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Background: Worldwide, a certain proportion of patients stay for long periods. Reduction
of length of stay is a critical intervention to optimize in-hospital resource utilization. Length
of stay itself is a reliable quality index for healthcare systems. Interventions to reduce long
hospital stays require understanding organizational and individual factors that affect the
length of stay. The purposes of this study are to attempt to reduce long stays (defined as
>30 days) by identifying the causes and preventing such situations.

Methods: This was a retrospective observational study of patients who stayed in the hospital
for long periods (>30 days) between 1 January 2018 and 31 December 2018. We identified
subgroups of patients with long stays, evaluated their associations with baseline variables,
relevant discharge departments, and causes of long stays. We proposed improvement plans.
Results: There were 446 long-stay patients (mean age 66.7 years; 37.7% females), including
158 undergoing prolonged mechanical ventilation, 109 with diseases requiring hospitaliza-
tion, 93 due to nosocomial infection, 31 with delayed discharge, 20 with iatrogenic compli-
cations, and 35 patients with long stays for various causes. There were 9331 hospital days
associated with 158 patients with prolonged mechanical ventilation. The number of hospital
days for those undergoing prolonged mechanical ventilation was significantly different from
that of patients who did not undergo prolonged mechanical ventilation. Depending on the
causes of long stay, we could reduce the length of stay in 188 (42.1%) of patients using an
aggressive management strategy.

Conclusions: Setting a ventilator weaned unit for prolonged mechanical ventilation patients
in a tertiary-level hospital is essential to reduce long stay of intensive care unit. Aggressive
management strategies can reduce long stays.

Keywords: long stay, length of stay, respiratory care center, weaning units in acute care
hospital

Introduction

Worldwide, a certain proportion of patients stay for long periods. As the size of the
population, age, and care requirements increase, patients who require long stays
present increasing challenge to healthcare providers. Reduction of length of stay
(LOS) is a critical intervention to optimize in-hospital resource utilization. LOS
itself is a reliable quality index for healthcare systems. Numerous studies examined
long stays in the pediatric intensive care units, psychiatry wards, and geriatric
wards."® There were many Chinese articles that discuss patient characteristics
associated with long stays in the tertiary-level hospital. The summary of those
studies is as follows: Long-stay patients were predominantly male and older than
60. The most common departments for such patients were oncology, chest
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medicine, radio-oncology, general surgery, and orthope-
dics. The most common disease associated with long
stays was a malignancy. These articles did not display
detailed analyses of causes and did not offer suggestions
to reduce long stays. O’Sullivan reported on the epide-
miology of long-stay patients in a university teaching
hospital in 2017.° The major findings in this article were
as follows: 1) long-stay admissions comprised 13.1% of
admissions but used 49.1% of bed days; 2) long-stay
admissions were often associated with intensive care unit
admission, medical emergency team review, and longer
duration of mechanical ventilation; 3) factors associated
with prolonged stay included multiple admissions during
the study period, the nature of the admitting unit, the
Charlson comorbidity index at admission, admission
from another hospital, and any history of smoking. The
paper offered no recommendations for reducing long stays.
We aimed to reduce long stays (defined as >30 days) by
identifying the causes and preventing such situations. In
the current study, we suggest countermeasures to reduce
long stays.

Methods

Definition

We defined hospital LOS as the number of days from
admission to discharge (or death). Long stay was LOS
for more than 30 days. Prolonged mechanical ventilation
(PMV) meant treatment with a mechanical ventilator for at
least six hours daily for >21 consecutive days.

Details of Hospital

The Dalin Tzu Chi General Hospital is a tertiary-level
teaching hospital. It has 600 acute care beds, and the
intensive care unit contains 59 beds. We have a 10-bed
ventilator weaning unit (respiratory care center) for PMV
patients.

Quality Management Center

We established a quality management center to monitor
and review patients with hospital LOS greater than 30
days. The management of long-stay patients proceeded as
follows:

1) Identify long-stay patients.

2) Analyze admission and hospital course details,
demographic characteristics, discharge status, and
long-stay causes.

3) Identify systemic problems and clinical problems
associated with long stays.

4) Develop strategies for resolving these problems.

5) Monitor the effectiveness of the strategy.

Participant Details

We performed this study on acute care wards, intensive
care units, and respiratory care center of Dalin Tzu Chi
hospital. We enrolled all patients consecutively admitted to
the acute care wards, intensive care units, and respiratory
between 1 2018
31 December 2018. The exclusion criteria were psychiatry

care  center January and

patients, hospice patients, and premature babies.

Data Collection

We obtained data from the hospital’s clinical information
systems and medical chart review. We obtained details on
long stay patient demographics, details of admission and
hospital course, hospital days, duration of mechanical
ventilation, and causes of long stay.

