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Abstract

Background: Sepsis is a very common serious medical condition among patients admitted to the intensive care units (ICUs) that
increases with age and ICU length of stay (LOS).

Objectives: The primary goal of this study was to estimate the mortality rate due to sepsis among adult patients admitted to the
mixed medical-surgical ICUs for a long time. The secondary goal was to identify factors associated with predicting ICU mortality
in individuals with long-term ICU LOS.

Methods: Adult patients admitted to the medical ICU for a long time (=75 days) were included in this retrospective secondary
analysis study. Baseline demographic, clinical, and laboratory data were recorded upon inclusion in the study.

Results: ICU mortality occurred in 78 (43.1%) patients, out of 188 participants. A greater portion of patients with sepsis at admission
(62.7%) were observed in the death group (59.2% vs. 30.8%, P<0.001), than the survivor group. Additionally, survived patients
differed significantly in terms of age, family engagement, baseline cognitive impairment, activity, nurse anticipated turnover scale
(ATS), duration of a mechanical ventilator (MV), and ICU LOS. The results of multivariate binary logistic regression showed that the
older age and low family intervention can increase the risk of mortality in patients with sepsis at the time of admission, with a long
ICU LOS.

Conclusion: Our findings are crucially important to increase the awareness of the impact of sepsis, highlight the need for continued

research into potential preventive and therapeutic interventions, and help guide resource allocation.
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1. Background

The mortality rate of patients admitted to the intensive
care units (ICUs) varies and depends on several variables,
including the severity of the disease, the number, and
severity of organ failure, age, the health status of patients,
and the nature and source of infection.' Sepsis is one of
the major causes of morbidity and mortality in ICUs.>?
Sepsis develops when the host’s response to infection
becomes deregulated and leads to life-threatening organ
dysfunction.* Early recognition and management of sepsis
have challenged emergency care and critical care physicians
and nurses.>® According to previous studies, ICU mortality
rates in patients with sepsis were approximately 26% to 55%
and were twice as high as those in non-septic patients.””
A study by Brun-Buisson et al,’” showed that the ICU

mortality rate in 30 days was 35%, while for two months of
hospitalization it increased up to 41.9%. Therefore, sepsis
is a very common medical condition among critically ill
patients in the ICU, and the mortality rate due to sepsis
increases with the prolonged length of stay (LOS) in the
ICU.

Although sepsis is the leading cause of mortality in
ICUs, information regarding the effect of sepsis at the
ICU admission on mortality is limited. Recently a multi-
center, prospective, observational, post hoc analysis
study was conducted on very old intensive care patients
(=80 years) with short ICU LOS (<4 days), in which the
authors reported unadjusted 30-day survival that was not
significantly different between patients with and without
sepsis at the admission.!" Additionally, after adjustment
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for age, gender, frailty, and the Sequential Organ Failure
Assessment (SOFA) score, sepsis had no impact on 30-day
survival; moreover, a cox proportional hazard regression
model stratified on the matched pairs showed that 30-day
survival was similar in both groups. However, based on
evidence, sepsis survivors are more frequently discharged
from hospital and often experience long-term outcomes
such as late mortality, immune dysfunction, secondary
infections, impaired quality of life, and unplanned
readmissions.”” Although hospital readmissions after
sepsis are common, associated risk factors and how to
manage patients who survive an episode of sepsis still
need clarification.”*"* Therefore, sepsis-associated long-
term outcomes, including late mortality have attracted
increasing attention.

2. Objectives

To investigate the effect of sepsis at the admission on
mortality of ICU patients with long-term ICU LOS, we
conducted this retrospective secondary analysis study.
In addition, we identified the factors associated with
predicting ICU mortality in these patients.

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 which was
conducted over 4200 mixed medical-surgical ICUs
patients on MV from two academic teaching hospitals in
Tehran, Iran between June 1, 2007 and October 31, 2015.%
Herein is reported a retrospective secondary analysis of
181 patients from the mixed medical-surgical ICUs of two
academic medical centers to assess the impact of sepsis at
ICU admission and to identify predictive factors for ICU
mortality in very long ICU stay patients. The inclusion
criteria were (a) age > 18 years, (b) ICU LOS 275 days,
and (c) full-code status patients. The original study was
approved by the Investigative Review Board at Bagiyatallah
University of Medical Sciences, Tehran, Iran (IR.BMSU.
REC.1394.451), and Shariati Hospital of Tehran University
of Medical Sciences, Tehran, Iran. The patients, or their
relatives were informed about participation in the study
by the physician at the time of admission with consent in
all cases. 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

