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Abstract

Objective: To reduce diagnostic blood loss by using small volume tubes for routine laboratory testing
throughout the hospital, as blood loss from laboratory testing can be substantial for patients and may lead
to hospital-acquired anemia.
Patients and Methods: Diagnostic blood loss was evaluated in hospitalized patients between April 1,
2017, and June 1, 2018. The preintervention, during intervention, and postintervention mean diagnostic
blood loss per hospitalized patient was compared across the floors and for each type of tube for hema-
tology, basic metabolic panel, and coagulation tests. Mean hemoglobin levels, blood transfusions per
hospitalized patient, and percent redraws were also compared.
Results: The total volume of blood drawn for all the 3 tests decreased across each implementation phase;
however, only patients admitted to the transplant and critical care (T/CC) units had increased hemoglobin
levels. In addition, there was a significant reduction in transfusions across implementation phases. The
incidence risk ratio for transfusion reduced even more in patients admitted to the T/CC units. Finally,
there was no significant difference in the overall percent redraws across all the units.
Conclusion: The use of small volume tubes in exchange for standard sized tubes markedly decreased
diagnostic blood loss by 25.7% in all the units and 22.9% in the T/CC units. Also, the number of
transfusions decreased across units, with the greatest decrease in the T/CC units. An increase in mean
hemoglobin levels was observed specifically in patients admitted to the T/CC units, with no corresponding
change in percent redraws across all the units.
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H ospital-acquired anemia (HAA) is
new-onset anemia that develops dur-
ing hospitalization in patients

without active bleeding whose hemoglobin
level was normal on admission.1 Hospital-
acquired anemia is relatively common and
highly associated with poor patient outcomes
including congestive heart failure, acute
myocardial infarction, chronic kidney disease,
and even death.2 A study conducted in 2013
revealed that up to 74% of patients admitted
to the hospital because of surgical or medical
reasons developed HAA3 using a cutoff of
120 g/L hemoglobin level for women and of
130 g/L hemoglobin level for men for mild
HAA; the incidence of HAA ranged from
20% to 70% in patients with renal
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impairment, admitted to the intensive care
unit (ICU), or hospitalized posttrauma.4-6

When Salisbury et al7 conducted a retrospec-
tive study based on the Translational Research
Investigating Underlying disparities in acute
Myocardial infarction Patients’ Health
Status (TRIUMPH) registry, they found that
HAA ranged from 33.3% to 69.2% in patients
with acute myocardial infarction; importantly,
moderate and severe HAA was a strong and in-
dependent risk factor for mortality.

The development of HAA is multifactorial
with numerous potential etiologies, including
longer hospital stays, ICU admissions, hemor-
rhages, coagulopathy, surgical procedures,
and medications.8 Frequent and large amounts
of blood drawn for diagnostic testing in
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SMALL VOLUME TUBES FOR LABORATORY TESTING
hospitalized patients have been identified as
major modifiable contributing factors.1,9 Diag-
nostic blood loss (DBL) can amount to the
equivalent of 1 to 2 units of red blood cells
during a single admission.10 Diagnostic blood
loss was 17% of the estimated total blood loss
with a range of 12% to 21% in different sub-
groups in a study of patients in the medical
intensive care unit by von Ahsen et al.11 The
estimates for mean daily DBL in hospitalized
patients range from approximately 12 mL
per day in general medicine wards to 40 to
50 mL per day in the ICU, the latter being
higher because critically ill patients typically
require more testing.10 Salisbury et al7 esti-
mated that for every 50 mL of blood collected
during hospitalization, the risk of developing
HAA increases by 20%.

Collection of larger than necessary
amounts of blood samples for laboratory
testing can be minimized as a strategy to
reduce patient blood loss over and above the
laboratory test utilization measures.12 Patients
having blood testing done multiple times a day
benefit the most from the use of smaller vol-
ume tubes, with several milliliters less blood
collected at every collection. Over time, labo-
ratory instrumentation has improved, and
testing can be performed on smaller volumes
of blood; however, the amount of blood
collected has generally not decreased. Hospital
laboratories collect 8.5 times more blood than
the required analytical volume for complete
blood count and 12 times more for the basic
metabolic panel (BMP). Furthermore, a large
portion of the sample is often discarded.13 A
study of 57 hospitals found that particularly
large DBL was noted during hospitalization
in patients who developed moderate to severe
HAA, which was highly associated with poor
outcomes.14 In addition, patients hospitalized
for more than 15 days had a higher risk of
requiring transfusion because of cumulative
phlebotomy volume from blood drawn
throughout their hospital stay.15

In 2012, the American Board of Internal
Medicine Foundation implemented the
“Choosing Wisely” campaign in the United
States and Canada to advocate for avoiding
unnecessary and wasteful medical tests, treat-
ments, and procedures.16 Our organization
has embraced the Choosing Wisely recom-
mendations and has implemented several
Mayo Clin Proc Inn Qual Out n February 2021;5(1):72-83 n https:/
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strategies focused on laboratory utilization
projects before the present study. In the spirit
of the Choosing Wisely campaign,17 we imple-
mented changes to blood collection practices
by using small volume tubes as an alternative
to adult volume tubes for hospital patients.
This change decreases DBL and provides
further opportunity to reduce HAA risk.18,19

In our institution, standard volume laboratory
tubes were collected for blood testing, and
often, a large portion of each blood sample
was not used. As such, our goal was to signif-
icantly decrease the volume of DBL, without
affecting the number of redraws, to reduce
HAA.

