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Background/Aims: There are few studies describing contemporary status of mechanical ventilation in Korea. We investi-
gated changes in management and outcome of mechanical ventilation in Korea.

Methods: International, prospective observational cohort studies have been conducted every 6 years since 1998. Korean
intensive care units (ICUs) participated in 2010 and 2016 cohorts. We compared 2016 and 2010 Korean data.

Results: Two hundred and twenty-six patients from 18 ICUs and 275 patients from 12 ICUs enrolled in 2016 and 2010,
respectively. In 2016 compared to 2010, use of non-invasive ventilation outside ICU increased (10.2% vs. 2.5%, p = 0.001).
Pressure-control ventilation was the most common mode in both groups. Initial tidal volume (7.1 mL/kg vs. 7.4 mL/kg, p =
0.372) and positive end-expiratory pressure (6 cmH,O vs. 6 cmH,0, p = 0.141) were similar, but peak pressure (22 ¢cmH,0
vs. 24 cmH,0, p = 0.011) was lower in 2016. More patients received sedatives (70.7% vs. 57.0%, p = 0.002) and analgesics
(86.5% vs. 51.1%, p < 0.001) in 2016. The awakening (48.4% vs. 31.0%, p = 0.002) was more frequently attempted in 2016.
The accidental extubation rate decreased to one tenth of what it was in 2010 (1.1% vs. 10.2%, p < 0.001). The ICU mortality
did not change (31.4% vs. 35.6%, p = 0.343) but ICU length of stay showed a decreasing trend (9 days vs. 10 days, p = 0.054)
in 2016.

Conclusions: There were temporal changes in care of patients on mechanical ventilation including better control of pain

and agitation, and active attempt of awakening.

Keywords: Respiration, artificial; Pain; Agitation; Ventilator weaning

INTRODUCTION

Mechanical ventilation is one of the most important treat-
ment interventions provided in the intensive care unit (ICU)
with about one third of critically ill patients receiving me-
chanical ventilation for respiratory failure of various causes
[1]. Although mechanical ventilation is needed to help pa-
tients overcome the acute stages of critical illness, its ap-
plication is not without risk. There are guidelines based on
randomized clinical trials on how to provide mechanical ven-
tilation to patients safely minimizing complications and to
improve survival [2]. However, perhaps it is more important
to assess whether such strategies are implemented properly
in daily practice, thereby providing guidance on how to im-
prove management of these patients.

Esteban et al. [1,3,4] have conducted international cohort
studies every 6 years since 1998 to describe the general
characteristics, treatment-related variables, and clinical out-
comes of patients who have received mechanical ventilation
and to evaluate the evolution of management according to
newly published evidence. Twelve Korean ICUs participated
in the third international cohort for the first time in 2010
[5], and 18 Korean ICUs participated in the fourth cohort
in 2016. The aim of this study was to identify meaningful
changes in management and outcome of patients under-
going mechanical ventilation in Korea from two cohorts of
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2010 and 2016 studies.

METHODS

Design and population

Similar to previous studies [1,3,4], the fourth study was a
prospective, and multicenter, non-interventional single-co-
hort study that maintained similar methodologies (https://
clinicaltrials.gov/ct2/show/record/NCT02731898). Adult pa-
tients who were admitted to ICUs between July 1 and July
31, 2016, and required invasive mechanical ventilation lon-
ger than 12 hours or non-invasive ventilation (NIV) for more
than 1 hour were included. We extracted and analyzed the
data of patients from 18 participating Korean ICUs from the
fourth cohort (2016 cohort) and compared them with data
of Korean ICUs from the third international study (2010 co-
hort).

Data collection

Only the investigator and research coordinators at each site
were aware of the purpose and the timing of the study to
minimize any practice modifications in response to obser-
vation. Baseline demographics were recorded at the be-
ginning of mechanical ventilation. Ventilator and clinical
parameters, co-adjuvant therapies, and complications were
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recorded daily for the duration of mechanical ventilation, or
until the 28th day. Variables relevant to ventilator liberation
and mortality were also collected.

