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BACKGROUND: Anemia is common in critically ill patients and may be exacerbated through phle-
botomy-associated iatrogenic blood loss. Differences in phlebotomy practice across patient demo-
graphic characteristics, clinical features, and practice environments are unclear. This investigation 
provides a comprehensive description of contemporary phlebotomy practices for critically ill adults.
METHODS: This is an observational cohort study of adults ≥18 years of age requiring intensive 
care unit (ICU) admission between January 1, 2019, and December 31, 2019, at a large aca-
demic medical center. Descriptive statistics were utilized to summarize all phlebotomy episodes 
throughout hospitalization, with each phlebotomy episode defined by unique peripheral venous, 
central venous, or arterial accesses for laboratory draws, exclusive of finger sticks. Secondarily, 
financial costs of phlebotomy and the relationships between phlebotomy practices, hemoglobin 
concentrations, and red blood cell (RBC) transfusions were evaluated.
RESULTS: A total of 6194 patients were included: 59% were men with a median (interquartile 
range) age of 66 (54–76) years and median ICU and hospital durations of 2.1 (1.4–3.9) and 7.1 
(4.3–11.8) days, respectively. The median number of unique laboratory draws was 41 (18–88) 
throughout hospitalization, with a median volume of 232 (121–442) mL, corresponding to 5.2 
(2.6–8.8) draws and 29 (19–43) mL per day. Waste (ie, discard) volume was responsible for 
10.8% of total phlebotomy volume. Surgical patients had a higher number of phlebotomy episodes 
and greater total phlebotomy volumes compared to nonsurgical patients. Phlebotomy practices 
differed across ICU types, with the greatest frequency of laboratory draws in the cardiac surgi-
cal ICU and the greatest daily phlebotomy volume in the medical ICU. Across hospitalization, 
ICU environments had the greatest frequency and volumes of laboratory draws, with the least 
intensive phlebotomy practice observed in the general hospital wards. Patients in the highest 
quartile of cumulative blood drawn experienced the longest hospitalizations, lowest nadir hemo-
globin concentrations, and greatest RBC transfusion utilization. Differences in phlebotomy prac-
tice were limited across patient age, gender, and race. Hemoglobin concentrations declined during 
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hospitalization, congruent with intensity of phlebotomy practice. Each 100 mL of phlebotomy vol-
ume during hospitalization was associated with a 1.15 (95% confidence interval [CI], 1.14–1.17; 
P < .001) multiplicative increase in RBC units transfused in adjusted analyses. Estimated annual 
phlebotomy costs exceeded $15 million (approximately $2500 per patient admission).
CONCLUSIONS: Phlebotomy continues to be a major source of blood loss in hospitalized patients 
with critical illness, and more intensive phlebotomy practices are associated with lower hemo-
globin concentrations and greater transfusion utilization. (Anesth Analg 2022;135:501–10) 

KEY POINTS
• Question: What is the current state of phlebotomy practice in hospitalized critically ill adults?
• Findings: Patients generally lose approximately 30 mL of blood per day via phlebotomy over 

the course of hospitalization, and patients with the greatest intensity of phlebotomy experi-
ence the lowest nadir hemoglobin concentrations and the highest red blood cell utilization.

• Meaning: Iatrogenic anemia from phlebotomy continues to be a major source of blood loss 
in critically ill patients, with paradoxically greater phlebotomy losses in patients with severe 
anemia, who are at greatest risk from further red cell losses.

GLOSSARY
APACHE = acute physiologic assessment and chronic health evaluation; CI = confidence interval; 
CMS = Centers for Medicare and Medicaid Services; CPT = Common Procedural Terminology; ED 
= emergency department; ICU = intensive care unit; IQR = interquartile range; IRB = institutional 
review board; OR = operating room; PBM = patient blood management; PCU = progressive care 
unit; RBC = red blood cell

Anemia has an exceedingly high prevalence 
in critically ill patients, and the pathophysi-
ologic effects of anemia may be augmented in 

this population.1,2 Critically ill patients with anemia 
have worse outcomes than their nonanemic coun-
terparts, including increased length of stay, higher 
transfusion requirements, and increased mortality.1–7 
Furthermore, anemia experienced during critical ill-
ness may have lasting impacts beyond discharge.8,9 
Anemia during critical illness is often related to mul-
tiple processes, including bleeding, acute and chronic 
inflammatory states, and nutritional deficiencies, 
among other causes. Additionally, iatrogenic blood 
loss secondary to diagnostic phlebotomy has been rec-
ognized as a key contributor to anemia development 
during hospitalization, which may be particularly 
problematic in the critically ill, who are simultane-
ously at the highest risk for anemia and frequent labo-
ratory testing. Indeed, the burden of anemia in critical 
illness may be magnified by phlebotomy practices, 

which are often considered an essential component of 
high-quality care provision.2,10