We categorized all long-stay patients according to the
causes of long stays as follows: 1) PMV; 2) disease requir-
ing hospitalization; 3) nosocomial infections; 4) iatrogenic
complications; 5) delayed discharge; and 6) various
causes.

Data Analysis

We expressed continuous variables as mean + standard
deviation or median (range) and categorical variables as
frequencies and percentages. We measured differences in
baseline characteristics, mean long-stay days, and clinical
outcomes using the Student’s z-test for continuous vari-
ables and Pearson chi-square and Fisher’s exact tests for
categorical variables. We performed all statistical analyses
using the statistical package SPSS for Windows (Version
17.0, SPSS, Inc., Chicago, IL, US). P-values < 0.05 desig-
nated statistical significance.

Ethics Approval

The study conformed to the Declaration of Helsinki in
1975, revised in Hong Kong in 1989. Our study was
a retrospective analysis of medical records. The study
represented the lowest risk to the research subjects, and
we anonymized all information before publication. The
Buddhist Dalin Tzu Chi general hospital research ethics

committee approved the study (approval number
B10903007) and waived the informed consent
requirement.
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Results

Details of the Patient Cohort
Over the study period, there were 446 long-stay patients,
with a mean age of 66.7 years and 37.7% females. Patients
aged more than 64 years accounted for 56.1%. Figure 1
displays a view of hospital days and all long-stay patient
occupied bed days. The most common departments with
long stays without PMV (in order) were plastic surgery,
orthopedics, radio-oncology, oncology, and neurology
(Table 1). The most common departments with longer
stays with PMV (in order) were chest medicine, neurosur-
gery, and cardiovascular. A total of 158 patients undergoing
PMYV accounted for 9331 hospital days (42.8%) (Table 2).
The average hospital days for patients undergoing PMV
were significantly different from those of patients without
PMV (59.1 days versus 43.3 days, P < 0.001). There were
3100 hospital days in respiratory care center where the
average number of hospital days 19.6. It was impossible to
avoid aggressive medical treatment of these 158 patients.
There were 109 patients for whom the cause of longer

stay was disease requiring hospitalization (Table 3). The

most common departments in this category (in order) were
plastic surgery, orthopedics, and neurosurgery. Among
plastic surgery patients, there were 14 with diabetic foot
ulcers with infections requiring wound care, debridement,
and repeated skin grafts during hospitalization. Among
orthopedics patients, there were 18 complications from
previous surgical infections. Among neurosurgery patients,
all 13 suffered complications of central nervous system
infections. The mean number of hospital days for neuro-
surgical patients was 52.5, significantly longer than for
other disease requiring hospitalization (P < 0.001).

Nosocomial infection caused 93 patients to stay in the
hospital for long periods (Table 4). These infections
included 33 cases of pneumonia (35.5%), 21 cases of
sepsis (22.6%), 12 urinary tract infections, nine surgical
wound infections, three neutropenic fevers, three pleural
empyema cases, and 12 infections at other sites. The most
common departments for nosocomial infections long stay
(in order) were radio-oncology and chest medicine. In
radio-oncology patients, there were seven hospital-
acquired cases of pneumonia. In chest medicine, there
were eight hospital-acquired cases of pneumonia.

Total long stay days of all
patients=21812 days

/\

Long stay days of patients
with prolonged mechanical
ventilation = 9331 days
(42.8%)

Long stay days of patients
without prolonged
mechanical ventilation =

12481 days (57.2%)

‘_ \>

Long stay days of Long stay days of Long stay days of Long stay days of Long stay days of
disease required nosocomial delayed discharge iatrogenic various causes
hospitalization infection =1441(6.6%) complications =1499(6.7%)
=4549(20.9%) =4052(18.6%) =940(4.4%)

Figure | Displays a view of hospital days and all long stay patient occupied bed days. There are 21812 long stay days of all patients, including 9331 days of patients with
prolonged mechanical ventilation and 12481 days of patients without prolonged mechanical ventilation. The 12481 days of patients without prolonged mechanical ventilation,
including 4549 days of diseases requiring hospitalization, 4052 days of nosocomial infection, 1441 days of delayed discharge, 940 days of iatrogenic complications, and 1449

days of long stays for various causes.
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Table | The Demography of Long Stay without Prolonged
Mechanical Ventilation Patients Related to Admission Sections

Table 2 The Demography of Long Stay with Prolonged
Mechanical Ventilation Patients Related to Admission Sections

Abbreviations: No, number; Y/O, years old; M, male; F, female.

There were 20 patients for whom the cause of long stay
was an iatrogenic complication, including ten surgical com-
plications and ten medical therapy complications (Table 5).
The most commonly involved department was oncology.
Three cases were chemotherapy-related complications.