There were changes in the definitions and terminologies
of some complications. The American-European Consensus
Conference definition was used in the 2010 cohort to de-
fine acute respiratory distress syndrome (ARDS) [6], where-
as the Berlin definition was applied to the 2016 cohort [7].
However, only moderate to severe patients, based on the
newer definition, were considered to have ARDS in order
to maintain consistency. Ventilator-associated pneumonia
was investigated in the 2016 cohort instead of ICU-acquired
pneumonia, but they were conceptually identical and based
on the modified criteria of the Centers for Disease Control
and Prevention [8]. The terminology for neuromuscular
weakness was changed from critical illness polyneuropathy
and myopathy in the 2010 cohort to ICU-acquired weak-
ness (ICUAW) in the 2016 cohort [9]. As with the previous
study by Jeong et al. [5], organ failure was defined as having
a Sequential Organ Failure Assessment (SOFA) score of > 3
for each organ [10]. However, the definition of renal failure
was altered in our study. We used serum creatinine or daily
urine output corresponding to SOFA scores > 3 rather than
serum creatinine or the need for renal replacement thera-
py used in previous studies [5]. The definition of sepsis re-
mained unchanged [11].

In this study, 28-day mortality was calculated from the
first day of mechanical ventilation. Ventilator-free days
(VFDs) were defined as days alive without invasive mechan-
ical ventilation within the 28 days. The study protocol was
approved by the Institutional Review Board (IRB) of each hos-
pital (Samsung Medical Center, IRB No. 2016-04-142; Seoul
National University Hospital, IRB No. H-1605-109-763), and
the need for consent was waived due to the non-interven-
tional nature of the protocol.

Statistical analysis

Continuous variables were expressed as medians with in-
terquartile ranges, and the categorical variables were ex-
pressed as numbers and percentages. The Mann-Whitney U
test and Fisher's exact test were used to analyze continuous
and categorical variables, respectively. All tests were two
sided, and p value less than 0.05 was considered statistical-
ly significant. Data were analyzed using SPSS version 25.0
(IBM, Armonk, NY, USA).
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RESULTS

Baseline characteristics

A total of 226 patients from 18 Korean ICUs were enrolled
in the 2016 cohort, and their data was compared with that
of 275 patients from 12 ICUs from the 2010 cohort. Table
1 shows the baseline characteristics of patients in the two
cohorts. Age, body mass index, and Simplified Acute Physi-
ology Score Il (SAPS Il) score on admission were similar in the
two cohorts. More patients were male in the 2016 cohort
than in the 2010 cohort, but the difference was not signif-
icant (63.7% vs. 58.2%, p = 0.232). Pneumonia (25.1%)
and sepsis (14.7%) were the most common conditions lead-
ing to mechanical ventilation in both cohorts, and followed
by aspiration (11.0%) in the 2016 cohort (Table 1).

Management of mechanical ventilation

Table 2 shows variables related to the management of me-
chanically ventilated patients. The use of NIV before coming
to the ICU increased to 23 patients (10.2%) in the 2016
cohort from seven patients (2.5%) in the 2010 cohort (p <
0.001). But, only three patients (1.3%) were treated with
NIV as their initial ventilator strategy including one patient
who was started on NIV before coming to the ICU in the
2016 cohort while in the 2010 cohort, seven (2.5%) pa-
tients including two who started NIV outside the ICU re-
ceived NIV as their initial strategy (p = 0.523). Underlying
disease for the three patients in the 2016 cohort included
one congestive heart failure (CHF) and one chronic ob-
structive pulmonary disease (COPD) patients. In the 2010
cohort, two had COPD, two had chronic respiratory disease,
and two had either pneumonia or aspiration. In the 2016
cohort, NIV failure was not seen while in the 2010 cohort
four out of seven patients eventually needed intubation and
invasive mechanical ventilation. Prognosis for patients who
were initially treated with NIV was good with every patient
alive at ICU discharge except for one patient who needed
invasive mechanical ventilation in the 2010 cohort.

For both cohorts, pressure-control ventilation (PCV)
was the most frequently applied mode, followed by pres-
sure-support ventilation (PSV), and volume-cycled as-
sist-control ventilation (ACMV). The proportion of patients
with PCV was particularly high in the early period, and grad-
ual and reciprocal switch in the proportion of patients with
PCV and PSV was found (Fig. 1). Although ACMV remained
the third most common mode in the 2016 cohort, its use

