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ABSTRACT
Traumatic severe brain injury is a fatal injury, with a 
mortality	 rate	 of	 up	 to	 50%.	 About	 1.5	 million	 people	
experience	severe	brain	 injury	 in	 the	United	States.	There	
are	 more	 than	 50,000	 deaths	 and	 500,000	 incidents	 of	
permanent	neurological	 sequelae.	About	85%	of	mortality	
occurs	in	the	first	2	weeks	after	the	injury.	One	complication	
of	a	severe	brain	injury	is	diabetes	insipidus.	There	are	no	
definitive	 data	 on	 the	 incidence	 of	 diabetes	 insipidus	 in	
patients	 with	 traumatic	 severe	 brain	 injury	 of	 Indonesia	
so	far.	In	this	case	report,	a	male,	45	years	old,	was	taken	
to	 the	 Emergency	 Installation	 (IRD)	 after	 experiencing	 a	
traffic	 accident	 12	 hours	 before	 being	 hospitalized.	After	
surgery,	 the	 signs	 of	 diabetes	 insipidus	 was	 presented	 by	
polyuria	of	300cc	 /	hour	urine	production	and	149mmol	 /	
L	hypernatremia,	although	the	immediate	administration	of	
desmopressin,	 the	patients	 clinical	 and	hemodynamic	was	
not	shown	any	improvements.	The	patient	passed	away	in	the	
days	five	of	treatment	in	the	Intensive	Care	Unit	(ICU).	The	
main	 treatments	 for	diabetes	 insipidus	 in	 traumatic	 severe	
brain	 injury	 are	 adequate	 rehydration	 and	 administration	
of	 desmopressin.	 Adequate	 hypovolemic,	 polyuric	 and	
hypernatremia	 corrections	 are	 the	 keys	 to	 the	 successful	
treatment	of	diabetes	insipidus.	Diabetes	insipidus	in	cases	
of	 brain	 injury	 requires	 complicated	 treatment.	Therefore,	
in	the	case	of	being	handled	improperly,	it	can	bring	death.	
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ABSTRAK

Cedera otak berat traumatis adalah cedera fatal, dengan tingkat kematian hingga 50%. Sekitar 1,5 
juta orang mengalami cedera otak berat di Amerika Serikat. Terdapat lebih dari 50.000 kematian 
dan 500.000 insiden gangguan neurologis permanen. Sekitar 85% kematian terjadi dalam 2 minggu 
pertama setelah cedera. Salah satu komplikasi dari cedera otak yang parah adalah diabetes insipidus. 
Tidak ada data pasti tentang kejadian diabetes insipidus pada pasien dengan cedera otak traumatis 
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ABSTRACT

Covid-19 patients with Diabetes mellitus (DM) ranked 
third after hypertension and cardiovascular disease with 
an estimated 36% of all Covid-19 cases. These patients 
have a risk of experiencing a higher complication 
possibility since their metabolic disorder can cause 
hyperglycemia to the patient. It is showed that the 
number of deaths reached 7,3%, which is higher than 
non-diabetes. The increase of DM patients caused by 
stress factors may trigger the onset of glucose in blood 
sugar, and the glucose variability became abnormal. 
This circumstance may cause a glycemic increase that 
causes the predisposition intensification of susceptible 
affected by Covid-19. Good management is truly needed 
for DM patients affected by Covid-19. It is hoped to 
reduce the risk factor, such as preventing complications 
and increasing life quality by regular medical check 
to have a good prognosis. Some research showed that 
Covid-19 patients with DM are essential in ICU and 
need more treatment attention as they may experience 
Acute Respiratory Distress Syndrome (ARDS). Diabetes 
mellitus patients’ treatment strategy is to manage the 
blood glucose level, especially in post-prandial glucose. 
This literature aims to know the degree of serious illness 
of Covid-19 patients by the comorbidity of DM in this 
pandemic event. 

This is an Open acces article un-
der the CC-BY-NC license
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ABSTRACT

Scabies is a skin disease that is very difficult to get rid of 
in Islamic boarding schools. Even with the implementation 
of a fairly strict health protocol during the COVID-19 
pandemic, it has not been able to stop its spread. This 
study aimed to determine the relationship between the 
implementation of health protocols and scabies cases that 
occurred at the VIP-Al Huda Junior High School Kebumen 
during the COVID-19 pandemic. This was an analytic 
observational study with a case-control research design. 
The data was collected from December 2021 to February 
2022. There were 100 male and female students in grades 
7 and 8 who became the study's sample, consisting of 50 
students in the case group and 50 students in the control 
group. Chi-square was used to analyze the data. The results 
reported that there is a relationship between adherence 
to the implementation of health protocols (OR 4.750; p 
0.001) and scabies cases at the VIP Al-Huda Junior High 
School Kebumen during the COVID-19 pandemic. It was 
concluded that compliance with the implementation of 
health protocols related to scabies cases that occurred at 
the VIP Al-Huda Junior High School Kebumen during the 
COVID-19 pandemic.

