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a b s t r a c t 

Background: Many mechanically ventilated patients in Japan are treated in high-dependency care units 

(HDUs) rather than intensive care units (ICUs). HDUs can provide intermediate-level care with reduced 

costs; however, there is limited evidence on whether mechanically ventilated patients should be treated 

in the ICU or HDU. 

Methods: This was a comparative effectiveness study using a nationwide administrative database in Japan. 

We identified mechanically ventilated patients with pneumonia in ICU or HDU on the day of admission 

in the Japanese Diagnosis Procedure Combination inpatient database from April 2014 to March 2019. The 

primary outcome was 30-day in-hospital mortality. Propensity score matching analysis was performed to 

compare this outcome between patients treated in the ICU and HDU. The robustness of the analyses was 

evaluated with multivariable regression, overlap weighting, and instrumental variable analyses. 

Findings: Of 14,859 mechanically ventilated patients with pneumonia, 7,528 (51%) were treated in the 

ICU and 7,331 (49%) were treated in the HDU. After propensity score matching, patients treated in the 

ICU had significantly lower 30-day in-hospital mortality than did those treated in the HDU (24.0% vs. 

31.2%; difference, −7.2%; 95% confidence interval, −10.0% to −4.4%). The multivariable regression, overlap 

weighting, and instrumental variable analyses showed a similar direction and magnitude of association. 

Interpretation: Critical care for mechanically ventilated patients with pneumonia in the ICU was associ- 

ated with a 7.2% decrease in 30-day in-hospital mortality vs. care in the HDU. Residual confounding may 

still play a role in the effect estimates. 

Funding: This study received funding from Ministry of Health, Labour and Welfare, Japan, and Ministry 

of Education, Culture, Sports, Science and Technology, Japan. 

© 2021 The Author(s). Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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Research in context 

Evidence before this study 
Before conducting the present study, we hypothesized 

that critical care for mechanically ventilated patients with 
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pneumonia in the HDU may be associated with increased 

mortality than care in the ICU. As such, our initial search was 
aimed at identifying comparative effectiveness studies that 
compared the level of critical care among mechanically ven- 
tilated patients with pneumonia. We searched Medline via 
PubMed with the terms (“High Dependency Care Unit” or 
“Intermediate Care Unit” or “Step Down Unit”) and (“Inten- 
sive Care Unit”) and (“Pneumonia”) and (“Mechanical Ven- 
tilation”) between 1 January 1990 and 31 December 2020, 
without any language restriction. Of the 117 search results, no 
under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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study had compared the mortality between patients treated 

in the ICU and HDU. Thus, whether patients with mechanical 
ventilation should be treated in the ICU or the HDU remains 
unclear. 

Added value of this study 
The current study is, to the best of our knowledge, the 

first real-world clinical study that has compared mortality 
between mechanically ventilated patients with pneumonia 
treated in the ICU and HDU. As our study is not a random- 
ized controlled trial, several potential biases exist. However, 
we find that critical care for mechanically ventilated patients 
with pneumonia in ICU was associated with a 7.2% decrease 
in 30-day in-hospital mortality compared with care in HDU. 

Implications of all the available evidence 
This study provided evidence that mechanically ventilated 

patients be treated in the ICU rather than in the HDU or 
general ward. Establishing regulations for HDUs to be in the 
same hospitals as ICUs may increase opportunities for me- 
chanically ventilated patients to be treated in the ICU and fa- 
cilitate the appropriate allocation of critical care resources. 

ntroduction 

Intensive care units (ICUs) are a limited and expensive re- 

ource. Appropriate utilization of ICU beds is essential but complex 

nd difficult to achieve. 1 High-dependency care units (HDUs), also 

alled “intermediate care units” or “step-down units,” are areas 

here patient care levels and costs are between the levels found 

n the ICU and in the general ward. 1 , 2 , 3 HDUs may be used in dif-

erent ways in the continuum of inpatient critical care, and, world- 

ide, HDUs are increasing widely to optimize critical care resource 

llocation. 2 , 3 , 4 , 5 , 6 

In general, patients requiring mechanical ventilation or life- 

ustaining interventions are treated in the ICU rather than the 

DU. 1 However, a recent study in Japan showed that a consider- 

ble number of mechanically ventilated patients were treated in 

he HDU under normal conditions. 7 In Japan, the number of ICU 

eds per capita is the lowest among developed countries (about 

ve beds per 10 0,0 0 0 population), whereas the total number of 

ospital beds is the highest, and the number of the HDU beds is 

bout eight beds per 10 0,0 0 0 population. 8 , 9 The low prevalence 

f ICU services and the relatively high prevalence of HDU services 

n Japan may stem from historical tradition, insufficient public and 

ocial awareness, scarce government funding, and an underdevel- 

ped educational system. 10 In addition to Japan, some other loca- 

ions, such as Hong Kong and Israel, also treat many patients with 

echanical ventilation outside the ICU. 11 , 12 , 13 , 14 Mechanically 

entilated patients treated outside the ICU have a poor prognosis. 7 , 

1 , 12 , 13 , 14 

In addition to the situation under normal conditions, mechan- 

cal ventilation in the HDU is a possible alternative to mechanical 

entilation in the ICU in response to surges in demand for care for 

ritically ill patients during a disaster or pandemic. 15 , 16 During the 

assive coronavirus disease 2019 (COVID-19) pandemic, the num- 

er of critically ill patients with COVID-19 exceeded pre-pandemic 

CU bed capacity in several areas, such as New York in the United 

tates and Lombardy in Italy. 17 , 18 Although the healthcare systems 

n these areas increased ICU capacity for critical care utilization, in- 

luding by providing critical care outside the ICU, the mortality of 

ritically ill patients with COVID-19 was high. 17 , 18 Therefore, it is 

linically relevant to verify whether patients with mechanical ven- 

ilation can be treated in the HDU rather than the ICU. 