Patients were included in the sepsis category according to
clinical criteria. Clinical criteria adopted since 2015 are
“suspected or documented infection and an acute increase
of 22 Sequential (Sepsis-related) Organ Failure Assessment
(SOFA) points (a proxy for organ dysfunction)”. It was
updated in 2016 in sepsis-3 criteria (4): “Sepsis is a life-

threatening organ dysfunction caused by a dysregulated
host response to 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%”

The cut-off to find the patients with long term ICU LOS
was estimated using receiver operating characteristic (ROC)
Analysis. Consensus threshold values for what constitutes
very-long ICU LOS has not been described to date. In this
study, optimal thresholds were selected by ROC analysis
of a database of 4200 ICU patients. To achieve a sensitivity
of 95% and a specificity of 90%, a threshold of >75 ICU
days was observed to have the best ROC characteristics.
Threshold selection was discussed in a qualitative panel of
12 members, including one psychiatrist, one psychologist,
three intensivists, one neurologist, two internists, two
anesthesiologists, and two ICU nurses. It was consensually
agreed that based on the available data, an ICU stay 275
days constitutes a very-long ICU stay in this region of
Iran. Finally, based on inclusion criteria, we recognized
181 patients with long ICU LOS over 75 days from 4200
participants.

3.3. Data Collection and Outcome

Demographic and clinical characteristics were recorded
for these 118 patients, including age, gender, sepsis based
on sepsis-3 criteria (4), baseline cognitive impairment (CI)
determined by the six-item cognitive impairment test (6-
CIT),"” comorbidities based on Charlson Comorbidity
Index,”® activity and mobility measured with the
Perme ICU mobility score (IMS),"” family engagement
determined according to family bedside presence >2 hours
daily, staff burnout and anticipated turnover measured
with the anticipated turnover scale (ATS) questionnaire,”
acute nursing care determined by requiring >8 hours
nursing care in an 8 hour shift, ICU LOS, sedative dose
which was determined in accordance with published
recommendations,” physical restraint application, baseline
sleep disturbance assessed with the Pittsburgh Sleep
Quality Index (PSQI),” ambient noise level and use of an
alarm silence strategy were assessed using the TES 1352A
sound level meter (SLM) device (TES Electrical Electronic
Corp., Taiwan) with a range of 30-130 decibel (dB).*
Additionally, illness severity was measured by the Acute
Physiology and Chronic Health Evaluation (APACHE)
IV, SOFA, and Simplified Acute Physiology Score (SAPS)
at the day of admission, at 14th and 28th days.**** The
main outcome variable was ICU mortality, following ICU
admission.

3.4. Statistical Analysis

All analyses were performed using IBM® SPSS® 23.0 (IBM
Corp., Armonk, NY) and GraphPad Prism 5° (GraphPad
Software Inc., La Jolla, CA).”” Descriptive statistics were
calculated for all variables. Categorical variables were
expressed as counts (percentage) and continuous variables
as mean + standard deviation (SD). Patients were stratified
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one time as septic and non-septic groups and the second
time by the occurrence of mortality as survivor or non-
survivor during the ICU LOS, and demographic and
clinical characteristics were assessed using t test with
continuous variable and chi-square, or Fisher exact test
(as appropriate) with categorical variables. Furthermore,
univariate and multivariate binary logistic regression
models were used to assess the prediction of ICU mortality
in individuals with long term ICU LOS. All tests were two-
tailed, with a significance level of P<0.05.

4. Results

A total of 181 critically ill patients with a very long ICU
LOS (275 days) were included in the analysis. Of these, 61
were male (33.7%) and 120 (66.3%) were female. The mean
+ SD age of total participants was 64.92+5.18 years and
more than half of the patients were over 65 years (51.2%).

Of a total of one hundred and eighty patients, 85 (47%)
and 96 (53%) patients were recognized as septic and non-
septic groups, respectively. Demographic and clinical
characteristics of participants according to septic and non-
septic groups are presented in Table 1. The results showed
that there was no significant difference between the septic
and non-septic groups in terms of demographic and clinical
characteristics. However, in terms of outcome, the results
revealed that the mortality rate was significantly higher in
the septic patients compared to non-septic patients groups
(71.8% vs. 25.5%, P<0.001).