DOI: http://dx.doi.org/10.30651/jqm.v6i2.13116
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ABSTRACT
Efficiency is used as an indicator of hospital perfor-
mance, including the overall performance of hospital 
health services. The effectiveness of services relat-
ed to hospital bed management is assessed using the 
metrics Bed Occupancy Rate (BOR), Average Length 
of Stay (ALOS), Turnover Interval (TOI), and Bed 
Turnover (BTO) on the Barachman-Johnson graph. 
The construction of a new building resulted in an in-
crease in the number of patients and beds from 2022 
to 2023, according to medical record data from the 
Islamic Hospital (RSI) Surabaya inpatient ward. The 
availability of community services may be affected by 
changes in bed availability. This study aimed to evalu-
ate the efficiency of inpatient services at RSI Surabaya 
in 2022–2023 using bed utilization indicators (BOR, 
ALOS, TOI, and BTO) and the Barber–Johnson 
graphical approach. This study used an observation-
al analytical design with a quantitative approach. De-
scriptive and comparative analyses were conducted to 
evaluate inpatient bed management indicators (BOR, 
ALOS, TOI, and BTO) at RSI Surabaya in 2022–2023 
using the Barber–Johnson method, based on aggregate 
secondary hospital data.  The RSI Surabaya inpatient 
ward’s Barber Johnson graph for 2022 and 2023 shows 
that the BOR value has decreased, the ALOS is low, 
the TOI has reached an optimal value, and the BTO is 
high. The Barber Johnson efficiency area is not where 
the four parameter points are located. In conclusion, 
inpatient bed utilization at RSI Surabaya in 2022 and 
2023 did not achieve optimal performance.

This is an Open acces article under the 
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INTRODUCTION
According to Government Regulation Number 
17 of 2023 concerning Health, health efforts 
are all activities carried out continuously and in 
an integrated manner to maintain and improve 
the community's health status. Health services 
are an important component of these efforts. 
These services include promotive, preventive, 
curative, rehabilitative, and palliative services 
(Undang-Undang Republik Indonesia, 2023). 
Hospitals, as health care facilities, also 
provide inpatient, outpatient, and emergency 
services. In the era of globalization, hospitals 
are required to continuously improve the 
quality of their services in order to satisfy 
patients (Peraturan Menteri Kesehatan 
Republik Indonesia, 2020). Hospital service 
indicators provide an overview of the level of 
utilization, quality, and efficiency of services, 
including the effective use of beds (Herawati 
et al., 2025). Because they demonstrate the 
hospital's capacity to provide comprehensive 
care to patients who require supervision, 
inpatient services are a crucial component of 
hospital operations. As the primary patient 
care facility, beds need to be properly managed 
to maximize their use (Kemenkes RI, 2013), 
with the aim of improving public health.

Efficiency is one measure of hospital 
performance that reflects the performance of 
all health services within the hospital. The 
assessment of inpatient service efficiency 
is conducted using inpatient indicators that 
describe the unit's activities. Bed management 
statistics can be used to assess service efficiency 
through four Barber-Johnson parameters. The 
Barber-Johnson approach uses the parameters 
Bed Occupancy Rate (BOR), Average Length 
of Stay (ALOS), Turnover Interval (TOI), and 
Bed Turnover (BTO) to calculate efficiency 
levels. In addition, Barber-Johnson charts can 
assist hospital management in improving the 
quality of patient care (Fitriani, Susanti, and 

Hardiana 2024). BOR is the percentage of bed 
utilization by inpatients, while ALOS is the 
average length of stay. TOI is defined as the bed 
turnover interval, which is the average number 
of days a bed is unoccupied from the time it 
is vacated until it is reoccupied. BTO describes 
the frequency of bed utilization by patients 
within a given period (Trianto & Abidin, 2025). 
According to Barber Johnson's approach, the 
value of the BOR indicator that meets the ideal 
standard is 75%-85%; the ideal ALOS standard 
is 3-12 days; the TOI is 1-3 days; and the ideal 
BTO standard is 30 times. Information on the 
value of BOR, ALOS, TOI, and BTO for each 
period can be used to estimate the targets that 
must be achieved by the hospital (Fitriani, Z., et 
al., 2024). The four Barber Johnson parameters 
will statistically converge at a cut-off point. The 
hospital can be said to be efficient if the point is 
in the Barber Johnson efficient region

Islamic Hospital (RSI) Surabaya, one of the 
largest hospitals in Surabaya, likewise makes 
every effort to provide the best services to meet 
the community's demand for comprehensive, 
high-quality care, including inpatient ward 
services. The target number of inpatients 
was 15.552 and 24.174, according to the RSI 
Surabaya's Annual Work Plan and Budget for 
2022 and 2023. However, the actual number 
of patients in 2022 was 11.200, and in 2023, it 
was 14.616; therefore, the inpatient ward rate in 
2022 was 72%, and in 2023, it was 62,8%. The 
data indicate that while the number of patients 
has increased over the past year, the hospital's 
goal has not yet been met. One factor that 
may have contributed to the inpatient ward's 
lack of achievement in 2022 is the closure of 
several inpatient rooms due to the construction 
of the new RSI Surabaya Tower building, 
reducing the ward's capacity from 167 to 132 
beds. Construction of the Tower Building 
was completed in 2023, with the number of 
beds increasing to 238 due to the addition of 
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new inpatient rooms. However, this additional 
bed has not increased the inpatient ward's 
achievement in 2023 because the number of 
targets has also increased. This research is 
motivated by changes in bed availability, which 
have the potential to affect service availability 
for the community.

