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Abstract

Objectives: There are limited data regarding the effect of comorbidities in the intensive care unit (ICU) and 12-month
mortality rates of patients with acute respiratory failure (ARF) who are admitted to the ICU. The present investigation
was designed to determine the effect of comorbidities and identify long-term mortality predictors in this patient group.
Methods: A retrospective observational cohort study was performed in a 22-bed, tertiary ICU in a teaching and re-
search hospital. All patients who were admitted to the ICU during 2012 were included in the study. Demographics,
comorbidities, ICU data at the time of admission, and the last control were recorded. ICU mortality and 12-month mor-
tality after ICU discharge were analyzed by Cox regression and Kaplan-Meier survival analysis.

Results: During the study period, 1022 patients (362 females) were admitted to the ICU, and the ICU mortality was
20.8%. Older age, non-invasive mechanical ventilation failure, more invasive mechanical ventilation days, tachycardia,
Acute Physiological and Chronic Health Evaluation (APACHE I1) score at the time of admission, low albumin, and the
ratio of partial arterial oxygen pressure to inspired fractionated oxygen were associated with increased mortality. In-
terestingly, the presence of chronic obstructive pulmonary disease (COPD) was associated with decreased mortality.
The 12-month mortality rate of the 809 patients who were discharged from the ICU was 51.9% (n = 420). Half of these
patients died within the first 2 months after discharge. Cancer, low albumin, and higher APACHE Il score at the time of
discharge were identified as mortality risk factors.

Conclusion: Patients with ARF who are admitted to the ICU have a higher rate of mortality, and only half survive >1
year after discharge. COPD is a comorbid disease associated with an increased likelihood of long-term survival, whereas
malignancy is associated with poor prognosis after ICU discharge.
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cute respiratory failure (ARF) is a leading cause of in-

tensive care unit (ICU) admission and both short- and
long-term mortalities.! Despite significant advances in
treatment strategies for critically ill patients in the ICU, the
mortality rate of ARF remains high.? Specific diseases or
conditions affecting ICU outcomes are well studied, i.e.,
solid or hematological malignancies, neurological diseases,

obesity, septic shock, and renal failure,®>* and chronic ob-
structive pulmonary disease (COPD) is known to account
for the majority of ICU admissions and mortality due to
ARF. Cardiovascular diseases, hypertension, osteoporosis,
depression, diabetes mellitus (DM), and lung cancer are
reported as COPD-related comorbidities.™ A recent study
investigated COPD as a cause of ICU admission and a co-
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morbid condition and concluded that COPD is an indepen-
dent risk factor for increased morbidity and mortality.”!
Although the need for ICU admission due to ARF is increas-
ing, there are limited data regarding comorbidities and
their effects on long-term mortality after ICU discharge. In
the present study, we aimed to investigate the effect of co-
morbidities and identify long-term mortality predictors of
acute problems.

Methods

This retrospective, observational, cohort study was con-
ducted in a 22-bed, level lll ICU of a tertiary teaching hospi-
tal for chest diseases and thoracic surgery over a 12-month
period between January and December 2012, approved by
the local Ethics Committee of Istanbul Medeniyet Univer-
sity School of Medicine in Istanbul, Turkey. It was con-
ducted in accordance with the ethical principles stated in
the Declaration of Helsinki.® Informed consent could not
be obtained due to the retrospective design.

Patients

All patients who admitted to the respiratory ICU due to ARF
during the study period were included in the study. The pa-
tients were divided into two groups according to mortality
during and after their time in the ICU, and patients were
further subdivided into two groups based on 12-month
mortality. The data were compared as survivor and non-
survivor groups.

Data

Patient demographics; diseases underlying ARF; and co-
morbidities such as COPD, DM, hypertension, coronary
artery disease, malignancy, cerebrovascular event, and
renal failure were recorded from the patients’ ICU files. We
determined the patients’ pre-ICU condition and where
they were admitted from (home, emergency department,
or ward). The lengths of stay (LOS) in the hospital and ICU,
long-term oxygen therapy (LTOT), and long-term non-in-
vasive mechanical ventilation (NIMV) or invasive mechan-
ical ventilation (IMV) through tracheostomy at home were
recorded. The Acute Physiological and Chronic Health Eval-
uation (APACHE 1) score was calculated as an ICU severity
index.” Arterial blood gas (ABG) values, serum biochemical
values, complete blood counts, C-reactive protein (CRP)
level, and presence of infection as sepsis and septic shock
were noted. Mortality after ICU discharge was recorded
from the online deceased declaration system.

