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Research Paper: Strengthening Hospital Capacity 
for the COVID-19 Pandemic: Implementation of 
Electronic Patient Discharge

Background: Increasing hospital capacity to cover the service demands is an important priority 
during an epidemic or a pandemic. The aim of this study was to increase hospital capacity using 
the Six Sigma method to improve the patient discharge process.

Methods: This was a quantitative study. The Pre- and post-intervention study was conducted in a 
big hospital designated for COVID-19 patients. The patient discharge process was evaluated and 
improved based on seven sub-processes and following the Six Sigma model, including defining 
the problem, measuring time in each of the discharge stations, analysis times and process, 
improvement process, and control.

Results: Implementation of the electronic patient discharge led to a 51.9% decrease in discharge 
time from 7.3  h during the pre-intervention period to 3.8 h post-intervention (P< 0.0001). 
According to the Sigma level, the yield and defects per million opportunities of the discharge 
process also improved to 55%.

Conclusion: Increasing hospital capacity by improving the discharge time is a quick action to 
cover the demand created during pandemics. Also, about 32 beds can be obtained by applying 
the Six Sigma model to improve the discharge process in a short time and at a very low cost.
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1. Introduction

he current main global health problem is 
Coronavirus Disease 2019 (COVID-19) 
leading to acute respiratory illness [1]. Pa-
tients with symptoms, such as fever, dry 
coughs, and respiratory distress and also 

those with a more severe form of the disease are usually 
hospitalized for further treatment [2]. Accordingly, due 
to the high rate of transmission of this virus and its psy-
chological effect, the increase in the number of visits to 
hospitals, and especially the need for special care were 
not unexpected [3]. Hence, the shortage of beds, equip-
ment, and human resources in hospitals has been one 
of the most important challenges in providing hospital 
services to COVID-19 patients [4]. In addition, hospi-
tals have been reported to be contaminated with viruses, 
where the transmission of the virus is many times higher 
than in other public places [5-7]. Consequently, the im-
provement of hospital processes with the aim of increas-
ing hospital capacity along with reducing exposure is an 
important priority [8-12]. Also, the prolonged processes 
result in a delay in the admission process of a new patient 
and cause consequences, such as a decrease in the num-
ber of beds occupied by patients, hospital resources, and 
patients’ satisfaction. To improve access to beds, the Joint 
Commission (JC) has stated that hospitals have designed 
processes that support patient flow throughout the hospi-
tal, measured available supply of beds and efficiency of 
patient care areas, reported measurements to leadership, 
and used data to drive improvements in patient flow pro-
cesses. TJC has also recently started urging hospitals to 
use specific quality improvement tools to develop more 
reliable processes, including Lean and Six Sigma [10]. 
Therefore, improving the discharge process will lead to 
an increase in patient’s satisfaction and the number of ad-
missions, as well as faster room turnover rates [11-13]. 
This study intended to examine and improve the patient 
discharge process by implementing structural and educa-
tional interventions using the Six Sigma model.

2. Methods

Study design and setting

This quantitative pre-and post-intervention study with-
out a control group was conducted in the Imam Reza 
Hospital Complex (IRHC). IRHC is a tertiary care teach-
ing hospital with 1100 beds located in Mashhad, Iran. 
IRHC provides care to around 81,000 inpatients annu-
ally. IRHC was designated as the COVID-19 Referral 
Center, especially in Mashhad. The population of the 
study included patients in the general surgery wards, in 

which patients with COVID-19 were hospitalized. Ran-
dom samples included 70 samples. Data of one month 
before the intervention (March 2020) were compared 
with one-month post-intervention (May 2020). 

The sample size for the study was calculated based 
on QOL endpoints from previous studies [11]. Using a 
95% confidence interval and 80% power, we calculated 
a sample size of n= 35 in each group. Due to the reduc-
tion of elective surgeries during COVID-19, nurses in 
the surgical ward were transferred to COVID-19 wards. 

Data collection

A total of 70 samples before and after the intervention 
were selected based on a previous similar study [14]. The 
main outcome of this study was reducing the average 
time from writing the discharge order by the physician 
until the patients receive the permission form to leave the 
hospital. The main outcome of this study was reducing 
the average time from writing the discharge order by the 
physician until the patients received the permission form 
to leave the hospital, for strengthening hospital capacity 
for the COVID-19 pandemic.