This study shows that research on the 
effectiveness of inpatient services using the 
Barber–Johnson approach has been conducted 
in several hospitals, but most studies have 
focused solely on evaluating indicators without 
accounting for the dynamics of significant 
changes in bed capacity. In addition, these 
studies generally observe stable hospital 
operational conditions in terms of bed 
availability, so they do not describe the context 
of hospitals that experience drastic changes in 
capacity over a relatively short period. To date, 
no studies have been found that specifically 
examine how changes in bed availability 
resulting from renovations or new construction 
affect the efficiency of inpatient services using 
Barber-Johnson graphs. Previous research in 
Surabaya, namely at the 05.08.05 Mother and 
Child Hospital in 2022, showed that the ALOS 
value met the Barber-Johnson ideal standard, 
but the BOR, TOI, and BTO indicators in the 
first and second quarters did not meet the ideal 
standard. This indicates that there are research 
gaps that have not yet been filled and warrant 
further exploration.  

The findings of this study, particularly those 
related to the effectiveness of inpatient services, 
are expected to be used to assess the level of 
service efficiency at RSI Surabaya, as well as 
to evaluate the efficiency of RSI Surabaya's 
inpatient services in 2022-2023 based on bed 
utilization indicators (BOR, ALOS, TOI, and 
BTO) using the Barber-Johnson graphical 
approach. Thus, this study is expected to 
provide empirical evidence regarding the 
effectiveness of bed utilization at RSI Surabaya 

during that period and support the development 
of strategies to improve the quality of inpatient 
services in the following period.

METHODS
The design of this study is an observational-
analytic, quantitative approach. Data analysis 
was performed descriptively to describe bed 
management indicators (BOR, ALOS, TOI, 
and BTO) at RSI Surabaya in 2022 and 2023, 
and to evaluate the effectiveness of inpatient 
services using the Barber Johnson approach at 
RSI Surabaya in 2022 and 2023.

The research was conducted from February to 
October 2025 using aggregate secondary data 
from hospitals, including the number of visits, 
total beds, number of days of treatment, and 
total days of treatment in inpatient wards in 
2022 and 2023. The sample in this study was 
the total population data in 2022 and 2023.

The univariate analysis in this study was 
presented as frequency distributions. Then, 
bivariate analysis was performed descriptively 
and comparatively to examine the association 
between indicator values and inpatient service 
efficiency (BOR, ALOS, TOI, and BTO) between 
2022 and 2023. Meanwhile, multivariate 
analysis was conducted conceptually using 
the Barber-Johnson graphical approach, 
considering the simultaneous relationships 
among BOR, ALOS, TOI, and BTO to assess 
bed utilization efficiency.

All data used have obtained ethical approval 
from the Islamic Hospital (RSI) Surabaya, No. 
177.EC.KEP.RSIAY.02.25. Data access was 
granted with the approval of the Surabaya RSI 
administration, and all data information will be 
kept confidential. The analysis was performed 
using Microsoft Excel software. The analysis 
results are presented as calculations and graphs 
of BOR, ALOS, TOI, and BTO using the 
Barber-Johnson approach.
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RESULTS
Indicators of a hospital's services can be seen 
from BOR, ALOS, TOI, and BTO. BOR is 
an indicator used to measure hospital bed 
utilization over a given period. ALOS is 
an indicator that shows the average length 
of patient care days in a hospital during a 
given period. TOI is an indicator that shows 
the average number of empty bed days in a 
certain period, and BTO is an indicator that 
shows the frequency of hospital bed usage in a 
certain period (Rosy, Agustin, and Pujilestari 
2024). Based on this, it is clear that hospital 
service indicators (BOR, ALOS, TOI, BTO) 
are closely related to bed availability. 

Based on medical records from RSI Surabaya 
in 2022-2023, the total number of patients and 
the values of indicators for hospital inpatient 
ward services, including BOR, ALOS, TOI, 
and BTO, were obtained (Table 1).

Based on Table 1 above, the number of 
inpatients at RSI Surabaya in 2023 increased 
by 3,416 patients compared to 2022. This 
study presents only comparative data for 2022 
and 2023 because 2021 was still affected by 
COVID-19, which could have introduced 
bias.