Definitions

ARF was classified as hypoxemic (ratio of partial arterial
oxygen pressure to inspired fractionated oxygen [PaO,/
FiO,] <300 and partial arterial carbon dioxide pressure

[PaCO,] <45 mmHg). Hypercapnic/hypoxemic ARF was de-
fined as PaCO, >45 mmHg and PaO_/FiO, <300, and hyper-
capnic ARF was PaCO, >45 mmHg and PaO_/FiO, >300.'>™

Sepsis was defined as the presence of infection together
with systemic inflammatory response syndrome, and septic
shock was diagnosed in patients who were unresponsive to
fluid resuscitation and required vasopressor agents.!'> 3!

COPD was defined as the presence of dyspnea, chronic
cough, sputum associated with exposure to organic or in-
organic dust, chemicals, or cigarette smoking, and airway
obstruction on spirometry (forced expiratory volume in 1
s [FEV1] <70%).1

Mechanical Ventilation

NIMV was initially applied to all patients with ARF if
there were no contraindications and they were hemo-
dynamically stable, cooperative, had no organ failure
other than respiratory failure; their ABG analysis revealed
pH=7.28-7.34, PaC0,=45-90 mmHg, and PaO,/FiO, >200,
and their Glasgow coma scale was >3 due to hypercapnic
confusion. NIMV was applied by a specialized ICU team in-
cluding nurse and seven pulmonologists. NIMV absolute
and relative contraindications were as follows: (1) Respira-
tory arrest and unable to fit mask and (2) Medically unsta-
ble (hypotensive shock, uncontrolled cardiac ischemia or
arrhythmia, and uncontrolled copious upper gastrointesti-
nal bleeding), agitation, uncooperativeness, inability to
protect airway, impaired swallowing, excessive secretions
not managed by secretion clearance techniques, multi-
ple (two or more) organ failure, or recent upper airway or
upper gastrointestinal surgery.l'® 4 NIMV was provided
in pressure assist-control mode with ICU mechanical ven-
tilators through a double-tube circuit with a full-face or
oronasal mask. Pressure support (PS) was initially set at
8-10 cm H,O and gradually increased to a maximum of
30 cm H20 until the exhaled tidal volume was 5-7 mL/
kg and guided by patient tolerance. Positive end-expi-
ratory pressure (PEEP) was set at 5 cm H,O and raised or
lowered gradually to treat hypoxemia or enhance patient
compliance. FiO, was adjusted to maintain oxygen satu-
ration (Sa0,) at 90%. NIMV was applied intermittently for
1-4 h, and initial ABG samples were obtained at the end of
the 15t h. The duration of each session was determined by
ABG value improvement, consciousness level, and patient
compliance. The definition of NIMV failure in hypercapnic
patients was no pH improvement, no change or a rise in
breathing frequency after 1-2 h, and lack of cooperation.
For hypoxic patients, failure was considered as no or a min-
imal rise in PaO,/FiO, after 1-2 h (<200).1"

IMV was applied in the presence of absolute or relative con-
traindications for NIMV, as mentioned above. IMV was ap-



plied by assist control ventilation in pressure control mode.
Inspiratory pressure was set for a target tidal volume of 5-7
mL/kg ideal body weight (airway plateau pressure <30 cm
H,0) under a sedation protocol. The Richmond Agitation-
Sedation Scale was used for infusion and assessment of the
daily need for sedation.>YWhen patients met the previously
described criteria for weaning, the PS ventilation mode was
used and gradually decreased (1-2 cm H,O every 1-2 h).l'¥
When the PS reached 8-10 cm H,0 and PEEP was 0 or <5
cm H,0, the patient progressed to spontaneous breathing
trials using a T-piece with oxygen support (trial duration of
30 min). NIMV was applied in cases of moderate respiratory
distress after extubation if there was no contraindication.