PATIENTS AND METHODS
This study was conducted in a 304-bed ter-
tiary care teaching hospital in Florida. All
data were obtained from the laboratory infor-
mation system and the electronic medical re-
cord. The study timeline was divided into 3
phasesdpreintervention, during implementa-
tion, and postinterventiondand included pa-
tients admitted in the following inpatient
units: cardiovascular, hematology-oncology,
abdominal transplant, medical ICU, surgical
ICU, medical, neurology, progressive care
unit, orthopedic/urology, and surgical units.
Patients admitted from April 1, 2017 to June
30, 2017 were included in the preintervention
phase. The implementation of small volume
tubes started in the surgical ICU on July 1,
2017 and continued unit by unit until comple-
tion on January 31, 2018. As such, July 1,
2017 to January 31, 2018 was considered
the “during implementation” phase of the
study. Finally, those admitted after January
31, 2018 until June 30, 2018 were included
in the postintervention phase. The study pro-
tocol was waived as the study was of minimal
risk, and no patient-specific information was
involved.

Dependent Variables
Our outcome measures included mean hemo-
globin level, number of transfusions, total mil-
liliters of blood drawn for each diagnostic test,
and percent redraws occurring during each
phase of the implementation. The mean he-
moglobin level was obtained by calculating
the mean of the hemoglobin levels of individ-
ual patients during their in-hospital stay. This
/doi.org/10.1016/j.mayocpiqo.2020.08.007 73
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TABLE 1. Demographic Characteristics of the Patient Care Units

All patient care units

Characteristic
Preimplementation phase

(n¼30)
During implementation phase

(n¼70)
Postimplementation phase

(n¼50) Total (N¼150)
P

value

Age (y) .0051
Median (range) 61.1 (55.0-66.2) 61.4 (52.8-68.5) 63.9 (52.9-69.4) 62.2 (52.8-69.4)
Mean � SD 61.1�3.22 61.5�3.77 63.4�3.66 62.0�3.74

MS-DRG score .491

Median (range) 5.2 (2.3-8.6) 4.7 (1.9-9.3) 4.6 (2.4-7.6) 4.7 (1.9-9.3)
Mean � SD 5.2�2.19 5.0�2.06 4.6�1.56 4.9�1.94

Percentage of female
patients

.571

Median (range) 44.3 (24.5-64.6) 46.5 (28.6-65.5) 44.5 (27.2-66.3) 44.8 (24.5-66.3)
Mean � SD 44.3�8.94 46.3�8.18 45.8�8.55 45.8�8.44

Percentage of white
patients

.091

Median (range) 85.7 (74.5-96.1) 83.6 (67.3-89.9) 84 (73.5-92.8) 84 (67.3-96.1)
Mean � SD 85.1�5.01 82.7�4.53 83.6�4.67 83.5�4.73

Percentage of black
patients

.021

Median (range) 8.7 (2.6-20.4) 10.9 (2.4-20.2) 9.8 (2.1-18.0) 10.4 (2.1-20.4)
Mean � SD 9.4�4.30 11.2�3.40 9.8�3.27 10.4�3.61

Percentage of other races .181

Median (range) 4.9 (1.3-10.8) 5.7 (1.1-15.7) 6.2 (1.3-11.8) 5.7 (1.1-15.7)
Mean � SD 5.5�2.75 6.1�2.81 6.5�2.76 6.1�2.79

Average census .611

Median (range) 22.0 (9.9-26.5) 23.0 (11.7-26.8) 22.9 (12.3-27.3) 23.0 (9.9-27.3)
Mean � SD 20.7�4.88 21.5�4.18 22.2�3.47 21.6�4.12

Transplant and critical care units

Characteristic
Preimplementation phase

(n¼12)
During implementation phase

(n¼28)
Postimplementation phase

(n¼20) Total (N¼60)
P

value

Age (y) .051
Median (range) 60.3 (55.0-63.5) 61.1 (53.4-66.4) 63.7 (52.9-68.9) 61.4 (52.9-68.9)
Mean � SD 59.8�2.79 60.6�3.29 62.6�4.27 61.1�3.67

MS-DRG score .001

Median (range) 7.4 (5.2-8.6) 6.7 (4.5-8.6) 5.4 (3.4-7.6) 6.4 (3.4-8.6)
Mean � SD 7.1�1.02 6.5�1.16 5.5�1.10 6.3�1.25

Percentage of female
patients

.621

Median (range) 41.9 (29.6-54.5) 43.1 (33.0-50.5) 43.4 (31.1-55.2) 42.8 (29.6-55.2)
Mean � SD 41.6�6.77 43.1�4.65 42.7�5.23 42.7�5.26