The Bed Occupancy Rate (BOR) for each 
year is calculated using the following 
formula: BOR = (number of days of care in 
a year / (number of beds × number of days 

in a period)) × 100%. Based on the above 
information, the BOR value decreased by 
11.26% from 2022 to 51.13% in 2023. This 
condition indicates that the bed utilization rate 
is lower than the previous year, suggesting that 
many beds remain underutilized. Using the 
formula ALOS = total days of care/number of 
discharges (alive + dead), the ALOS value for 
each year is calculated by adding up all of the 
treatment days of all inpatients during a given 
year and dividing that total by the number of 
patients discharged (alive or dead) during that 
same year. According to the table above, the 
ALOS decreased by 0,06 days to 2,45 days 
between 2022 and 2023, indicating that the 
average patient stay was shorter than in 2022. 
This might suggest that patients are released 
earlier.

TOI per year is obtained based on the formula: 
TOI = ((number of beds x number of days 
in a period) - number of days of treatment) / 
number of patients discharged (alive + dead). 
In TOI, the waiting time increased from 1,11 to 
2,6 days, indicating that the waiting time for an 
empty bed in 2023 is longer than in 2022. The 
BTO value for each year is obtained by dividing 
the number of discharged patients (both living 
and dead) by the number of available beds, then 
multiplying by the number of days in a year. 
BTO formula = (number of discharges (alive 
+ dead) / number of beds available) x number 
of days in one year. The number of days in a 
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No. 177.EC.KEP.RSIAY.02.25. Data access was granted with the approval of the 
Surabaya RSI administration, and all data information will be kept confidential. The 
analysis was performed using Microsoft Excel software. The analysis results are 
presented as calculations and graphs of BOR, ALOS, TOI, and BTO using the Barber-
Johnson approach. 
 
RESULTS 
 
Indicators of a hospital's services can be seen from BOR, ALOS, TOI, and BTO. BOR is 
an indicator used to measure hospital bed utilization over a given period. ALOS is an 
indicator that shows the average length of patient care days in a hospital during a given 
period. TOI is an indicator that shows the average number of empty bed days in a certain 
period, and BTO is an indicator that shows the frequency of hospital bed usage in a certain 
period (Rosy, Agustin, and Pujilestari 2024). Based on this, it is clear that hospital service 
indicators (BOR, ALOS, TOI, BTO) are closely related to bed availability.  
Based on medical records from RSI Surabaya in 2022-2023, the total number of patients 
and the values of indicators for hospital inpatient ward services, including BOR, ALOS, 
TOI, and BTO, were obtained (Table 1). 

 
Table 1. Number of Patients and Values of BOR, ALOS, TOI, and BTO at the RSI Surabaya 

Inpatient Ward in 2022 and 2023 
Year Total 

Beds 
Number 

of 
Patients 

Number 
of 

Treatment 
Days 

Total 
Days of 

Care 

BOR ALOS TOI BTO 

2022 132 11.200 30177 30258 62.39% 2.51 1.49 91.4 
2023 238 14.616 38075 38029 51.13% 2.45 2.6 72.3 

Source: RSI Surabaya Aggregate Secondary Data Recap 
 
Based on Table 1 above, the number of inpatients at RSI Surabaya in 2023 increased by 
3,416 patients compared to 2022. This study presents only comparative data for 2022 and 
2023 because 2021 was still affected by COVID-19, which could have introduced bias. 
The Bed Occupancy Rate (BOR) for each year is calculated using the following formula: 
BOR = (number of days of care in a year / (number of beds × number of days in a period)) 
× 100%. Based on the above information, the BOR value decreased by 11.26% from 2022 
to 51.13% in 2023. This condition indicates that the bed utilization rate is lower than the 
previous year, suggesting that many beds remain underutilized. Using the formula ALOS 
= total days of care/number of discharges (alive + dead), the ALOS value for each year 
is calculated by adding up all of the treatment days of all inpatients during a given year 
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and dividing that total by the number of patients discharged (alive or dead) during that 
same year. According to the table above, the ALOS decreased by 0,06 days to 2,45 days 
between 2022 and 2023, indicating that the average patient stay was shorter than in 2022. 
This might suggest that patients are released earlier. 
TOI per year is obtained based on the formula: TOI = ((number of beds x number of days 
in a period) - number of days of treatment) / number of patients discharged (alive + dead). 
In TOI, the waiting time increased from 1,11 to 2,6 days, indicating that the waiting time 
for an empty bed in 2023 is longer than in 2022. The BTO value for each year is obtained 
by dividing the number of discharged patients (both living and dead) by the number of 
available beds, then multiplying by the number of days in a year. BTO formula = (number 
of discharges (alive + dead) / number of beds available) x number of days in one year. 
The number of days in a one-year period is 365. The table above shows a decrease in 
BTO from 2022 to 2023, from 91,4 times to 72,3 times. This indicates that the number of 
patients using beds in 2023 was lower than in 2022, which could be due to an increase in 
bed capacity. 
 