Glucose level was measured with an Accu-Chek device
(Roche/Hitachi, Basel, Switzerland). Hypoglycemia was de-
fined as glucose <70 mg/dL, hyperglycemia =100 mg/dL,
and normoglycemia 70-100 mg/dL. DM was defined as
fasting blood glucose =126 mg/dl. The glucose level in crit-
ically ill patients was targeted between 140 and 180 mg/dL.

Statistical Analysis

Descriptive analyses were performed to compare demo-
graphic and ICU data. Groups were compared with Mann-
Whitney U-tests for non-parametric continuous variables
and Student’s t-tests for parametric and continuous vari-
ables. Chi-square tests were employed for dichotomous
variables. The median with interquartile range or mean+s-
tandard deviation is reported for non-parametric continu-
ous or parametric continuous variables, respectively. Count
and percentage were used when applicable. Kaplan-Meier
survival analyses were carried out to predict long-term
mortality after ICU discharge. Cox regression analyses were
performed to predict long-term mortality risk factors. We
included variables that were statistically significant follow-
ing univariate analyses of survival and non-survival in pa-
tients following ICU discharge. P<0.05 was considered as
statistically significant. Data were analyzed using Statistical
Package for the Social Sciences software (SPSS version 20.0;
IBM, Armonk, NY, USA).

Results

Patients’ Characteristics and Comorbidities

A total of 1022 patients were admitted to the ICU with ARF
during the study period, and 809 patients (291 females) sur-
vived and were discharged (Fig. 1). The overall ICU mortality
rate was 20.8%, and the 12-month mortality rate was 51.9%.
COPD was the most frequent comorbidity in both the sur-
vivors and non-survivor groups (50.6% vs. 38.0%), but the
prevalence of COPD in the survivors group was 75% higher
than that in the non-survivors group (Table 1). Among pa-
tients who died in the ICU, malignancy was the second most
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common comorbidity after COPD. The frequency of malig-
nancy was nearly three-fold in the non-survivor group (28.2%
vs. 10.6%). The percentage of patients who were previously
using home devices (LTOT and NIMV) was significantly
higher in the survivor group (46.1% vs. 34.9%, p=0.004, and
23.8% vs. 12.0%, p<0.001 respectively) (Table 1).

There was no difference in sex ratio or mean body mass in-
dex between the two groups. Except COPD and malignancy,
there were similar ICU mortality rates with regard to comor-
bidities. Patients who had previously used home ventilation
devices (LTOT and NIMV) were predominantly in the sur-
vivor group (46.1% vs. 34.9%, p<0.01, and 23.8% vs. 12.0%,

n=1022 patients with ARF admitted to the ICU between January and
December 2012

‘ n=213 died in the ICU

n=809 discharged from the ICU ‘

‘ n=420 died over 12 months

n=389 survived more than 1 year ‘

Figure 1. Patient outcome flowchart.

Table 1. Comparison of patient characteristics and comorbidities
in groups stratified by ICU mortality

ICU
Survivors Nonsurvivors p
n=809 n=213

Female, % 35.9% 33.3% 0.47
Age 66.01+13.97 69.04+13.09 0.004
Body mass index, kg/m? 25+7.42 24.59+7.34  0.032
Comorbidities, n (%)

COPD 409 (50.6) 81 (38.0) 0.001

Hypertension 289 (35.7) 55(38.0) 0.007

DM 169 (20.9) 38(17.8) 0.32

Coronary artery disease 128 (15.8) 35(16.4) 0.83

Malignancy 86 (10.6) 60 (28.2) 0.001

Cerebrovascular event 47 (5.8) 10 (4.7) 0.52

Chronic renal failure 44 (5.4) 6 (2.8) 0.11
LTOT at home, n (%) 365 (46.1) 73 (34.9) 0.004
NIMV at home, n (%) 188 (23.8) 25 (12.0) 0.001
Hospitalization in 1.62+2.10 1.63+2.93 0.95

the previous year

COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus; ICU:
intensive care unit; LTOT: long-term oxygen therapy; NIMV: non-invasive
mechanical ventilation.
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p<0.001, respectively) (Table 1). Frequent ICU admissions in
the previous year were higher in the non-survivor group.