Percentage of white
patients

.491

Median (range) 85.2 (74.5-93.6) 82.6 (67.3-89.9) 81.9 (74.7-92.8) 82.6 (67.3-93.6)
Mean � SD 83.8�5.89 81.6�5.37 81.8�4.78 82.1�5.27

Percentage of black
patients

.701

Median (range) 10.8 (2.8-20.4) 11.8 (2.4-20.2) 11.1 (5.2-18.0) 11.4 (2.4-20.4)
Mean � SD 11.0�5.53 11.7�3.78 11.3�3.53 11.4�4.04

Continued on next page
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TABLE 1. Continued

Transplant and critical care units

Characteristic
Preimplementation phase

(n¼12)
During implementation phase

(n¼28)
Postimplementation phase

(n¼20) Total (N¼60)
P

value

Percentage of other races .181

Median (range) 4.7 (2.2-9.3) 5.5 (2.7-15.7) 6.3 (2.1-11.4) 5.8 (2.1-15.7)
Mean � SD 5.2�2.58 6.6�3.30 6.9�2.54 6.4�2.95

Average census .691

Median (range) 20.2 (9.9-24.9) 21.6 (12.1-25.7) 21.0 (12.3-25.8) 21.1 (9.9-25.8)
Mean � SD 19.3�4.94 20.7�3.97 20.2�3.94 20.3�4.12

MS-DRG, Medicare Severity Diagnosis Related Group.

SMALL VOLUME TUBES FOR LABORATORY TESTING
variable was operationalized as a continuous
variable. The distribution of mean hemoglobin
level per unit was skewed, and log transforma-
tion of hemoglobin level was used to
normalize the distribution. Next, the number
of transfusions in each unit was available in
the form of count data for each of the 3
phases. Similarly, the milliliters of blood
drawn for each diagnostic test were also oper-
ationalized as count data. Finally, percent
redraws was operationalized as a continuous
variable.

Independent Variables
The key independent variable of the analysis
was the phase in which the patient was
admitted to the hospital unit. In addition,
mean age, percentage of females, mean Medi-
care Severity Diagnosis Related Group (MS-
DRG) score, and percentage of each race
(white, black, and other) on each unit were
calculated and included as covariates. The
MS-DRG score was used to determine the
severity of patient illness across units and is
defined by a combination of principal diag-
nosis and procedures received as well as any
resultant complications or patient comorbid-
ities. The higher the MS-DRG score, the
greater the patient’s severity of illness.

Analyses
Kruskal-Wallis tests were used to describe as-
sociations between measures across imple-
mentation phases. Multivariate linear
regression models were used to compare dif-
ferences in the means of the log-transformed
hemoglobin levels on the unit adjusting for
covariates, the inpatient unit, and average
Mayo Clin Proc Inn Qual Out n February 2021;5(1):72-83 n https:/
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census per unit across implementation phases.
Similarly, multivariate negative binomial
regression models were used to compare the
number of transfusions as well as the total mil-
liliters of each diagnostic blood draw for each
type of tube between the 3 phases adjusting
for the same covariates. Average census was
used as an exposure in this regression model.
For all dependent variables, the analysis was
performed across all the units and then sepa-
rately for patients admitted to the transplant
and critical care (T/CC) units, as the frequency
of laboratory testing is increased in this sub-
group. Finally, linear regression was used to
examine whether there was any change in
percent redraws across all the inpatient units
between the 3 phases. For log-transformed
models, results were exponentiated, and
percent change is reported.

RESULTS
The study included results from 10 inpatient
units including 4 T/CC units from April 1,
2017 to June 30, 2018. Demographic statistics
(Table 1) indicate that the median age of pa-
tients increased during the study timeline
from 61.1 to 63.9 years (P¼.005) in all the
units and from 60.3 to 63.7 years (P¼.051)
in the T/CC units. The percentage of black pa-
tients increased from 8.7% to 9.8% (P¼.02)
when considering all the units, but there
were no similar changes in the T/CC units.
Furthermore, there were no differences in
percent females, percentage of white patients,
or average census through the phases of this
study when considering all the units as well
as the T/CC units. However, unlike other
units, T/CC units experience a decrease in
/doi.org/10.1016/j.mayocpiqo.2020.08.007 75
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TABLE 2. Distribution of Mean Hemoglobin Levels, Number of Transfusions, Total Milliliters of Blood Drawn Using Different Tubes

All patient care units

Variable
Preimplementation phase

(n¼30)
During implementation phase

(n¼70)
Postimplementation phase

(n¼50) Total (N¼150)
P

value

Hemoglobin level (g/dL) .68
Median (range) 9.8 (8.6-11.5) 9.6 (8.8-11.2) 9.7 (8.8-11.2) 9.7 (8.6-11.5)
Mean � SD 9.8�0.70 9.7�0.58 9.8�0.56 9.8�0.59

Number of transfusions .88

Median (range) 38.0 (7.0-149.0) 44.5 (7.0-179.0) 49.0 (4.0-194.0) 46.5 (4.0-194.0)
Mean � SD 60.0�46.73 62.5�48.64 58.5�44.77 60.7�46.72

Blood volume for coagulation
testing (mL)