 

 
 

Figure 1. Quarterly Trends for BOR, ALOS, TOI, and BTO in 2022 and 2023 
In 2022, inpatient service indicators showed consistent improvements in efficiency. 
ALOS declined from the first to the fourth quarters; TOI continued to decline; BTO 
increased gradually; and BOR continued to rise. This pattern reflects more optimal bed 
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one-year period is 365. The table above shows 
a decrease in BTO from 2022 to 2023, from 
91,4 times to 72,3 times. This indicates that 
the number of patients using beds in 2023 was 
lower than in 2022, which could be due to an 
increase in bed capacity.

In 2022, inpatient service indicators showed 
consistent improvements in efficiency. ALOS 
declined from the first to the fourth quarters; 
TOI continued to decline; BTO increased 
gradually; and BOR continued to rise. This 
pattern reflects more optimal bed utilization 
with shorter hospital stays and faster bed 
turnover. In contrast, in 2023, the indicator 
pattern was more volatile. ALOS was relatively 
stable in the first three quarters but increased 

Figure 1. Quarterly Trends for BOR, ALOS, TOI, and BTO in 2022 and 2023

in the fourth quarter, suggesting a possible rise 
in case complexity at year-end. Higher TOI at 
the beginning of the year, then declined sharply 
until the fourth quarter, indicating an increase 
in bed utilization efficiency in the second half of 
the year. BTO continued to increase throughout 
the year, though lower than in 2022, while 
BOR fluctuated, with a significant decline in 
the third quarter before increasing again. These 
conditions indicate that the efficiency and 
consistency of inpatient services in 2023 were 
not as optimal as in 2022.

These indicators can be presented using the 
Barber Johnson graph to determine the level of 
service efficiency in the hospital. The following 
is a Barber Johnson graph of the indicators 
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utilization with shorter hospital stays and faster bed turnover. In contrast, in 2023, the 
indicator pattern was more volatile. ALOS was relatively stable in the first three quarters 
but increased in the fourth quarter, suggesting a possible rise in case complexity at year-
end. Higher TOI at the beginning of the year, then declined sharply until the fourth 
quarter, indicating an increase in bed utilization efficiency in the second half of the year. 
BTO continued to increase throughout the year, though lower than in 2022, while BOR 
fluctuated, with a significant decline in the third quarter before increasing again. These 
conditions indicate that the efficiency and consistency of inpatient services in 2023 were 
not as optimal as in 2022. 
These indicators can be presented using the Barber Johnson graph to determine the level 
of service efficiency in the hospital. The following is a Barber Johnson graph of the 
indicators BOR, ALOS, BTO, and TOI in 2022 (Figure 1) and 2023 (Figure 2) at the RSI 
Surabaya inpatient ward. 

 

 
Figure 2. Barber Johnson Graph of RSI Surabaya Inpatient Ward Services Year 2022 
 
The 2022 RSI Surabaya inpatient ward service's Barber Johnson graph displays a BOR 
value of 62,39%, indicating that the hospital's bed capacity is 62,39%. With an ALOS of 
2,51 days, patients typically stay in the hospital for 2 to 3 days. The BTO value is 91,4 
times, meaning that each bed is used on average 91–92 times in a year, and the TOI value 
is 1,49 days, meaning that the average waiting time for an empty bed before it is used by 
the next patient is 1-2 days. Additionally, the graph demonstrates that the four indicators 
converge at a single intersection point located at coordinates 1,49 and 2,51. The cut-off 
point is outside the Barber Johnson efficiency area, indicating that RSI Surabaya's bed 
utilization efficiency was not yet optimal in 2022.  
Barber Johnson claims that although the TOI reached the ideal value of 1-3 days and a 
very high BTO value (>30 times) was obtained, the BOR value on the graph was below 
ideal (<75%) and the ALOS value was low (<3 days). Even though bed utilization rates 
are typically low, a short TOI shows that beds are always refilled promptly. Beds are 
rapidly emptied and can be used more frequently (high BTO) when the ALOS is short. 
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Figure 3. Barber Johnson Graph of Inpatient Ward Services RSI Surabaya Year 2023 
 
The 2023 RSI Surabaya inpatient ward service's Barber Johnson graph displays a BOR 
value of 51,13%, indicating that the hospital's bed capacity is 51,13%. With an ALOS of 
2,45 days, patients typically stay in the hospital for 2 to 3 days. The BTO value is 72,3 
times, meaning that each bed is used on average 72-73 times in a year, and the TOI value 
is 2.6 days, meaning that the average waiting time for an empty bed before it is used by 
the next patient is 2-3 days. The cut-off point value of the four indicators is (2,6; 2,45), 
and they nearly meet (approach) at a single intersection. The position of this cut-off point 
is outside the Barber Johnson efficiency area, indicating that RSI Surabaya's bed 
utilization efficiency was not yet optimal in 2023, as in the previous year. Based on Barber 
Johnson, the BOR value on the graph is less than ideal (<75%), the ALOS value is low 
(<3 days), the TOI value has met the ideal range (1-3 days), and the BTO value is very 
high (>30 times). 
 
