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Objective: To explore the application effect of lean management in improving the quality of
outpatient blood collection services.

Methods: For this study, a total of 146,907 patients whose blood was sampled by outpatient
services between April 2020 and September 2020 were selected. We analyzed the influence
of various factors on the waiting time and satisfaction levels of the patients for blood
collection and eliminated confounders based on the results of the analysis. Lean management
for the outpatient blood collection service was implemented in July 2020. Thus, the 38,275
cases sampled on weekday mornings between April and June 2020 were selected as the
ordinary management group, while the 39,473 cases sampled on weekday mornings between
July and September 2020 belonged to the lean management group. Finally, the changes in
waiting time and the satisfaction levels of the patients were evaluated.

Results: The age and gender of the patients and the length of service of the staff, who
administered blood collection had a negligible effect on the waiting time (Z=—1.243,
P=0.418; Z=1.569, P=0.389; Z = —1.062, P= 0.563), while there was a statistical difference
in the waiting time between different days and different sessions (Z = —2.581, P = 0.013 and
Z = —4.672, P < 0.001). We also found that the length of service of blood collection
staff, day, session, and age and gender of patients did not have a meaningful effect on
patient satisfaction (P > 0.05). Overall, the median waiting time of outpatients decreased
from 22 min to 13 min after the implementation of lean management (Z =10.522, P < 0.001),
while the satisfaction level of outpatients increased from 95.37% to 98.33% (x> = 559.580,
P < 0.001).

Conclusion: The application of lean management can significantly shorten outpatient wait-
ing time for blood collection, improve patients satisfaction levels, and enhance the overall
patient experience. Thus, lean management can significantly improve the service quality of
outpatient blood collection.

Keywords: lean management, outpatient blood collection, waiting time, satisfaction, service

quality

Introduction

In recent years, with the continuous development of society and medical advance-
ments, the concept of health has become more meaningful to people. Because of
this, hospitals, as well as patients, are paying more attention to outpatient blood
collection, which is one of the most common procedures during health
examinations."* Considering that outpatient blood collection is an essential aspect
of the medical service of hospitals, service quality offers an indication of the
amenities a hospital provides, and good service is also essential for the establish-
ment of the hospital brand. Therefore, service quality is a vital element for
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outpatient blood collection departments.®* The quality of
the outpatient blood collection service can directly reflect
the image of hospital management, and also affect the
reputation of the hospital among the people.>® Moreover,
it acts as a focus of activity for the “Three Goods and One
Satisfaction” (good service, good quality, good medical
morals, and satisfying the people), an initiative that was
implemented by the national health system in China.” For
most health examinations in China, blood collection is
performed in the morning, and outpatients are required to
fast before their blood samples are taken. Thus, in most
hospitals, due to large patient numbers and a relative short-
age of medical resources, patient waiting time for blood
collection is often lengthy and service quality can be
compromised.* '® Prolonged waiting times not only
make the patients feel uncomfortable and anxious but
also harm the doctor-patient relationship and waste the
patients’ time, affecting their work and life. Therefore,
reducing the waiting time of outpatients for blood collec-
tion and improving the experience of patients can effec-
tively improve outpatient blood collection management
quality, thus enhancing patient satisfaction and forming
a good image for hospitals. However, devising methods
for effectively reducing waiting times for blood collection
has always perplexed outpatient blood collection service
administrators, and waiting time is one of the foremost
reasons for disputes and complaints from patients during
diagnosis and treatment. Lean management is
a management method that eliminates waste and maxi-
mizes value through simple but effective means in work.
Lean management, as a delicate form of management, is
simple, accurate, fine, and strict. It can eliminate practical
difficulties in the system, process, and management meth-
ods, thereby making processes streamlined and efficient,
significantly improving quality and optimizing service.''"'?
Lean management can be utilized to reduce examination
turnaround time, enhance patient satisfaction, improve
medical quality, and increase patient safety.'*'* At pre-
sent, the application of lean management in outpatient
blood collection is still at an initial stage, and there is
not yet a standard practice for it. For outpatient blood
collection, lean management should be implemented
across the entire process from spots to the entire area,
and problems should be solved node by node by constantly
remedying defects in the system. This achieves the goals
of satisfying various patient-centered needs and improving
the overall outpatient blood collection service quality. It
also, realizes one of the core value of “Placing the feelings

of patients and employees first” for our hospital. In this
study, lean management was integrated into all aspects of
outpatient blood collection, to shorten patient waiting
times and improve the quality of the blood collection
service. This in turn improved patient satisfaction while
ensuring safe and satisfactory medical treatment for the
patients.