https://doi.org/10.3904/kjim.2020.285


www.kjim.org

Sim JK, et al. Ventilator management in Korea

Table 1. Baseline characteristics

KJIM™

Characteristic 2016 (n = 226) 2010 (n = 275) p value
Age, yr 68.0 (58.0-77.0) 69.0 (54.0-75.0) 0.250
Male sex? 144/226 (63.7) 160/275 (58.2) 0.232
BMI, kg/m2 22.0(20.0-25.0) 22.0(19.0-24.0) 0.343
SAPS I 51.5 (40.0-62.0) 50.0 (38.0-64.0) 0.610
Previous tracheostomy? 8/226 (3.5) 6/275 (2.2) 0.420
NIV at home? 2/226 (0.9) 3/275 (1.1) 1.000
Reason for mechanical ventilation®
Acute on chronic respiratory failure
COPD 6/191 (3.1) 23/275 (8.4) 0.030
Asthma 3/191 (1.6) 3/275 (1.1) 0.693
Other chronic respiratory diseases 9/191 (4.7) 19/275 (6.9) 0.429
Acute respiratory failure
ARDS 16/191 (8.4) 27/275 (9.8) 0.629
Postoperative 1/191 (0.5) 12/275 (4.4) 0.018
Congestive heart failure 18/191 (9.4) 16/275 (5.8) 0.151
Aspiration 21/191 (11.0) 14/275 (5.1) 0.020
Pneumonia 48/191 (25.1) 63/275 (22.9) 0.582
Sepsis 28/191 (14.7) 28/275 (10.2) 0.150
Trauma 1/191 (0.5) 2/275(0.7) 1.000
Cardiac arrest 10/191 (5.2) 15/274 (5.5) 1.000
Others® 7/191 (3.7) 29/274(10.5) 0.007
Coma“ 20/191 (10.5) 22/275 (8.0) 0.412
Metabolic 10/20 (50.0) 8/22 (36.4)
Intoxication 4/20 (20.0) 3/22 (13.6)
Hemorrhagic stroke 2/20 (10.0) 6/22 (27.3)
Ischemic stroke 1/20 (5.0) 5/22 (22.7)
Brain trauma 2/20 (10.0) 0/22 (0)
Others 1/20 (5.0) 0/22 (0)
Neuromuscular disease 3/191 (1.6) 1/275 (0.4) 0.310

Values are presented as median (interquartile range) or number (%).
BMI, body mass index; SAPS I, Simplified Acute Physiology Score II; NIV, non-invasive ventilation; COPD, chronic obstructive pulmonary

disease; ARDS, acute respiratory distress syndrome.

®Because of missing data, available number of patients were presented as denominator or in bracket.
®Other causes of acute respiratory failure include pulmonary embolism, upper airway obstruction, gastrointestinal bleeding, pneumotho-
rax, hemoptysis and vasculitis, and pulmonary embolism, upper airway obstruction and gastrointestinal bleeding, pulmonary hemorrhage

and shock in 2016 and in 2010, respectively.

“The percentage of coma subtype was obtained based on the total number of coma.

had decreased significantly compared to 2010 cohort (Table
2) in contrast to the increased use of PCV and PSV which
occupied 84% of the total period of invasive mechanical
ventilation in 2016. Synchronized intermittent mandatory
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ventilation with pressure-support was seldom employed in
the 2016 cohort.

Median tidal volume per predicted body weight (TV/PBW)
on the first day of mechanical ventilation was 7.1 ml/kg for
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Table 2. Management and co-adjuvant therapy of mechanical ventilation