DISCUSSION   
 
Service efficiency in hospitals is a crucial aspect of healthcare that helps ensure optimal 
use of resources and facilities without compromising the quality of patient care. Barber 
Johnson graph is one of the methods used to analyze the efficiency of bed management, 
using four parameters. This efficiency level calculation uses the parameters of BOR, 
ALOS, TOI, and BTO (Simanjuntak, E. & Angelia, C., 2019), which is statistically 
described by a cut-off point. A hospital that has a cut-off point in the Barber Johnson 
efficiency region means that it has optimal bed utilization without causing overcrowding 
or long waiting times for patients, while a hospital that has a cut-off point outside the 
efficiency region indicates an imbalance in the inpatient management system, such as too 
low occupancy rate or too long duration of hospitalization, which may affect the 
effectiveness of health services (Rizaldy, M., et al, 2021). 
Based on the results of statistical calculations using the Barber Johnson graph for inpatient 
rooms at RSI Surabaya in 2022 and 2023, it can be seen that the BOR value has not 
reached the ideal value, with a result of <75%. The BOR value on the graph also shows 
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BOR, ALOS, BTO, and TOI in 2022 (Figure 
1) and 2023 (Figure 2) at the RSI Surabaya 
inpatient ward.

The 2022 RSI Surabaya inpatient ward 
service’s Barber Johnson graph displays a 
BOR value of 62,39%, indicating that the 
hospital’s bed capacity is 62,39%. With an 
ALOS of 2,51 days, patients typically stay in 
the hospital for 2 to 3 days. The BTO value is 
91,4 times, meaning that each bed is used on 
average 91–92 times in a year, and the TOI 
value is 1,49 days, meaning that the average 
waiting time for an empty bed before it is used 

by the next patient is 1-2 days. Additionally, 
the graph demonstrates that the four indicators 
converge at a single intersection point located 
at coordinates 1,49 and 2,51. The cut-off point 
is outside the Barber Johnson efficiency area, 
indicating that RSI Surabaya’s bed utilization 
efficiency was not yet optimal in 2022. 

Barber Johnson claims that although the TOI 
reached the ideal value of 1-3 days and a very 
high BTO value (>30 times) was obtained, 
the BOR value on the graph was below ideal 
(<75%) and the ALOS value was low (<3 days). 
Even though bed utilization rates are typically 
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low, a short TOI shows that beds are always 
refilled promptly. Beds are rapidly emptied and 
can be used more frequently (high BTO) when 
the ALOS is short

The 2023 RSI Surabaya inpatient ward 
service’s Barber Johnson graph displays a BOR 
value of 51,13%, indicating that the hospital’s 
bed capacity is 51,13%. With an ALOS of 2,45 
days, patients typically stay in the hospital 
for 2 to 3 days. The BTO value is 72,3 times, 
meaning that each bed is used on average 72-
73 times in a year, and the TOI value is 2.6 
days, meaning that the average waiting time 
for an empty bed before it is used by the next 
patient is 2-3 days. The cut-off point value 
of the four indicators is (2,6; 2,45), and they 
nearly meet (approach) at a single intersection. 
The position of this cut-off point is outside the 
Barber Johnson efficiency area, indicating that 
RSI Surabaya’s bed utilization efficiency was 
not yet optimal in 2023, as in the previous year. 
Based on Barber Johnson, the BOR value on 
the graph is less than ideal (<75%), the ALOS 
value is low (<3 days), the TOI value has met 
the ideal range (1-3 days), and the BTO value is 
very high (>30 times).

The 2023 RSI Surabaya inpatient ward service’s 
Barber Johnson graph displays a BOR value 
of 51,13%, indicating that the hospital’s bed 
capacity is 51,13%. With an ALOS of 2,45 days, 
patients typically stay in the hospital for 2 to 
3 days. The BTO value is 72,3 times, meaning 
that each bed is used on average 72-73 times in 
a year, and the TOI value is 2.6 days, meaning 
that the average waiting time for an empty bed 
before it is used by the next patient is 2-3 days. 
The cut-off point value of the four indicators 
is (2,6; 2,45), and they nearly meet (approach) 
at a single intersection. The position of this 
cut-off point is outside the Barber Johnson 
efficiency area, indicating that RSI Surabaya’s 
bed utilization efficiency was not yet optimal in 
2023, as in the previous year. Based on Barber 

Johnson, the BOR value on the graph is less 
than ideal (<75%), the ALOS value is low (<3 
days), the TOI value has met the ideal range 
(1-3 days), and the BTO value is very high 
(>30 times),

DISCUSSION  
Service efficiency in hospitals is a crucial aspect 
of healthcare that helps ensure optimal use of 
resources and facilities without compromising 
the quality of patient care. Barber Johnson 
graph is one of the methods used to analyze 
the efficiency of bed management, using four 
parameters. This efficiency level calculation 
uses the parameters of BOR, ALOS, TOI, and 
BTO (Simanjuntak, E. & Angelia, C., 2019), 
which is statistically described by a cut-off 
point. A hospital that has a cut-off point in 
the Barber Johnson efficiency region means 
that it has optimal bed utilization without 
causing overcrowding or long waiting times 
for patients, while a hospital that has a cut-off 
point outside the efficiency region indicates an 
imbalance in the inpatient management system, 
such as too low occupancy rate or too long 
duration of hospitalization, which may affect 
the effectiveness of health services (Rizaldy, 
M., et al, 2021).