Fortunately, techniques utilizing reduced blood 
draw volumes, pediatric collection tubes, closed-sys-
tem sampling lines, and educational initiatives may 
reduce phlebotomy volumes without compromising 
diagnostic accuracy.4,10–16 However, anemia experi-
enced during critical illness and the potential con-
tributions of phlebotomy practice to anemia remain 
largely overlooked in contemporary clinical practice, 
which may explain why the uptake of interventions 
designed to minimize the burden of phlebotomy has 
been slow and incomplete in adult intensive care 
practices. Additionally, significant knowledge gaps 
remain regarding contemporary phlebotomy practice, 
including differences in phlebotomy across patient 
demographic and clinical features, practice environ-
ments (ie, intensive care unit [ICU] types and other 
hospital locations), and duration of hospitalization.

The goal of this investigation was to provide a 
comprehensive descriptive analysis of contemporary 
phlebotomy practices for adult critically ill patients 
hospitalized in a large tertiary-care medical center. 
Specifically, our primary aim was to assess phlebot-
omy practices with granular detail across key patient 
demographic and clinical features and across unique 
practice environments as patients transition through 
the hospital. Secondarily, we estimate hospital costs 
associated with phlebotomy practices and assess the 
relationships between phlebotomy practices, hemo-
globin concentrations, and red blood cell (RBC) 
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transfusion volumes, which may provide the foun-
dation for future research and quality improvement 
efforts to optimize phlebotomy practice.

METHODS
This is a retrospective observational cohort study 
approved by the local institutional review board (IRB). 
All participants had previously granted permission 
to use their medical records for research (consistent 
with Minnesota statute 144.295); thus, the require-
ment for written informed consent was waived by 
the IRB. The study was designed and conducted in 
accordance with the Strengthening the Reporting of 
Observational Studies in Epidemiology guidelines.17

The study cohort included all adult patients (≥18 
years of age) with ICU admission from January 1, 
2019, to December 31, 2019. Admissions to any of the 
institutional ICUs (cardiac medical, cardiovascular 
surgical and transplant, medical, medical/surgical/
transplant, multispeciality [thoracic surgery, vascular 
surgery, and medical], neuroscience, and trauma ICU) 
at our large tertiary-care facility with 2 free-standing 
hospital campuses were included. Patients were 
excluded due to the following reasons: <18 years of 
age, admission <24 hours, previous inclusion in the 
study during a previous hospitalization with ICU 
admission, or absent research authorization.

The primary variables of interest were the fre-
quency and volume of blood phlebotomized in criti-
cally ill patients evaluated throughout their hospital 
admission, including used volume (ie, the volume 
sent to the laboratory for analysis), waste volume (ie, 
the volume discarded during blood sampling), and 
total volume (ie, used plus waste volume) expressed 
in milliliters. These volumes were ascertained through 
our laboratory electronic recording system, with veri-
fication by phlebotomists and laboratory personnel 
(Supplemental Digital Content 1, Table 1, http://
links.lww.com/AA/D984). Waste volumes (ie, the 
protocol-based volume discarded while accessing an 
existing intravenous or arterial catheter) at the study 
institution were defined as: (1) no waste volume for 
arterial line draws, as this blood is generally returned 
to patients; (2) 5 mL of waste volume for draws from 
preexisting venous catheters for most laboratory tests, 
with the exception of 10 mL of waste volume before 
any phlebotomy episode requiring coagulation test-
ing; and (3) no waste volume for fresh sticks. The used 
volume was defined as the volume collected in the 
appropriate vial and transferred to the laboratory for 
analysis and not the actual volume used by the labora-
tory for the diagnostic assay(s). Phlebotomy episodes 
were assessed throughout the entirety of hospital-
ization, including before and during ICU admission 
and during transitions into other care environments 
including post-ICU hospitalization care. Of note, it is 

common practice for multiple laboratory samples to be 
analyzed from a single collection tube or for multiple 
tubes to be collected in a single phlebotomy episode 
or “draw.” For clarity, each phlebotomy episode was 
defined by unique peripheral venous, central venous, 
or arterial accesses for laboratory draws, exclusive of 
finger sticks (ie, point-of-care glucose monitoring). As 
an example, a central venous access that resulted in 
the filling of 3 tubes of blood for laboratory testing was 
counted as a single phlebotomy episode and would 
only have a single waste volume associated with it. 
Indications (ie, laboratory tests) were recorded for all 
phlebotomy episodes. In addition to phlebotomy data, 
we also collected all hemoglobin concentration mea-
surements and allogeneic RBC transfusions through-
out hospitalization up until time of hospital discharge.

