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Abstract

Objective: To measure the effectiveness of the bed management process that uses a web-based

application with Kanban methodology to reduce hospitalization time of hospitalized patients.

Design: Before–after study was performed.

Setting: The study was conducted between July 2013 and July 2017, at the Unimed Regional Hospital

of Fortaleza, which has 300 beds, of which 60 are in the intensive care unit (ICU). It is accredited by

International Society for Quality in Healthcare.

Population: Patients hospitalized in the referred period.

Intervention: Bed management with an application that uses color logic to signal at which stage of

high flow the patients meet, in which each patient is interpreted as a card of the classical Kanban

theory. It has an automatic user signaling system for process movement, and a system for moni-

toring and analyzing discharge forecasts.

Main Outcome Measures: Length of hospital stay, number of customer complaints related to bed

availability.

Results: After the intervention, the hospital’s overall hospital stay time was reduced from 5.6 days

to 4.9 days (P = 0.001). The units with the greatest reduction were the ICUs, with reduction from

6.0 days to 2.0 (P = 0.001). The relative percentage of complaints regarding bed availability in the

hospital fell from 27% to 0%.

Conclusion: We conclude that the use of an electronic tool based on Kanban methodology and

accessed via the web by a bed management team is effective in reducing patients’ hospital stay

time.

Key words: hospital bed capacity, information management, mobile applications, quality improvement, hospital care, statistical
process control, access to care
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Background

Economic performance of a hospital institution can be measured by
the excess of a ‘typical’ patient stay or by the occurrence of long
excesses of stay. The duration of hospital admission explains ~85–90%
of hospital cost variation with patients. One more daily in ICU bed,
plus the average permanence time expected for a patient, is roughly
four times more expensive than the cost of an average hospital daily,
and every subsequent daily is about 2.5 times more expensive, cost
ratio similar to existing in open units. In a regression model held to
explain the expenses of permanence time, patients’ clinical characteris-
tics explain only 26% of the cost variation [1]. In an average length of
stay of 4 days, the marginal cost [2] is $ 1 457, or 15% of the total
costs, reaching $ 1 754 from the fifth day, per extra daily [3].

Currently, the private health system, aiming at a greater competi-
tiveness in the market, and considering population aging, shows a
growing concern for better results in healthcare, seeking to increase the
volume of patients, reduce hospitalization time and reduce healthcare
costs, factors considered necessary for survival in the market. Length
of stay is one of the institutional quality indicators used to define the
yield and productivity per hospital bed. It is important to note its rele-
vance to health managers, since this indicator evaluates the efficiency
of the institution, as well as it can be used to measure the number of
hospital beds needed to provide assistance to the population in a spe-
cific area, in which the efficiency of use of a bed is increased [4].

Literature shows that patients who receive poor quality of care
have significantly longer hospital stay than patients whose care was of
acceptable quality in various clinical conditions analyzed [5]. In add-
ition, hospitals that spend relatively less or more than expected with
their assistance have significantly longer stay time. The overall pattern
of hospital resource allocation was also associated with length of stay.
Thus, the measurable clinical effects can be seen as determined by the
resource allocation decisions made by hospital management, support-
ing the need for rigorous decision-making processes [6].

The study of the hospitalization process has received increasing
attention, using methodologies developed in the industrial sector,
such as Six Sigma, applied to health management, achieving quality
improvement with reduced cost in different hospital process [7, 8].
The Kanban methodology, which works with task signaling and pri-
oritization, allows flow to be run as efficiently as possible, and has
been successfully implemented in hospital processes [9].

The management of hospital beds by an own staff is essential, and
also contributes to reduce the time of treatment of pneumonia, currently
a major international focus, responsible for the long stay in most of the
institutions of the world. It has been proven that the reduction in the
mean stay time of these patients does not cause harm to them [10].

This study aims to measure the effectiveness of the bed manage-
ment process that uses a web-based tool with the Kanban method-
ology to reduce hospital stay time. The hypotheses are that this tool
can reduce length of stay.

Methods

Study type

A before–after study was conducted through the analysis of elec-
tronic records of hospital indicators.

Study setting

The study was carried out with data from the period of July 2013 and
July 2017, of the Unimed Regional Hospital of Fortaleza (HRU), a
highly complex hospital with 300 beds, of which 60 are in the ICU. It

is the largest private hospital in Ceará, northeastern Brazil, which
serves all medical specialties. It is an internationally accredited hospital
by Qmentum. It has a volume of about 1 500 admissions per month.
In Brazil, there are two main funding for healthcare, the universal gov-
ernment coverage, SUS and the supplementary health system, mainly
funded by employers, that works live an insurance system. The hos-
pital metrics from both systems are not very different [11]. The studied
hospital is from the supplementary health system.

Population and sample

The population was constituted with all adult patients hospitalized
at the HRU between July 2013 and July 2017. Data from 67 878
patients were analyzed.