.05

Median (range) 369 (54.0-1831.5) 331.2 (49.5-1818.0) 253.8 (13.51169.1) 290.3 (13.5-1831.5)
Mean � SD 566.9�514.46 509.4�448.81 316.0�270.53 456.4�423.38

Basic metabolic panel (mL) .45

Median (range) 1030 (45.0-2720.0) 965 (55.0-2960.0) 661.5 (77.0-2422.0) 791 (45.0-2960.0)
Mean � SD 1058.2�852.83 1047.1�842.65 807.6�607.21 969.5�777.71

Blood volume for hematology
testing (mL)

.02

Median (range) 1180 (300.0-2692.0) 1192 (392.0-2952.0) 987 (240.0-1968.0) 1081.5 (240.0-2952.0)
Mean � SD 1192.7�591.14 1280.0�611.51 970.3�418.13 1159.3�563.67

Percent redraws per month .004

Median (range) 1.9 (1.9-2.0) 2.0 (1.3-2.2) 2.0 (1.8-2.0) 2.0 (1.3-2.2)
Mean � SD 1.9�0.05 1.9�0.29 2.0�0.08 1.9�0.21

Transplant and critical care units

Variable
Preimplementation phase

(n¼12)
During implementation

phase (n¼28)
Postimplementation phase

(n¼20) Total (N¼60) P value

Hemoglobin level
(g/dL)

.08

Median (range) 9.4 (8.6-9.6) 9.4 (8.8-9.6) 9.5 (8.8-9.8) 9.4 (8.6-9.8)
Mean � SD 9.3�0.31 9.3�0.25 9.5�0.29 9.4�0.28

Number of transfusions .78

Median (range) 93.0 (37.0-149.0) 107.5 (38.0-179.0) 89.0 (36.0-194.0) 99.5 (36.0-194.0)
Mean � SD 96.3�38.98 101.4�41.14 94.5�39.57 98.1�39.65

Blood volume for coagulation
testing (mL)

<.0001

Median (range) 807.8 (153.0-1030.5) 693.0 (315.9-1575.0) 342.9 (234.9-707.4) 576.5 (153.0-1575.0)
Mean � SD 736.1�275.72 756.5�331.97 408.9�141.10 636.5�312.13

Basic metabolic panel (mL) .06

Median (range) 1332.5 (755.0-2715.0) 1475.0 (460.0-2860.0) 985.3 (420.0-2187.5) 1142.5 (420.0-2860.0)
Mean � SD 1545.4�673.66 1465.3�668.85 1077.7�492.96 1352.1�637.81

Blood volume for hematology
testing (mL)

.10

Median (range) 1488.0 (364.0-2692.0) 1511.5 (544.0-2952.0) 1162.5 (504.0-1968.0) 1342.5 (364.0-2952.0)
Mean � SD 1462.7�724.60 1627.5�699.49 1196.0�425.11 1450.7�645.65

Percent redraws per month .11

Median (range) 1.9 (1.9-2.0) 2.0 (1.3-2.2) 2.0 (1.8-2.0) 2.0 (1.3-2.2)
Mean � SD 1.9�0.05 1.9�0.30 2.0�0.08 1.9�0.21

SI conversion factor: To convert g/dL values to g/L, multiply by 10.
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SMALL VOLUME TUBES FOR LABORATORY TESTING
MS-DRG score from 7.4 to 5.4 over the study
period (P¼.001).

Table 2 indicates that the mean hemoglo-
bin level changed from 98 to 97 g/L over the
study period in all the units (P¼.68) and
from 93 to 95 g/L in the T/CC units
(P¼.08). The mean number of transfusions
changed from 60 in the preintervention phase
to 58.5 in the postintervention phase (P¼.88)
and from 93 to 89 in the T/CC units (P¼.78).
The mean milliliters of blood drawn decreased
from 566.9 to 316.0 or 44.3% (P¼.05) for
coagulation tests, from 1058.2 to 807.6 or
24% (P¼.45) for BMP tests, and from
1192.7 to 970.3 or 18.6% (P¼.02) for hema-
tology tests, with an overall decrease of 25.7%
in all the units. The mean milliliters of blood
drawn decreased from 736.1 to 408.9 or
44.5% (P<.0001) for coagulation tests, from
1545.4 to 1077.7 or 30.3% (P¼.06) for BMP
tests, and from 1462.7 to 1196.0 or 18.2%
(P¼.10) for hematology tests, with an overall
decrease of 22.9% in the T/CC units. A steep
and significant decrease in DBL was observed
in the postintervention phase for all the 3 lab-
oratory tests in all the units as well as the T/CC
units (FigureA-C). There was also a significant
difference in percent redraws between the
phases of the study when considering all the
units (P¼.004), but not when considering
the T/CC units (P¼.11).