To estimate costs associated with contemporary 
phlebotomy practices, Centers for Medicare and 
Medicaid Services (CMS) 2021 reimbursement data 
were extracted for the 50 most commonly ordered labo-
ratory tests by linking Current Procedural Terminology 
(CPT) codes to laboratory tests (Supplemental Digital 
Content 1, Table 2, http://links.lww.com/AA/D984), 
with estimates of laboratory direct costs then made by 
multiplying the CMS reimbursement rate by the num-
ber of unique tests. CMS does not provide direct cost 
data; however, CMS reimbursement rates were uti-
lized as an estimation of costs. As arterial and venous 
blood gases typically contain multiple CPT codes 
(linked to individual result components of these stud-
ies), CMS reimbursement rates would likely overes-
timate laboratory direct costs; hence, a flat estimated 
direct cost of $12.50 was utilized for each blood gas. 
For the remaining less commonly ordered laboratory 
tests, the median reimbursement rate obtained from 
the top 50 tests (ie, $8.17) was utilized to estimate the 
direct cost of each test. Conservative and liberal esti-
mates for these remaining tests were also provided 
using the first (ie, $4.76) and third quartile (ie, $12.47) 
data from the 50 most common tests. In addition to 
the estimated direct costs of each laboratory test, there 
are also costs associated with the performance of each 
venipuncture or arterial/venous access that are not 
captured in CMS reimbursement but are neverthe-
less relevant when assessing resources allocated to 
phlebotomy in hospitalized patients. Based on bench-
marked data at the study institution and other similar 
medical centers, a conservative estimate of $12 was 
utilized per unique phlebotomy episode, as defined 
previously. Hence, the total venipuncture costs were 
estimated by multiplying this number by the total 
number of unique phlebotomy episodes per patient.

Statistical Analyses
Patient baseline demographics and clinical charac-
teristics are provided with a median (interquartile 
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range [IQR]) for continuous data and a number 
(percentage) for categorical data. The total volume 
of phlebotomized blood was divided into quartiles, 
and prespecified patient demographic and clinical 
features were described across these groups. Per day 
calculations were based on the absolute number of 
draws or volume drawn each day, regardless of the 
proportion of time that a patient was hospitalized on 
a given day. The mean number of individual labora-
tory tests obtained per patient per admission and per 
hospital day are also reported for surgical and non-
surgical admissions. Although the primary nature of 
this analysis was descriptive, we also explored phle-
botomy differences across patient demographic, clini-
cal, laboratory, and transfusion characteristics with χ2 
tests for categorical variables and Wilcoxon rank sum 
tests and Kruskal-Wallis tests for continuous variables. 
As an additional exploratory analysis, the relationship 
between total phlebotomy volume and total RBC units 
was assessed with unadjusted and adjusted negative 
binomial regression models. The multivariable model 
was adjusted for prespecified covariates of age, gen-
der, admission hemoglobin concentration, admis-
sion acute physiologic assessment and chronic health 
evaluation (APACHE) score, surgical versus medical 
admission status, and hospital length of stay. For all 
analyses, P values <0.05 were used to signify statisti-
cal significance without correction for multiple testing 
given the exploratory nature of nondescriptive anal-
yses. All analyses were performed in SAS Studio 3.8 
(SAS Institute Inc) and RStudio (RStudio Team 2021).

RESULTS
A total of 6194 patients were hospitalized with a 
qualifying ICU admission during the study period 
(Supplemental Digital Content 2, Figure 1, http://
links.lww.com/AA/D985). Of these, 59% were men 
with a median (IQR) age of 66 (54–76) years and 
APACHE III score of 73 (52–97; Table 1). Median ICU 
and hospital lengths of stay were 2.1 (1.4–3.9) and 7.1 
(4.3–11.8) days, respectively. Hospital lengths of stay 
were greater in surgical (8.2 [5.3–13.8] days) than med-
ical admissions (5.9 [3.4–10.0] days; P < 0.001). Most 
patients were admitted to the medical ICU (26%) fol-
lowed by the cardiovascular surgical and transplant 
ICU (19%). Surgical admissions accounted for 50.8% 
of all admissions. The most common laboratory tests 
(mean tests per patient per admission) were blood 
glucose (28.8), basic metabolic panel (22.1), arterial 
blood gas (11.5), and complete blood count (10.8 with-
out differential, 9.2 with differential; Supplemental 
Digital Content 1, Table 1, http://links.lww.com/
AA/D984), with mean tests per patient per day for 
nonsurgical and surgical admissions displayed in 
Supplemental Digital Content 1, Table 3, http://links.
lww.com/AA/D984.