However, evidence to answer this clinical question is scarce. Re- 

ent ICU admission guidelines suggest that patients with invasive 

echanical ventilation be treated in the ICU, although this recom- 
2 
endation is weak because of a low certainty of evidence. 1 Pre- 

ious epidemiological studies have shown that mechanically venti- 

ated patients treated in the HDU or general ward had increased 

ortality compared with those treated in the ICU. 7 , 11 , 12 , 13 , 

4 However, these studies were not comparative effectiveness stud- 

es and had considerable limitations in terms of comparing the 

utcomes between the two groups, mainly because of residual con- 

ounding. Further studies are thus warranted to examine whether 

atients with mechanical ventilation should be treated in the ICU 

r the HDU. 

Therefore, to assess the outcomes of mechanically ventilated 

atients with pneumonia treated in the HDU vs. those treated in 

he ICU, we conducted a comparative effectiveness study using rec- 

mmended methods to account for confounding by indication us- 

ng a nationwide inpatient database. 

ethods 

ata source 

This comparative effectiveness study was conducted using a na- 

ionwide administrative database in Japan. The Institutional Review 

oard of The University of Tokyo approved this study (approval 

umber, 3501-3; December 25, 2017). The procedures used in this 

tudy adhere to the tenets of the Declaration of Helsinki. 

We used the Japanese Diagnosis Procedure Combination inpa- 

ient database, which contains discharge abstracts and adminis- 

rative claims data from more than 1,200 acute-care hospitals in 

apan that voluntarily contribute to the database. 19 This database 

ncludes the following patient-level data for all hospitalizations: 

ge; sex; diagnoses recoded with International Classification of 

iseases, Tenth Revision (ICD-10) codes; daily procedures recorded 

sing Japanese medical procedure codes; daily drug administra- 

ions; and admission and discharge status. A previous validation 

tudy for this database showed high specificity and moderate sen- 

itivity for diagnoses and high specificity and sensitivity for proce- 

ures. 20 

We also used facility information and statistics data from the 

urvey of Medical Institutions 2017. 21 We combined this informa- 

ion with the Japanese Diagnosis Procedure Combination inpatient 

atabase data using a specific hospital identifier. The Survey of 

edical Institutions included the hospital ZIP code, type of ward 

e.g., general, ICU, or HDU), number of hospital beds in each ward, 

nd hospital type (i.e., teaching hospital, tertiary emergency hospi- 

al, or academic hospital). 

tudy population 

Using the Japanese Diagnosis Procedure Combination inpatient 

atabase from April 2014 to March 2019, we identified patients 

ospitalized for pneumonia who were admitted to the ICU or HDU 

n the day of hospital admission and who received invasive me- 

hanical ventilation on the day of admission. We defined patients 

ospitalized for pneumonia as those with a diagnosis of pneumo- 

ia (ICD-10 codes: A48.1, B01.2, B05.2, B37.1, B59, J10.0, J11.0, or 

12–J18) as the admission-precipitating diagnosis listed in the dis- 

harge abstract. We limited the study population to patients with 

neumonia because a previous study found that the main popu- 

ation of mechanically ventilated patients in the HDU were those 

ith pneumonia. 7 The definition of an ICU in this study was a sep- 

rate unit providing critical care services with at least one physi- 

ian on site 24 hours per day, at least two intensivists working full- 

ime, around-the-clock nursing, the equipment necessary to care 

or critically ill patients, and a nurse-to-patient ratio of 1 to 2. The 

efinition of an HDU in this study was almost same as an ICU, ex- 

ept HDUs were not required to employ intensivists and the re- 
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uirement for the nurse-to-patient ratio was reduced to 1 to 4 or 1 

o 5. We present the Japanese procedure codes used to define ICUs 

nd HDUs in Supplemental Table 1. We excluded patients aged < 

5 years, those in hospitals for which Survey of Medical Institu- 

ions 2017 data could not be combined, and patients with miss- 

ng data on the severity of pneumonia, which attending physicians 

ere required to enter for all patients admitted for pneumonia. 

Patients who were admitted to the ICU on the day of hospital 

dmission were defined as the ICU group. Patients who were ad- 

itted to the HDU on the day of hospital admission were defined 

s the HDU group. 

utcomes and covariates 

The primary outcome was 30-day in-hospital mortality. The 

econdary outcomes were ICU/HDU mortality, length of hospital 

tay, length of ICU/HDU stay, ICU/HDU-free days, length of me- 

hanical ventilation, ventilator-free days, total hospitalization costs 

with 1 US dollar equivalent to 110 Japanese yen), acute respira- 

ory distress syndrome after admission, and catheter-related blood- 

tream infection after admission. The number of ICU/HDU-free 

ays was defined by counting each day after ICU/HDU admission 

ntil day 30 that patients were alive and free of ICU/HDU stay; 

his variable was entered as zero for patients who died by day 30. 

he number of ventilator-free days was defined by counting each 

ay after initial mechanical ventilation until day 30 that patients 

ere alive and free of mechanical ventilation; this variable was 

ntered as zero for patients who died by day 30. 22 Acute respira- 

ory distress syndrome was defined as ICD-10 code J80 appearing 

s a complication after admission. Catheter-related bloodstream in- 

ection was defined as ICD-10 code T814 or T827 with “catheter- 

elated bloodstream infection,” “catheter infection,” or “central ve- 

ous catheter infection” in Japanese text appearing as a complica- 

ion after admission. 