When considering the multivariate regres-
sion models reported in Table 2, no significant
differences were observed between the phases
when comparing mean hemoglobin levels
across all the units. However, as observed in
the Figure and supported by Table 3, there
was a general trend toward higher hemoglobin
levels. In addition, subgroup analysis of pa-
tients admitted to the T/CC units revealed a
significant increase in mean hemoglobin levels
between “during implementation phase” and
“postintervention phase,” with a 2.71% in-
crease (95% CI, 1.07% to 4.37%). Regression
models for transfusions found a significant
reduction in the number of transfusions in
all the units across implementation phases.
In addition, the incidence risk ratio (IRR) for
transfusion reduced even more in patients
admitted to the T/CC units (IRR, 0.00; 95%
CI, 0.00 to 0.02) between preintervention
phase and during implementation phase
(IRR, 0.13; 95% CI, 0.02 to 0.77), between
Mayo Clin Proc Inn Qual Out n February 2021;5(1):72-83 n https:/
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during implementation phase and postinter-
vention phase (IRR, 0.01; 95% CI, 0.00 to
0.12), and between preintervention phase
and postintervention phase. Finally, the linear
regression model comparing the different
phases did not find any significant difference
in the overall percent redraws across all the
units.

The regression models for total volume of
blood drawn for all the 3 tests controlling for
average census found a significant decrease across
each implementationphase (Table4).Specifically,
the BMP test reported a decrease in IRR for more
milliliters being drawn from preintervention
phase and during intervention phase (IRR, 0.05;
95% CI, 0.00 to 0.26), from during intervention
phase to postintervention phase (IRR, 0.21; 95%
CI, 0.08 to 0.55), and frompreintervention phase
to postintervention phase (IRR, 0.10; 95% CI,
0.03 to 0.28). Similarly, the coagulation test
collection was associated with decrease from pre-
intervention phase to during intervention phase
(IRR, 0.05; 95% CI, 0.01 to 0.31), from during
intervention phase to postintervention phase
(IRR, 0.13; 95% CI, 0.05 to 0.36), and from pre-
intervention phase to postintervention phase
(IRR, 0.09; 95% CI, 0.04 to 0.24). When consid-
ering milliliters of blood drawn for hematology
testing, a decrease from preintervention phase to
during intervention phase (IRR, 0.03; 95% CI,
0.00 to 0.19), from during intervention phase to
postintervention phase (IRR, 0.13; 95% CI, 0.05
to 0.33), and from preintervention phase to post-
intervention phase (IRR, 0.08; 95% CI, 0.03 to
0.21) was found. As also shown in Table 4, the
subgroup analysis performed in the T/CC units
revealeda similar reductionacross eachdiagnostic
blood tube type and each implementation phase.

DISCUSSION
This study reported a significant increase in
the mean hemoglobin level of patients
admitted to the T/CC units after the imple-
mentation of smaller volume tubes. In
contrast, patients in medical wards generally
required fewer laboratory tests, resulting in
less DBL and thus had less appreciable benefit
from the use of small volume tubes. Also, a
significant reduction in the number of transfu-
sions was found across units, and a more sub-
stantial reduction was observed in the T/CC
units across implementation phases. Further-
more, DBL decreased significantly when the
/doi.org/10.1016/j.mayocpiqo.2020.08.007 77
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standard or adult-sized blood collection tubes
were exchanged for smaller volume tubes.
This reduction in DBL was significant across
different diagnostic tests included in the anal-
ysis. In the T/CC units, the reduction in DBL
for coagulation and BMP tests was even
more pronounced. At the same time, there
was no significant change in percent redraws
with the implementation of small volume
tubes in the inpatient units, signifying that
the use of these tubes provided an adequate
volume of blood for laboratory testing.

Interpretation
This blood conserving intervention has impor-
tant implications for clinical and quality
improvement in the inpatient setting. Previous
studies have found that the risk of moderate to
severe anemia increases with the volume of
DBL.14 Although our study found a lack of sta-
tistical association with improved hemoglobin
levels when considering the overall hospital
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population, there was an association with
improved hemoglobin levels in the T/CC
units. Patients with the highest risk of large
iatrogenic blood loss include those in critical
care units including intensive care and coro-
nary care units whose frequent blood testing
puts them at a higher risk of HAA.20 In criti-
cally ill patients, larger cumulative volumes
of blood loss can further reduce tissue oxygen-
ation by decreasing systemic oxygen delivery
to vital organs. Reducing DBL by using smaller
volume laboratory tubes in patients may help
reduce the risk of HAA and the need for blood
transfusions.

Our study also found a strong positive as-
sociation with reductions in transfusions in
the overall model and the T/CC units. Simi-
larly, Corwin et al21 reported that 49% of
the variation in the amount of red blood cells
transfused in patients in the ICU is accounted
for by routine laboratory test collections.
Furthermore, reducing DBL was found to
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TABLE 3. Multivariate Regression Comparing Log-Transformed Mean Hemoglobin Levels Between Preimplementation, During Imple-
mentation and Postimplementation Phases

Mean hemoglobin levels in all the patient care unitsdlinear regression

Variable

Percent change (95% CI)

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Phase �0.51 (�3.04 to 2.09) 0.46 (�1.57 to 2.54) 0.06 (�1.35 to 1.49)

Percentage of female patients �0.26 (�0.46 to �0.07) �0.24 (�0.4 to �0.07) �0.34 (�0.55 to �0.12)

Mean age of patients �0.14 (�0.53 to 0.25) �0.2 (�0.5 to 0.11) �0.38 (�0.82 to 0.07)