Throughout hospitalization, the median number 
of unique phlebotomy episodes per patient was 41 
(18–88), with a median cumulative volume of 231.9 
(120.5–441.9) mL (Table  2). Patients experienced 
5.2 (2.6–8.8) phlebotomy episodes per day, with a 
median total daily volume of 29.2 (18.8–43.0) mL 
(Table 2). Compared to nonsurgical patients, surgical 
patients experienced a greater total number of labo-
ratory draws (56 [22–115] vs 32 [15–64]; P < 0.001), a 
greater number of daily draws (5.8 [2.6–10.0] vs 4.6 
[2.6–7.8]; P < 0.001), and greater total phlebotomy 
volumes (251.2 [126.7–497.9] mL vs 215.1 [114.2–
392.9] mL; P < 0.001) but lower total volume drawn 
per day (27.7 [17.8–39.5] mL vs 31.0 [19.7–46.8] mL;  
P < 0.001). Median waste volume throughout hospi-
talization was 25.0 (5.0–65.0) mL, representing 10.8% 
of all phlebotomized volumes, and was greatest in 
surgical patients.

Table 1. Patient Demographic and Clinical  
Characteristics
Variable Overall (N = 6194)
Age 66 (54–76)
Sex
 Female 2566 (41%)
 Male 3628 (59%)
Race, N = 6156
 American Indian 34 (1%)
 Asian 112 (2%)
 Black or African American 88 (1%)
 Other 189 (4%)
 Unknown 136 (2%)
 White 5597 (91%)
Admission type
 Surgical 3145 (50.7%)
 Medical 3049 (49.3%)
Admission ICU
 Cardiac 747 (12%)
 Cardiovascular surgical and transplant 1158 (19%)
 Medical 1592 (26%)
 Medical/surgical/transplant 679 (11%)
 Multispecialty 757 (12%)
 Neuroscience 833 (13%)
 Pediatric 10 (0%)
 Surgical/trauma 418 (7%)
Admission hemoglobin, N = 5941 11.8 (9.9–13.4)
Charlson score 4 (2–7)
ICU admission APACHE-III score, N = 6183 73 (52–97)
Comorbidities
 Myocardial infarction 772 (12%)
 Congestive heart failure 1177 (19%)
 Stroke/cerebrovascular accident 744 (12%)
 COPD 860 (14%)
 Diabetes 1423 (23%)
 Complicated diabetes 628 (10%)
 CKD/moderate-severe kidney disease 1333 (22%)
 Cancer 1336 (22%)
ICU length of stay 2.1 (1.4–3.9)
Hospital length of stay 7.1 (4.3–11.8)
Hospital mortality 471 (8%)

Data presented as median (IQR) for continuous variables and n (%) for cat-
egorical variables.
Abbreviations: APACHE, acute physiologic assessment and chronic health 
evaluation; CKD, chronic kidney disease; COPD, chronic obstructive pulmo-
nary disease; ICU, intensive care unit; IQR, interquartile range.
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The daily median volume and frequency of blood 
drawn varied by physical location in the hospital, 
with the greatest volumes and frequency in the ICU 
(35.6 [19.5–55.7] mL/d and 6.0 [2.7–11.7] draws/d, 
respectively) and the lowest on the general hospital 
floor (11.1 [7.5–17.4] mL/d and 1.9 [1.0–3.5] draws/d, 
respectively; Figure 1, Supplemental Digital Content 
1, Table 4, http://links.lww.com/AA/D984). Detailed 
phlebotomy characteristics for each ICU environment 
are available in Supplemental Digital Content 1, Table 
5, http://links.lww.com/AA/D984, with the greatest 
median volume of blood drawn per day in the medi-
cal ICU (47.1 [28.0–69.0] mL) and the lowest volume 
of blood drawn per day in the neuroscience ICU (8.8 
[2.7–22.9] mL).

Patient characteristics differed by total blood vol-
ume drawn throughout hospitalization (Table 3). The 
median total phlebotomy volume drawn throughout 
hospitalization was 720.2 (544.7–1093.5) mL for those 
in the upper quartile compared to 60.9 (29.5–90.7) mL 
in the lowest quartile. Among patients in the upper 
quartile, 58.3% were nonsurgical compared to 47.2% 
in the lowest quartile (overall P < 0.001). Patients in 
the highest quartile of blood drawn had the greatest 
severity of illness (ie, APACHE III score 92 [69–118] 
vs 55 [42–70] in the lowest quartile; overall P < 0.001) 
and longest hospital durations (16.0 [10.8–24.9] days 

vs 3.5 [2.3–5.3] days, respectively; overall P < 0.001). 
Differences in phlebotomy by patient age, race, and 
sex (Supplemental Digital Content 1, Table 6, http://
links.lww.com/AA/D984) were limited in nature.