Variable 2016 (n = 226) 2010 (n = 275) p value
NIV as initial ventilator at ICU? 3/226 (1.3) 7/275 (2.5) 0.523
NIV success at ICU 3/3(100) 3/7 (42.9) 0.200
NIV before ICU? 23/226 (10.2) 7/275 (2.5) < 0.001
NIV as initial ventilator at ICU 1/23 (4.3) 2/7 (28.6) 0.128
Ventilator mode® (days of use per 1,000 days)
ACMV 86 205 < 0.001
PSV 300 215 <0.001
SIMV 19 12 0.058
SIMV + PS 2 143 < 0.001
PCV 540 376 < 0.001
APRV 22 4 < 0.001
PRVC 14 33 <0.001
High frequency 1 0 0.433
CPAP 15 0 < 0.001
ASV 1 9 <0.001
Others 0 1 0.263
Ventilator setting at the first day®®
TV/PBW, ml/kg 7.1 (6.3-8.5) [210] 7.4 (6.2-8.8) [259] 0.372
Peak pressure, cmH,0 22.0(17.8-26.0) [190] 24.0 (19.0-28.0) [249] 0.011
PEEP, cmH,0 6.0 (5.0-8.0) [214] 6.0 (5.0-8.0) [265] 0.141
Sedatives®® 157/222 (70.7) 155/272 (57.0) 0.002
Midazolam 62/222 (27.9) 129/272 (47.4) < 0.001
Lorazepam 20/222 (9.0) 31/272 (11.4) 0.458
Propofol 37/222 (16.7) 26/272 (9.6) 0.021
Dexmedetomidine 75/222 (33.8) 0/272 (0) < 0.001
Analgesicsa'b 192/222 (86.5) 139/272 (51.1) < 0.001
Morphine 21/222 (9.5) 53/272 (19.5) 0.002
Fentanyl 46/222 (20.7) 108/272 (39.7) <0.001
Remifentanil 157/222 (70.7) 30/272 (11.0) <0.001
Awakening trial® 76/157 (48.4) 48/155 (31.0) 0.002
Neuromuscular blocker®? 45/222 (20.3) 71/272 (26.1) 0.136
Prone position®? 5/222 (2.3) 4/272 (1.5) 0.738
Steroid®® 58/222 (26.1) 92/272 (33.8) 0.077
Intensive insulin therapya'b 35/222 (15.8) 77/272 (28.3) 0.001

Values are presented as number (%) or median (interquartile range).

NIV, non-invasive ventilation; ICU, intensive care unit; ACMV, volume-cycled assist-control ventilation; PSV, pressure-support ventilation;
SIMV, synchronized intermittent mandatory ventilation; PS, pressure-support; PCV, pressure-control ventilation; APRV, airway pressure re-
lease ventilation; PRVC, pressure regulated volume control; CPAP, continuous positive airway pressure; ASV, adaptive support ventilation;
TV, tidal volume; PBW, predicted body weight; PEEP, positive end-expiratory pressure.

?Because of missing data, available number of patients were presented as denominator or in bracket.

®Ventilator parameters and co-adjuvant therapies were investigated among patients supported by invasive mechanical ventilation. 223
and 272 patients were supported by invasive mechanical ventilation in 2016 and 2010, respectively.

The awakening trial was conducted among patients who received sedatives.
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Figure 1. Ventilator mode during the course of invasive mechanical ventilation. Bar graphs represent the daily number of patients who
were supported by invasive mechanical ventilation. Line graph represent the daily proportion of each mode of ventilation. Miscellaneous
mode includes airway pressure release ventilation, pressure regulated volume control, continuous positive airway pressure, adaptive sup-
port ventilation, and high frequency oscillatory ventilator mode. PCV, pressure-control ventilation; ACMYV, volume-cycled assist-control
ventilation; PSV, pressure-support ventilation; SIMV, synchronized intermittent mandatory ventilation.

the 2016 cohort which was slightly decreased from 7.4 ml/
kg for the 2010 cohort (p = 0.141). Peak pressure on the
first day was 22.0 cmH,0 for the 2016 cohort which was
significantly reduced from 24 ¢cmH,0 in the 2010 cohort
(p = 0.011). The median positive end-expiratory pressure
(PEEP) on the first day of mechanical ventilation was similar
(6.0 cmH,0 vs. 6.0 cmH, 0, p = 0.141) for both cohorts.

In the 2016 cohort, the proportion of patients who re-
ceived sedatives (70.7% vs. 57.0%, p = 0.002) and analge-
sics (86.5% vs. 51.1%, p < 0.001) was significantly higher
than in the 2010 cohort, and the use of dexmedetomidine
(33.8% vs. 0%, p < 0.001) and remifentanil (70.7% vs.
11.0%, p < 0.001) was markedly increased. They were the
most frequently prescribed sedative and analgesic, respec-
tively. The use of benzodiazepines, particularly midazolam,
was decreased to 27.9% in 2016 from 47.4% in 2010 (p
< 0.001). Although more patients were receiving sedatives,
awakening trials were conducted more often (48.4% vs.
31.0%, p =0.002) in the 2016 cohort. For the 2016 cohort,

https://doi.org/10.3904/kjim.2020.285

light sedation (Richmond Agitation-Sedation Scale [RASS]
-2 to 1) was maintained in more than 50% of patients
who were assessed except for the first 5 days, and agita-
tion (RASS 2 to 4) was present in less than 10% of patients
during the overall period of mechanical ventilation (Fig. 2).