ICU Data

Non-survivors had significantly higher APACHE Il scores
and were more likely to be invasively ventilated than sur-
vivors (Table 2). Patients who survived were mostly treated
with NIMV (67.1%). LOS in the ICU was similar in the two
groups, and there were no differences in ABG values (Table
2). Among the hematological and biochemical parameters,
CRP, white blood cell, blood urine nitrogen, serum creati-
nine, aspartate transaminase, and alanine transaminase
were significantly higher in the non-survivor group, but al-
bumin was significantly lower (Table 2).

On ICU admission, the mean APACHE Il scores in the COPD
and non-COPD patients were 19+£7 and 1916, respectively.
Among patients who did not survive, the mean APACHE I
scores on ICU admission were 27+7 and 30+9 in the COPD
and non-COPD patients, respectively.

Long-term Mortality

Mortality was significantly higher among older patients
(p<0.001, Table 3). Among the comorbidities assessed,
malignancy was 3 times higher in the non-survivor group
(15.7% vs. 5.1%, p<0.001). Nearly half of the patients in
this group previously had a LTOT device at home (52.3%).
Patients more frequently admitted to ward and ICU had
worse outcome (Table 3). Patients in both the groups spent
the same mean number of days in the ICU. Except protein
and albumin levels, all serum biochemical and hematolog-
ical values were similar.

Kaplan—Meier curves were generated to assess 2-year sur-
vival after ICU discharge, and nearly half of the deaths oc-
curred within 5 months (Fig. 2). Patients with COPD had a
better prognosis (Fig. 3), whereas those with malignancy
lived significantly shorter after ICU discharge (Fig. 4).

The Cox regression analysis results of mortality after dis-
charge from ICU are shown in Table 4. Malignancy was

Table 2. ICU data of patients with acute respiratory failure grouped according to mortality in the ICU

Survivors Nonsurvivors P
n=809 n=213
APACHE Il score at the time of ICU admission 19.246.7 28.8+8.3 0.001
IMV, n (%) 256 (31.6) 146 (68.5) 0.001
IMV day 2(1-5) 3(1-8) 0.006
NIMV, n (%) 543 (67.1) 119 (55.9) 0.002
NIMV, day 4(2-7) 3(2-7) 0.11
Length of ICU stay, day 6 (3-8) 5(1-10) 0.038
ABG values at the time of ICU admission, mean+SD
pH 7.30+£0.46 7.08+1.21 0.009
PaCO,, mmHg 62.81+24.4 59.8+28.8 0.16
PaO,/FiO, 205113 165+103 0.001
HCO,, mmol 32.2+22.6 27.7£10.5 0.006
Hematologic and biochemical blood values at the time of admission
CRP, mg/dL, median (25%-75%) 43.3(14.9-110.0) 105.0 (38.8-158.0) 0.001
WBCx109/L, mean+SD 11.8+5.8 15.1£9.2 0.001
Hb, mean+SD 12.1+2.2 11.0+2.8 0.001
PLTx109/L, median (25%-75%) 238(181-311) 226 (149-337) 0.15
Glucose, mg/dL, median (25%-75%) 140 (110-184) 142 (109-198) 0.60
BUN, mg/dL, median (25%-75%) 23 (16-34) 35 (24-53) 0.001
Serum creatinine, mg/dL, median (25%-75%) 0.80 (0.66-1.19) 1.1 (30.74-1.60) 0.001
Protein, g/dL, mean=SD 6.5%1.1 6.1£2.0 0.024
Albumin, g/dL, mean+SD 3.0+0.07 2.5+0.7 0.001
AST, U/L, median (25%-75%) 22 (16-35) 31 (21-60) 0.001
ALT, U/L, median (25%-75%) 20 (13-34) 26 (15-61) 0.001
Sodium, mmol/L, mean+SD 13846 13948 0.07
Potassium, mmol/L, mean+SD 4.5+0.7 4.6+0.9 0.049

ABG: arterial blood gases; ALT: alanine transaminase; APACHE II: Acute Physiological and Chronic Health Evaluation; AST: aspartate transaminase; BUN: blood
urine nitrogen; CRP: C-reactive protein; Hb: hemoglobin; IMV: invasive mechanical ventilation; NIMV: noninvasive mechanical ventilation; PLT: platelet; WBC:

white blood cell.