Mean MS-DRG score �1.61 (�2.49 to �0.71) �1.73 (�2.6 to �0.85) �1.92 (�3.15 to �0.68)

Percentage of white patients 0.29 (�0.16 to 0.74) 0.35 (�0.01 to 0.71) 0.09 (�0.37 to 0.54)

Percentage of black patients 0.24 (�0.31 to 0.79) 0.25 (�0.23 to 0.74) �0.15 (�0.76 to 0.47)

Inpatient care unit 0.24 (�0.33 to 0.82) 0 (�0.52 to 0.52) 0.11 (�0.58 to 0.82)

Average census 0.37 (0.1 to 0.64) 0.39 (0.13 to 0.66) 0.5 (0.18 to 0.82)

Mean hemoglobin levels in the transplant and critical care unitsdlinear regression

Variable

Percent change (95% CI)

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Phase �0.49 (�2.15 to 1.2) 2.71 (1.07 to 4.37) 0.42 (�0.9 to 1.77)

Percentage of female patients �0.02 (�0.2 to 0.15) �0.15 (�0.3 to �0.01) �0.18 (�0.37 to 0.02)

Mean age of patients 0.06 (�0.44 to 0.57) �0.2 (�0.55 to 0.16) �0.22 (�0.62 to 0.19)

Mean MS-DRG score 0.14 (�0.99 to 1.27) 0.21 (�0.83 to 1.27) �0.77 (�2.2 to 0.67)

Percentage of white patients 0.28 (�0.02 to 0.58) 0.08 (�0.15 to 0.32) 0.11 (�0.21 to 0.43)

Percentage of black patients 0.31 (�0.04 to 0.67) 0.1 (�0.22 to 0.43) 0.04 (�0.37 to 0.45)

Inpatient care unit 0.22 (�0.62 to 1.07) 0.98 (0.29 to 1.68) 0.55 (�0.2 to 1.3)

Average census 0.49 (0.3 to 0.68) 0.31 (0.09 to 0.52) 0.49 (0.28 to 0.7)

Transfusions in all the patient care unitsdnegative binomial regression

Variable

IRR (95% CI)

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Phase 0.04 (0.01 to 0.31) 0.25 (0.09 to 0.71) 0.10 (0.04 to 0.31)

Percentage of female patients 0.99 (0.90 to 1.11) 1.02 (0.96 to 1.08) 1.02 (0.94 to 1.11)

Mean age of patients 1.30 (1.01 to 1.68) 1.46 (1.17 to 1.82) 1.63 (1.13 to 2.34)

Mean MS-DRG score 0.53 (0.34 to 1.02) 0.42 (0.26 to 0.68) 1.67 (0.68 to 4.11)

Percentage of white patients 0.83 (0.61 to 1.13) 1.17 (0.85 to 1.61) 1.15 (0.69 to 1.93)

Percentage of black patients 0.84 (0.60 to 1.18) 1.08 (0.76 to 1.53) 1.48 (0.67 to 3.25)

Inpatient care unit 0.17 (0.08 to 0.35) 0.15 (0.01 to 0.23) 0.28 (0.15 to 0.52)

Transfusions in the transplant and critical care unitsdnegative binomial regression

Variable

IRR (95% CI)

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Phase 0.00 (0.00 to 0.02) 0.13 (0.02 to 0.77) 0.01 (0.00 to 0.12)

Percentage of female patients 1.21 (0.95 to 1.55) 1.02 (0.92 to 1.13) 0.97 (0.85 to 1.10)

Mean age of patients 1.47 (0.74 to 2.91) 1.53 (0.98 to 2.38) 1.80 (0.88 to 3.68)

Mean MS-DRG score 0.41 (0.11 to 1.55) 0.19 (0.05 to 0.63) 0.23 (0.02 to 3.00)

Percentage of white patients 0.94 (0.54 to 1.66) 1.16 (0.84 to 1.60) 0.60 (0.38 to 0.96)

Continued on next page
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TABLE 3. Continued

Transfusions in the transplant and critical care unitsdnegative binomial regression

Variable

IRR (95% CI)

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Percentage of black patients 0.77 (0.41 to 1.43) 0.98 (0.69 to 1.39) 0.74 (0.42 to 1.33)

Inpatient care unit 0.12 (0.06 to 0.24) 0.09 (0.06 to 0.15) 0.07 (0.03 to 0.16)

Percent redraws across all the patient care units

Pre- vs during implementation During vs postimplementation Pre- vs postimplementation

Percent redraws �0.01 (�0.44 to 0.43) 0.05 (�0.28 to 0.38) 0.02 (�0.05 to 0.10)

IRR, incidence risk ratio; MS-DRG, Medicare Severity Diagnosis Related Group.
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decrease the need for blood transfusion in the
ICU, in which frequent testing commonly oc-
curs.21 Several other studies have provided
support for the use of small sized tubes to
reduce mean DBL in the ICU or critical care
setting.10,22 These studies provided insight
into the benefits of decreased DBL by changing
to smaller volume tubes in a single unit or in a
particular population of patients. However, it
was previously unclear whether these results
could be generalized to nonintensive care
inpatient units, in which diagnostic testing is
usually less frequent. The results of our study
go beyond the previous studies and suggest
the effect of similar interventions in multiple
areas within the inpatient hospital setting.23