Admission hemoglobin and minimum hemoglobin 
concentrations during hospitalization were inversely 
associated with total volume of blood drawn (Table 3). 
Overall, hemoglobin concentrations declined dur-
ing hospitalization in congruence with the intensity 
of phlebotomy practice, with the most significant 
decreases in hemoglobin observed in the first 3 days 
of admission (Figure 2). Daily volumes of phleboto-
mized blood were greatest in the first days of admis-
sion and generally leveled off by hospital day 4. The 
frequency and volume of blood draws were inversely 
related to nadir hemoglobin concentrations, such that 
patients with lower daily hemoglobin concentrations 
experienced greater frequency and volume of blood 
drawn (Figure  3). Patients in the highest quartile of 
phlebotomy had the highest rates of RBC transfusion 
(67.9% vs 9.4% for the lowest quartile; P < 0.001) and 
received greater RBC volumes when transfused (4 
[2–8] units vs 2 [1–3] units, respectively; P < 0.001). 
Total phlebotomy volume during hospitalization 
was associated with RBC administration (multiplica-
tive increase in RBC units per 100 mL of phlebotomy 
volume: 1.21; 95% CI, 1.19–1.23; P < 0.001), with this 

Table 2. Phlebotomy Details Throughout Hospitalization by Surgical Versus Nonsurgical Status
Phlebotomy variable Overall (N = 6194) Surgical (n = 3145) Nonsurgical (n = 3049) P value
Total laboratory draws (entire LOS) 41 (18–88) 56 (22–115) 32 (15–64) <.001
Total laboratory draws (per day) 5.2 (2.6–8.8) 5.8 (2.6–10.0) 4.6 (2.6–7.8) <.001
Total used volume of blood drawn (entire LOS) 199.9 (104.3–380.2) 211.4 (106.6–420.8) 191.5 (101.5–346.0) <.001
Total used volume of blood drawn (per day) 24.9 (16.3–36.7) 23.2 (14.8–32.7) 27.2 (17.6–40.8) <.001
Total waste volume of blood drawn (entire LOS) 25.0 (5.0–65.0) 35.0 (10.0–80.0) 15.0 (0–50.0) <.001
Total waste volume of blood drawn (per day) 3.2 (0.7–6.8) 4.0 (1.7–7.2) 2.2 (0–6.3) <.001
Total volume of blood drawn (entire LOS) 231.9 (120.5–441.9) 251.2 (126.7–497.9) 215.1 (114.2–392.9) <.001
Total volume of blood drawn (per day) 29.2 (18.8–43.0) 27.7 (17.8–39.5) 31.0 (19.7–46.8) <.001

Data presented as median (IQR) for continuous variables.
Abbreviations: IQR, interquartile range; LOS, length of stay.

Figure 1. Phlebotomy based on physical location. A, Volume of blood drawn per day. B, Number of blood draws per day. ED indicates emergency 
department; floor, general hospital ward; ICU, intensive care unit; OR, operating room; PCU, progressive care unit.
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association persisting after multivariable adjust-
ment (multiplicative increase: 1.15; 95% CI, 1.14–1.17;  
P < 0.001; Supplemental Digital Content 1, Table 7, 
http://links.lww.com/AA/D984).

The estimated direct costs for laboratory test-
ing were $9,975,442.15 ($1610.50 per patient), with 
conservative and liberal estimates of $9,400,038.75 
and $10,701,024.15. Furthermore, there were 469,612 
unique phlebotomy episodes for the entire cohort, 
corresponding to estimated venipuncture/access 
costs of $5,635,344 ($909.80 per patient). Together, 

costs associated with laboratory testing totaled 
$15,610,786.20 ($2520.31 per patient).

DISCUSSION
The main finding of this investigation is that criti-
cally ill patients continue to experience substantial 
phlebotomy-mediated blood loss in contemporary 
practice, including median volumes of nearly 40 mL 
per day during intensive care and approximately 30 
mL per day throughout the entirety of hospitalization. 
Surgical patients experienced more frequent blood 