Table 3. Mortality after discharge from the ICU

Long-term mortality

Survivors Nonsurvivors p
n=389 n=420
Female, % 40.1% 32.1% 0.018
Age, years 64+14 68+13 0.001
Comorbidities, n (%)
COPD 203 (52.2) 206 (49.0) 0.37
Hypertension 149 (38.3) 140 (33.3) 0.14
DM 92 (23.7) 77 (18.3) 0.06
Coronary artery disease 62 (15.9) 66 (15.7) 0.93
Malignancy 20 (5.1) 66 (15.7) 0.001
Cerebrovascular event 17 (4.4) 30(7.1) 0.92
Chronic renal failure 13 (3.3) 31(7.4) 0.011
LTOT at home, n (%) 150 (39.4) 215(52.3) 0.001
NIMV at home, n (%) 76 (20.0) 112 (27.3) 0.017
Hospitalization in the previous year, mean+SD 1.4+1.9 1.8+2.3 0.001
ICU admission in the previous year, mean+SD 0.4+0.7 0.6+1.0 0.001
ICU data
APACHE Il score at the time of discharge from the ICU 10.6£3.5 12.8+4.1 0.001
Length of stay in the ICU, days 6 (3-8) 6 (3-8) 0.95
IMV, n (%) 256 (31.6) 146 (68.5) 0.001
IMV day 2(1-5) 3(1-8) 0.006
NIMV, n (%) 543 (67.1) 119 (55.9) 0.002
NIMV, days 4 (2-7) 3(2-7) 0.11
Length of ICU stay, days 6 (3-8) 5(1-10) 0.038
ABG at the time of discharge
pH 7.46+0.07 7.46+0.07 0.38
PaCO,, mmHg 46.9+11.0 46.9+11.9 0.95
PaO,/FiO, 264+138 238+146 0.007
HCO,, mmol 34.9+21.3 32.7+8.6 0.052
Hematologic and biochemical blood values at the time of discharge
CRP, mg/dL, median (25%-75%) 24 (14-64) 36 (17-73) 0.018
WBCx109/L, mean=SD 8.5+4.0 9.2+5.1 0.032
Hb (mean+SD) 11.3£3.2 10.6+3.2 0.02
PLTX109/L, median (25%-75%) 249+107 249+109 0.99
Glucose, mg/dL, median (25%-75%) 108+39 104+37 0.12
BUN, mg/dL, median (25%-75%) 28+14 31+18 0.002
Serum creatinine, mg/dL, median (25%-75%) 0.72 (0.59-0.91) 0.71 (0.58-1.0) 0.48
Protein, g/dL, mean+SD 6.4+0.7 6.0+0.8 0.001
Albumin, g/dL mean+SD 2.6+0.6 2.4+0.6 0.001
AST, U/L, median (25%-75%) 22 (15-31) 20 (15-30) 0.37
ALT, U/L, median (25%-75%) 20 (13-33) 19 (12-34) 0.25
Sodium, mmol/L, mean+SD 138+4 138+5 0.11
Potassium, mmol/L, mean+SD 4.4+0.5 4.5+0.6 0.28

ABG: arterial blood gases; ALT: alanine transaminase; APACHE II: Acute Physiological and Chronic Health Evaluation; AST: aspartate
transaminase; BUN: Blood urine nitrogen; CRP: C-reactive protein; DM: diabetes mellitus; Hb: hemoglobin; ICU: intensive care unit; IMV:
invasive mechanical ventilation; NIMV: noninvasive mechanical ventilation; PLT: Platelet; WBC: white blood cell.
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Survival functions after ICU discharge
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Figure 2. Kaplan-Meier plot showing the survival of patients with
acute respiratory failure after intensive care unit discharge.
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Figure 4. Kaplan-Meier plot showing the survival of patients with
malignancy after intensive care unit discharge.

Table 4. Cox regression analysis of mortality risk factors after
discharge from ICU
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Figure 3. Kaplan-Meier plot showing the survival of patients with
chronic obstructive pulmonary disease after intensive care unit dis-
charge.

found to be a significant risk factor for long-term mortality.
Similar to malignancy, older age also found to be associ-
ated with worse outcome. COPD was a protective factor for
short-term mortality.

