can lead to severe sepsis and progress
to tissue hypoperfusion and hypotension can turn it into
septic shock.>* Endotracheal intubation (EI) is commonly
performed in the setting of respiratory failure and shock,
and is one of the most commonly performed procedures
in ICU patients.® In recent large-scale trials, 40% to 85%
of patients received this technique, suggesting that a
substantial number of patients remained free of E1.5® It is an

El and mechanical ventilation (MV) are undoubtedly
necessary in the event of profound hypoxia or loss of
consciousness but may rely on medical preference or habits
in other cases. EI and artificial ventilation, allowing deep
sedation, have been recommended by some researchers
in severe sepsis or septic shock patients to minimize
diaphragm oxygen intake.”'° In addition, these models
have shown that diaphragmatic dysfunction occurs
rapidly in shock, ultimately leading to respiratory failure
and death.'>> However, the side effects of ventilation and
sedation may outweigh the expected benefit for some
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patients.”” Among patients who are not initially intubated,
those who subsequently need EI may have this procedure
delayed. Finally, it is not clear how EI and its initiation
timing influence the outcome of patients with sepsis or
septic shock."

A prospective multicenter observational study by
Darreau et al"® reported that seven parameters were
significantly associated with early intubation in patients
with septic shock; including Glasgow Coma Scale (GCS),
center effect, use of accessory respiratory muscles, lactate
level, vasopressor dose, PH, and inability to clear tracheal
secretions. Although they concluded that neurological,
respiratory, and hemodynamic parameters affected tracheal
intubation in septic shock patients, a vast part of the
variability of intubation remained unexplained by patient
characteristics. On the other hand, patients with very
prolonged tracheal intubation had more complications,
such as airway injuries, ventilator-associated pneumonia,
muscle weakness, pressure ulcers, bacterial nosocomial
sepsis, pulmonary embolism, and hyperactive delirium,
than patients with low EI duration.'®

2. Objectives

Evidence suggests that the risk of ICU mortality was
significantly higher in patients who had prolonged
mechanical ventilator (PMV).1”"® Hence, the effect of
patients’ baseline characteristics on it, is still an open field
to be explored. Given that the sepsis is one of the factors
associated with PMV,"” to determine the characteristics
associated with prolonged and very prolonged duration
of EI in septic patients and the impact of this procedure
on mortality, we performed an observational retrospective
secondary analysis on the database of 4200 acute
respiratory distress syndrome (ARDS) patients from the
mixed medical-surgical ICUs of two academic medical
centers in Iran.

3. Methods

3.1. Study Design and Participants

This study was a retrospective secondary analysis of
the part of a much bigger project that was a prospective
longitudinal cohort study.? In brief, the original study was
a prospective longitudinal cohort study conducted on 4200
mixed medical-surgical ICUs patients on MV from two
academic teaching hospitals in Tehran, Iran between June
1, 2007, and October 31, 2015. From 4200 ARDS patients
in the original data base, we selected 85 patients with
sepsis at the admission on MV to investigate the outcomes
of patients requiring PMV and very prolonged MV, as
well as identifying risk factors associated with EI. Based
on the median duration of intubation (days), intubation
data were sorted into two categories; PMV (30-34.5 days)
and very prolonged MV (34.51-65 days). The inclusion
criteria were (a) age =18 years, (b)) MV duration > 21
days, and (c) full-code status patients. All study parts were
reviewed according to the “Strengthening the Reporting
of Observational Studies in Epidemiology for respondent-

driven sampling studies” (STROBE-RDS) statement.*!

3.2. Definition
Sepsis was defined based on clinical criteria adopted
in 2015 as “suspected or documented infection and an
acute increase of >2 Sequential (Sepsis-related) Organ
Failure Assessment (SOFA) points (a proxy for organ
dysfunction)”. It was updated in 2016 in sepsis-3 criteria®:
“Sepsis is a life-threatening organ dysfunction caused by
a dysregulated host response to the infection. For clinical
operationalization, organ dysfunction can be represented
by an increase in the SOFA score of two points or more,
which is associated with an in-hospital mortality greater
than 10%”.

PMYV was introduced based on the National Association
for Medical Direction of Respiratory Care (NAMDRC)
definition “the need for more than 21 consecutive days of

»23

MYV for more than 6 hours per day”.

3.3. Data Collection and Outcome

Demographic and clinical characteristics were recorded
for these 85 patients, including age, gender, comorbidities
based on Charlson Comorbidity Index,* baseline cognitive
impairment (CI) determined by the six-item cognitive
impairment test (6-CIT),” family engagement determined
according to family bedside presence >2 hours daily,? acute
nursing care determined by requiring >8 hours nursing
care in an eight- hour-shift, ICU length of stay (LOS),
hospital LOS, sedative dose determined in accordance
with published recommendations,” and baseline sleep
disturbance assessed with the Pittsburgh Sleep Quality
Index (PSQI).*® Additionally, illness severity was measured
by the Simplified Acute Physiology Score (SAPS) II on the
day of admission; on 14" and 28" day of ICU stay.” The
main outcome variable was ICU mortality, following ICU
admission.

