Heliyon 9 (2023) e15334

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Research article :.) |

Check for

Status of phlebotomy tube utilization at a major medical center. [

Are we using too many phlebotomy tubes?
Xincen Duan™', Wengi Shao*', Wenhai Jiang b1 Xjao Tan?, Jing Zhu“,

Jing Yang®, Yin Zhao“, Chunyan Zhang®, Qian Yu®, Yihui Yang®, Jiaye Zhou",
Baishen Pan® |, Beili Wang® , Wei Guo™

@ Department of Laboratory Medicine, Zhongshan Hospital, Fudan University, Shanghai, China
Y IT Center, Zhongshan Hospital, Fudan University, Shanghai, China

ARTICLE INFO ABSTRACT
Keywords: Background and objectives: Overutilization of phlebotomy tubes at healthcare facilities leads to
Phlebotomy tube utilization iatrogenic anemia, patient dissatisfaction, and increase in operational costs. In this study, we
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analyzed the phlebotomy tube usage data at the Zhongshan Hospital, Fudan University, to show
potential inefficiencies with phlebotomy tube usage.

Methods: Data of 984,078 patients with 1,408,175 orders and 4,622,349 total phlebotomy tubes
were collected during years 2018-2021. Data of different patient types were compared.
Furthermore, we assessed the data from subspecialty and test levels to explore the factors
influencing the increase in phlebotomy tube usage.

Results: We observed an overall 8% increase in both the mean number of tubes used and blood loss
per order over the past 4 years. The mean blood loss per day for intensive care unit (ICU) patients
was 18.7 ml (maximum 121.6 ml), which was well under the 200 ml/day threshold. However, the
maximum number of tubes used reached more than 30 tubes/day.

Conclusions: The 8% increase of phlebotomy tubes over 4 years should alarm laboratory man-
agements, as tests offered are expected to increase in the future. Importantly, the whole
healthcare community needs to work together to solve this problem with more creative solutions.

1. Introduction

The vast number of phlebotomy tubes used at healthcare facilities have caused serious concerns among medical practitioners and
hospital management. Due to the recent phlebotomy tube shortage, Jackups Jr. et al. highlighted the inefficiency with the current
utilization of phlebotomy tubes at clinical laboratories [1]. Similarly, Loh et al. have also discussed the concern of inefficient
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Table 1

Statistics for tube usage and blood loss due to phlebotomy from 2018 to 2021.

Patient Type Year Patient No. Order No. Tube No. No. Of Tubes per Order Blood Loss per Order (ml)
Mean Median 95th Percentile Max Mean Median 95th Percentile Max
All Patients 2018 206,706 303,243 959,564 3.08 3 8 22 12.2 10 30 106
2019 240,332 343,352 1,084,054 3.07 3 7 25 12.1 10 28.7 106.7
2020 250,179 358,503 1,190,826 3.24 3 8 24 12.9 12 30 108
2021 286,861 403,077 1,387,905 3.34 3 8 27 13.3 12 31.7 118.7
Emergency 2018 25,475 30,086 84,869 2.80 3 5 12 10.4 12 18.7 50.7
2019 26,540 32,536 95,410 291 3 5 12 10.9 12 18.7 51
2020 24,787 29,013 94,222 3.23 3 5 14 12.3 12 18.7 69
2021 30,058 34,612 112,891 3.25 3 5 15 12.3 12.7 18.7 68
ICU 2018 2753 14,683 59,567 3.97 4 8 22 15.2 14.7 31 89.7
2019 2939 15,974 64,278 3.94 4 8 23 14.9 14.7 29.7 90.7
2020 2890 17,491 71,321 3.98 4 8 24 15.5 14.7 33.7 105.7
2021 3314 19,069 80,131 4.10 4 9 27 16.2 14.7 36 115.4
Inpatient 2018 32,476 98,423 425,046 4.24 4 10 22 16.4 14.7 41 106
2019 35,698 103,954 455,443 4.30 4 10 25 16.5 14.7 40.7 106.7
2020 37,272 110,669 497,770 4.42 4 11 23 17.1 14.7 42.7 108
2021 39,641 117,395 566,631 4.73 4 12 26 18.4 14.7 48.1 112.7
Outpatient 2018 148,658 160,070 390,082 2.40 2 5 16 9.9 10 22 81.4
2019 178,083 190,920 468,923 2.41 2 5 17 9.9 10 22 77.4
2020 187,920 201,390 527,513 2.57 2 6 19 10.6 10 24 90.4
2021 216,910 232,040 628,252 2.65 2 6 23 10.9 10 25 97.4