Study design

The intervention of the study was started in August 2015, with the
implementation of bed management team and use of the web-based
Kanban application for management of time permanence. The applica-
tion was developed with the graphical interface equivalent to the actual
distribution of the beds in each hospital unit. It can be used on mobile
and computers, and updates made by users are viewed in real time by
other users. The classical Kanban methodology, with the use of cards
for the control of the production flow, was adapted in the software to
the process of bed management, in the same way of several other pro-
cesses of market and factory did previously [12], based mainly on the
proposal of Decentralized Reactive Kanban, made by Nakamura [13].
The method uses the color logic for the beds (Fig. 1), which signal the
stage of the discharge process in which each patient is, thus defining
the need for attention and action of the bed management team, accord-
ing to the priority: if red, the patient should be approached by the
team in up to 48 h, if yellow in up to 5 days, and if green in up to 10
days. If no treatment is registered for the patient at these times, the sys-
tem signals to the team the need for intervention. In addition, it strati-
fies all patients according to the category of care and issues general
daily report or whenever requested. This stratification is carried out
based on social risks (for example, absence of family members) and
clinical risks (for example, dependence on mechanical ventilation, for
example), among others. Finally, it has an automatic user signaling sys-
tem with emission demand for the managers, in real time, and a system
of monitoring and analysis of discharge forecast.

The bed management team consists of a doctor, a nurse and two
social workers. When needed the system can suggest a direct contact
of one of the team with the professionals directly involved in the
assistance, with an estimated personal cost of US$ 9000.00 per
month. The application itself has an approximatively maintenance
cost of US$ 10.00 per month. In case of physicians, the contact is
done by the medical doctor of the team. The 24 months prior to
implantation were compared with the 24 subsequent months to
ensure homogeneity of seasonality.

Variables

The main variables were: average length of stay, measured by the
sum of total patients-day in the period divided by the number of dis-
charges in the period; the hospital occupation in the period, mea-
sured as the sum of total patients-day in the period divided by the
sum of total number of operational beds-day in the period; and the
type of inpatient unit. Also, we identified the number of complaints
made by patients in the hospital regarding waiting per bed, obtained
through the quality sector of the hospital.
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Data collect

The data were collected from the electronic system of indicators and
business intelligence of the Hospital, the MV PEP® and through sat-
isfaction surveys conducted by the quality assessment sector.

Data analysis

The data were initially imputed in Excel software, version 2013,
Microsoft Inc®. Descriptive analyses were performed, with frequency
and percentage calculations, means, medians, standard deviations, max-
imum and minimum values, as appropriate. Generalized linear regres-
sive models were used to calculate effect size, as proposed by Bernal for
analysis of interrupted time series in public health, adjusted for season-
ality through stratification by months [14], in addition to Student’s
t-tests and ANOVA for comparison of means. The seasonality of the
data was analyzed through seasonal decomposition with multivariate
modeling and the weight of the moving averages considered equal in all
months. Also, process control analyses were performed with three
standard deviations of tolerance (three sigma). The level of statistical
significance was set at 5%. We used the programs SPSS for Windows,
IBM Inc. v23 andMinitab v17 for Windows.

Ethical aspects

The research was submitted to the Ethics Committee of Christus
University Center. All the ethical principles pertinent to Resolution
466/12 of the National Health Council—CSN/Ministério da Saúde
do Brasil—MS, which regulates research with human beings, were
respected. The project was approved in the Brazil Platform under
registry code CAAE 55700516.8.0000.5049.

Results

In Table 1, it can be verified, through a simple bivariate comparison,
that the reduction between the mean time of hospitalization before
and after intervention, considering all hospital beds, was ~0.6 days,
P-value <0.001. Even more representative reductions were observed

when considering only open units and intensive units, both of which
were also statistically significant, P-value <0.001. Also, it is verified
that the bed occupancy rate varied positively in the period, increas-
ing one percentage point, although without significance, demonstrat-
ing that this indicator was not affected. In the analysis by months, it
is noticed that the hospitalization times, considering all the units of
the hospital, are higher in the first months of the year, denoting a
pattern of seasonality.

The analysis of the temporal variation with seasonal decomposition
allowed the identification of seasonal pattern, with an increase in the
average stay time in the first semester, coinciding with the rainy season
in Brazil. It is also observed a fall in the seasonal trend cycle (Fig. 2).

Figure 3 shows the drop in dwell time graphically, where the
shaded area represents the post-intervention period. It can be seen
from the regression model that this drop was statistically significant,
even if it was controlled by the duration of the observation and the
interaction of the latter with the intervention itself (P-value <0.001).
The time of observation itself was also determinant, suggesting that
the permanence time continues to decrease. As the post-intervention
determination coefficient is about ten times greater (0.034 before
and 0.321 after), this trend of decrease over time is attributed to the
post-intervention period, which is also observed in the graph. The
mean difference of length of stay before and after was 0.56 (IC
0.40–0.72), with a P-value of 0.001.

Figure 4 shows the scatter plots of the mean permanence times
with the regression results, considering only the ICUs and only the
ward units. It was observed a decrease in the time of permanence,
with a stable tendency over time, where only the bed-management
intervention with Kanban was determinant in the regression model
(P < 0.001). In this case, the time of observation was not determin-
ant (P values of 0.502 and 0.942, respectively).