3.4. Statistical Analysis

Data are presented as mean * standard deviation (SD) or
percentages. Categorical data were compared using the
X2 test (or Fisher exact test when appropriate); and the
continuous data, using the Student ¢ test. In addition, both
unadjusted and adjusted logistic regressions were used to
estimate the odds ratio (OR) to determine the association
of demographic and clinical characteristics with PMV
or very prolonged MV. All data were analyzed using the
Statistical Package for the Social Sciences (SPSS) 21.0
statistical package (Chicago, IL, USA) and GraphPad Prism
5° (GraphPad Software Inc., La Jolla, CA),* and two-side
P<0.05 indicated a statistically significant difference.

4. Results

From 4200 patients in the original data base, 85 patients
required more than 21 consecutive days of MV for more
than 6 hours per day. Among the 85 patients, 52 (61.2%)
patients were intubated within 30 to 34.50 days and 33
(38.8%) patients had intubation within 34.51 to 65 days,
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which were categorized as PMV and very prolonged
MV groups, respectively. The mean + SD age of total
participants was 65.07+5.04 years and more than half of
the patients (67.1%) were female. The mean + SD age of
patients with PMV was 64.30+4.24 years and more than
half of the patients 38 (73.1%) were female, which was not
significantly different from patients with very prolonged
MV. The SAPS II scores at the time of ICU admission were
33.25 £ 67.5. Further, 16 (18.83%) patients had at least one
comorbidity.

Demographic and clinical characteristics of the
participants (n=85) according to EI status are presented in
Table 1. A total of 24 patients died during this study, and the
ICU mortality rate was 28.2%. Non-significant increased
mortality was observed in patients with late intubation
(33.3% vs. 25%, P=0.406). Several differences were
observed between groups of patients; level of the nursing
score (P=0.049), SAPS II score at 28" day (P=0.019),
hospital LOS (P<0.001), and ICU LOS (P<0.001) were
significantly higher in patients with very prolonged MV
than those with PMV (Table 1).

In unadjusted logistic regression, age with OR 1.083
(95% CI: 0.989-1.185, P=0.085), hospital LOS 2.617
(95%CI: 1.628-4.205, P<0.001, SAPA II at the admission
day 1.053 (95% CI: 0.994-1.117, P=0.081), SAPS II at
14* day 1.056 (95% CI: 0.996-1.119, P=0.068), SAPS II
at 28" day 1.067 (95% CI: 1.008-1.129, P= 0.025), and
nursing care 0.337 (95% CI: 0.111-1.023, P=0.055) were
selected from all variables in the unadjusted model based
on P<0.1 (Figure 1A). According to the adjusted model,

two parameters were significantly associated with very
prolonged MV followed by older age 1.229 (95% CI:
1.002-1.507, P=0.048) and long hospital LOS 2.996 (95%
CIL: 1.676-5.356, P<0.001) (Figure 1B). The sensitivity
and specificity of the multivariate model were 93.9% and
96.2%. The area under the curve and standard error was
0.992 + 0.006 (0.981 - 1.000).

5. Discussion
Tracheal intubation of critically ill patients is a common
procedure and is frequently complicated by severe
adverse events and risk of mortality, with an incidence
ranging from 4.2 to 39%.%** In this study, we determined
the characteristics associated with prolonged and very
prolonged duration of EI in septic patients and the impact
of this procedure on mortality. Most patients (61.2%)
had prolonged and 38.8% of patients had very prolonged
duration of intubation. Our observations showed that the
older age and long hospital LOS as pre-ICU stay in patients
with positive sepsis at the ICU admission can prolong
the duration of intubation. In addition, no significant
survival difference was observed between patients with
prolonged and very prolonged intubation which was
consistent with the study conducted by Delbove et al’ A
causative relationship between delayed intubation and
increased mortality cannot be established for sure based
on an observational study, but our observation should raise
suspicion on this point.

Based on the evidence, 7.6% of patients admitted to an
ICU met these clinical conditions; PMV, tracheostomy,

Table 1. Demographic and Clinical Characteristics of the Participants According to El Status

Mechanical Ventilator

Total patients

Variables P Value
PMV (n=52) Very PMV (n=33) (n=85)
Age, mean = SD (y) 64.30+4.24 66.27+5.97 65.07+5.04 0.080
Gender, female, n (%) 38 (73.1) 19 (57.6) 57 (67.1) 0.138
Family engagement, high, n (%)a 15 (28.8) 12 (36.4) 27 (31.8) 0.468
Baseline cognitive impairment, yes, n (Yo)P 7 (13.5) 8 (24.2) 15(17.6) 0.204
Level of nursing care, high, n (%)° 5(15.2) 18 (34.6) 23 (27.1) 0.049*
Comorbidities, yes, n (%)? 10(19.2) 6(18.2) 16 (18.8) 0.904
Baseline sleep disturbance, yes, n (%)° 36 (69.2) 19 (57.6) 55 (64.7) 0.273
SAPS score, mean = SD (first day) 32.09+6.22 35.09+9.10 33.25+7.56 0.075
SAPS score, mean = SD (14" day) 42.59+6.58 45.78+8.99 43.83+7.71 0.063
SAPS score, mean + SD (28" day) 37.07+6.80 41.24+9.27 38.69+8.06 0.019*
Hospital LOS, mean + SD (day) 33.21+£2.53 49.88+18 39.68+13.93 <0.001*
ICU LOS, mean + SD (day) 71.62+1.71 87.94+18.44 77.95+13.97 <0.001*
Mortality, n (%) 13 (25) 11 (33.3) 24 (28.2) 0.406