Note: Mean were calculated as the trimmed average with a truncation ratio of 1%.
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phlebotomy tube usage at healthcare facilities [2]. Importantly, overutilization of blood tubes can lead to patient dissatisfaction,
nosocomial or iatrogenic anemia in newborns and intensive care unit (ICU) patients, increasing need for unnecessary blood transfusion
[3,4], test unavailability, excessive operative cost, and damage to the environment. Therefore, minimizing the number of phlebotomy
tubes used at healthcare facilities is crucial.

In recent years, since more clinical laboratory tests have been developed, we speculate the number of phlebotomy tubes used has
also increased. However, since the study on extra blood tubes by Loh et al. [2] in 2010, few articles have discussed the current status of
phlebotomy tube usage at hospitals or other healthcare facilities. A majority of publications, including the report by Wisser et al. [5],
have focused on the blood loss due to phlebotomy, which only indirectly reflects the extra phlebotomy tube utilization. The lack of
information on phlebotomy tube usage has kept the overutilization of phlebotomy tubes hidden for many years until the shortage of
tube supply. Understanding the current situation is crucial for persuading hospital managements to act and bring forth practical
measures to counter the problem.

To characterize the current status of phlebotomy tube usage, understand the reasons for increased usage, and identify potential
inefficiencies, in this study, we analyzed phlebotomy tube usage at the Zhongshan Hospital, at the Fudan University. We also included
blood loss analysis to provide a holistic overview of the problem.

2. Materials and methods
2.1. Sample collection

We collected test ordering data from the Zhongshan Hospital, at Fudan University from 2018 to 2021. Due to the large size of the
dataset, we only used the fourth quarter (October to December) data from each year. These four quarters were ideal representations of
regular workload and were not affected by major events such as the coronavirus disease 2019 (COVID-19) shutdowns. Using only
fourth quarter data might distort the number of patients visiting the hospital and the total phlebotomy tube usage due to a seasonal
effect. However, in this study, we focused more on the tube usage statistics on the patient level, which are less likely to be affected by
seasonal effects. Additionally, we did not use random sampling due to the highly skewed distribution of number of phlebotomy tubes
usage per patient per each order. Random sampling could underestimate the right tail of the distribution and left the true maximum
and data beyond 97.5th percentile out of our analysis. In total, data from a total of 984,078 patients with 1,408,175 orders and
4,622,349 total phlebotomy tubes were collected from the laboratory information system (LIS). Here, an order is the collection of all
tests ordered by a physician at one time for a patient. Zhongshan Hospital is a major tertiary hospital with comprehensive medical
specialties located in Shanghai, China. The annual tests reported at the Department of Laboratory Medicine of Zhongshan Hospital
surpassed 100, 000, 000 in 2020 with over 400 types of tests offered.

2.2. Subcategory and test-combine-rules

The phlebotomy tube utilization was determined by test subcategories and test-combine-rules at the Zhongshan Hospital. The tests
performed on an instrument were put into one subcategory such as routine blood or general chemistry tests. Subsequently, based on
phlebotomy tube requirements, workflow, and turn-around-time (TAT) requirements, test-combine-rules were generated to combine
different subcategories into one phlebotomy tube by an experienced laboratory division manager. The subcategories were given a
specialized token in the LIS for the ordering system to work based on the test-combine-rules.