Table 3. Patient Characteristics by Total Volume of Blood Drawn Quartiles
Patient characteristics Lower 25% 25%–Median 75%–Median Upper 75% P value
Age 63.2 (48.9–74.9) 67.6 (55.6–76.9) 67.5 (55.6–76.7) 64.6 (54.6–73.1) <.001
Sex
 Female 669 (43.2) 680 (44.0) 590 (38.1) 627 (40.5) .003
 Male 881 (56.8) 867 (56.0) 959 (61.9) 921 (59.5)
Race
 American Indian 11 (0.7) 5 (0.3) 6 (0.4) 12 (0.8) .469
 Asian 30 (1.9) 22 (1.4) 26 (1.7) 34 (2.2)
 Black or African American 25 (1.6) 16 (1.0) 20 (1.3) 27 (1.8)
 Other 51 (3.3) 45 (2.9) 48 (3.1) 45 (2.9)
 Unknown 36 (2.3) 29 (1.9) 30 (2.0) 41 (2.7)
 White 1393 (90.1) 1421 (92.4) 1410 (91.6) 1373 (89.6)
Surgical status
 Surgical 819 (52.8) 815 (52.7) 770 (49.7) 645 (41.7) <.001
 Nonsurgical 731 (47.2) 732 (47.3) 779 (50.3) 903 (58.3)
Charlson score 3 (1–6) 4 (2–7) 4 (2–7) 4 (2–7) <.001
First ICU admission APACHE 3 score 54.5 (42.0–70.0) 71.0 (54.0–90.0) 81.0 (60.0–102.5) 92.0 (69.0–118.0) <.001
Hospital LOS 3.5 (2.3–5.3) 5.5 (4.2–7.3) 8.2 (6.2–11.1) 16.0 (10.8–24.9) <.001
ICU LOS 1.4 (1.1–1.9) 1.8 (1.2–2.6) 2.5 (1.7–3.8) 5.2 (3.0–8.9) <.001
Hospital mortality 37 (2.4) 62 (4.0) 130 (8.4) 242 (15.6)  
Total phlebotomy volume 6.9 (29.5–90.7) 173.5 (146.1–200.0) 314.3 (268.0–368.4) 720.2 (544.7–1093.5) <.001
Total phlebotomy volume per day 12.8 (6.5–19.3) 26.6 (20.7–34.4) 34.8 (26.7–45.0) 46.6 (35.3–63.5) <.001
Admit hemoglobin 12.6 (10.9–14.0) 11.9 (10.4–13.6) 11.7 (9.8–13.4) 10.7 (9.0–12.8) <.001
Minimum hemoglobin during hospital stay 11.4 (9.7–13.0) 9.7 (8.2–11.2) 8.4 (7.4–10.3) 7.3 (6.7–8.4) <.001
RBC transfusion during hospitalization 146 (9.4) 373 (24.1) 622 (40.2) 1051 (67.9) <.001
RBC units during hospital stay (all patients) 0 (0–0) 0 (0–0) 0 (0–2.0) 2.0 (0–6.0) <.001
RBC units during hospital stay (transfused patients) 2 (1–3) 2 (1–4) 2 (1–4) 4 (2–8) <.001

Data presented as median (IQR) for continuous variables and n (%) for categorical variables.
Abbreviations: APACHE, acute physiologic assessment and chronic health evaluation, ICU, intensive care unit, IQR, interquartile range; LOS, length of stay, RBC, 
red blood cell.

Figure 2. Temporal relationship of total and daily volume of blood drawn during hospital days 1 to 10. A, Cumulative median blood volume 
drawn in milliliters and daily nadir hemoglobin. B, Daily median volume of blood drawn per day.
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draws and a 17% higher total phlebotomized volume 
during hospitalization when compared to their non-
surgical counterparts, although nonsurgical patients 
experienced modestly higher daily phlebotomy losses 
after accounting for longer hospital durations in sur-
gical patients. There were large disparities in phlebot-
omy practices across ICU environments, with patients 
in the medical ICU experiencing the most volume of 
blood drawn per day at nearly 50 mL, patients in the 
cardiac surgical ICU experiencing the most frequent 
blood draws at >15 per day, and patients in the neu-
roscience ICU experiencing the fewest laboratory 
draws and lowest phlebotomized volumes, including 
only 1 draw per day and <10 mL in total daily vol-
ume, respectively. These disparities may reflect dif-
ferences in patient features (eg, acuity of illness and 
disease pathology), provider practice preferences (eg, 
training background), or clinical workflows (eg, post-
operative or medical admission care pathways), and 
future research and/or quality improvement efforts 
are necessary to identify opportunities to improve 
phlebotomy practices across various adult critical 
care practices.

Importantly, there were inverse relationships 
between phlebotomized volumes and hemoglobin 
concentrations such that higher phlebotomy volumes 
were associated with greater decreases in hemoglobin 
concentrations, findings that were most pronounced 
through day 3 of hospitalization. Furthermore, 
patients with lower hemoglobin concentrations on 
any given hospital day experienced greater phlebot-
omy volumes and a greater number of blood draws, 
highlighting an “anemia-phlebotomy paradox,” 
wherein patients with severe anemia at greatest risk 
for harm from further iatrogenic blood loss experi-
ence disproportionately more phlebotomy volumes. 
Indeed, greater phlebotomy volumes were associated 
with increased RBC transfusion utilization in adjusted 
analyses, suggesting that minimization of iatrogenic 

phlebotomy-mediated blood loss may potentially 
translate to reductions in transfusion requirements.

This contemporary analysis builds upon previous 
investigations, showing limited to no change in the 
intensity of phlebotomy practice during critical illness 
spanning 30 years.18 Critically ill patients continue 
to have higher totals of phlebotomized blood than 
patients in the general ward.6 Additionally, this study 
provides novel insights on phlebotomy practices 
throughout multiple other practice environments, 
including operating rooms (ORs), the emergency 
department (ED), and progressive care units (PCUs; 
ie, ICU “step-downs”), although it should be recog-
nized that phlebotomy practices in these environ-
ments are limited to those patients who also had an 
ICU admission. Daily phlebotomy volumes in the OR 
and ED were quite high, at approximately 25 mL per 
day, while volumes in the PCU were only modestly 
higher than those in the general hospital ward, at 
approximately 10 mL per day. As the OR and ED rep-
resent high-acuity environments, higher phlebotomy 
volumes are consistent with the concept of congru-
ence between phlebotomy intensity and acute illness 
severity. However, it should be emphasized that the 
ICU stay remains the period of greatest patient risk for 
phlebotomy in terms of both frequency and volumes.