Acute respiratory distress syndrome

Patients, whose main reason for mechanical ventilation was
ARDS, were compared separately between the two cohorts
in terms of ventilator strategy and co-adjuvant therapies
(Table 3). The number of patients who were ventilated in
PCV mode on the first day of mechanical ventilation was in-
creased significantly (93.3% vs. 55.6%, p = 0.015) with no
patient being ventilated in ACMV. There were no significant
differences in TV/PBW, peak pressure or PEEP in the two
cohorts (Table 3) The use of co-adjuvant therapies including
rescue therapies were also similar between 2010 and 2016
cohorts, except for the increased administration of analge-
sics (100% vs. 55.6%, p = 0.001) in the 2016 cohort.
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Figure 2. Level of sedation during the course of invasive mechanical ventilation. Bar graphs represent the daily number of patients who
were supported by invasive mechanical ventilation and were assessed for sedation and agitation using Richmond Agitation-Sedation Scale
(RASS). Deep sedation, light sedation, and agitation are defined by RASS -5 to -3, -2 to 1, and 2 to 4, respectively.

Liberation from mechanical ventilation

Table 4 shows several aspects of ventilator liberation. More
patients attempted weaning trials (71.4% vs. 61.4%, p =
0.029) and the use of gradual reduction of ventilatory sup-
port methods increased (68.9% vs. 10.8%, p < 0.001) in
the 2016 cohort. The success rate of planned extubation
among patients who attempted weaning was similar, but
the rate of accidental extubation decreased to almost one-
tenth of the 2010 rate (1.1% vs. 10.2%, p < 0.001) in the
2016 cohort. The most common reason for reintubation
was an increased work of breathing for both 2010 and
2016 cohorts. NIV was applied for prevention or treatment
of post-extubation respiratory failure in 7.5% of patients in
2016, which was similar to the 2010 cohort. High-flow na-
sal cannula (HFNC) was applied in 32.1% of patients in the
2016 cohort which was not available in 2010. Tracheosto-
my rates were similar, but the median time to tracheostomy

624  www.kjim.org

was reduced (7.0 days vs. 8.5 days, p = 0.014), and more
patents underwent percutaneous dilatational tracheostomy
(PDT) (48.1% vs. 11.9%, p = 0.002) in the 2016 cohort.

Clinical outcomes

Table 5 describes the clinical outcomes and complications
of mechanical ventilation in the two cohorts. The ICU mor-
tality rate was 31.4% for the 2016 cohort and 35.6% for
the 2010 cohort (p = 0.343). ICU mortality was also not
significantly different for different initial diagnostic groups
in the two cohorts. However, the ICU length of stay (LOS)
showed a decreasing trend from a median of 9 days in the
2016 cohort from 10 days in the 2010 cohort (p = 0.054).
VFD was median 18 days in the 2016 cohort compared to
14 days in the 2010 cohort, although this difference did
not reach statistical significance (p = 0.534). The rates of
patients who suffered complications of sepsis (21.9% vs.
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Variable

2016 (n = 16) 2010 (n = 27) p value
Ventilator mode at the first day®
ACMV 0/15 (0) 6/27 (22.2) 0.073
pPSV 1/15 (6.7) 2/27 (7.4) 1.000
SIMV + PS 0/15 (0) 2/27 (7.4) 0.530
PCV 14/15 (93.3) 15/27 (55.6) 0.015
PRVC 0/15 (0) 2/27 (7.4) 0.530
TV/PBW at the first day, mL/kg® 8(5.6-10.2) [13] .5(5.7-7.8) [26] 0.648
TV/PBW < 6 4/13 (30.8) 8/26 (30.8) 1.000
6 < TV/PBW < 8 5/13 (38.5) 12/26 (46.2) 0.740
8 < TV/PBW < 10 0/13 (0) 3/26 (11.5) 0.538
TV/PBW > 10 4/13 (30.8) 3/26 (11.5) 0.194
Peak pressure at the first day, cmH,0? 26.0(20.8-30.0) [14] 27.5(21.0-32.3) [26] 0.705
PEEP at the first day, cmH,0? .0(5.0-10.3) [14] 10.0 (6.0-12.0) 0.294
PEEP <5 2/14 (14.3) 2/27 (7.4) 0.596
5 <PEEP < 10 9/14 (64.3) 16/27 (59.3) 1.000
PEEP > 10 3/14 (21.4) 9/27 (33.3) 0.494
Sedatives 16/16 (100) 24/27 (88.9) 0.282
Analgesics 16/16 (100) 15/27 (55.6) 0.001
Neuromuscular blocker 8/16 (50) 11/27 (40.7) 0.752
Prone position 3/16 (18.8) 2/27 (7.4) 0.344
Inhaled NO 1/16 (6.25) No data
ECMO 0/16 (0) No data