The covariates were age, sex, smoking history, body mass in- 

ex at admission, Charlson comorbidity index score, comorbidity 

f congestive heart failure, malignancy, and metastatic solid tu- 

or, physical function at admission measured by the Barthel In- 

ex score, cognitive function before admission, home medical care 

efore admission, ambulance use, admission on a weekend (i.e., 

n Saturday or Sunday), location before hospitalization, cause of 

neumonia, community-acquired or hospital-acquired pneumonia, 

everity of pneumonia at admission, organ support therapies on 

he day of admission, and hospital characteristics. 

Cause of pneumonia was categorized as typical bacteria (ICD-10 

odes: J13, J14, J15.0–J15.6, J15.8, J15.9, or J17.0); atypical bacteria 

A48.1, J15.7, or J16.0); virus (B01.2, B05.2, J10.0, J11.0, J12, or J17.1); 

ungi, parasite, or other (B37.1, B59, J16.8, J17.2, J17.3, or J17.8); or 

athogen not confirmed (J18). Severity of pneumonia at admission 

as recorded using the A-DROP (age, dehydration, respiration, dis- 

rientation, and blood pressure) system, a modified simple version 

f the CURB-65 (confusion, uremia, respiratory rate, blood pres- 

ure, age ≥ 65 years) score. 23 The A-DROP system includes the fol- 

owing variables: blood urea nitrogen ≥ 21 mg/dl or dehydration, 

xygenation (SpO2 > 90% in room air, SpO2 > 90% with FiO2 < 

5%, or SpO2 > 90% with FiO2 ≥ 35%), level of consciousness, and 

ystolic blood pressure. Following the severity rating system from 

he Japanese Respiratory Society, immunocompromised status and 

-reactive protein ≥ 20 mg/dl or unilateral lung infiltration more 

han two-thirds on chest radiography were also recorded as indi- 

ators of the severity of pneumonia. 24 

tatistical analysis 

Our primary approach to compare the outcomes between the 

CU and HDU groups was a propensity score matching analysis. 25 
3 
 multivariable logistic regression model using all the covariates 

isted in Table 1 was employed to compute the propensity scores 

or patients who were admitted to the ICU on the day of admis- 

ion. One-to-one nearest-neighbor matching without replacement 

as then performed for the estimated propensity scores using a 

aliper width set at 20% of the standard deviation of the propen- 

ity scores. 25 To assess the performance of the matching, the co- 

ariates were compared using standardized mean differences, with 

bsolute standardized mean differences ≤ 10% considered to de- 

ote negligible imbalances between the two groups. 26 

After the propensity score matching, the outcomes for the two 

roups were assessed through a generalized linear model. Differ- 

nces and their 95% confidence intervals were calculated with gen- 

ralized linear models using the identity link function, irrespective 

f outcome types. For 30-day in-hospital mortality, we also gen- 

rated Kaplan–Meier curves and performed log-rank tests in the 

atched cohort. 

ensitivity analyses 

We performed three sensitivity analyses to confirm the robust- 

ess of our primary outcome analysis by applying different statis- 

ical models. First, we performed a traditional multivariable regres- 

ion analysis using the primary outcome as the dependent variable 

nd ICU admission and all the covariates as the independent vari- 

bles through a generalized linear model. 

Second, we performed an overlap weighting analysis. 27 Overlap 

eighting analysis emphasizes the target population with the most 

verlap in observed characteristics between two groups. We calcu- 

ated the standardized mean differences to assess the balance of 

ovariates between the two groups. We used a weighted general- 

zed linear model to compare the primary outcome. 

Third, we performed an instrumental variable analysis to ad- 

ress unmeasured confounders. We chose differential distance as 

he instrumental variable. 28 Differential distance was calculated as 

he driving distance from a patient’s residence to the nearest hos- 

ital with relatively low ICU use ( < 50% of patients treated in the 

CU) minus the driving distance from the patient’s residence to 

he nearest hospital with relatively high ICU use ( ≥ 50% of pa- 

ients treated in the ICU). We included the instrumental variable 

f differential distance as a continuous variable, with truncation at 

he first and 99th percentiles. To assess the validity of differential 

istance as an instrumental variable, we confirmed that continu- 

us instrumental variable was highly correlated with ICU admis- 

ion on the day of hospital admission ( F statistic > 10). To examine 

hether the covariates were associated with differential distance, 

e calculated the absolute standardized mean differences between 

atients with a differential distance of ≥ 0 km (living nearer to a 

ospital relatively high ICU use) or of < 0 km (living nearer to a 

ospital with relatively low ICU use). We used a two-stage resid- 

al inclusion estimation framework for the instrumental variable 

nalysis. 29 

ubgroup analyses 

We performed nine subgroup analyses for primary outcome. 

irst, the characteristics between hospitals with only ICU beds and 

ospitals with only HDU beds may be different. Therefore, we per- 

ormed an analysis excluding patients who were admitted to hos- 

itals with only ICU beds or only HDU beds. Second, hospitals 

ith both ICU beds and HDU beds may use the HDU as a step- 

own unit for ICU, so the choice of the ICU or the HDU may it-

elf be a major confounder in such hospitals. Therefore, we per- 

ormed an analysis excluding patients admitted to hospitals with 

oth ICU beds and HDU beds. Third, patients with a significantly 
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Table 1 