There were 31 patients for whom the cause of long stay
was delayed discharge (Table 5). For 27 patients, there were
attending physician factors. Low-income family economic
support or poor home care ability after discharge caused four
such delays. The most common departments with delayed
discharge (in order) were radio-oncology, chest medicine,
plastic surgery, and colon and rectum surgery. After careful
analysis, we found that four physicians accounted for the
majority.

There were 35 patients for whom the cause of long stay
was various causes (Table 5). The most common department

Sections Long Stay Sex Mean Mean Sections Long Stay Sex Mean Mean
without (MIF) Age Hospital with (MIF) Age Hospital
Prolonged (YIO) Days Prolonged (YIO) Days
Mechanical Mechanical
Ventilation Ventilation
Patients Patients
(No.) (No.)
Plastic surgery 38 26/12 63.7 393 Plastic surgery 3 3/0 62.6 68.3
Orthopedic 34 24/10 62.4 45.7 Orthopedic 10 713 51.6 60.8
Radio-oncology 30 19/11 62.4 423 Neurology 4 2/2 737 57.7
Hema-oncology 29 14/15 65.7 42.1 Chest medicine 63 38/25 71.5 60.8
Neurology 26 13/13 69.3 42.8 Neurosurgery 29 22/7 72.7 574
Chest medicine 24 16/8 76.9 399 Gastroenterology 5 5/0 80.4 56.8
Neurosurgery 22 14/8 55.8 56.3 Nephrology 4 3/1 76.5 55.2
Gastroenterology 18 1177 60.5 40.0 Infection disease 8 5/3 79.0 57.7
Nephrology 18 8/10 723 39.6 General surgery 10 317 69.0 53.5
Rheumatology 10 6/4 63.4 42.0 Cardiovascular 5 32 77.0. 52.6
surgery
Infection disease 8 6/2 59.7 41.5
Cardiovascular I 912 78.2 57.7
General surgery 8 117 59.8 423
Miscellaneous 6 5/1 51.3 61.5
Cardiovascular 4 4/0 40.0 41.0
surgery Abbreviations: No, number; Y/O, years old; M, male; F, female.
Cardiovascular 3 3/0 69.6 40.3 ) )
was neurology. Sixteen patients could not go home because
Miscellaneous 16 " 527 S they received rehabilitation. Three patients on the radio-

oncology department stayed long to receive radiotherapy.

Discussion
Long stay with PMV was indicated in the intensive care unit
when patients suffered from early respiratory failure stages.
After the early stage, most patients progressed to the sub-
acute stage when they underwent aggressive weaning from
the ventilator. We could not wean the ventilator on the
general ward in our hospital; we established a respiratory
care center for this purpose. There were 3100 patient-days
spent on the respiratory care center hospital days during the
study period, meaning we created space in the intensive care
unit for additional critically ill patients. Setting a ventilator
weaned unit in a tertiary-level hospital is essential to reduce
long stay of intensive care unit.

Diseases requiring hospitalization were the second
common reason for long stays in our study. There were
31 patients admitted to treat complications of surgical
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Table 3 The Number of Long Stay Patients without Prolonged

Table 5 The Number of Long Stay Patients without Prolonged

Mechanical  Ventilation Related to Disease Required  Mechanical Ventilation Related to latrogenic Complications,
Hospitalization Delayed Discharge, and Various Causes
Sections Long Stay without Total Mean Department Long Stay Total Mean
Prolonged Hospital | Hospital without Hospital | Hospital
Mechanical Days Days Prolonged Days Days
Ventilation Mechanical
Patients (No.) Ventilation
. Patients (No.)
Plastic surgery 25 971 388
Orthopedic 21 843 40.1 latrogenic
Neurosurgery 13 683 52.5 complications
Gastroenterology I 456 41.5 Oncology 5 283 56.6
Hema-oncology 10 433 43.3 General surgery 3 125 41.7
Radio-oncology 6 247 41.2 Orthopedics 3 186 62
Nephrology 6 272 45.3 Chest medicine 2 83 41.5
Rheumatology 4 147 36.8 Nephrology 2 76 38
Chest medicine 4 149 373 Miscellaneous 5 187 374
Miscellaneous 9 348 387 |
Total 109 4549 417 Delayed discharge
Radio-oncology 5 233 46.6
Abbreviation: No, number. Chest medicine 5 240 48
Plastic surgery 5 194 388
Table 4 The Number of Long Stay Patients without Prolonged | Colon & rectum 4 139 348
Mechanical Ventilation Related to Nosocomial Infection surgery
Orthopedics 3 258 86
Department Long Stay without Total Mean General surgery 2 65 325
Prolonged Hospital | Hospital Oncology 2 85 45
Mechanical Days Days Gynecology 2 85 45
Ventilation Miscellaneous 3 142 478
Patients (No.)
Various causes
Radio-oncology 15 636 424 Neurology 19 843 443
Chest medicine 12 447 373 Oncology 4 168 42
Nephrology 8 313 39.1 Radio-oncology 3 100 333
Neurosurgery 8 499 62.3 Plastic surgery 2 9 46
Oncology 8 323 404 General surgery 2 67 335
Orthopedics 7 265 37.9 Miscellaneous 5 229 4538
Neurology 6 238 39.6
Plastic surgery 6 240 400 Abbreviation: No, Number.
Gastroenterology 5 228 45.6
Rheumatology 5 207 41.4
Infectious disease 4 153 383 Adequate antibiotic treatment, appropriate wound care,
Miscellaneous 9 503 55.9 and early surgical intervention are critical for diabetic
Total 3 4052 436 foot healing. In our hospital, this was the responsibility