Ultimately, this study reports that smaller
volume tubes can be an excellent alternative
to standard sized tubes without compro-
mising patient care or the quality of labora-
tory results and without a significant
increase in the number of recollections
related to this intervention. Of note, collec-
tion of the smaller volume tubes was found
to be insufficient for special coagulation,
transfusion medicine, or referral laboratory
testing. Patients with a large number of tests
on multiple different instruments that require
making several aliquots may also need more
blood collected. Depending on the labora-
tory’s instrumentation, automation may not
accommodate the “traditional pediatric
tubes,” which are shorter and thinner; how-
ever, newer small volume tubes (reduced vac-
uum or inserts) are generally the same size as
standard volume tubes and can be used on
most laboratory instrumentation. Therefore,
although smaller volume tubes may be
Mayo Clin Proc Inn Qual Out n February 20
substituted for most routine laboratory
testing, there are some settings in which stan-
dard volume tubes are necessary.

Finally, concern about overuse of labora-
tory testing was voiced as early as the 1970s
when data suggested excessive use of labora-
tory testing as more analytes became readily
available.24,25 Attempts at moderating labora-
tory use included using guidelines, audits, ed-
ucation, and communication; posting costs of
testing; physician profiling of high test use;
laboratory formularies; benchmarking; clinical
pathology consulting services; financial incen-
tives for reduced use; and the use of algo-
rithms and reflex testing.20,26-32 A
particularly effective tool has been the involve-
ment of the electronic medical record using
institution-specific rules to track or prevent
routine testing, unnecessary testing, expensive
testing, and uninformative repeat testing.26

Although there is still work to be done, im-
provements have occurred, and most institu-
tions now discourage or block orders for
daily “morning round” testing of patients and
other unnecessary testing. According to our
results, reduction in the volume of collection
tubes can augment comprehensive laboratory
utilization programs.

Limitations
This study relies on retrospectively collected
administrative and laboratory test data when
applied to the entire hospital, though prospec-
tive data. Chart review and patient-level data
collection were not performed during the
rollout process to the entire hospital, limiting
the ability to determine specific associations
between disease severity and other
21;5(1):72-83 n https://doi.org/10.1016/j.mayocpiqo.2020.08.007
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TABLE 4. Multivariate Negative Binomial Regression Comparing the Total Milliliters of Blood Drawn Between Preimplementation, During
Implementation, and Postimplementation Phases for Basic Metabolic Panel, Coagulation, Hematology Tests

Variable

IRR (95% CI)

Pre- vs during
implementation

During vs
postimplementation

Pre- vs
postimplementation

Total milliliters of blood drawn for basic metabolic panel tests in all the patient care units
Phase 0.03 (0.00-0.26) 0.21 (0.08-0.55) 0.10 (0.03-0.28)
Percentage of female patients 1.01 (0.91-1.12) 1.03 (0.97-1.10) 1.03 (0.95-1.11)
Mean age 1.30 (1.00-1.68) 1.43 (1.17-1.75) 1.49 (1.06-2.10)
Mean MS-DRG score 0.56 (0.32-0.97) 0.40 (0.25-0.62) 1.58 (0.67-3.72)
Percentage of white patients 0.84 (0.63-1.12) 1.14 (0.85-1.53) 1.18 (0.74-1.89)
Percentage of black patients 0.84 (0.61-1.17) 1.05 (0.76-1.45) 1.49 (0.72-3.09)
Inpatient unit 0.17 (0.08-0.35) 0.16 (0.10-0.23) 0.29 (0.16-0.53)

Total milliliters of blood drawn for coagulation tests in all the patient care units

Phase 0.05 (0.01-0.31) 0.13 (0.05-0.36) 0.09 (0.04-0.24)
Percentage of female patients 1.00 (0.91-1.10) 1.02 (0.96-1.08) 1.01 (0.94-1.09)
Mean age 1.33 (1.05-1.68) 1.44 (1.17-1.77) 1.42 (1.01-2.00)
Mean MS-DRG score 0.51 (0.33-0.81) 0.38 (0.25-0.57) 0.99 (0.44-2.23)
Percentage of white patients 0.95 (0.71-1.26) 1.15 (0.85-1.54) 1.24 (0.81-1.90)
Percentage of black patients 0.91 (0.66-1.25) 1.03 (0.75-1.43) 1.54 (0.78-3.07)
Inpatient unit 0.18 (0.10-0.33) 0.15 (0.11-0.22) 0.23 (0.14-0.38)

Total milliliters of blood drawn for hematology tests in all the patient care units

Phase 0.03 (0.00-0.19) 0.13 (0.05-0.33) 0.08 (0.03-0.21)
Percentage of female patients 0.99 (0.89-1.10) 1.01 (0.96-1.07) 1.02 (0.94-1.10)
Mean age 1.39 (1.07-1.80) 1.46 (1.21-1.75) 1.59 (1.14-2.22)
Mean MS-DRG score 0.39 (0.23-0.64) 0.30 (0.20-0.45) 1.17 (0.49-2.76)
Percentage of white patients 0.82 (0.62-1.10) 1.11 (0.83-1.48) 1.14 (0.71-1.85)
Percentage of black patients 0.86 (0.62-1.21) 1.08 (0.79-1.46) 1.31 (0.64-2.66)
Inpatient unit 0.19 (0.09-0.41) 0.18 (0.12-0.27) 0.32 (0.18-0.58)