Baseline characteristics before and after propensity score matching 

Before propensity score matching After propensity score matching 

ICU HDU ICU HDU 

Characteristics (n = 7,528) (n = 7,331) ASD (n = 4,982) (n = 4,982) ASD 

Age, years, mean (SD) 74 (15) 77 (13) 23 75 (14) 75 (14) 1 

Male, n (%) 5,081 (67) 4,688 (64) 8 3,270 (66) 3,298 (66) 1 

Smoking history, n (%) 

Nonsmoker 3,621 (48) 3,719 (51) 5 2,483 (50) 2,463 (49) 1 

Current/past smoker 2,404 (32) 2,352 (32) 0 1,619 (32) 1,613 (32) 0 

Unknown 1,503 (20) 1,260 (17) 7 880 (18) 906 (18) 1 

Body mass index at admission, kg/m 

2 , n (%) 

< 18.5 1,975 (26) 2,085 (28) 5 1,356 (27) 1,335 (27) 1 

18.5–24.9 3,385 (45) 3,034 (41) 7 2,130 (43) 2,166 (43) 2 

25.0–29.9 861 (11) 792 (11) 2 564 (11) 559 (11) 0 

≥ 30.0 332 (4) 278 (4) 3 214 (4) 217 (4) 0 

Missing 975 (13) 1,142 (16) 8 718 (14) 705 (14) 1 

Charlson comorbidity index, mean (SD) 1.4 (1.4) 1.4 (1.4) 1 1.4 (1.4) 1.4 (1.4) 2 

Comorbidities, n (%) 

Congestive heart failure 2,330 (31) 2,463 (34) 6 1,663 (33) 1,661 (33) 0 

Malignancy 520 (7) 531 (7) 1 339 (7) 344 (7) 0 

Metastatic solid tumor 67 (1) 51 (1) 2 31 (1) 40 (1) 2 

Physical function at admission, n (%) 

Total/severe dependence (Barthel Index 0–60) 5,449 (72) 5,514 (75) 6 3,697 (74) 3,712 (75) 1 

Slight/moderate dependence (Barthel Index 61–99) 122 (2) 174 (2) 5 92 (2) 87 (2) 1 

Independent (Barthel Index 100) 573 (8) 565 (8) 0 362 (7) 357 (7) 0 

Missing 1,384 (18) 1,078 (15) 10 831 (17) 826 (17) 0 

Cognitive function before admission, n (%) 

No dementia 5,472 (73) 4,939 (67) 12 3,485 (70) 3,517 (71) 1 

Mild dementia 1,120 (15) 1,290 (18) 7 811 (16) 768 (15) 2 

Moderate/severe dementia 936 (12) 1,102 (15) 8 686 (14) 697 (14) 1 

Home medical care before admission, n (%) 733 (10) 949 (13) 10 559 (11) 549 (11) 1 

Ambulance use, n (%) 6,250 (83) 5,856 (80) 8 4,034 (81) 4,056 (81) 1 

Admission on a weekend, n (%) 1,992 (26) 1,902 (26) 1 1,321 (27) 1,334 (27) 1 

Location before hospitalization, n (%) 

Home 5,872 (78) 5,706 (78) 0 3,906 (78) 3,924 (79) 1 

Other hospitals 1,084 (14) 754 (10) 13 607 (12) 610 (12) 0 

Nursing home 572 (8) 871 (12) 15 469 (9) 448 (9) 1 

Cause of pneumonia, n (%) 

Typical bacteria 3,770 (50) 3,542 (48) 4 2,506 (50) 2,527 (51) 1 

Atypical bacteria 128 (2) 77 (1) 6 57 (1) 65 (1) 1 

Viruses 127 (2) 94 (1) 3 73 (1) 71 (1) 0 

Fungus, parasite, and others 142 (2) 105 (1) 4 82 (2) 93 (2) 2 

Pathogen-nonconfirmed 3,361 (45) 3,513 (48) 7 2,264 (45) 2,226 (45) 2 

Community-acquired pneumonia, n (%) 6,735 (89) 6,663 (91) 1 4,481 (90) 4,514 (91) 2 

Severity of pneumonia, n (%) 

Blood urea nitrogen > 21 mg/dl or dehydration 5,137 (68) 4,634 (63) 11 3,246 (65) 3,291 (66) 2 

Oxygenation 

SpO 2 > 90% in room air 1,133 (15) 992 (14) 4 745 (15) 743 (15) 0 

SpO 2 > 90% in FiO 2 < 35% 1,541 (20) 1,978 (27) 15 1,189 (24) 1,137 (23) 3 

SpO 2 > 90% in FiO 2 ≥ 35% 4,854 (64) 4,361 (59) 10 3,048 (61) 3,102 (62) 2 

Impaired consciousness 4,402 (58) 3,897 (53) 11 2,732 (55) 2,753 (55) 1 

Systolic blood pressure < 90 mmHg 2,328 (31) 1,833 (25) 13 1,276 (26) 1,332 (27) 3 

A-DROP score, mean (SD) 1,417 (19) 1,160 (16) 8 812 (16) 831 (17) 1 

Immunocompromised, n (%) 3,819 (51) 3,086 (42) 17 2,245 (45) 2,348 (47) 4 

CRP ≥ 20mg/dl or lung infiltration, n (%) 3.1 (1.3) 3.0 (1.2) 5 3.0 (1.2) 3.0 (1.3) 2 