2.3. Phlebotomy tubes and blood volume

There are six major types of phlebotomy tubes with different nominal volumes that were used. The blood volume estimation
described in the results section consisted of the sum of the nominal volumes of the respective phlebotomy tubes. However, similar to
the study by Wisser et al. [3], blood volumes drawn were an overestimation and in practice, the actual volumes were most likely
smaller.

2.4. Statistical analysis

All data analyses were performed in R statistical programming language. Since the number of tubes used and blood loss per patient
could be highly skewed, median, 95th percentile, and maximum values were reported. The trimmed means with 1% truncation were
also reported to show the changing trend over the past 4 years without having been affected by the outliers.
3. Results
3.1. Statistics according to patient types

Table 1 shows the statistics for tube usage and blood loss due to phlebotomy from year 2018-2021. The total number of patients
visiting the Zhongshan Hospital increased from 206,706 to 286,861 (38.8% increase) and the total phlebotomy tubes used also

increased from 959,564 to 1,387,905 (44.6% increase) over the 3-month period across the 4 years. Despite the relatively large growth
rate seen in patients and the number of tubes used, the mean number of tubes used per order and the mean blood loss per order both
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grew at about 8%. Similar trends were observed for different patient types. Among the four major types of patients who visited the
hospital, the most tubes per order were used on inpatients and ICU patients followed by emergency patients and outpatients. For
inpatients and ICU patients, the 95% percentiles for blood loss were all less than 50 ml in one order as there were huge increases from
2020 to 2021; the maximum blood losses were all around 100 ml in one order.

Table 2 contains data from hospitalized patients for the duration of their stay at the hospital. The mean hospital stays of ICU
patients drastically decreased from 13 to 7 days in 4 years, due to a quality initiative at Zhongshan Hospital intend to reduce hospital
stay time for surgical patients. This, combined with a minor increase in mean tube usage, has led to a 60% increase in tube usage as well
as blood loss per day in ICU patients from 2018 to 2021. For inpatients, the mean tube usage and blood loss decreased in 2019 and
2020, but the trend has since reversed in 2021 and both the mean tube usage and blood loss have grown back to similar levels as was in
2018.

Physicians usually assess a patient’s overall condition with a comprehensive set of tests when a patient is admitted to the hospital.
Therefore, the number of tubes per patient on the first order can be much higher than that on subsequent orders. We should pay extra
attention to those orders to avoid acute blood loss or anemia in critical patients. Table 2 shows the tube usage and blood loss for
inpatients and ICU patients on the first order. The number of tubes sampled for the first order consisted of approximately one third of
the total tubes used for ICU patients and about half of the total tubes used for inpatients. The maximum number of tubes drawn on the
first order reached as high as 26 tubes per order and the highest blood loss was 112.7 ml. Noticeably, the trend of growth is similar to
the overall trend for hospitalized patients on the first order.

3.2. Statistics according to laboratory subspecialties

In a clinical laboratory, divisions based on laboratory subspecialty were often created to specialize on tests based on different

Table 2

Statistics for tube usage and blood loss due to phlebotomy for ICU and inpatient patients during hospital stay from 2018 to 2021.
Patient Type ICU Inpatient
Year 2018 2019 2020 2021 2018 2019 2020 2021
Patient Number 2753 2939 2890 3314 39,641 32,476 35,698 37,272

Hospital Stays (days)

Mean 13.0 9.1 8.0 7.2 10.3 13.2 13.3 10.4
Median 9.5 6.2 4.6 4.8 3.6 6.0 6.0 4.0
95% Percentile 77.1 90.5 92.0 88.0 95.9 81.8 91.7 119.8
Maximum 42.0 26.0 28.6 23.0 56.0 55.2 57.2 55.0