Demographic and clinical characteristics of participants
according to the outcome are presented in Table 2. ICU
mortality has occurred in 78 (43.1%) participants. Survived
patients differed significantly in terms of age, family
engagement, baseline cognitive impairment, activity, nurse
ATS, duration of a mechanical ventilator (MV), and ICU

Table 1. Demographic and Clinical Characteristics According to Septic and Non-septic Participants

Variables X Patients X Total patients (n=181) P Value
Septic (n=85) Non-septic (n=96)
Age, mean + SD (y) 65.07 +5.04 64.79+4.32 64.92+5.18 0.719
Gender, female, n (%) 57 (67.1) 63 (65.6) 120 (66.3) 0.839
Family engagement, high, n (%) 27 (31.8) 20 (20.8) 47 (26) 0.094
Baseline cognitive impairment, yes, n (%)° 15 (17.6) 12 (12.5) 27 (14.9) 0.332
Baseline sleep disturbance, yes, n (%)° 55 (64.7) 67 (69.8) 122 (67.4) 0.466
Comorbidities, yes, n (%)? 16 (18.8) 16 (16.7) 32(17.7) 0.704
Activity, high, n (%)° 38 (44.7) 34 (35.4) 72 (39.8) 0.203
Physician ATS, <35 (%)’ 55 (64.7) 59 (61.5) 114 (63.0) 0.652
Nurse ATS, <35 (%)’ 27 (31.8) 20 (20.8) 47 (26.0) 0.094
Noise of invasive procedures, >40 dB, n (%) 13 (15.3) 8(8.3) 21 (11.6) 0.114
Noise related to others?, >40 dB, n (%)8 29 (34.1) 40 (41.7) 69 (38.1) 0.297
Alarm silence strategy, <40 dB, n (%) 11(12.9) 6 (6.3) 17 (9.4) 0.124
Sedation, high dose, n (%) 19 (22.4) 20 (20.8) 39 (21.5) 0.804
Level of nursing care, high, n (%)" 23 (27.1) 26 (27.1) 49 (27.1) 0.997
Application of physical restraint, yes, n (%) 40 (47.1) 49 (51) 89 (49.2) 0.593
APACHE IV score, mean + SD (first day) 24.9+2.38 24.5+2.00 24.66+2.19 0.232
APACHE IV score, mean + SD (14" day) 35.3+4.67 35.2+4.13 35.25+4.38 0.962
APACHE IV score, mean + SD (28" day) 25.47 £4.56 24.71+£4.59 25.07 +4.62 0.276
SOFA score, mean = SD (first day) 15.03+£3.44 15.19+3.15 15.12+£3.28 0.741
SOFA score, mean = SD (14" day) 14.06+3.46 14.78+3.07 14.69+3.25 0.710
SOFA score, mean = SD (28" day) 14.85+3.53 15.01+3.36 14.93+3.43 0.768
SAPS score, mean = SD (first day) 33.25+7.56 32.14+6.66 32.66+7.10 0.294
SAPS score, mean = SD (14" day) 43.83+7.71 44.02+8.83 43.93+8.30 0.881
SAPS score, mean = SD (28" day) 38.69+8.06 39.05+6.68 38.35+7.35 0.559
Duration of MV, mean + SD (hours) 857.48+153.7 846.20+99.24 851.5+127.52 0.554
ICU LOS, mean = SD (day) 77.95+13.97 76.93+9.02 77.41+11.59 0.554
Mortality rate, n (%) 61 (71.8) 24 (25.5) 78 (43.1) <0.001*

Abbreviations: APACHE IV means Acute Physiology and Chronic Health Evaluation 1V; SOFA means Sequential Organ Failure Assessment; MV means mechanical

ventilator; LOS means length of stay; * noise related to the nursing stations, staff conversation in patients’ bedside and medical devices; * statistically significant.

As determined by having family at bedside for 22 hours daily; ® As determined by the six-item cognitive impairment test (6-CIT) and >8 score significant as cognitive
impairment; ©As determined by the Pittsburgh Sleep Quality Index (PSQI) and PSQI score > 5 indicate worse sleep quality ; ¢ As 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 the

score shows comorbidity; ©As determined by the ICU mobility score (IMS) is scored from 0 to 10, with a score of 0 to 4 meaning low mobility, 4 to 8 moderate

mobility and a score between 8 and 10 meaning high mobility; ' As determined by the anticipated turnover scale (ATS); ¢ Noise related to the nursing stations, staff

conversation in patients’ bedside and medical devices, " As determined by requiring >8 hours nursing care in an 8 hour shift.
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Table 2. Demographic and Clinical Characteristics of the Participants According to Outcomes