Abbreviations: El, endotracheal intubation; ICU, intensive care unit; PMV, prolonged mechanical ventilation; SAPS, Simplified Acute Physiology

Score; MV, mechanical ventilator; LOS, length of stay.
* Statistically significant.
* As determined by having a family at the bedside for >2 hours daily.

" As determined by the six-item cognitive impairment test (6-CIT) and >8 score significant as cognitive impairment.

©As determined by requiring >8 hours nursing care in an 8-hour shift.

4As determined by the Charlson Comorbidity Index based on the International Classification of Diseases (ICD) that a score of zero indicates that

no comorbidities were found and the higher score shows comorbidity.

¢As determined by the Pittsburgh Sleep Quality Index (PSQI) and PSQI score > 5 indicate worse sleep quality.
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Figure 1. Univariate (A) and Multivariate (B) Binary Logistic Regression Analyses to Identify Predictive Factors for Very PMV.

stroke, traumatic, brain injury, sepsis or severe wounds,
and at least eight days of ICU LOS, with a 30.9% hospital
mortality.** Many survivors may suffer from persisting
physical disabilities, and reduced quality of life, even years
after discharging from ICU.*>*¢ Several issues can lead to
these limitations. Diaphragm weakness is highly prevalent
in critically ill patients. It may exist prior to ICU admission
and may induce the need for MV but it also frequently
develops during the ICU stay. Several risk factors for
diaphragm weakness have been reported, including sepsis
and duration of MV. Critical illness-associated diaphragm
weakness is consistently associated with poor outcomes,
including increased ICU mortality, difficult weaning, and
PMV.**% An LOS and lack of response or an insufficient
level of effective therapy can lead to muscle wasting and
weakness, deconditioning, recurrent symptoms, and
mood alterations.” Substantial abnormalities of the
hypothalamic-anterior pituitary-peripheral hormonal axes

are also present.”” Subjects under PMV may show a lower
hypercapnic ventilatory response compared to successfully
weaned subjects.”’ In addition, the emphasis must also
be on sleep disturbances in the ICU due to the possible
relation between sleep deprivation and development of
delirium, prolonged ICU LOS, and increased mortality.*
Sleep disturbance based on PSQI (28) was observed
in 55 (64.7%) patients in the current study. Of these, 36
(69.2%) and 19 (57.6%) patients were located in PMV and
very prolonged MV groups, respectively. However, this
difference between the two groups of the study was not
statistically significant (P=0.273).

Although we did not find any differences between PMV
and very prolonged MV patients in terms of hospital
mortality, evidence suggests that hospital mortality in PMV
patients is significantly higher than in non-PMV patients.
A population-based cohort study in an ICU in Canada,®
reported that 5% of patients underwent PMV, with 42%
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Research Highlights

What Is Already Known?

The number of patients who require PMV increased
during the last decade, which generated a large population
of critically ill patients who were admitted to ICU with
sepsis.

What Does This Study Add?

o The older age and long hospital LOS as pre-ICU stay
in patients with positive sepsis at the ICU admission
can prolong the duration of intubation.

e No significant survival difference was observed
between patients with PMV and very prolonged MV.

hospital mortality vs 28% of non-PMV patients. Among
hospital survivors, estimated 1-year and 5-year mortalities
for PMV patients were 17% and 42%, respectively. A
systematic analysis of the literature by Damuth et al.** on
long-term survival of PMV patients, reported a 59-62%
mortality at 1 year. Pooled mortality at hospital discharge
was 29%. However, only 19% were discharged home and
only 50% were successfully liberated from MV.**

The current study’s strengths include its multicenter
design and for the first time, very long-term MV factors
in ICU patients with sepsis at the time of ICU admission
were examined. However, our study has several limitations.
First, data were collected prospectively in the main study,?
but secondary data analysis was performed retrospectively.
Secondly, due to the nature of the study (retrospective
observational), we were not able to assess the long-term
mortality, quality of life, and cognitive impairment in these
patients. Thirdly, this study was retrospective, and it was
not possible to describe and compare the different MV
strategies, including a ventilator, mode and flow/pressure
adjustments. Nevertheless, our results provide insight
into the outcome and factors associated with prolonged
and very prolonged EI in very long ICU stay patients with
sepsis at the time of ICU admission.

6. Conclusion

Our observations showed that the older age and long
hospital LOS as pre-ICU stay in patients with positive
sepsis at the ICU admission can prolong the duration of
intubation. In addition, no significant survival difference
was observed between patients with PMV and very
prolonged MV.
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