OR 95% CI P
Malignancy 1.81 1.36-2.41 0.001
COPD 0.70 0.57-0.87 0.001
Age 1.01 1.01-1.02 0.006
DM 0.95 0.72-1.24 0.69
Hypertension 0.89 0.72-1.11 0.32
Cerebrovascular disease 0.90 0.60-1.35 0.60
Chronic renal failure 1.03 0.68-1.56 0.89
Coronary artery disease 0.90 0.60-1.35 0.89
Use LTOT at home 1.05 0.82-1.35 0.69
Use NIMV at home 0.99 0.75-1.31 0.94

Cl: confidence interval; COPD: chronic obstructive pulmonary disease; DM:
diabetes mellitus; LTOT: long-term oxygen therapy; NIMV: non-invasive
mechanical ventilation; OR: odds ratio.

Discussion

The results of the present study demonstrate that nearly
half of patients with COPD survived >12 months after dis-
charge from the ICU. COPD was associated with better sur-
vival than other comorbidities. Half of all mortality occurred
in the first 5 months after discharge, and patients with ma-
lignancies had worse prognoses. DM, hypertension, coro-
nary artery disease, cerebrovascular event, and chronic re-
nal failure did not affect short- or long-term mortality.



Comorbidities

COPD Mortality in the ICU

Studies investigating hospital mortality of COPD patients
have reported a wide range of mortality rates from 11%
up to 48%."” '8 Williams et al. performed a prospective
cohort study of 19.921 patients who were followed for 15
years and demonstrated that age, comorbidity, and critical
iliness type all influenced long-term survival after ICU dis-
charge." Funk et al.” investigated the long-term mortality
(10 years) rate of patients with and without COPD after ICU
stays. They compared patients in whom COPD was either a
comorbid disease or the reason underlying ARF and deter-
mined that COPD was an independent risk factor for mor-
tality. In the 15t month after ICU admission, the probabili-
ties of mortality were 22%, 19%, and 12% in patients who
were admitted with ARF due to COPD, those with comorbid
COPD, and those without COPD, respectively.”? The present
study showed that patients who survived were more likely
to have COPD as a comorbid disease compared to non-sur-
vivors. Our results also demonstrated that survivors were
predominantly using home ventilation devices; therefore,
it is possible that the longer survival of COPD patients was
associated with NIMV and LTOT use at home. The overall
ICU mortality of COPD patients was 16.5%, which is consis-
tent with the lower end of results reported by other groups.
Alaithan et al.”% reported a low ICU mortality rate of 6%,
but their patient population had lower APACHE Il scores
(mean of 17). In the present study, the median APACHE II
scores in the survivor and non-survivor groups were 19 and
27, respectively. Still, our survival rates were higher than
those reported by Raurich et al. and Ai-Ping et al. (26% and
24%, respectively). IMV was the most used ventilation type
among non-surviving COPD patients in those studies.!” 2"
In our patient population, NIMV was predominantly imple-
mented for respiratory support management, and it is pos-
sible that this was associated with increased survival.

COPD short- and Long-term Mortality After ICU
Discharge

Previous studies have shown that NIMV increases short-
term survival in COPD patients with ARF.12223 Similarly, pre-
vious utilization of LTOT and NIMV was approximately 76%
and 52% higher, respectively, in ICU survivors in the short
term. Williams et al.'® assessed a large series of survivors
after ICU admission and found that the risk of death was
highest in the first 12 months, and it was greater than the
general population for 14 years (although it stabilized af-
ter the first 12 months). A Spanish population-based study
of 20.571 participants carried out by Garcia-Aymerich et
al.”? revealed that hospitalizations for COPD increased a
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subsequent mortality for the median 10-year follow-up pe-
riod, regardless of the level of lung function impairment.
A Danish study reported a 36% 12-month mortality, and
an American multicenter study described a 43% rate in the
same time period, with roughly half of the patients being
readmitted within 6 months.?> 2 |n the present study, the
12-month mortality rate was 51.9% and half of all deaths
occurred in the first 2 months following ICU discharge.