Organ support therapies on the day of admission, n (%) 

Dopamine 930 (12) 600 (8) 14 504 (10) 514 (10) 1 

Dobutamine 434 (6) 185 (3) 16 160 (3) 171 (3) 1 

Noradrenaline 2,463 (33) 1,007 (14) 46 919 (18) 991 (20) 4 

Adrenaline 785 (10) 699 (10) 3 454 (9) 464 (9) 1 

Vasopressin 323 (4) 86 (1) 19 71 (1) 84 (2) 2 

Cardiac massage 550 (7) 650 (9) 6 388 (8) 382 (8) 0 

Defibrillation 110 (1) 72 (1) 4 57 (1) 58 (1) 0 

Red blood cell transfusion 369 (5) 161 (2) 15 124 (2) 146 (3) 2 

Fresh frozen plasma transfusion 142 (2) 35 (0) 13 30 (1) 35 (1) 1 

Platelet transfusion 59 (1) 18 (0) 8 14 (0) 15 (0) 0 

Albumin 509 (7) 159 (2) 22 131 (3) 151 (3) 2 

Renal replacement therapy 357 (5) 153 (2) 15 132 (3) 134 (3) 0 

Extracorporeal membrane oxygenation 48 (1) 7 (0) 9 4 (0) 7 (0) 1 

Hospital characteristics, n (%) 

Teaching hospital 7,059 (94) 6,742 (92) 7 4,618 (93) 4,613 (93) 0 

Tertiary emergency hospital 4,381 (58) 4,898 (67) 18 2,973 (60) 2,920 (59) 2 

Academic hospital 1,595 (21) 564 (8) 39 512 (10) 562 (11) 3 

Total number of hospital beds 

Low (24–381 beds) 1,750 (23) 2,025 (28) 10 1,430 (29) 1,438 (29) 0 

Medium low (382–522 beds) 1,703 (23) 1,966 (27) 10 1,279 (26) 1,248 (25) 1 

Medium high (523–680 beds) 1,868 (25) 1,836 (25) 1 1,222 (25) 1,208 (24) 1 

High (681–1,334 beds) 2,207 (29) 1,504 (21) 21 1,051 (21) 1,088 (22) 2 

ICU, intensive care unit; HDU, high-dependency care unit; ASD, absolute standardized mean difference; SD, standard deviation; A-DROP, 

age, dehydration, respiration, disorientation, and blood pressure; CRP, C-reactive protein 
4 
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Fig. 1. Flowchart of patient selection 

ICU, intensive care unit; HDU, high-dependency care unit 

Fig. 2. Kaplan–Meier survival plots for mechanically ventilated patients with pneu- 

monia treated in the ICU vs. HDU in propensity score-matched cohorts 

There was a statistically significant difference in 30-day in-hospital mortality be- 

tween the two groups (log-rank test, P value < .001). 

HDU, high-dependency care unit; ICU, intensive care unit 
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ower probability of recovery who die on the day of hospital ad- 

ission may have a lower priority for ICU admission. 1 Therefore, 

e performed an analysis excluding patients who died on the day 

f hospital admission. ICUs with ICU management fees 1 or 2 have 

ore critical care resources than do ICUs with emergency and crit- 

cal care unit management fees 2 or 4 or ICU management fees 3 

r 4. Therefore, for the fourth and fifth subgroups, we separately 

ompared outcomes between patients who were admitted to ICUs 

ith ICU management fees 1 or 2 vs. HDUs and between patients 

ho were admitted to ICUs either with emergency and critical care 

nit management fees 2 or 4 or with ICU management fees 3 or 

 vs. HDUs. HDUs with emergency and critical care unit manage- 

ent fees 1 or 3 have more critical care resources than do HDUs 

ith HDU management fees 1 or 2. Therefore, for the sixth and 

eventh subgroups, we separately compared the outcomes between 

atients who were admitted to ICUs vs. HDUs with emergency and 

ritical care unit management fees 1 or 3 and between patients 

ho were admitted to ICUs vs. HDUs with HDU management fees 

 or 2. For the eighth and ninth subgroups, we separately anal- 

sed patients with pathogen-confirmed pneumonia (typical bacte- 

ia, atypical bacteria, virus, fungi, parasite, or other) and those with 

athogen-nonconfirmed pneumonia. 

All analyses were performed using Stata/MP 16.0 software (Stat- 

Corp). Continuous variables were presented as means and stan- 

ard deviations (SDs), and categorical variables were described us- 

ng numbers and percentages. All the generalized linear models in 

he outcome analyses were accompanied by cluster-robust stan- 

ard errors with hospitals as the clusters. All reported P values 

ere two-sided, and P < .05 was considered statistically signifi- 

ant. 

ole of the funding source 

This work was supported by grants from the Ministry of Health, 

abour and Welfare, Japan (19AA2007 and H30-Policy-Designated- 

04) and the Ministry of Education, Culture, Sports, Science and 

echnology, Japan (17H04141). The funding sources had no involve- 

ent in the present study. 

esults 

A total of 14,859 mechanically ventilated patients with pneu- 

onia who were admitted to 689 hospitals with ICU and/or HDU 

eds were enrolled during the five years study period. Of these pa- 

ients, 7,528 (51%) were treated in the ICU and 7,331 (49%) were 

reated in the HDU on the day of admission ( Figure 1 ). Of the

4,859 patients in the 689 hospitals with ICU and/or HDU beds, 

,617 patients were in 159 hospitals with only ICU beds, and 1,683 

atients were in 169 hospitals with only HDU beds; in the 361 

ospitals with both ICU beds and HDU beds, 5,911 patients were 

reated in the ICU, and 5,648 were treated in the HDU. Of the 7,528

atients admitted to the ICU on the day of admission, 1,689/7,528 

22%) were subsequently transferred to the HDU. Of the 7,331 pa- 

ients who were admitted to the HDU on the day of admission, 

44/7,331 (3%) were subsequently transferred to the ICU. 