Abbreviation: No, number.

infections, most of which are avoidable. Surgical systems
should focus on aseptic specifications and procedures for
surgery, improve preoperative preparation, and reduce
postoperative infections. In patients undergoing plastic
surgery, there were 14 cases of diabetic foot ulcer with
infection, another cause of long stay that we can reduce.
We must educate patients and families regarding the sig-
nificance, of diabetic foot.

care, and management

of the diabetes medical team. There were 45 long stays
due to disease requiring hospitalization, most of which we
could improve and reduce through management.
Nosocomial infection was the third most common
cause of long stay in our study. Numerous studies dis-
cussed the prolongation of hospital stays attributable to

. . 10-1
infections.'% 13

nosocomial More extended hospital
stays generally correlate with a higher incidence of
nosocomial infections. Hospital infection control centers

should strictly implement control strategies to reduce
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these infections. This would include promoting infection
control education, paying attention to hand hygiene
management, standardizing surgical disinfection, and
strengthening the protection of common nosocomial
infection sites. Clinicians should administer antibiotic
consumption effectively and isolate multidrug-resistant
bacteria to reduce their spread. Strict infection control
measures can reduce most long stays attributable to
nosocomial infection.

There is no reliable definition for delayed discharge.
We defined delayed discharge as discharge occurring
after acute care services are no longer medically neces-
sary for the patient.'*'> We classified the causes as phy-
sician or family factors. There were 31 long-stay cases
associated with delayed discharge. After careful analysis,
we found that 17 patients stayed long because of the
attending physician’s inactive medical behavior, primar-
ily due to four physicians. The department director is
responsible for the quality of the department’s medical
treatment. The department director should exert his
authority to persuade the attending physicians to correct
inactivity and improve the level of clinical professional
ability of the department. There were four long-stay cases
attributable to family factors. Many studies found that

essential for
16-20

comprehensive discharge planning is
delayed discharge related to family factors.
Hospital discharge preparation teams and social workers
should address the difficulties faced by families and
patients after discharge. All long-stay cases due to
delayed discharge are preventable.

latrogenic complications caused 20 long stays. No
study addressed the yearly number of iatrogenic complica-
tions causing long stays. We believe that our 20 cases
represent a small number. Steel et al reported 76 patients
with significant complications, and the average total LOS
was 19.3 days.?' In our series, we only considered long-
stay patients of iatrogenic complications, and the average
hospital day was 47.0 days.

The most common department involving various
causes of long stays was neurology. There were 16
patients on neurology who could not go home because
they received rehabilitation. There are three ways to
solve this problem: 1) we should arrange for outpatient
rehabilitation; 2) we should establish a rehabilitation
ward to open beds on the acute care ward; and 3) we
should transfer patients to other hospital rehabilitation
wards. Three patients stayed long to receive radiother-
apy, all of whom could receive outpatient therapy.

After analyzing the data, we found that 188 (42.1%) of
patients with long stays were inevitable; nevertheless, we
can reduce this number.

Limitations

This study occurred at one tertiary-level teaching hospital.
Our patients’ characteristics were not similar to those of
other tertiary-level teaching hospitals; therefore, one
should use our results for reference only. According to
the hospital’s patient population and medical culture,
establish
a method that fits the hospital medical system and then

administrators can adjust the design to

carry out a long-stay patient study.

Conclusion

Prolonged mechanical ventilation patients progressed to
the weaning center when they underwent aggressive wean-
ing from the ventilator, meaning we created space in the
intensive care unit for additional critically ill patients.
Setting a ventilator weaned unit in a tertiary-level hospital
is essential to reduce long stay of intensive care unit. As
many as 42% of long-stay patients are preventable using
aggressive management strategies.
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