No. Of Tubes per Patient

Mean 19.6 19.6 21.7 21.7 13.8 12.7 12.3 12.9
Median 12 11 12 13 10 10 9 10
95% Percentile 77.4 75.1 87 84 37 33 32 34
Maximum 582 370 578 545 175 201 204 173
Mean per Day 3.9 3.8 4.6 4.8 2.4 2.3 2.8 3.2
Median Per Day 2.5 2.5 4.3 4.0 1.7 1.6 2.2 2.6
95% Percentile per Day 11.6 11.1 11.7 12.8 7.6 7.0 7.8 8.9
Maximum per Day 26.3 26.7 27.8 30.5 34.6 32.3 24.5 31.2

Blood Loss per Patient (ml)

Mean 75.0 74.5 84.5 86.0 53.8 49.3 47.5 49.9
Median 46.7 43.4 46.8 49.4 39.4 38.7 36.4 38.4
95% Percentile 291.9 284.4 342.8 330.6 148.3 126.5 125.9 134.5
Maximum 2202.7 1417.2 2300.1 2335.7 745.9 739.1 685.0 630.1
Mean per Day 14.7 14.5 17.9 18.7 9.5 8.9 10.8 12.5
Median Per Day 9.8 9.6 16.4 15.6 6.6 6.2 8.3 9.9
95% Percentile per Day 44.7 43.4 45.7 50.2 30.5 27.9 31.6 35.4
Maximum per Day 100.5 98.4 107.9 121.6 158.3 139.4 110.9 130.8

No. Tubes on the First Order

Mean 6.3 6.0 6.4 7.0 6.8 6.4 6.8 7.4
Median 5 5 5 6 6 6 6 7

95% Percentile 14 12 14 14 12 12 12 16
Maximum 22 21 21 23 22 25 23 26

Blood Loss on the First Order (ml)

Mean 25.2 23.8 25.6 28.7 26.9 25.0 26.3 29.1
Median 18.7 19.7 20.7 23.7 24.7 21.7 23.7 25.7
95% Percentile 58.05 48.74 56.4 60.7 50.7 49.7 50.7 67.7
Maximum 89.7 90.7 92.1 100.8 95.7 106.7 104.7 112.7

Note: Mean were calculated as the trimmed average with a truncation ratio of 1%.
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testing methodology. At the Zhongshan Hospital, there are six major divisions that specialize in different tests, including Chemistry,
Hematology, Immunology, Microbiology, Molecular, and Emergency. In Fig. 1, the stacked bars show the number of tubes assigned to
each division per patient and the label shows the associated volume of blood drawn from hospitalized patients. Fig. 1A and B show the
number of tubes used for the patient’s entire stay and Fig. 1C and D show the number of tubes used on the first order. For inpatients,
clinical chemistry and immunology tests contributed to about half of the total tube usage and blood loss. Tests from the Emergency and
Hematology division were also major contributors to tube usage. Although the molecular tests only contributed a small fraction of the
total tube usage and blood loss, the number of molecular tests doubled over four years for inpatients. As for ICU patients, the tubes
assigned to the Emergency division consisted of more than half of the total tube usage and blood loss as the ICU tests generally require
faster TATs than other hospitalized patients. Since year 2019 the number of tubes assigned to each division per patient has increased
consistently. Noticeably, the number of tubes assigned to Microbiology has drastically increased since year 2019.

3.3. Statistics by specialties for hospitalized patients

The number of tests ordered by different specialty departments varied greatly. Fig. 2 shows the wards that collected the most tubes
(Fig. 2A) and blood (Fig. 2B) during the entire hospital stay of patients. The bars represent the mean number of tubes and mean volume
of blood collected. Median, 5th percentiles, and 95th percentiles are indicated by the overlaying dots and whiskers. The ICUs collected
the most tubes and blood. The Hepatology ICU, Respiratory ICU, Emergency ICU, and Cardiology ICU were top four in both number of
tubes used and blood collected per patient. Hepatology, Oncology, Infectious Diseases, and Endocrinology were among the top of the
non-ICU hospitalized departments. Further, most of the wards showed upward trends in tube usage and blood collection.