Values are presented as median (interquartile range) or number (%).
ACMV, volume-cycled assist-control ventilation; PSV, pressure-support ventilation; SIMV, synchronized intermittent mandatory ventilation;
PS, pressure-support; PRVC, pressure regulated volume control; TV, tidal volume; PBW, predicted body weight; PEEP, positive end-expira-
tory pressure; NO, nitric oxide; ECMO, extracorporeal membrane oxygenation.

®Because of missing data, available number of patients were presented as denominator or in bracket.

50.6%, p < 0.001) was significantly lower in the 2016 co-
hort. Significantly higher proportion of patients was recog-
nized as having delirium (37.4% vs. 8.0%, p < 0.001) and
ICUAW (5.0% vs. 0.7%, p = 0.004) in the 2016 cohort.

DISCUSSION

In the current study, we describe the latest status of me-
chanical ventilation in Korea and observed temporal chang-
es in ventilator operations, the management of pain and
agitation, and liberation from ventilators between 2016
and 2010 cohorts participating in international multicenter
study.

https://doi.org/10.3904/kjim.2020.285

Similar to 2010, the use of NIV in ICU was still low in
2016. This finding is quite different from situations in other
countries where 37% of mechanically ventilated patients
used NIV as initial ventilator mode in France [12], and 20%
of patients started mechanical ventilation with NIV in the
United States [13]. It should be noted that NIV use outside
ICU has greatly increased in 2016 cohort compared to 2010
cohort. But surprisingly, only one patient who needed ven-
tilator support due to CHF, continued to receive NIV after
the patient was transferred to the ICU. Thus increased use
of NIV during pre-ICU period may reflect general shortage
of ICU resources rather than increased use of NIV for clini-
cally appropriate indications. This is reflected in the fact that
only three patients out of 22 patients who received pre-ICU
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Variable 2016 (n=223) 2010 (n = 272) p value
Weaning try? 135/189 (71.4) 167/272 (61.4) 0.029
Method at first attempt®
GRS 93/135 (68.9) 18/167 (10.8) < 0.001
SBT 42/135 (31.1) 149/167 (89.2) < 0.001
Planned extubation® 104/135 (77.0) 135/167 (80.8) 0.477
Accidental extubation®© 2/181 (1.1) 27/266 (10.2) < 0.001
Reintubationd 21/106 (19.8) 31/162 (19.1) 1.000
After planned extubation 21/104 (20.2) 24/135 (17.8) 0.739
After accidental extubation 0/2 (0) 7/27 (25.9) 1.000
Reintubation within 2 day 14/21 (66.7) 27/31 (87.1) 0.095
NIV after extubation® 8/106 (7.5) 16/162 (9.9) 0.663
HFNC after extubation® 34/106 (32.1) No data
Tracheostomy®* 27/181 (14.9) 42/266 (15.8) 0.894
Before extubation 18/27 (66.7) 31/42 (73.8) 0.592
After reintubation 9/27 (33.3) 11/42 (26.2) 0.592
Time to tracheostomy, day 0 (4.0-15.0) .5(13.0-18.0)¢ 0.014
PDT 13/27 (48.1) 5/42 (11.9) 0.002

Values are presented as median (interquartile range) or number (%). GRS method included pressure-support ventilation (PSV), synchro-
nized intermittent mandatory ventilation (SIMV) and SIMV with pressure-support. SBT method included T-piece, continuous positive

airway pressure, and PSV less than 7 cmH,0.

GRS, gradual reduction of ventilatory support; SBT, spontaneous breathing trial; NIV, non-invasive ventilation; HFNC, high-flow nasal

cannula; PDT, percutaneous dilatational tracheostomy.

®Because of missing data, available number of patients were presented as denominator or in bracket.

®Patients who attempted weaning trial were included for analysis.

“Patients who already had tracheostomy were excluded from the analysis. Six and eight patients already had tracheostomy in 2010 and in

2016, respectively.

dpatients who experienced either planned or accidental extubation were included for analysis.