Table 1 shows the baseline characteristics before and after 

ropensity score matching. In the original cohort, patients in the 

CU group tended to be younger, have been transferred from an- 

ther hospital, have higher severity of pneumonia, require organ 

upport therapies, be admitted to an academic hospital, and be 

dmitted to a hospital with high total number of hospital beds, 

hereas patients in the HDU group tended to have dementia, have 

een transferred from a nursing home, and be admitted to a ter- 

iary emergency hospital. The numbers of patients with each pneu- 

onia code are presented in Supplemental Table 2. The discrimi- 

ation ability, as measured by the area under the receiver operat- 
5 
ng characteristic curve for estimated propensity scores, was 0.722. 

he distributions of propensity scores before and after matching 

re shown in Supplemental Figures 1 and 2. One-to-one propensity 

core matching created 4,982 matched pairs. After propensity score 

atching, the patients’ characteristics were well balanced between 

he two groups ( Table 1 and Supplemental Figure 3). 

Table 2 shows the outcomes before and after propensity score 

atching. After propensity score matching, patients treated in the 

CU had significantly lower 30-day in-hospital mortality than did 

hose treated in the HDU (24.0% vs. 31.2%; difference, −7.2%; 95% 

onfidence interval, −10.0% to −4.4%). Kaplan–Meier analysis with 

he log-rank test showed a statistically significant difference in 30- 

ay in-hospital mortality between the two groups ( P value < .001) 

 Figure 2 ). Compared with patients treated in the HDU, those in 

he ICU group had significantly lower ICU/HDU mortality, longer 

engths of hospital stay, longer ICU/HDU-free days, longer mechan- 

cal ventilation-free days, and higher hospitalization costs. 

The results of the three sensitivity analyses for 30-day in- 

ospital mortality showed a similar direction and magnitude to 

hose in the primary analysis ( Table 3 ). In the overlap weighting 

nalysis, the patients’ characteristics were perfectly balanced be- 
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Table 2 

Outcomes before and after propensity score matching 

Before propensity score matching After propensity score matching 

ICU HDU ICU HDU Difference 

Outcomes (n = 7,528) (n = 7,331) (n = 4,982) (n = 4,982) (95% CI) P value 

30-day in-hospital mortality 1,867 (24.8) 2,344 (32.0) 1,196 (24.0) 1,555 (31.2) -7.2 (-10.0 to -4.4) < .001 

ICU/HDU mortality 1,165 (15.5) 1,575 (21.5) 741 (14.9) 1,061 (21.3) -6.4 (-9.3 to -3.6) < .001 

Length of hospital stay, days 31 (40) 26 (33) 30 (34) 27 (34) 3.2 (1.4 to 5.1) .001 

ICU/HDU-free days, days 17 (11) 15 (12) 18 (11) 15 (11) 2.3 (1.6 to 3.1) < .001 

MV-free days, days 15 (12) 14 (12) 15 (12) 14 (12) 1.4 (0.7 to 2.1) < .001 

Total hospitalization cost, USD 19,240 (17,563) 13,842 (13,541) 17,830 (16,028) 14,653 (14,319) 3,176 (2,191 to 4,162) < .001 

ARDS after admission 106 (1.4) 59 (0.8) 54 (1.1) 48 (1.0) 0.1 (-0.3 to 0.5) .58 

CRBSI after admission 16 (0.2) 11 (0.2) 12 (0.2) 10 (0.2) 0.0 (-0.2 to 0.2) .70 

Continuous variables are presented as means and standard deviations, and categorical variables are described using numbers and percentages. 

ICU, intensive care unit; HDU, high-dependency care unit; CI, confidence interval; MV, mechanical ventilation; USD, United States dollars; ARDS, acute 

respiratory distress syndrome; CRBSI, catheter related blood stream infection 

t

v

h

t

a

t

f

t

w

k

h

m

t

D

m

w

p

f

y

s

h

s
1

w

r

a

d

i

p

m

i

M

t

fi

p

m

v

l

s

a

I

t

t

m

n

4

i

d

i

r

o

h

7

t

b

v

v

b

S

i
6

p

t

r

s

a

f

c

p

H

d

c

t

y

A

p

w

u

o

a

v

s

a

b

g

c

i

H

w

ween the two groups (Supplemental Figure 4). In the instrumental 

ariable analysis, 4,882/7,103 (69%) patients who lived nearer to a 

ospital with relatively high ICU use were admitted to the ICU on 

he day of admission and 2,646/7,756 (34%) patients lived nearer to 

 hospital with relatively low ICU use were admitted to the ICU on 

he day of admission. The continuous instrumental variable of dif- 

erential distance was strongly associated with ICU admission on 

he day of admission ( F statistic = 707). The characteristics were 

ell balanced between patients with a differential distance of ≥ 0 

m and those with a differential distance of < 0 km, except for 

ospital characteristics (Supplemental Table 3). 