Data were collected by the stopwatch tool and through 
direct observation and face-to-face interviews with the 
relevant personnel and patients (or their families). In the 
first step, a preliminary review of the data and identifica-
tion of discharge steps were performed through a team 
with the presence of those who were directly involved in 
the process, including the ward secretary experts, head 
nurses, billing staff, and nurses. The issues approved in 
the focus group were reviewed by a panel of 13 experts 
or the Six Sigma team. Secondly, after identifying the 
most important factors, the factors that delayed the dis-
charge process were identified. Third, appropriate so-
lutions to optimize the discharge process based on the 
various stations in the form of instructions for Electronic 
Patient Discharge (EPD) were suggested. The Six Sigma 
team included a ward secretary (changed to the Health 
Information Management (HIM) expert after the imple-
mentation of EPD), a nurse with at least 10 years of rel-
evant work experience, a head nurse, a medical records 
officer, billing staff, and two faculty members with a rel-
evant research background.

Notably, HIM experts worked on the classification of dis-
eases and procedures to ensure they are standardized for clin-
ical, financial, and legal uses; hence, they were responsible 
for the quality, integrity, and protection of patients’ health in-
formation. HIM experts in Iran, typically have Bachelor’s or 
Master’s degrees in HIT [12]. Then, the on-the-job training 
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method was used for the implementation of the EPD. The 
discharge process was modified based on the Six Sigma 
Model using the Define, Measure, Analyze, Improve, 
and Control (DMAIC) method. To identify the hospital 
discharge process and define the problem, the discharge 
process was defined in the seven stations.

Statistical analysis

As mentioned above, after determining the discharge 
stations, six Sigma steps were performed, including 
defining the problem, measuring the defect and error, 
analyzing the causes of a defect in each station, improv-
ing the discharge process by removing major causes, 
and controlling the process to ensure that the error does 
not recur. To further assess deviates of the process from 
total accuracy or perfection, the following items were 
also measured: Six Sigma scores, yield (percentage of 
discharges meeting the Sigma team goal (439 min), and 
defects per million opportunities (number of defects in 
a process per one million opportunities). To determine 
the Sigma team goal, the total average time of discharge 
before the EPD was used as the Sigma team goal. The 
cases with a long average time of discharge were consid-
ered as defects in the discharge process. To calculate the 
defects per million opportunities, we implemented the 
following equation:

Number of defects
Number of units×Number of opportunities

×1,000,000

The process yield was calculated by subtracting the total 
number of defects from the total number of opportunities, 
dividing by the total number of opportunities, and finally, 
multiplying the result by 100. To compare the time noted 
by the stations before and after the intervention in the sur-
gery ward, first, the mean and standard deviation of each 
station were compared using the Mann-Whitney U test. 
To investigate the effect of the intervention, first, the dif-
ference between the two averages (before and after the 
intervention) and a 95% confidence interval were calcu-
lated and compared. Excel 2016 and STATA 14 software 
were used to summarize and analyze the data. 

3. Results

The findings showed that in the modified discharge 
process of patients with COVID-19, four out of the sev-
en previous steps were eliminated. The most important 
change in the EPD process was changing the ward secre-
tary to HIM experts. In the EPD, all discharge processes 
are performed without the presence of the patient and 

the medical record at the inpatient ward. In this process, 
the patient is discharged systematically and using the 
POS system, which is available to the HIM expert, all 
these processes are performed in the relevant inpatient 
ward. The HIM expert of each department should cor-
rect the defects of the medical records and deliver them 
to the medical records department within 48 h after the 
discharge. For the assessment of the HIMs’ performance 
in the modified process, it received the scores of head 
nurse, patient accounting department, and medical re-
cords department, with a weight of 40%, 30%, and 
30%, respectively. Table 1 presents some of the studied 
samples’ characteristics according to the research period 
(pre- and post-intervention). There was no significant dif-
ference between the variables between the two periods.

Regarding the waiting time for discharge, all stations 
showed a significantly shorter waiting time (P<0.0001) 
in the post-intervention compared with the pre-inter-
vention (Table 2). Based on the results before the inter-
ventions, the average discharge time before EPD was 
439.73±69.64 min, which decreased to 211.31±17.78 
min after EPD. 