Materials and Methods
Study Population

The outpatient blood collection division started employing
lean management in July 2020. The study included
146,907 patients who were provided the outpatient blood
collection service in our hospital and completed
a satisfaction survey between April and September 2020.
This group included 69,897 males with a median age of 45
(1-89) years and 77,010 females with a median age of 46
(1-91) years. Among them, 68,575 cases underwent out-
patient blood collection between April and June 2020,
before lean management commenced. The other 78,332
cases occurred between July and September 2020, after
the introduction of lean management. The selective biases
caused by confounders (weekends, holidays, and after-
noons) were eliminated based on a comparison of waiting
times and outpatient satisfaction for blood collection, and
according to different features, from April to
September 2020 (Table 1). Consequently, the 38,275
cases sampled on weekday mornings between April and
June in 2020, including 19,215 males with a median age of
45 (1-90) years and 19,060 females with a median age of
46 (1-91) years, were placed in the ordinary management
group. Then, the 39,473 cases sampled on weekday morn-
ings between July and September in 2020, including
19,536 males with a median age of 46 (1-91) years and
19,937 females with a median age of 45 (1-90) years,

were included in the lean management group.

Methods

The procedure for outpatient blood collection before the
introduction of lean management was as follows: Patients
are issued an inspection requisition form according to the
doctor’s instructions, then they take a numbered ticket
from the queuing machine for outpatient blood sampling.
Note that there is only one queue number, and no restric-
tions on the number of tickets examination subjects can
take. Staff call the patients’ names in due order for blood
collection [no information in the laboratory information
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Table 1 Comparison of Outpatient Waiting Times and Patient Satisfaction for Blood Collection According to Different Variables

Feature Cases for Patient Waiting Time for Blood Patient Z value/ | P value
Investigation Collection M (IQR) (min) Satisfaction 2% value
(Cases/%)

Length of service of | ~ 3 years 72,153 19 (27) 69,909 (96.89) -1.062% 0.563*

blood collection staff > 3 years 74,754 18 (26) 72,398 (96.85) 0.196* 0.658*

Day of blood collection | Working days 109,759 21 (28) 106,295 (96.84) -2.581% 0.013*
Weekends or 37,148 15 (19) 36,012 (96.94) 0.846* 0.358*
holidays

Session of blood Morning (8:00 104,345 26 (24) 101,056 (96.84) -4.672% | <0.001*

collection ~ 11:30)
Afternoon 42,562 3 (5 41,250 (96.92) 0.491* 0.484*
(13:30 ~ 17:00)

Gender of patient Male 69,897 17 (26) 67,670 (96.81) -1.569% | 0.389%
Female 77,010 19 (28) 77,010 (96.92) 1.290* 0.256*

Age of patient <12 years old 35,992 18 (26) 34,858 (96.85) —1.243% 0.418*
>12 years old 110,915 19 (27) 107,449 (96.88) 0.051* 0.821*

Notes: length of service of blood collection staff: 4 people: 1-3 years, 4 people: > 3 years; “Mann—Whitney U-test; *Chi-square test; patient satisfaction = (number of very

satisfied + mostly satisfied patients)/total number of patients surveyed x 100%.

system(LIS)], scan/enter the patients’ outpatient numbers
to query the examination items, confirm the patients’ iden-
tities, print the corresponding barcodes, then perform
blood collection. Main problems: (1) At the blood collec-
tion windows, the management of supplies and supplies
was disorderly, resulting in a time-consuming replenish-
ment process for necessary provisions during the blood
collection period. (2) The layout of the patient waiting area
was unreasonable since there were some isolated areas
where it was difficult to see the call screen. (3) There
were deficiencies in the calling software, and the hardware
was outdated. The calling system could identify both the
outpatient number and the medical record number, but the
LIS system could only read patient information corre-
Therefore, if

a patient took a number using their medical record num-

sponding to their outpatient number.

ber, the outpatient number on the referral form would have
to be scanned again manually for the patient’s information
and examination items to be read out, consequently wast-
ing a significant amount of time. (4) The calling system
was also outdated. It could not display the next patients in
line, therefore patients could not prepare for blood collec-
tion in advance. Besides, relevant staff would have to wait
until the patient found the correct window, thus wasting
time for both blood collection staff and patients.
Additionally, if the system encountered a patient whose