The results of the nine subgroup analyses for 30-day in-hospital 

ortality showed a similar direction and magnitude to those for 

he full cohort ( Table 3 ). 

iscussion 

In this nationwide comparative effectiveness study of 14,859 

echanically ventilated patients with pneumonia, care in the ICU 

as associated with decreased 30-day in-hospital mortality com- 

ared with care in the HDU. This finding persisted after adjusting 

or potential confounding factors, using instrumental variable anal- 

sis to address unmeasured confounders, and conducting several 

ubgroup analyses. 

As expected, mechanically ventilated patients treated in the ICU 

ad lower mortality than did those treated in the HDU. These re- 

ults were consistent with previous epidemiological studies. 7 , 11 , 

2 , 13 , 14 What is new in this study in contrast to previous studies 

as that the present study directly compared the ICU vs. the HDU 

ather than the ICU vs. the general ward and appropriate statistical 

nalyses were used to compare the two groups using nationwide 

ata on a large number of patients. 

The difference in mortality between the ICU and HDU groups 

n our study may be explained by two factors: higher nurse-to- 

atient ratios and the presence of intensivists in ICUs. The funda- 

ental difference between the ICU and other hospital departments 

s the capacity to monitor and to react. In our study, Kaplan–

eier curves showed that the mortality difference between pa- 

ients in the ICU and those in the HDU occurred especially in the 

rst few days after ICU admission, which suggests that the ca- 

acity to monitor and to react may have a significant impact on 

ortality. Critically ill patients, particularly those with mechanical 

entilation, require intensive monitoring and create a high work- 

oad for nurses. 30 There is growing evidence that inadequate nurse 

taffing and increased nurse workload affects the delivery of care 

nd increases the risk of mortality. 31 Additionally, increasing the 

CU nurse-to-patient ratio has certain benefits in terms of mor- 

ality. 32 To date, however, there is a lack of consensus regarding 

he appropriate nurse-to-patient ratio for the care of patients with 
6 
echanical ventilation. Although further studies are warranted, a 

urse-to-patient ratio of 1 to 2 would be preferable to one of 1 to 

 for mechanically ventilated patients. 

Abundant evidence supports the superiority of a high-intensity 

ntensivist model, in which an intensivist is responsible for day-to- 

ay patient management, in terms of improved mortality. 33 In crit- 

cal care facilities without intensivists, the lack of knowledge of the 

apidly changing critical care field may delay the implementation 

f current standards of care and new technologies. A recent study 

as suggested that the optimal patient-to-intensivist ratio is 1 to 

.5, with significantly increased mortality above and below this ra- 

io. 34 On the basis of this previous work and our results, it would 

e preferable to treat mechanically ventilated patients with the in- 

olvement of intensivists. 

Our results have important clinical implications. First, we pro- 

ide robust evidence that mechanically ventilated patients should 

e treated in the ICU rather than in the HDU or general ward. 

econd, in countries such as the United Kingdom and India, it 

s mandatory for HDUs to be in the same hospitals as ICUs. 4 , 

 Therefore, establishing regulations for HDUs may increase op- 

ortunities for mechanically ventilated patients to be treated in 

he ICU and facilitate the appropriate allocation of critical care 

esources, resulting improved outcomes. We hope that our re- 

ults will influence health care providers, hospital administrators, 

nd policy makers to provide better critical care services in the 

uture. 

The present study had some limitations. First, we used a multi- 

entre, real-world database in Japan, and there was no standard 

rotocol for critical care admission. Therefore, admission to the 

DU rather than the ICU for mechanical ventilation was not ran- 

om but rather based on the decisions of the attending physi- 

ian, which may have led to confounding by indication. We at- 

empted to control for measured confounders in the adjusted anal- 

ses; however, there still may have been unmeasured confounders. 

lthough we included the severity of pneumonia and organ sup- 

ort therapies as covariates, we were not able to obtain data on 

ell-known ICU severity scores such as the Sequential Organ Fail- 

re Assessment score, 35 the Simplified Acute Physiology Score, 36 

r the Acute Physiology and Chronic Health Evaluation score. 37 To 

ddress unmeasured confounders, we performed an instrumental 

ariable analysis with an appropriate instrumental variable that 

eemed to satisfy the required assumptions. We also performed 

n analysis excluding patients admitted to hospitals with both ICU 

eds and HDU beds. All the analyses showed similar results, sug- 

esting that our findings are robust. Second, according to the con- 

ept of progressive patient care, 38 patients with invasive mechan- 

cal ventilation should be treated in the ICU rather than in the 

DU. However, about half of the mechanically ventilated patients 

ith pneumonia in our cohort were treated in the HDU, represent- 
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Table 3 

Results of sensitivity and subgroup analyses for 30-day in-hospital mortality 

Number of patients Difference 

Analyses ICU HDU (95% CI) P value 

Overall cohort 

Propensity score matching 4,982 4,982 -7.2 (-10.0 to -4.4) < .001 

Multivariable regression 7,528 7,331 -7.1 (-8.7 to -5.5) < .001 

Overlap weight 7,528 7,331 -7.1 (-9.9 to -4.4) < .001 

Instrumental variable 7,528 7,331 -10.1 (-14.3 to 

-5.8) 

< .001 

Subgroup 1: Excluding patients who were admitted to hospitals with only ICU 

beds or only HDU beds 

Propensity score matching 4,180 4,180 -6.3 (-9.5 to -3.1) < .001 

Multivariable regression 5,911 5,648 -7.2 (-9.1 to -5.4) < .001 

Overlap weight 5,911 5,648 -7.3 (-10.5 to -4.1) < .001 

Instrumental variable 5,911 5,648 -14.1 (-20.3 to 

-7.8) 