3.4. Source of growth

Fig. 3 shows the top 15 test-combine-rules for phlebotomy tube that have been increasing the most each year since 2019 for
hospitalized patients. For subcategories that contain multiple tests, the subcategory tokens have been replaced with the abbreviation of
the test category or a representative test to help with the interpretation. For example, the “CBC” represents the entire complete blood
count tests, the “ALT” represents all regular chemistry tests. Subcategories that contain only one test such as hemoglobin Alc (HbAlc)
and hepatitis C virus (HCV) RNA were represented directly with the test abbreviation. With the test-combine rules, the subcategories
can be grouped together into one phlebotomy tubes to reduce blood tube usage. For example, “ALT|GLU_F|SPE-Chemistry” in Fig. 3
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Fig. 1. Number of phlebotomy tubes and blood volume assigned to each division. (A) Number of tubes per patient in wards during the entire stay.
(B) Number of tubes per patient in ICUs during the entire stay. (C) Number of tubes per patient in wards on the first order. (D) Number of tubes per
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Fig. 2. Top 15 wards with highest phlebotomy tube usage and blood loss per patient from 2018 to 2021. (A) The number of tubes per patient in each
ward. (B) The blood loss per patient in each ward. The dots represent the median, while the whiskers represent the 5th and 95th percentiles.

refers to a test-combine-rules that have all routine chemistry tests, fasting glucose, and serum protein electrophoresis share the blood
sample from one test tube. Fig. 3A shows the top 15 rules with the highest absolute change while Fig. 3B shows the top 15 rules with the
highest percentage change. The rules with the highest absolute change consisted of most routine tests such as the complete blood count
and general chemistry tests. Those changes were caused by an increase in patients admitted over the past 4 years. The tests mentioned
in Fig. 3B consisted of mostly novel tests such as the mass spectrometry tests (“Hormone_MS”) and next generation sequencing tests for
cancer.

4. Discussion

In this study, we demonstrated that phlebotomy tube usage at a large tertiary hospital has been previously overlooked. The total
number of phlebotomy tubes used in 3 months span at the Zhongshan Hospital increased from less than 1 million to almost 1.4 million
tubes (45% increase) in the past 4 years. Although the number of patients treated also grew from about 200,000 to 280,000 (39%
increase), the mean number of tubes collected per patient on each order had grown by about 8% from 2018 to 2021. Novel tests such as
genetic cancer biomarkers, mass spectrometry tests, and pathogen tests were the main driving forces for the increase in the number of
tubes used per patient. The growth rate of blood tube per patient should be a concern for laboratory managers worldwide.

Previous studies have focused on the blood loss due to phlebotomy that might cause nosocomial anemia for critically ill and
neonatal patients. The first report of the issue of excessive usage of phlebotomy tubes dates back to the year 1973 when Eyster and
Bernene published their findings [6]. Later, the article published by Smoller et al. [7] and the editorial by Burnum [8] raised the same
issue to the entire medical community. Recent studies by Halpern et al. [3] and Beverina et al. [4], also demonstrated that excessive
blood drawn can lead to an increasing need for unnecessary blood transfusion. Since then, many efforts have been made to reduce the
amount of blood collected for phlebotomy. Most notably, the use of pediatric or other small volume tubes has had the biggest impact on
resolving the issue [9]. According to a recent meta-analysis by Helmer et al. that was based on 29 observational and nine interventional
studies, replacing phlebotomy tubes for pediatric patients or usage of other smaller tubes significantly reduced the daily blood loss in
ICU patients [10]. Generally, shifting to smaller tubes can effectively reduce the daily blood loss from about 30 to 15 ml per day [10].
At Zhongshan Hospital, we have implemented smaller volume tubes in 2008, since then the blood loss has not been an issue for our
patients. In our data, the blood loss was not found to be a significant problem for most patients. Even for critically ill patients in the
ICU, the maximum blood drawn per day was less than 150 ml and the 95th percentile for blood loss per day was about 50 ml, which
was much lower than the 200-ml criteria used in previous studies [5]. However, to collect over 100 ml of blood would require more
than 20 phlebotomy tubes.