name contained a rare Chinese character, a glitch in the
system would prevent the screen from displaying the
patient information. (5) The staff arrangement was unrea-
sonable since queuing was based on a sequential basis and
thus patients with special requirements for blood collec-
tion (such as infants) could not be allocated to windows
with more experienced staff. This situation often led to
unnecessary wasting of time, which prolonged the waiting
time of patients. (6) Performance assessment was not
adequate, which negatively affected staff enthusiasm. As
a result, staff work efficiency was low and may have
indirectly extended the waiting time for blood collection.
Relevant problems associated with this practice were
identified and enhanced specifically. (1) Use “6S” to man-
age blood collection materials, ensuring the preparation of
sufficient equipment in advance. Also, if necessary,
arrange clerks of relevant divisions to replenish stock
regularly. This reduces unnecessary walking, save time,
and improve work efficiency.(2) Adjust the seating layout
in the waiting area, so that patients can easily see the
display screen, thus reducing the flow of people and avoid-
ing congestion. (3) Update and maintain the hardware, and
optimize the LIS system for patient information reading.
Upgrade the handheld barcode reader to a more efficient
seat barcode reader, so that staff members can quickly and

accurately scan the outpatient number or medical record
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number with one hand. Perform regular maintenance on
the queuing machine, computer, and display screen, to
avoid hardware failures. Alter the LIS system, allowing
it to acquire the test items automatically by reading patient
information (outpatient number and medical record num-
ber). (4) Optimize the calling system by displaying the
window number on the queuing ticket. As a result, patients
do not waste time looking for the correct window or fail to
find the corresponding window and miss their call, thus
wasting the time of both doctors and patients. At the same
time, display the next two patients in line on the call
screen, giving patients have enough time to prepare. (5)
Arrange blood collection windows and staff logically by
arranging two separate windows for children and one pre-
ferential window (with calling rules improved simulta-
neously). Using more experienced staff for blood
collection in the morning, thus promoting work efficiency
and reducing patient waiting time. When there are fewer
patients (such as in the afternoon), newer employees can
be assigned to work. This can reduce the waiting time of
patients for blood collection and also improve the practical
skills of newer employees. (6) Reward outstanding staff
based on their performance (number of patients receiving
blood collection, number of vials filled, or the complexity
of blood collection). Completing more work to a high
standard rewarded with financial bonuses, thus raising
the enthusiasm of the staff. This in turn shorten patient
waiting time and improves patient satisfaction.

Observation Indexes

We compared the relevant indexes for evaluation before and
after lean management. The patient waiting time for blood
collection was calculated as the difference between the time
when the patient obtained a number at the queuing machine
and the time the label was printed on the LIS system. The
patient satisfaction survey was based on the results of patient
interviews, provided by the quality management department
of the hospital. Satisfaction was evaluated as the number of
“very satisfied” or “mostly satisfied” patients, expressed as
a percentage of the total number of surveyed patients.

Statistical Analysis

SPSS 22.0 was used for data processing, and the
Kolmogorov—Smirnov normality test was performed for
analysis of the data distribution, with non-normal distribu-
tion data represented by the M (median) and IQR (inter
quartile range). The rank-sum test was used for an inter-
group comparison of non-normal distribution, and the chi-

square test for a comparison of rates. If P < 0. 05, the
result was considered to have statistical significance.

Results
Factors Influencing the Service Quality of
Outpatient Blood Collection

According to the analysis on waiting times and patient satis-
faction of 146,907 outpatients for blood collection, the length
of service of blood collection staff, as well as patient age and
gender did not have a substantial influence on the waiting
time (P > 0.05), while the day and session had a significant
effect on the waiting time (P <0.05). The length of service of
staff for blood collection, day, session, and patient age and
gender had a negligible effect on patient satisfaction (P >
0.05). Table 1 displays details of these results.

Outpatient Waiting Times for Blood
Collection Before and After Lean

Management

The Kolmogorov—Smirnov normality test was used to ana-
lyze the waiting time of outpatients for non-normal distribu-
tion, which could not be converted to a normal distribution,
and was represented by M (IQR). For inter-group compar-
ison, we adopted the Mann—Whitney U-test. After the launch
of lean management, the waiting time of outpatients for
blood collection was significantly shortened: the waiting
time was less than 15 min for 54.26% of patients and within
30 min for 98.77% of patients. The overall waiting time in
the lean management group was significantly shorter than for
the ordinary management group (see Table 2 and Figure 1).