Based on the results of statistical calculations 
using the Barber Johnson graph for inpatient 
rooms at RSI Surabaya in 2022 and 2023, 
it can be seen that the BOR value has not 
reached the ideal value, with a result of <75%. 
The BOR value on the graph also shows a 
decrease from 62.39% in 2022 to 51.13% in 
2023, even though the number of inpatients 
increased from 11,200 in 2022 to 14,616 in 
2023, but the number of beds increased from 
132 beds in 2022 to 238 beds in 2023 as a 
result of construction activities. The higher 
the BOR value, the higher the bed utilization 
rate. Conversely, if the BOR value is low, the 
hospital’s bed utilization rate is also low, which 
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can lead to a decrease in economic income 
(Wirajaya, M. & Tunas, I., 2023). A low BOR 
indicates underutilization of hospital facilities, 
while a high BOR indicates high utilization 
(Widiyanto & Wijayanti, R., 2020). It shows 
that ALOS is still not ideal because it has a 
value of <3 days. The ALOS on the graph also 
shows a decrease from 2022 of 2,51 days to 
2,45 days in 2023. This decrease in ALOS 
indicates that patients spend less time at RSI 
Surabaya. A decrease in ALOS can indicate 
an increase in the efficiency of inpatient 
services, patients can recover faster or get a 
more effective treatment process, or a policy 
regarding the maximum number of days for 
inpatient care provided by the National Health 
Insurance and BPJS (Reppond, Flavin, and 
Albaum 2024). It shows that the TOI value 
is ideal, falling between 1 and 3 days. There 
is a change in the TOI value from 2022 (1,49 
days) to 2023 (2,6 days), which means that 
the time bed is not filled becomes longer, so 
that there is a decrease in the use of the bed 
in one year, even though it is still within the 
ideal value. It shows that the BTO rate in the 
inpatient ward of RSI Surabaya in 2022 and 
2023 was excessively high and not yet ideal 
(>30 times). The BTO value of 91,4 times in 
2022 and 72,3 times in 2023 still reflects an 
excessively high rate, despite a decline over 
the year. The high BTO rate at RSI Surabaya 
indicates that hospital beds are being rapidly 
cycled, possibly due to a short ALOS, which 
quickly fills beds. 

Analysis of inefficiency factors on the Barber 
Johnson chart using 6M and Environment 
(Barber et al. 2022)of data from the Surabaya 
RSI perspective, as follows:

1. Man
From a human resources perspective, the 
decrease in ALOS indicates that medical 
and paramedical personnel at RSI Surabaya 
are relatively capable of providing effective 

services, enabling patients to undergo shorter 
hospital stays. This contrasts with doctor visit 
timeliness, which was only 63.2% in 2022 and 
68.4% in 2023. Effective communication and 
good teamwork among healthcare staff that re-
flect the competence and coordination between 
healthcare personnel contribute to better team-
work, which in turn can improve the overall 
efficiency of patient services (Meneses-la-riva 
et al. 2025)
2. Money 
Financing refers to the availability, management, 
and sustainability of hospital funding sources 
used to support operations and investments in 
the construction and development of hospital 
facilities. It is also related to efficiency in 
increasing bed utilization (Afrila and Simarmata 
2025). The construction of a new building 
at RSI Surabaya significantly increased the 
number of beds by 80.3% from 132 to 238. The 
decline in BOR over 1 year may be due to the 
addition of bed capacity, which increased faster 
than the increase in patient visits, which was 
only 30.5% from 11,200 to 14,616 in the RSI 
Surabaya inpatient ward.

3. Material 
In terms of materials, the facilities at RSI 
Surabaya are quite complete and function well, 
thereby having a positive impact on patient 
satisfaction. The construction of a new building 
at RSI Surabaya has also significantly increased 
the number of beds. Adequate facilities 
and supporting infrastructure are important 
components in providing smooth and optimal 
inpatient services without operational obstacles 
(Rande et al., 2023). However, because the 
completeness of the facilities, especially the 
addition of beds, has not been accompanied 
by a comparable increase in the number of 
inpatients, this has resulted in a low BOR, 
which may be caused by an increase in TOI 
(Resmiani, Wirajaya, & Putu Ika F, 2022). 
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4. Machine 
From a technical perspective, the inpatient 
service support system is not yet optimal in 
supporting bed management. This is evident in 
the system’s limited performance in providing 
real-time bed availability data, resulting in less 
effective monitoring, planning, and decision-
making processes related to bed utilization. In 
addition, the hospital management information 
system (SIMRS) continues to undergo frequent 
maintenance, which impacts access and the 
smooth operation of inpatient services. On the 
other hand, problems also occur with unstable 
internet connections. Frequent network 
disruptions, mainly due to unfavorable weather 
conditions, disrupt access to SIMRS and other 
support systems. This condition can reduce 
service efficiency. The use of SIMRS in the 
implementation of bed management should 
improve the efficiency and accuracy of inpatient 
bed management (Tallupadang and Veranita 
2024).