DM

Diabetic patients are more likely to develop complications
in the ICU, but their mortality risk is not increased.?”? De-
spite a variable range of blood glucose cutoff values in
different studies, the mortality rates of ICU patients with
DM were lower compared to non-diabetic patients in the
higher mean glucose range.”*3" Moreover, some authors
concluded that high glucose variability in non-diabetic ICU
patients is more harmful than diabetes itself.2 33 This could
be because high blood glucose levels for reasons other
than diabetes, for example, sepsis are associated with poor
ICU prognosis. According to the 2008 worldwide Surviving
Sepsis Campaign, sepsis management protocols achieved
tight blood glucose levels, and the normoglycemia in in-
tensive care evaluation-survival using glucose algorithm
regulation study showed that safe blood glucose levels
were <180 mg/dL.B*3 In a recent trial, Sechterberger et
al. retrospectively analyzed data from 10.320 patients
and found that DM affects the association between three
of four measures of glycemic control and ICU mortality.
They also identified associations between ICU mortality
and mean glucose and high glucose variability in the non-
DM cohort but not the DM cohort, whereas hypoglycemia
(2.2 mmol/L) was associated with ICU mortality in both.¢
In the present study, DM was not associated with a higher
long-term mortality rate.

Cardiovascular Diseases

There are limited data regarding the long-term mortality of
patients with ARF with comorbid cardiovascular conditions
including hypertension, coronary artery disease, or arrhyth-
mias. In the present study, neither hypertension nor coro-
nary artery disease was significantly associated with ICU or
long-term mortality. This is likely related to advances in the
treatment of cardiovascular diseases. However, patients
with chronic respiratory failure who use LTOT and NIMV
may have additional cardiovascular diseases. Arrhythmias
deteriorate with the presence of chronic hypoxemia, and
this can negatively affect long-term survival.

Malignancy
Previous studies reported a range of inhospital mortality
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rates between 22% and 85% in patients with lung cancer.
BB7-431 Nearly 1% of hospitalized patients with solid organ
tumors experience ARFM4 Roques et al.*? reported ICU,
hospital, and 6-month mortality rates of 43%, 54%, and
73%, respectively. The authors found that the presence of
respiratory failure and poor performance status increased
6-month mortality by nearly 3.5 fold, including the need for
mechanical ventilation. In the present study, patients with
malignancies had a higher mortality rate in the 12 months
after ICU discharge (77%), with nearly half dying within 2
months and 90% dying within 5 months.

In our study, patients using NIMV and LTOT were more
likely to survive than those who did not in short term. The
reasons for ICU admission among those patients were
underlying chronic respiratory diseases, and the mortal-
ity rates of these diseases are not high. However, patients
using NIMV and LTOT for long periods of time (12-month)
had significantly shorter survival times. This is expected be-
cause NIMV and LTOT are prescribed for end-stage chronic
respiratory failure diseases including bronchiectasis, re-
strictive lung diseases, COPD, and lung cancer on the pur-
pose of palliative care.

Limitations

There are several limitations of the present study. First, it
was a retrospective analysis conducted in a single center.
However, we included a large number of patients who were
followed 24 h a day by an ICU team that included seven pul-
monologists. Second, our findings cannot be generalized
to all other ICU patients since the study was carried outin a
respiratory-based medical ICU. Still, the results of this study
are useful for providing information about respiratory-o-
riginating ICU patients. Third, comorbidities were recorded
from patients’ files and during follow-up, so it is possible
that additional comorbidities were underdiagnosed.

The strength of this study is that the mortality rates were
determined using data from an electronically controlled sys-
tem. As such, there was no case loss in the follow-up period.

Conclusion

The most remarkable finding of this study was that half
of patients died within 12 months and half of the deaths
occurred in the first 5 months after discharge. This could
be valuable information for both physicians and patients’
family members. In this respect, respiratory ICU patients
should be followed up closely after discharge due to the
high risk of mortality. We found that the presence of ma-
lignancy was associated with worse long-term outcome
after ICU discharge. Interestingly, COPD predicted better
ICU survival than other comorbidities including DM, hy-

pertension, coronary artery disease, cerebrovascular event,
and chronic renal failure, which did not affect short- or
long-term survival. Although the present results cannot be
generalized to other types of ICU patients, future studies
should investigate long-term survival predictors in medi-
cal, surgical, and obstetrical ICU patients.
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