Although the volume for blood loss can be reduced by replacing larger tubes with smaller tubes, the number of phlebotomy tubes
used for the sampling stays the same. This issue has been overlooked until recent shortages of phlebotomy tube supply in many
laboratories worldwide that ran out of necessary tubes for routine tests. Both the College of American Pathologists and the US Food and
Drug Administration have published recommendations for mitigating such a shortage in future [11,12].

Although the shortage mostly involved the sodium citrate tubes, it is still a good practice for hospitals and clinical laboratories to
minimize the utilization of tubes for several reasons besides reducing blood loss. Firstly, excessive numbers of tubes incur huge
operational costs for laboratories and hospitals that include ordering, stocking, and waste management of the tubes [2]. Secondly,
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Fig. 3. Test-combine-rules with the highest absolute and percentage increase from 2018 to 2021. (A) The test-combine-rules with the highest
absolute increase. (B) The test-combine-rules with the highest percentage increase, but the bar shows the absolute increase for easier interpretation.
CBC: complete blood count; ALT: alanine aminotransferase; cTNT: Cardiac Troponin T; SCC: squamous cell carcinoma; APO-A1: Apolipoprotein Al;
MYO: myoglobin; LYMPH: lymphocyte count; GLU_F: fasting glucose; SPE: serum protein electrophoresis; HbAlc: hemoglobin Alc; anti-CPP: cyclic
citrullinated peptide antibody; progesterone; ESR: erythrocyte sedimentation rate; HBVDNA: hepatitis B virus DNA; MS: mass spectrometry; ST2:
soluble interleukin 1 receptor-like 1; HLA-B27: human leukocyte antigen B27; RF: rheumatoid factors; AFP-L3: alpha-fetoprotein L3; IL-2: inter-
leukin-2; ACTH: adrenocorticotropic hormone; CORT: cortisol; BC: bacteria culture; SA: antibiotic sensitivity; ANA: antinuclear antibodies; ANCA:
antineutrophil cytoplasmic antibodies; Mono: mononucleosis; Breg: regulatory B cells; Treg: regulatory T cells; PLA2R: Anti-phospholipase A2
receptor; Li: lithium; MEM: membrane permeability; AK(CO): amikacin concentration; CA242: carbohydrate antigen 24-2; CMVDNA: Cytomega-
lovirus DNA; PG1: pepsinogen 1; vVWF: on Willebrand factor antigen; 18-OHF: 18-hydroxycortisol; ALD: aldosterone.

using many tubes during phlebotomy could lead to low patient satisfaction. We have received several complaints from the patients due
to the large number of tubes used during phlebotomy, making us recognize the issue long before the tube shortage. Finally, the massive
number of phlebotomy tubes used can cause huge environmental impacts. A study by Lee et al. has shown that the phlebotomy tubes
contribute up to 70% and 19% of plastic waste from all laboratories and hospitals, respectively [13]. Due to biosafety regulations, all
the plastic waste from phlebotomy tubes cannot be recycled and must be incinerated, causing additional emission of greenhouse gases
and pollution [14].

There are several reasons that might cause overutilization of phlebotomy tubes. Importantly, utilization of phlebotomy tubes can be
affected by workflow and other operational issues. For example, TAT requirements force laboratory managers to run tests in separate
tubes that could be combined together. Another example would be physical separation of testing locations. The Hematology and
Chemistry division at the Zhongshan Hospital were at two separate locations on the campus. The tests conducted at the two divisions
would be impossible to combined into one tube. Therefore, the workflow related problems are usually difficult to solve and reducing
tube usage can involve trade-offs with other important quality indicators or may require significant workflow changes.