Figure 5 shows the graph of control of the general hospital stay
times, in two stages, before and after the intervention. A narrowing of
post-intervention confidence intervals was observed, demonstrating an
increase in the control of the process after the implementation of the
intervention.

Figure 1 Application main screen, with patient signaling by color, used by bed management team, in HRU, Ceará, Brazil.
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In addition to the results identified in the reduction of length of
hospital stay, there was a reduction in customer dissatisfaction. A
survey by independent auditors found that the dissatisfaction rate
related to waiting for bed by the client was 27% at the beginning of
the project, in August 2015, reaching 0% in October 2017. Also,
hospital infection rates were reduced in the period.

Discussion

This study verified that bed management performed by a small team
in a large hospital aided by an application based on the Kanban
methodology is effective in reducing the general length of hospital
stay, reducing the length of stay by 0.6 days within 2 years, with

potential to achieve even more significant reductions. This applica-
tion also increases the statistical control of the process.

Considering the marginal cost theory, and a marginal daily cost
after the fifth day of US $ 1 754 [3], we have an estimate of hospital-
ization savings, with a reduction in the length of stay found, of
around US $ 800 (average length of hospital stay of 5 days). In a
hospital with 1 500 admissions per month, this could mean an
annual saving of $ 15 786 000.

Seasonality was identified in the behavior of the average length
of stay, as expected due to the rainy season in the region that causes
an increase in infections and hospitalizations in Ceará, Brazil [15].
Considering the phenomenon found, the analysis was adjusted to
compensate the seasonality.

Figure 2 Graph of seasonal factors (left) and trend cycle (right) for mean time of hospital stay, HRU, Ceará, Brazil.

Table 1 Length of stay in all units and by sector and months, and hospital occupation rate, HRU, Ceará, Brazil

Intervention phase P-value

Before After

Mean SD Mean SD

Total Length of stay (days) 5.50 0.29 4.93 0.26 <0.001*
Occupation rate 82.11% 3.95% 83.11% 3.46% 0.357
Length of stay in ICUs (days) 14.18 2.67 9.40 2.02 <0.001
Length of stay in wards (days) 15.02 2.20 13.17 2.31 <0.001
Length of stay per month (days)

January 5.59 0.16 4.97 0.22
February 5.21 0.33 4.95 0.27
March 5.92 0.18 4.83 0.09
April 5.55 0.03 5.11 0.09
May 5.85 0.09 5.15 0.26
June 5.59 0.17 4.69 0.21
July 5.18 0.31 4.50 0.48
August 5.50 0.03 4.94 0.20
September 5.61 0.13 5.01 0.03
October 5.26 0.46 5.19 0.15
November 5.38 0.00 5.16 0.04
December 5.55 0.31 4.74 0.28

*Non equal variances considered.
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It was also verified that the hospital occupation increased in
the comparison of the evaluated periods, demonstrating that
there was an increase in bed rotation, without reducing the occu-
pation of the hospital beds, demonstrating that a balance was
found between the patients’ waiting for a bed and the time of
patients’ permanence [16]. This study did not evaluate the impact

of hospital readmissions, which may interfere with this estimated
saving [17].

Several factors may have an impact on patients’ length of stay,
from their socioeconomic conditions [18] to purely clinical condi-
tions [19–21], thus understanding the need for a multidisciplinary
team to deal with the bed management process [22]. In addition,
this specific process must be well organized to generate good results
[23], and must act quickly so as not to lose the windows of clinical
opportunity for discharge presented by patients [22]. Therefore, it is
important that a methodology is used to guarantee the fast, continu-
ous and accurate monitoring of this team, through an accessible and
practical tool. This work has implemented an electronic system that
can easily be accessed via the web in any device (mobile, computer,
tablet) that uses the Kanban method. In Brazil, 20% of the hospitali-
zations that evolve to long stay are due to socio-familiar problems.
Thus, the participation of social workers was fundamental to the
success of the project [24].

The Kanban was initially developed for the control of produc-
tion and flow of materials, being initially thought to solve the pro-
blems specifically faced by Toyota [25]. Since then, it has been
adapted to improve the effectiveness of several processes, including
in the area of health [12, 26]. This study showed that the use of a
tool that automates the signaling of the passages of each patient in
the flow of their discharge process, signaled in turn by colors, in
which each patient can be interpreted with a card of the original
Kanban idea, is effective.

In addition to the direct economic benefit, other benefits are
expected with reduced length of stay, such as shorter waiting times
for beds leading to reduction of the emergency room queue [27] and
reduction of hospital infection rates [28, 29].

In this study, it was not possible to control other possible deter-
minants of the length of stay reduction found. However, other pos-
sible biases of quasi-experimental studies were controlled [30].

Figure 3 Length of stay in all hospital pre (blue line) and post (green line)

intervention with Kanban web-based application, HRU, Ceará, Brazil.

Figure 4 Length of stay in adult UCI and wards units, pre (blue line) and post (green line) intervention with Kanban web-based application, HRU, Ceará, Brazil.
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We conclude that the use of an electronic tool based on Kanban
methodology and accessed via the web by a bed management team
is effective in reducing patients’ hospital stay time.
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