Patient Satisfaction Before and After

Implementation of Lean Management

In the lean management group, 69.15% of patients were very
satisfied and 29.17% were mostly satisfied, very satisfied was
significantly higher than in the ordinary management group
(57.98%). However, mostly satisfied was significantly lower
than in the ordinary management group (37.39%). Moreover,
only 0.89% expressed general satisfaction and 0.79% were
dissatisfied, which was noticeably lower than in the ordinary
and 2.23%,
Therefore, lean management significantly improved patient

management group (2.40% respectively).
satisfaction (“very satisfied” and “mostly satisfied” patients
were combined as satisfied patients). Table 3 provides detailed

information about patient satisfaction.
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Table 2 Comparison of Waiting Times for Blood Collection Between the Two Groups

Group Cases | 0~ I5 min (Cases/ 16 ~ 30 min > 30 min (Cases/ | Overall Waiting Time (M [IQR]
%) (Cases/%) %) min)

Ordinary management 38,275 5,978/15.62 20,599/53.82 11,698/30.56 22 (31)

group

Lean management group | 39,473 21,418/54.26 17,570/44.51 485/1.23 13 (16)

2% value or Z value - 2 = 33.054 27+ = 14.025 2+ = 41.586 Z=10522

P value - < 0.001 < 0.001 < 0.001 < 0.001

Discussion between hospitals. However, this study reinforced the out-

In this study, we firstly analyzed the objective factors affecting
the waiting time and satisfaction of outpatients for blood
collection, with results showing that there was a statistical
difference in the waiting time between different days and
different sessions. In our hospital, blood collection for out-
patients is relatively concentrated on weekday mornings, with-
out any time for breaks. Therefore, we selected weekday
mornings for the comparison of before and after the employ-
ment of lean management, to eliminate the influence of con-
founders, and meet the requirements for the accurate
evaluation of lean management. In our study, the waiting
time of outpatients for blood collection was of non-normal
distribution, which was inconsistent with the previous reports
of Boya® and Feng-e.” This may be caused by differences in
outpatient blood collection processes and patient populations

standing clinical application value of lean management indir-
ectly through the median waiting time of outpatients for blood
collection. After lean management was introduced, slightly
shorter waiting times than the reported average™® were
recorded. Currently, there are few reports on the waiting time
of outpatients for blood collection worldwide, therefore, it is
difficult to compare our findings with relevant data from other
countries. In this study, lean management led to improvements
in the quality of the outpatient blood collection service, and
patient-oriented service was enhanced by focusing specifically
on the optimization of processes related to both patients and
staff. During the course of our research, almost 1200 more
outpatients were served under the lean management system
than the previous system, while the number of staff remained
unchanged. However, the median waiting time of outpatients
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Figure | Comparison changes in the number of patients and waiting times for blood collection before and after the lean management.
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Table 3 Comparison of Patient Satisfaction Between the Two Groups

Group Cases Very Satisfied Mostly Satisfied General Satisfied Dissatisfied Satisfaction
(Cases/%) (Cases/%) (Cases/%) (Cases/%) (%)

Ordinary 38,275 22,193/57.98 14,311/37.39 918/2.40 853/2.23 95.37

management group

Lean management 39,473 27,296/69.15 11,516/29.17 350/0.89 311/0.79 98.33

group

2% value - 1048.06 1 591.239 275.879 272.537 559.580

P value - <0.001 <0.001 <0.001 <0.001 <0.001

for blood collection was reduced from 22 min to 13 min.
Although the results are encouraging, the requirements for
the “Three Goods and One satisfaction” initiative are still not
satisfied.” This may be related to the lack of an early warning
mechanism in this study, based on the dynamic distribution of
patient flow. The next step in our research is to define a flow
warning algorithm, then establish a flow warning mechanism
for the blood sampling window. This will coordinate supply
and demand promptly, and by incorporating these measures
into lean management, we can enhance the medical service for
patients even further.

Lean management noticeably reduced the waiting time of
outpatients for blood collection and increased patient satisfac-
tion from 95.37% to 98.33%. These results were more impress-
ive than those reported by Zhongjun'® and Bo-Ya.® In terms of
satisfaction, lean management significantly increased the pro-
portion of very satisfied patients, and lowered the number of
dissatisfied patients, suggesting that outpatients for blood col-
lection welcomed the “patient-centered” medical services
based on lean management. The primary reason for this may
be that lean management shortened the waiting times of
patients, thus alleviating their impatient moods. It also
improved the quality of the medical service, which would
have also reduced the anxiety of the patients. Additionally,
this study analyzed how lean management improved the effi-
ciency of outpatient blood collection service by eliminating
confounders, for which the choice of time was limited, ie, full
coverage of time was not achieved. The next step in our
research is to correct confounders by correction and to conduct
a comprehensive analysis on how lean management improves
the quality of the outpatient blood collection service and pro-
vides a more positive patient experience.

In summary, optimizing the outpatient blood collection
and environment for patients

process through lean

management and by further integrating digital information
technology into lean management generates many benefits. It
not only shortens the waiting time of outpatients for blood
collection but also increases patient satisfaction, thus earning
a better reputation for the hospital and enhancing the overall
development of the hospital. Lean management improves the
sense of accomplishment of blood collection staff, reduces
doctor-patient conflict, and improves the medical diagnosis
and treatment experience of patients.
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