Total milliliters of blood drawn for basic metabolic panel tests in the transplant and critical care units

Phase 0 (0-0.01) 0.16 (0.03-0.75) 0.02 (0-0.12)
Percentage of female patients 1.21 (0.97-1.5) 1.05 (0.95-1.16) 0.99 (0.88-1.12)
Mean age 1.53 (0.81-2.9) 1.42 (0.98-2.06) 1.65 (0.85-3.21)
Mean MS-DRG score 0.41 (0.12-1.39) 0.18 (0.06-0.53) 0.28 (0.03-2.99)
Percentage of white patients 0.96 (0.59-1.57) 1.19 (0.91-1.57) 0.63 (0.41-0.98)
Percentage of black patients 0.78 (0.44-1.36) 0.98 (0.72-1.32) 0.76 (0.44-1.33)
Inpatient unit 0.12 (0.06-0.25) 0.1 (0.06-0.16) 0.08 (0.04-0.18)

Total milliliters of blood drawn for coagulation tests in the transplant and critical care units

Phase 0.00 (0.00-0.03) 0.09 (0.02-0.48) 0.02 (0.00-0.12)
Percentage of female patients 1.22 (1.00-1.49) 1.05 (0.94-1.16) 0.99 (0.88-1.12)
Mean age 1.70 (0.91-3.21) 1.52 (1.04-2.22) 1.69 (0.86-3.35)
Mean MS-DRG score 0.45 (0.13-1.60) 0.19 (0.06-0.56) 0.24 (0.02-2.72)
Percentage of white patients 1.04 (0.66-1.66) 1.21 (0.92-1.60) 0.74 (0.48-1.14)
Percentage of black patients 0.88 (0.53-1.46) 1.00 (0.73-1.37) 0.89 (0.53-1.51)
Inpatient unit 0.13 (0.06-0.24) 0.11 (0.07-0.17) 0.09 (0.04-0.20)

Total milliliters of blood drawn for hematology tests in the transplant and critical care units

Phase 0.00 (0.00-0.03) 0.20 (0.04-0.95) 0.03 (0.00-0.18)
Percentage of female patients 1.18 (0.95-1.47) 1.03 (0.93-1.14) 0.99 (0.88-1.11)
Mean age 1.47 (0.77-2.78) 1.44 (0.98-2.12) 1.72 (0.93-3.16)
Mean MS-DRG score 0.49 (0.14-1.66) 0.24 (0.08-0.71) 0.37 (0.04-3.25)
Percentage of white patients 1.00 (0.59-1.69) 1.23 (0.92-1.64) 0.61 (0.40-0.93)
Percentage of black patients 0.83 (0.46-1.48) 1.04 (0.75-1.43) 0.75 (0.45-1.23)
Inpatient unit 0.16 (0.08-0.32) 0.13 (0.08-0.21) 0.11 (0.05-0.22)

IRR, incidence risk ratio; MS-DRG, Medicare Severity Diagnosis Related Group.
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characteristics for specific patients. Thus, the
study was not designed to define if unneces-
sary orders were a contributing factor to out-
comes of interest. However, multiple
laboratory utilization strategies are used in
our practice to limit much unnecessary testing.

Despite these limitations, this study
does provide an example of the outcomes
associated with using small volume tubes
throughout an entire hospital setting, thus
decreasing the amount of blood collected
by approximately a quarter to one-third in
every patient. In addition, this study pro-
vides a clear indication that the amount of
blood collected throughout the hospital
can be reduced without increasing the
number of redraws necessary for diagnostic
testing.
CONCLUSION
The use of small volume tubes in exchange for
standard sized tubes significantly decreased
DBL for routine hematology, BMP, and coagu-
lation testing by 24% in all the units and
22.9% in the T/CC units. Also, the number
of transfusions decreased across all the units,
with the greatest decrease occurring in the T/
CC units. An increase in mean hemoglobin
levels was observed specifically in patients
admitted to the T/CC units, with no corre-
sponding change in percent redraws across
all the units.

Although many sources of blood loss in
patients are not preventable, the use of smaller
volume tubes can decrease DBL. The use of
these smaller tubes is the new standard prac-
tice in our inpatient units. After completing
this change for hospital patients, implementa-
tion has been extended to outpatient areas.
Arterial blood gas analysis was not included
in these studies, but could be an area for
future investigation. Revisiting minimum spec-
imen requirements for laboratory testing peri-
odically may result in further reduction of
blood collection tube sizes with the advances
in technology.
Abbreviations and Acronyms: BMP = basic metabolic
panel; DBL = diagnostic blood loss; HAA = hospital-ac-
quired anemia; ICU = intensive care unit; IRR = incidence
risk ratio; MS-DRG = Medicare Severity Diagnosis Related
Group; T/CC = transplant and critical care
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