Variables Outcome Total patients P value
Death (n=78) Alive (n=103) (n=181)
Age, mean + SD (y) 65.91+5.42 63.61+4.56 64.92+5.18 0.003*
Gender, female, n (%) 49 (62.8) 71 (68.9) 120 (66.3) 0.398
Family engagement, high, n (%) 11 (14.1) 36 (35.0) 47 (26) 0.002*
Baseline cognitive impairment, yes, n (%)" 21(20.4) 6(7.7) 27 (14.9) 0.018*
Baseline sleep disturbance, yes, n (%)° 51 (65.4) 71 (68.9) 122 (67.4) 0.614
Comorbidities, yes, n (%)? 22 (21.4) 10 (12.8) 32(17.7) 0.136
Activity, high, n (%)° 24 (30.8) 48 (46.6) 72 (39.8) 0.031*
Sepsis at ICU admission, yes, n (%) 61 (59.2) 24 (30.8) 85 (47.0) <0.001*
Physician ATS, <35 (%)’ 49 (62.8) 65 (63.1) 114 (63.0) 0.968
Nurse ATS, <35 (%)’ 36 (35.0) 11 (14.1) 47 (26.0) 0.002*
Noise of invasive procedures, >40 dB, n (%) 5 (6.4) 16 (15.5) 21 (11.6) 0.058
Noise related to others?, >40 dB, n (%)8 26 (33.3) 43 (41.7) 69 (38.1) 0.248
Alarm silence strategy, <40 dB, n (%) 7 (9.0) 10 (9.7) 17 (9.4) 0.867
Sedation, high dose, n (%) 19 (24.4) 20 (19.4) 39 (21.5) 0.423
Level of nursing care, high, n (%)" 21 (26.9) 28 (27.2) 49 (27.1) 0.969
Application of physical restraint, yes, n (%) 55(53.4) 34 (43.6) 89 (49.2) 0.191
APACHE IV score, mean =+ SD (first day) 24.64+2.19 24.68+2.20 24.66+2.19 0.907
APACHE IV score, mean = SD (14" day) 34.83+4.5 35.57+4.28 35.25+4.38 0.262
APACHE IV score, mean + SD (28" day) 25.44+4.7 24.78+4.51 25.07 +4.62 0.341
SOFA score, mean =+ SD (first day) 14.78+3.39 15.37+£3.19 15.12+3.28 0.228
SOFA score, mean =+ SD (14" day) 14.35+3.34 14.95+3.17 14.69+3.25 0.226
SOFA score, mean + SD (28" day) 14.53+3.56 15.24+3.32 14.93+3.43 0.173
SAPS score, mean = SD (first day) 33.08+7.83 32.34+6.51 32.66+7.10 0.489
SAPS score, mean = SD (14" day) 43.44+9.09 44.30+7.68 43.93+8.30 0.496
SAPS score, mean + SD (28" day) 38.88+7.75 37.95+7.03 38.35+7.35 0.399
Duration of MV, mean + SD (hours) 868.36+157.87 829.23+64.17 851.5+127.52 0.041*
ICU LOS, mean + SD (day) 75.38+5.83 78.94+14.35 77.41+11.59 0.041*

Abbreviations: APACHE IV means Acute Physiology and Chronic Health Evaluation 1V; SOFA means Sequential Organ Failure Assessment; MV means mechanical
ventilator; LOS means length of stay; * noise related to the nursing stations, staff conversation in patients’ bedside and medical devices; * statistically significant. *

As determined by having family at 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 the Pittsburgh Sleep Quality Index (PSQI) and PSQI score > 5 indicate worse sleep quality ; ¢ As 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 the
score shows comorbidity; ©As determined by the ICU mobility score (IMS) is scored from 0 to 10, with a score of 0 to 4 meaning low mobility, 4 to 8 moderate

mobility and a score between 8 and 10 meaning high mobility; " As determined by the anticipated turnover scale (ATS); & Noise related to the nursing stations, staff

conversation in patients’ bedside and medical devices, " As determined by requiring >8 hours nursing care in an 8 hour shift.

LOS. Additionally, a greater portion of patients with sepsis
at admission (62.7%) were observed in the death group
(59.2% vs. 30.8%, P<0.001). Other characteristics did not
differ significantly between groups (P>0.05). The results
of the univariate and multivariate binary logistic regression
analyses to predict the risk factors for in-hospital mortality
are presented in Figure 1. On multivariate analysis, patients
were at increased risk of ICU mortality as follows: (1) had
sepsis at ICU admission (odds ratio [OR] 3.305, 95% CI:
1.694-6.448, P<0.001), (2) older age (OR 1.084, 95% CI:
1.010-1.163, P=0.025), and (3) lower family engagement
(OR 2.781, 95% CI: 1.234-6.266, P=0.014).