5. Method 
From a methodological perspective, health 
service policies and the implementation of care 
standards, especially for JKN and BPJS patients, 
contribute to low ALOS values. Most inpatients 
at RSI Surabaya use the BPJS national health 
insurance service, according to observations 
(90.4% in 2022 and 92% in 2023), which may 
be related to shorter hospital stays. This is in 
line with previous research findings that JKN 
services that comply with ALOS standards 
for inpatient care have lower ALOS values 
(Efisiensi et al. 2021). Implementing inpatient 
care standards improves service efficiency but 
indirectly affects other indicators, such as BOR 
and BTO. The combination of high BTO with 
a decrease in BOR and ALOS may indicate an 
imbalance in bed utilization (Aloh et al. 2020). 
This imbalance may indicate an oversupply of 
beds or suboptimal utilization, where beds are 
not being used optimally (Athirah et al. 2024).

6. Market
In terms of marketing, the hospital has a dedicated 
team that handles marketing activities and 
runs various promotional programs, including 
room rate promotions (Masithoh, Setianto, and 
Dhamanti 2022). However, these efforts are 
considered insufficient to significantly increase 
the number of general patients, resulting in a 
disparity between the number of BPJS patients 
and executive patients. This situation affects 
the bed occupancy rate (BOR). 

7. Environmental
From an environmental perspective, RSI 
Surabaya is located in a relatively small radius 
surrounded by several competing hospitals, 
including ST. Vincentius a Paulo-RKZ 
Surabaya Catholic General Hospital (type B), 
William Booth Hospital (still type C), and 
RSAL (type A), which is located across the 
street. All hospitals around RSI Surabaya are 
also known to serve general patients and BPJS 
patients. 

Overall, the Barber Johnson indicator analysis 
shows that the efficiency of inpatient services 
at RSI Surabaya in 2022–2023 is not yet fully 
optimal. The decline in BOR and ALOS, 
accompanied by an increase in the number of 
beds and inpatients, indicates an imbalance 
in bed utilization. Although the TOI value 
remains within the ideal range, the upward 
trend indicates that beds are remaining vacant 
for longer periods. In addition, the BTO value 
remains too high, reflecting the high patient 
turnover due to relatively short hospital stays. 
This condition confirms the need to evaluate 
and improve bed management and inpatient 
capacity planning to make the utilization of 
hospital resources more effective and balanced.

The limitations of this analysis are descriptive 
and use the Barber Johnson method, so this 
study does not consider service quality or 
the workload of health workers. The Barber 
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Johnson method focuses on the operational 
efficiency of bed utilization, so it does not 
evaluate clinical outcomes and service 
quality, such as patient satisfaction levels 
(Nisak and Cholifah, 2020). In addition, 
indicator calculations are highly dependent on 
data accuracy, so recording errors can bias the 
interpretation of results. Therefore, additional 
supporting data is needed to complement the 
findings of this study, including nosocomial 
infection rates, service quality indicators, 
patient satisfaction levels, and healthcare 
worker workload, so that the assessment of 
hospital service efficiency can be carried out 
more comprehensively and in greater depth.

CONCLUSION
Based on data and analysis results in the 
Surabaya RSI inpatient ward in 2022 and 
2023, it is known that the BOR value tends to 
be low (<75%), ALOS is relatively short (<3 
days), TOI is within the ideal range (1–3 days), 
and BTO is relatively high (>30 times). These 
conditions indicate that the BOR, ALOS, 
and BTO indicators have not met the ideal 
standards according to the Barber Johnson 
criteria. The points plotted on the Barber 
Johnson graph are outside the efficiency zone, 
indicating that bed utilization in 2022 and 
2023 remains suboptimal.

Therefore, planned and continuous 
improvement efforts are needed and can 
be considered by hospital management to 
improve the efficiency and quality of inpatient 
services. The following efforts can be made 
by optimizing referral flows and adjusting 
bed distribution between inpatient rooms 
to increase inpatient capacity utilization, 
evaluating clinical pathways and patient 
discharge policies to ensure that the length of 
stay is in line with clinical needs and reduces 
the risk of readmission, strengthening existing 
bed management and patient admission 

coordination to keep bed waiting times under 
control, and redesigning inpatient capacity and 
service patterns.
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