< .001 

Subgroup 2: Excluding patients who were admitted to hospitals with both ICU 

beds and HDU beds 

Propensity score matching 913 913 -5.3 (-11.0 to 0.5) .075 

Multivariable regression 1,617 1,683 -4.7 (-8.0 to -1.5) .005 

Overlap weight 1,617 1,683 -4.8 (-11.1 to 1.5) .13 

Instrumental variable 1,617 1,683 -3.7 (-8.5 to 1.1) .14 

Subgroup 3: Excluding patients who died on the day of admission 

Propensity score matching 4,935 4,935 -6.5 (-8.4 to -4.7) < .001 

Multivariable regression 7,061 6,602 -6.3 (-7.8 to -4.7) < .001 

Overlap weight 7,061 6,602 -6.3 (-8.2 to -4.5) < .001 

Instrumental variable 7,061 6,602 -9.3 (-14.0 to -4.6) < .001 

Subgroup 4: ICUs with ICU management fees 1 or 2 vs. HDUs 

Propensity score matching 1,026 1,026 -8.7 (-12.9 to -4.5) < .001 

Multivariable regression 1,105 7,331 -8.6 (-11.4 to -5.9) < .001 

Overlap weight 1,105 7,331 -8.9 (-12.3 to -5.5) < .001 

Instrumental variable 1,105 7,331 -12.6 (-22.8 to 

-2.5) 

.014 

Subgroup 5: ICUs either with emergency and critical care unit management fees 

2 or 4 or with ICU management fees 3 or 4 vs. HDUs 

Propensity score matching 4,546 4,546 -6.6 (-9.5 to -3.8) < .001 

Multivariable regression 6,423 7,331 -6.7 (-8.4 to -5.1) < .001 

Overlap weight 6,423 7,331 -6.8 (-9.6 to -3.9) < .001 

Instrumental variable 6,423 7,331 -9.3 (-13.7 to -4.9) < .001 

Subgroup 6: ICUs vs. HDUs with emergency and critical care unit management 

fees 1 or 3 

Propensity score matching 2,800 2,800 -7.8 (-12.1 to -3.4) < .001 

Multivariable regression 7,528 4,634 -8.4 (-10.6 to -6.3) < .001 

Overlap weight 7,528 4,634 -8.4 (-12.6 to -4.1) < .001 

Instrumental variable 7,528 4,634 -13.1 (-17.9 to 

-8.2) 

< .001 

Subgroup 7: ICUs vs. HDUs with HDU management fees 1 or 2 

Propensity score matching 2,369 2,369 -5.5 (-8.2 to -2.9) < .001 

Multivariable regression 7,528 2,697 -5.2 (-7.3 to -3.2) < .001 

Overlap weight 7,528 2,697 -5.7 (-8.2 to -3.2) < .001 

Instrumental variable 7,528 2,697 -15.6 (-7.8 to 4.7) .62 

Subgroup 8: Pathogen-confirmed pneumonia 

Propensity score matching 2,714 2,714 -6.7 (-9.3 to -4.1) < .001 

Multivariable regression 4,167 3,818 -6.7 (-8.7 to -4.6) < .001 

Overlap weight 4,167 3,818 -6.6 (-9.1 to -4.1) < .001 

Instrumental variable 4,167 3,818 -9.0 (-15.0 to -3.0) .004 

Subgroup 9: Pathogen-nonconfirmed pneumonia 

Propensity score matching 2,223 2,223 -8.4 (-12.7 to -4.1) < .001 

Multivariable regression 3,361 3,513 -7.6 (-9.8 to -5.5) < .001 

Overlap weight 3,361 3,513 -7.7 (-12.1 to -3.4) 0.001 

Instrumental variable 3,361 3,513 -12.2 (-18.2 to 

-6.3) 

< .001 

ICU, intensive care unit; HDU, high-dependency care unit; CI, confidence interval 
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ng the inefficient utilization of ICU beds in Japan. Therefore, the 

esults of this study may not be generalizable to other countries 

here critical care systems are utilized efficiently, in line with na- 

ional regulations or ICU admission guidelines. 1 , 4 , 6 Third, length 

f ICU/HDU stay may have been underestimated because ICU and 

DU stays can be billed for only up to 14 days and 21 days, respec-

ively. This difference in duration for reimbursement between the 

CU and HDU may have affected the ICU/HDU-free days. Fourth, we 

ere not able to obtain data on withholding or withdrawing life- 

ustaining therapy or on do-not resuscitate orders, which might 
7 
ffect a patient’s prioritization for ICU admission. 1 However, be- 

ause all patients in the present study received invasive mechani- 

al ventilation on the day of admission and were admitted to the 

CU or HDU on the same day, these patients would not have been 

t the end-of-life at the time of treatment allocation in emergency 

nd intensive care medicine. Furthermore, because the allocation 

f patients to the ICU or the HDU occurred on the day of admis- 

ion in our study, there seems to be no association between treat- 

ent allocation and the decision to withdraw life-sustaining ther- 

py, which generally requires several days. Therefore, the lack of 
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ot have caused bias in our study. 

In conclusion, this study, using a nationwide inpatient database 

or comparative effectiveness analyses, suggests that care for me- 

hanically ventilated patients with pneumonia in the ICU may be 

ssociated with decreased 30-day in-hospital mortality compared 

ith care in the HDU. However, residual confounding may still play 

 role in the effect estimates in our results. Further studies were 

arranted to confirm our findings in different critical care systems. 
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