One patient was excluded from analysis due to inappropriate data.

NIV but were started on invasive mechanical ventilation in
the ICU had conditions associated with high success rate of
NIV such as CHF and neuromuscular disease (data are not
shown).

Increased use of pressure modes have been reported pre-
viously [1]. However, the preference for pressure modes was
stronger in Korea [5], and became more pronounced in the
2016 cohort, especially in ARDS patients in whom pressure
modes were exclusively used. This is interesting because
there is still no evidence that pressure-targeted ventilation is
superior to volume-targeted ventilation [14,15].

One of the most remarkable findings in this study is the
temporal changes in the use of analgesics and sedatives.
Analgesics were administered in 27% of mechanically ven-
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tilated patients in Korea in an unrelated multicenter obser-
vational study in 2003 [16]. The prevalence of analgesic use
increased to 51.1% in the 2010 cohort [5] and to 86.5% in
the 2016 cohort. These changes may reflect that many ICUs
now follow the 2013 Pain, Agitation, and Delirium (PAD)
guideline, which stressed that appropriate pain control is
an important part of patient care [17]. The most frequent-
ly used analgesic has changed from morphine to fentanyl
[5,16,18] and remifentanil. Although the 2013 PAD guide-
line did not recommend a specific opioid, remifentanil is a
reasonable choice as an analgesics in patients on mechan-
ical ventilation because it is easily titratable, dose not accu-
mulate in organ failure, and has short-action time [19]. The
proportion of patients who receiving dexmedetomidine and
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Table 5. Clinical outcomes and complications of mechanical ventilation

Variable 2016 (n = 226) 2010 (n = 275) p value
ICU mortality 71/226 (31.4) 98/275 (35.6) 0.343
Pneumonia 20/48 (41.7) 20/63 (31.7) 0.322
Sepsis 14/28 (50.0) 12/28 (42.9) 0.789
Aspiration 2/21(9.5) 4/14 (28.6) 0.191
ARDS 8/16 (50.0) 17/27 (63.0) 0.526
28-Day mortality? 68/192 (35.4) 93/273 (34.1) 0.767
Hospital mortality?® 88/200 (44.0) 112/269 (41.6) 0.637
ICU LOS, day 0 (5.0-15.0) 10.0 (5.0-19.0) 0.054
Hospital LOS?, day 21.0 (11 0-42.0) [199] 23.0(12.0-41.0) [269] 0.528
Ventilator-free days 18.00 (0.0-23.0) 14.0 (0.0-23.0) 0.534
Complications®
Sepsis 48/219 (21.9) 132/261 (50.6) <0.001
RRT 57/219 (26.0) 62/261 (23.8) 0.596
ARDS 42/219 (19.2) 59/270 (21.9) 0.501
VAP 20/219 (9.1) 20/239 (8.4) 0.869
Barotrauma 5/219 (2.3) 11/261 (4.2) 0.311
Organ failure
Cardiovascular 140/219 (63.9) 172/261 (65.9) 0.701
Respiratory 175/214 (81.8) 216/268 (80.6) 0.815
Hematologic 73/209 (34.9) 89/248 (35.9) 0.845
Renal 78/216 (36.1) 85/251 (33.9) 0.627
Hepatic 36/209 (17.2) 27/245 (11.0) 0.076
ICU-acquired weakness 11/219 (5.0) 2/275(0.7) 0.004
Delirium 82/219 (37.4) 22/275 (8.0) < 0.001

Values are presented as median (interquartile range) or number (%).

ICU, intensive care unit; ARDS, acute respiratory distress syndrome; LOS, length of stay; RRT, renal replacement therapy; VAP, ventila-

tor-associated pneumonia.

®Because of missing data, available number of patients were presented as denominator or in bracket.

propofol increased while use of benzodiazepines decreased
also reflecting compliance with the 2013 PAD guideline.
Also, higher proportion of patients were undertaking awak-
ening trials in 2016 to decrease amount of sedatives.

In the 2016 cohort, proportion of patients using sponta-
neous breathing trial (SBT) as the method at first attempt
was only 31.1%. This was even decreased compared to
2010 cohort which was 89.2%. It is well known that daily
screening and SBT can improve outcome such as increasing
VFD [20]. In many ICUs around the world, weaning process
is protocolized and screening and SBT are carried out by
specialized team usually consisting of respiratory therapists.

https://doi.org/10.3904/kjim.2020.285

Since in Korea, there are no respiratory therapists or spe-
cialized teams to carry out this task, in many ICUs weaning
process is not standardized and thus high percentage of pa-
tients weaned through decreased support level as seen with
this cohort. This is an area that critical care community as a
whole need to improve on.