5. Discussion

This study was aimed at estimating the mortality rate
among adult patients admitted in the mixed medical-
surgical ICUs with or without sepsis at admission and also

identifying risk factors which are predictors of mortality in
patients with long term ICU LOS (275 days). The mortality
rate was found to be 43.1% in this study. The results
revealed that the mortality rate was significantly higher in
the septic patients compared to non-septic patients groups.
Furthermore, there was a significant difference in mean
age, family engagement, baseline cognitive impairment,
activity score, sepsis at ICU admission, nurse ATS, and
duration of MV among survivors and non-survivors.
On multivariate binary logistic regression analysis, older
age, having sepsis at ICU admission, baseline cognitive
impairment, and low family engagement were identified
to be independent predictor factors of ICU mortality. The
mortality rate was significantly higher in the age group over
65 years, approximately 60%. A total of 85 (47%) patients
had sepsis at ICU admission and a significantly higher
rate of mortality occurred in patients with sepsis. The

Hospital Practices and Research 2020;5(4):134-140 | 137



Rahimibashar et al

(A) Baseline cognitive impairment -
Family engagement
Sepsis at admission -

Comorbidities -

Alarm silence gy

Noise related to others - H——

Physical int

Nursing care -

Pittsburgh sleep quality index-|
Sedation

Medical turnover-

Gender -

Noise related to i ive p d 1

Human activity -
Nursing ATS Score-| H—i
APACHE Il at28th day-| L
APACHE Il at14th day+
APACHE Il atfirst day-| H
SOFA at28th day-|
SOFA at14th day-|
SOFA atFirst day-]
SAPS Il at28th day-| L
SAPS Il at 14th day-|
SAPS Il at first day L
Pa02/ FiO2 Ratio

2T 2T I W

Intubation (hour)

Total length of stay (day)+
Non ICU length-of-stay (day) 4
ICU length-of-stay (day)-
Age-| o

F1d11
|

Q N

(B)

-} ™ o © A £ o

Odds Ratio (95% Cl)

Baseline cognitive impairment -

Family engagement-]

Sepsis at admission-]

Age-| ol
ICU length-of-stay (day)- »
Q N

0Odds Ratio (95% Cl)

Figure 1. Univariate (A) and Multivariate (B) Binary Logistic Regression Analyses to Identify Predictive Factors for ICU Mortality.

death occurred in 21 (87.5%) of 24 patients with baseline
cognitive impairment. Moreover, patients with low family
engagement 22 hours daily had a higher risk of mortality.

Similar to our findings, a study by Colpan et al,®®
reported the most important risk factors of ICU mortality
as older age, mechanical ventilation, enteral nutrition,
tracheostomy, and sepsis. In a 6-month prospective
observational study by Chen et al,” in the medical and
surgical ICUs of a 1800-bed university hospital, multivariate
logistic regression analysis demonstrated that the presence
of systemic inflammatory response syndrome at the time
of ICU entry, APACHE II score on ICU Day 4, parenteral
nutrition and sepsis were independently associated with
ICU mortality. In addition, our findings were consistent
with previous studies that showed worsening outcome of
critically ill patients with sepsis.’

To our knowledge, this is the first study reporting the
mortality rates in critically ill patients with or without
sepsis at the ICU admission who have been hospitalized in
the ICU for a long time. Additionally, the other strengths of
our study included its multi-center design as well as having
anon-septic patients group. However, our study has several
limitations. Firstly, data were collected prospectively in the
main study," but data analysis on septic and non-septic
patients was performed retrospectively. Secondly, the focus
of infection was not registered and the occurrence of sepsis
after ICU admission was neither reported. Nevertheless,
our results provide insight into the outcome and factors
associated with ICU mortality in very long ICU stay
patients with sepsis at admission compared to patients
without sepsis at ICU admission.
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Research Highlights

What Is Already Known?

Sepsis is a very common serious medical condition among
patients admitted to the ICUs, and its mortality rate
increases with the prolonged LOS in the ICU. It develops
when the host’s response to infection becomes deregulated
and leads to life-threatening organ dysfunction.

What This Study Adds?

The older age and low family intervention can increase
the risk of mortality in patients with sepsis at the time
of admission, with a long ICU LOS. It was found that
there was no significant difference between the septic and
non-septic groups in terms of demographic and clinical
characteristics.

6. Conclusion

This multi-center retrospective observational second
analysis study revealed that the sepsis, age, and low family
engagement were the independent factors associated with
ICU mortality in very long ICU LOS patients. Our findings
are crucially important to increase awareness of the impact
of sepsis, highlight the need for continued research into
potential preventive and therapeutic interventions, and
help guide to resource allocation.
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