Overutilization of blood tubes can be caused by inefficiencies at the laboratories or hospitals. Studies have shown that the problem
of unnecessary tube usage was a common issue at healthcare facilities. The “rainbow” of tubes can cause massive waste if not managed
properly [15]. Improper phlebotomy procedures could also lead to wastage of tubes due to hemolysis, mislabeling, and other phle-
botomy failures. More importantly, overutilization and underutilization of laboratory tests by physicians could also generate waste
blood samples. Jackups Jr. et al. provided a practical approach and reasons to reduce the use of the sodium citrate tube by imple-
menting an order alert for physicians with clinical decision support systems to not order prothrombin time (PT)/partial thromboplastin
time (PTT) for screening tests. This effort reduced the utilization for international normalized ratio (INR) and PTT tests by 18% and
21%, respectively after 6 weeks [1]. However, a study by Sarkar et al. showed that underutilization of laboratory tests was more
common and could also lead to phlebotomy tube waste [16]. If the most informative tests were not performed initially, the physicians
may have to order more unrelated tests to determine the patient’s conditions and order the missed test later. In general, the
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unnecessary usage of tubes caused by inefficiencies in laboratories and clinics can be effectively reduced by training, communication,
and using electronic systems.

Another driving force for an increase in blood tube usage is the introduction of novel tests. From our results, we can see a clear
pattern of growth of newly developed tests. Pathogen specific tests for surgery patients have contributed to the doubling of the tubes
assigned to the Molecular and Microbiology divisions for patients in wards and ICUs. Tests such as hepatitis B virus (HBV) DNA,
cytomegalovirus (CMV) DNA, Epstein-Barr virus (EBV) DNA, and antibiotic sensitivity all have had growth rates higher than the
overall average growth rate. In recent years, regulations for the use of antibiotics have forced more and more pathogen tests to be
performed before administration. The philosophy of precision medicine encourages the use of omics information on cancer diagnosis
and treatment guidance. In our data, genetic tests such as BRCA and SEPTINO tests have also been growing faster than the average
growth rate. Mass spectrometry tests can improve the quality of care at the hospital by providing more accurate test results and tests
that were previously unavailable by chemistry or immunological methods. In the future, more tests should be available commercially
for patients and physicians to improve the quality of care. Therefore, to keep the blood tube usage under control, when an additional
test is prescribed, the laboratory management should carefully design the test-combine-rule and remove the possibility of redundant
tests.

Our study has a major limitation. The results of the study do not provide methodology to solve the issue. As mentioned earlier, we
had recognized the problem in year 2019, when we received several complaints from patients on the massive number of tubes used
during phlebotomy. We ask our management team to brainstorm new test-combine-rules to reduce phlebotomy tube usage. Of all the
possible rules, combining routine biochemistry tests with serum protein electrophoresis was the most effective, reducing approxi-
mately 2000 tubes per week. However, this improvement also caused a significant workflow redesign for our biochemistry department.
Our corrective measures slightly reduced the mean number of tubes per patient from 2018 to 2019. In the future, we plan to describe
our efforts in reducing the number of phlebotomy tubes by optimizing the test-combine-rules in more detail. We also plan to discuss
possible systematic approaches to optimizing blood tube utilization processes. However, we still need to focus on solving the core
problems that caused the excessive usage of blood tubes, as we mentioned above. In the future, the laboratories should focus on
redesigning the facilities into a single “Core-Lab” structure and fully utilize the pre-analytical systems to reduce blood tubes. We can
also use information technology to influence physicians’ ordering behavior by designing electronic ordering systems to reduce the
tendency for physicians to order unnecessary urgent or emergency tests [17].

To the best of our knowledge, ours is the first longitudinal observational study across multiple years to show the growth of
phlebotomy tube utilization at a major medical center. The 8% increase of phlebotomy tubes over 4 years should be alarming to
hospital managements worldwide as we are still expecting more tests to be offered in the future. The entire healthcare community
should collectively work towards solving this problem with more creative solutions.
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