Since its introduction between 2010 and 2016, HFNC has
become widely used in Korean ICU due to several studies
favoring its use in acute respiratory failures and post-extuba-
tion conditions [21-23]. Until 2010, PDT was not widely ad-
opted in Korea in contrast to international cohorts in whom
more than 50% of patients underwent PDTs in 2004 [4]. In

www.Kjim.org 627


www.kjim.org

KJIM™

2016, half of all tracheostomies were performed using the
percutaneous method.

The changes seen in practice of care in ventilated patients
in this study might reflect efforts of the critical society in
Korea to bring about change in governmental policy and
to educate and cultivate critical care specialist. After years
of effort, subspecialty board in critical care was established
in 2009 [24]. The government insurance agency, Health In-
surance Review and Assessment Service, does periodic as-
sessment of quality of care in critical care which is bound to
reimbursement. Also for the first time, hospitals much have
full-time intensivists to apply for tertiary-referral center sta-
tus. Through these efforts, the proportion of ICUs with ded-
icated intensivists increased from 17.3% in 2009 to 51.1%
in 2014 [25].

Despite meaningful changes in the practice of mechan-
ical ventilation, major clinical outcomes such as mortality,
LOS, and VFD were not significantly improved. This may
be because other confounding factors such as comorbidity
or frailty might have influenced outcome. For example, a
recent study demonstrated that the Charlson Comorbidity
Index has increased over time in Korean ICU patients [26].
Also, the most prominent change between 2010 and 2016
cohorts was widespread implementation of the 2013 PAD
guideline. However, the guideline and supporting evidences
are not primarily intended to improve survival in ICU but
more related to quality of life in the post-ICU period which
was not measured. In 2013, the beneficial effects of a prone
position were demonstrated in selected ARDS patients [27],
and indeed the proportion of ARDS patients who under-
went prone position increased in 2016. However, the num-
ber of prone positioned patients was too small to affect
mortality of the whole study population. In a similar way,
management improvement in certain diseases, if any, would
not change outcomes of this heterogeneous population.
Moreover, TV/PBW, the oldest and strongest determinant
of outcome of mechanical ventilation, has been maintained
in acceptable range without significant change. It is worth
noting the decreasing trend of ICU LOS. This change may
result from the improvement of pain and agitation control,
and the increase in awakening and weaning trials.

More patients were reported to have ICUAW and delirium
in 2016. For the ICUAW, direct comparisons were limited
due to varying definitions in 2010 and 2016. The incidence
reported in 2016 (5.0%) was much lower than what has
been presented in other studies [28], in spite of its rapid rise.
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It appears that ICUAWSs had been underestimated and the
awareness has increased rather than the occurrence. This
explanation also fits the increased incidence of delirium.
Similar findings were observed in the United States/Canada
regions in the fourth international cohort [29].

There are several limitations in the present study. First,
we compared the mortality of the overall study population
without considering site effects. However, comparing only
identical ICUs would lower the statistical power because
of the reduced number of patients. All participating insti-
tutions were academic teaching hospitals in one country,
so site effects may not be large. Second, while the num-
ber of participating ICUs in 2016 was larger, the number
of enrolled patients was smaller. In addition, missing data
were more common with possible concerns regarding the
risk of data distortion. However, our result was concordant
with the international data [29]. Thirdly, while we evaluated
whether a patient received medication, we did not investi-
gate dose or treatment duration.

In conclusion, the current study shows the evolution of
management of mechanically ventilated patients in Korea
over 6 years. Better control of pain and agitation, and ac-
tive attempt of awakening was noted but steps to improve
weaning process is needed. In addition, the recognition of
delirium and ICUAW has improved.

KEY MESSAGE

1. More patients received sedatives and analgesics.
The use of dexmedetomidine and remifentanil
increased. Conversely, the use of midazolam de-
creased.

2. More patients attempted to awakening and wean-
ing trials.

3. The recognition of delirium and intensive care unit
(ICU)-acquired weakness has improved.

4. The ICU mortality did not change but the ICU
length of stay showed a tendency to decrease.
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