As described previously, the utilization of pediatric 
tubes and “microdraw” techniques has been shown 
to provide similar accuracy to traditional phlebotomy 
draws, while removing a substantially smaller vol-
ume of blood.19 Unfortunately, there has not been 
widespread adoption of these practices in adult pop-
ulations, which may be related to several perceived 
barriers to implementation, including: (1) concern for 
increased risk of clotting with small sample volumes 
or concern for insufficient sample quantities, which 
may result in increased rates of redraw, even though 
available evidence does not support higher redraw 
rates;20 (2) lack of availability of microtainer tubes due 

Figure 3. Frequency and volume of blood draws with respect to nadir hemoglobin. A, Number of daily blood draws. B, Total volume per day of 
blood drawn.



Copyright © 2022 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
508   www.anesthesia-analgesia.org aNeStheSia & aNalgeSia

Phlebotomy and Iatrogenic Anemia in Critically Ill Adults

to supply chain issues, especially coagulation tubes; 
and (3) higher labor costs associated with manual 
processing and aliquoting requirements for some 
microtainer samples compared to traditional samples 
that can be processed in an automated core labora-
tory. Quality improvement efforts will be necessary to 
address these barriers with sustainable solutions that 
work within local practice environments.

Beyond differences in phlebotomy by physical 
practice location, the current analysis also revealed 
higher phlebotomy frequency and volumes in surgi-
cal compared to nonsurgical patients, which may rep-
resent longer hospitalizations and higher phlebotomy 
intensity in response to acute surgical blood loss and 
resuscitation. However, nonsurgical patients expe-
rienced modestly higher daily phlebotomy volumes 
and were disproportionately represented in the upper 
quartile of total phlebotomy volume, which suggests 
that daily phlebotomy intensity throughout hospital-
ization is generally highest in those with nonsurgical 
critical illness. Although the precise drivers of differ-
ences in phlebotomy intensity between admission 
types are unclear and likely related to various patient, 
provider, and practice factors, it is notable that blood 
cultures, which utilize 10 mL of blood per bottle, were 
obtained more frequently in nonsurgical patients 
(ie, mean 0.4 vs 0.2 cultures obtained per patient per 
day for nonsurgical and surgical admissions, respec-
tively), which may explain some of this discrepancy.

It is critical to consider phlebotomy-induced blood 
losses in relation to the erythropoietic potential of the 
body. Assuming an RBC life span of 120 days, just less 
than 1% of RBCs are turned over daily. Hence, if you 
assume a typical adult blood volume of 5000 mL, of 
which 2000 mL is comprised of RBCs (ie, hematocrit, 
40%), then the body has a basal replacement rate of 
approximately 15 mL of RBC loss daily. Adding 40 
mL of daily phlebotomy loss during critical illness 
(ie, approximately 15 mL of RBCs, assuming normal 
hematocrit), the body must double erythropoiesis to 
maintain RBC mass. While this may be possible over 
the short term in healthy patients with preserved iron 
stores and optimal nutritional status, this is unlikely 
to be sustainable in patients with critical illness char-
acterized by inflammation, infection, nutritional 
deficiencies, ongoing iron depletion via repeated epi-
sodes of acute blood loss, and a host of other erythro-
poietic challenges. As a real-world correlate, average 
menstrual blood loss in healthy women of reproduc-
tive age is 30 to 40 mL distributed over a 4- to 5-day 
menstrual cycle, with approximately 10% to 20% 
of otherwise healthy women being anemic.21,22 The 
prevalence of anemia in those with heavy menstrual 
bleeding (ie, >80 mL of blood loss per cycle or bleed-
ing lasting longer than 7 days),23 the equivalent of 
phlebotomy-mediated blood loss experienced over an 

ICU stay of just 2 days, is 2- to 3-fold higher,22,24 high-
lighting the dangers of repeated phlebotomy blood 
loss during hospitalization. Furthermore, studies in 
healthy blood donors reveal that it takes 40 to 60 days 
in the presence of iron supplementation for hemo-
globin concentrations to fully recover after a 500-mL 
whole blood donation (ie, 200 mL of RBCs),25 corre-
sponding to recovery of approximately 3 to 5 mL of 
lost RBCs daily, a number that is greatly outweighed 
by the intensity of phlebotomy practice described 
here. Importantly, patients with hemoglobin concen-
trations of 7 g/dL or less in this study experienced the 
greatest burden of phlebotomy in terms of frequency 
and daily volumes, which likely reflects, in part, the 
fact that patients with lower hemoglobin concentra-
tions may be more acutely ill and, thus, receive more 
intensive laboratory testing. However, patients with 
this severity of anemia are likely already operating at 
their maximum erythropoietic potential and are least 
likely to tolerate additional RBC loss. Hence, these 
patients are precisely those most likely to benefit from 
rigorous blood conservation strategies despite being 
phlebotomized the most. While several techniques 
and system-based approaches to minimize phlebot-
omy blood loss have been proposed,4,10,11,19,26 clearly 
more work is necessary, particularly with regard to 
implementation in high-acuity practice environments.