The Six Sigma score ranged between 1.37 and 1.55 
with a yield of around 44.82% in the pre-intervention 
phase (DPMO: 542857). After the interventions, the 
number of errors reached zero, the Sigma score was less 
than 3.4, and the yield and defects per million opportuni-
ties of the discharge process also improved by 55%.

4. Discussion

The aim of this study was to increase hospital capacity 
by decreasing the discharge time. The findings showed 
that the implementation of EPD led to a decrease in total 
discharge time to 228 min. Considering the monthly dis-
charge of 6,000 patients, the obtained discharge time re-
sulted in an increase in the hospital bed capacity to about 
32 active hospital beds with all facilities for the admission 
of patients with COVID-19. The yield and defects per mil-
lion opportunities of the discharge process also improved 
by 55% in the post-intervention period and increased to 
100%. Numerous studies have used the Six Sigma model 
to decrease the average discharge time [10, 13, 15-17].

A study conducted at IRHC in 2013 showed a 26% reduc-
tion in discharge time [18]. Due to the similar studied center, 
it can be stated that the findings of this study did not have 
sustainability. In this regard, there is evidence for the lack of 
demonstrable sustainability following the application of the 
Six Sigma model in healthcare settings [14, 18-20]. 
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Table 1. The samples’ characteristics in the pre- and post-intervention

Variables Sub-variables
No.(%)

P(χ2 test)
Pre-intervention Post-intervention

Sex
Male 14(40) 14(40)

0.596
Female 21(60) 21(60)

Age, years 

1-10 1(3) 0

0.22

10-20 0 2(5.7)

20-30 3(8.6) 3(8.6)

30-40 6(17) 12(34.3)

40-50 11(31.4) 7(20)

50-60 6(17.1) 8(22.9)

>60 8(22.9) 3(8.6)

Admission number

First 23(65) 22(62.9)

0.771

Second 23(65) 9(25.7)

Third 23(65) 2(5.7)

Fourth 23(65) 2(5.7)

Fifth and more 23(65) 0

Length of stay (day)

1-3 19(54.3) 24(68.6)

0.296

3-6 8(22.9) 8(22.9)

6-9 2(5.7) 2(5.7)

9-12 2(5.7) 1(2.9)

12-15 0 0

>15 4(11.4) 0

Insurer Organization

Iran Health Insurance 
Organization 24(68.6) 23(65.7)

Social Security Orga-
nization 8(22.9) 10(28.6)

0.631

Military Health Insur-
ance 1(2.9) 0

Imam Khomeini Relief 
Foundation 0 0

Uninsured 1(2.9) 2(5.7)

Traffic accident 1(2.9) 0

Need for social worker
Needed 13(37.1) 9(25.7)

0.22
Not needed 22(62.9) 26(74.3)

Sabethosseini Dokht M, et al. Strengthening Hospital Capacity During COVID-19. JRH. 2021; 11(5):305-312.

http://jrh.gmu.ac.ir


309

September & October 2021. Volume 11. Number 5

The yield and defects per million opportunities for as-
sessing the improvement of the discharge process have 
been used in some studies. Vijay et al. attempted to re-
duce discharge time from 234 min to 135 min post-inter-
vention. This study calculated the discharge sigma as the 
Six Sigma level of 95% [21]. In the study by El-Banna, 
70.2% of the patients were discharged within more than 
50 min before the intervention, and the Six Sigma level 
of 1.11 was calculated [13]. However, the starting point 
and the end of the discharge process have been different 
from the current study. The first station showed a longer 
time in the discharge process. Due to the educational na-
ture of the hospital, the role of medical assistants in the 
waiting time for discharge, especially at the first station, 
is very important in completing the summary sheets. A 
decline in the number of medical assistants directly in-
creases the discharge time [22]. El -Banna in his study 
entitled “Improving Hospital Discharge Patients Using 
the Six Sigma Approach”, has emphasized the impact of 
medical assistants in the ward [13]. 