Beyond the negative physiological effects of 
repeated iatrogenic blood loss, there are also substan-
tial financial implications of intensive phlebotomy 
practices. Total phlebotomy-associated costs over the 
study year were estimated at >$15.5 million, includ-
ing nearly $10 million in direct laboratory costs and 
>$5.5 million in costs associated with the actual veni-
puncture process. As such, reducing the frequency of 
phlebotomy episodes would readily translate into real 
institutional cost savings by simply reducing costs 
of laboratory testing. For example, a 10% reduction 
in phlebotomy (ie, 10% fewer tests and phlebotomy 
draws) would result in >$1.5 million in annual insti-
tutional cost savings. Furthermore, elimination of just 
1 phlebotomy episode per patient per day (ie, 7 tests 
per patient over a 7-day hospitalization) would result 
in nearly $1 million in annual phlebotomy-associated 
cost savings. Additional financial benefit could also 
be observed through potential downstream con-
sequences of less intensive phlebotomy practices, 
including reductions in RBC transfusions and mini-
mization of low-value diagnostic testing directed 
toward aberrant laboratory values. Therefore, it is 
critically important to not overlook the clinical nor the 
financial impact of phlebotomy practices.

Other notable findings of this investigation include 
the presence of persistent daily phlebotomy despite 
the resolution of ICU-level care. Beyond hospital day 
4, on average, patients continue to lose approximately 
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15 mL of blood through phlebotomy daily for the 
remainder of the hospitalization. While some of these 
laboratory tests are indeed likely to be important for 
patient care, this finding emphasizes the common 
occurrence of daily laboratory orders and should 
prompt clinicians to reflect on the necessity of labora-
tory tests after acute stabilization. Additionally, this 
study assessed differences in phlebotomy intensity 
across patient demographic characteristics. While 
statistically significant differences were observed 
in phlebotomy volumes by age and sex, these were 
limited and unlikely to be of clinical significance. 
Hospital duration, acuity of illness, and practice envi-
ronments clearly seem to be the principal drivers of 
phlebotomy intensity.

There are several important limitations of this 
investigation. First, data were collected retrospec-
tively, with assignment of volumes (used and waste) 
based on phlebotomy and laboratory standard oper-
ating procedures. It is possible that some phlebotomy 
volumes could have been overestimated or underes-
timated. For example, we assumed that all waste vol-
umes from arterial lines were returned to the patient, 
when this may not uniformly be true. Waste volumes 
from central venous catheters were not recorded but 
were estimated in accordance with institutional proto-
cols. Additionally, we did not assess for the presence of 
low-volume blood draws, as these are not recorded in 
our electronic system, but these are estimated to occur 
in <5% of patients. Second, the findings presented 
here are descriptive in nature. Presented relationships 
between phlebotomy, hemoglobin concentrations, and 
RBC transfusions do not imply causality. Third, given 
the retrospective nature, we were unable to identify 
the appropriateness or actionability of laboratory 
assessments, nor were we able to distinguish stand-
ing laboratory orders from orders designed to answer 
a specific clinical question. Future studies will be nec-
essary to better define these relationships. Fourth, 
this is a single-center study, and thus, the results may 
not be generalizable to other health care institutions. 
Fifth, laboratory direct costs were based on estimates 
from CMS reimbursement data, which invariably 
do not capture all costs associated with phlebotomy 
practice. Finally, we did not describe several factors, 
which may contribute to phlebotomy losses, such as 
the presence or absence of invasive arterial and cen-
tral venous catheters, although this information has 
been reported previously.6

In summary, phlebotomy-induced blood loss 
remains a significant concern in adult patients requir-
ing hospitalization for critical illness. This emphasizes 
the importance of implementation of comprehensive 
patient blood management (PBM) strategies to opti-
mize hemoglobin concentrations, maintain hemosta-
sis, and conserve a patient’s own blood throughout 

hospitalization. The intensity of phlebotomy practices 
remains largely unchanged despite >30 years of evi-
dence highlighting the contribution of phlebotomy to 
anemia development. Further optimization of phle-
botomy practices in hospitalized patients is needed to 
minimize potential adverse effects of iatrogenic ane-
mia. E
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