Allen et al. used the Six Sigma model to improve dis-
charge times by focusing on improving communication 

between nurses and physicians through the implementa-
tion of a standardized discharge form that led to a drop 
in discharge time from 3.3 to 2.8 h [23]. However, in this 
study, the waiting time for discharge regardless of the 
time needed for cost accounting and is not comparable 
to the current study. 

This study, consistent with some other relevant studies 
[10, 24, 25], confirmed the effectiveness of using the Six 
Sigma model to improve the patient discharge process. 
However, the application of this intervention for other 
hospitals requires some measures. First, it should be not-
ed that the patient discharge process is very complex and 
the effectiveness of using the Six Sigma model requires 
good coordination between physicians, nurses, ancillary 
service staff, patients, and their families, and in some 
settings, the financial services department and medical 
records department [17, 26, 27].

Other requirements include the existence of a Hospital 
Information System (HIS), the availability of sufficient 
hardware equipment, such as computers, scanners, and 
printers in each ward, the possibility of tracking medical 

Table 2. Waiting time for discharge based on the requirements for patient’s discharge order

Stations Station Description

Mean±SD
Difference 

(Confidence 
Interval)

PTime From Discharge, Minutes 

Pre-intervention Post-intervention

1

The time between 
discharge order and 
the completion of 

the Patient Medical 
Record (PMR)

289.51±47.81 197.68±13.74 91.8(60,123) 0.00001

2
Waiting time to send 

the PMR from the 
ward*

30.06±15.87 0.00 30.06(24,35) 0.00001

3

The time needed to 
receive the PMR by 
the medical records 

department

16± 4.49 0.00 16(14,17) 0.00001

4

The time needed to 
receive the PMR by 

the financial services 
department 

38.57±33.29 0.00 38.57(27,50) 0.00001

5
The time needed to 
start assessing the 

PMR 
41.67±44.37 0.00 41.67(28,55) 0.00001

6 The time needed to 
issuance of the bill 17.51±18.85 8.83±13.35 8.68(0.65,16) 0.00001

7 The time needed to is-
suance of the exit card 6.41±9.19 4.8±10.81 1.6(-6,3) 0.0052

The whole dis-
charge process

The time between 
discharge order and is-
suance of the exit card 

439.73±69.64 211.31±17.78 228.4(192,264) 0.00001

* In stations 2-7, the time to start measures in the station is the time, at which the previous station ended its activity.
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records (non-electronic), the presence of IT profession-
als, and good coordination with the health insurance or-
ganizations. The use of information systems to increase 
the capacity of hospital beds by reducing bed allocation 
gaps has been proposed in various studies as one of the 
appropriate solutions [28].

The lack of adjusting for all possible confounders dur-
ing the study, particularly in the post-intervention phase 
is the main limitation of this study. Assigning the IRHC 
for the reception and care of patients with COVID-19 
was the most important confounder that could have af-
fected the results. However, in the intervention used in 
the present study, some discharge stations were omitted, 
which did not associate with the considered type of pa-
tients; therefore, from the research team’s point of view, 
this limitation did not have a significant effect on the 
effectiveness of the intervention.

Hospitals are the most complex building types. Each 
hospital is comprised of a wide range of services and 
functional units, which indicates large amounts of finan-
cial resources and time needed to build a hospital. How-
ever, prolonged and combined outbreaks can lead to the 
progressive spread of disease with rapidly increasing ser-
vice demands that can potentially overwhelm the capacity 
of hospitals [29]. In these conditions, increasing hospital 
capacity through improving hospital processes is a quick 
action to cover the rapidly increasing service demands in 
an epidemic or a pandemic [30], which has been men-
tioned in various studies in recent decades [31, 32].

5. Conclusion

We showed that about 32 beds within the facility can 
be obtained by applying the Six Sigma model to improve 
the discharge process in a short time and at a very low 
cost, because creating an active and ready hospital bed 
is a very long process [31]. This process involves build-
ing the physical space and providing the equipment and 
personnel needed. This process may normally take sev-
eral years for a small hospital in government systems. 
The present study, by modifying the hospital structure 
in a short period and also with the participation of all 
stakeholders, showed providing about 32 ready-to-serve 
hospital beds. However, by modifying some other steps 
of EPD, this time can be reduced again and increases the 
efficiency of hospital beds.
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