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Diagnostic testing is a fundamental component 
of the workup of patients in the emergency de-
partment and inpatient settings. The number 

of ordered and unordered laboratory tests and the vol-
ume of blood drawn appear to be increasing.1 While di-
agnostic testing is essential for the complete evaluation 
of a patient, routine diagnostic testing is not without 
risk. Moreover, studies show that, in the clinical set-
ting, more blood is drawn from patients than is actu-
ally needed to conduct diagnostic testing. For example, 
Dale et al. show that institutions discard a median vol-
ume of 2.8 ml for every complete blood count ordered.2

In the research context, the Office for Human Re-
search Protections (OHRP) has issued guidelines re-

garding the volume of blood draws (over a certain peri-
od) that meet the regulatory definition of not more than 
minimal risk research for the purposes of an institution-
al review board (IRB) reviewing a research protocol un-
der the Common Rule’s expedited review provision. For 
nonhealthy adults and children, the OHRP guidelines 
state that for not more than minimal risk research, the 
amounts drawn may not exceed the lesser of 50 ml or 3 
ml/kg in an eight-week period (with no more than two 
collections per week).3 The frequency and quantity of 
blood draws affect risk determinations by IRBs, which 
may impact trial design and the feasibility of carrying 
out a study that includes the collection of blood from 
participants.
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We used remnant blood volume, the blood vol-

ume remaining following all clinical laboratory test-
ing, to quantify the magnitude of harm from routine 
laboratory testing. Previous studies to quantify rem-
nant blood volume have been imprecise and based on 
surveys, blood tubes recorded in the hospital chart, or 
the volume requested by the laboratory.4 Determining 
the remnant blood volume in routine laboratory test-
ing would be a significant step toward further defining 
the minimal risk threshold for obtaining expedited IRB 
review of research protocols that involve blood draws.

STUDY METHODS

Our study was a prospective observational study to 
quantify the remnant volume of blood following 

laboratory evaluation of patients in the emergency de-
partment and inpatient setting at an academic medical 
center. The study was determined not to be human sub-
jects research by the institution’s IRB.

We planned to include patient information from 
the electronic medical records of 125 patients from 
whom blood was collected: 25 trauma-floor patients, 25 
trauma-intensive care unit (ICU) patients, 25 medical-
floor patients, 25 medical-ICU patients, and 25 patients 
discharged from the emergency department. (See ap-
pendix A for patient-inclusion criteria; the appendices 
can be found online, as explained in the “Supporting 
Information” section below.) We identified patient re-
cords through the trauma-team census, emergency 

department census, the medical-ICU census, and the 
general medical-team census at the University of Cin-
cinnati Medical Center from October 2019 to Decem-
ber 2019. Research associates (Constand and Cabrera) 
collected the information. Source documentation was 
maintained in a secure data storage program and was 
used only for gathering blood tubes from the clinical 
laboratory. Remnant blood volume was determined as 
described in appendix B. Study data were collected and 
managed using REDCap electronic data capture tools 
hosted at The University of Cincinnati and Cincinnati 
Children’s Hospital Medical Center.5 Blood tubes were 
weighed for the entirety of each patient’s hospitalization. 
The patient group did not change if the patient’s level 
of care changed throughout hospitalization; the patient 
remained in the original disposition-based group (so 
called because “disposition” is used in describing a pa-
tient’s destination following assessment and treatment 
in the emergency department). Measurements were 
completed until the patient was discharged from the fa-
cility or the end of the study, whichever came first.

We assessed group comparisons between the emer-
gency department discharge groups using chi-square or 
Fisher’s exact tests for categorical data or nonparametric 
one-way ANOVA (Kruskal-Wallis) with post-hoc com-
parisons using the Dwass-Steel-Critchlow-Fligner test 
for nonnormally distributed continuous data. Compari-
sons between the ICU groups and the floor groups and 
between the medical-ICU and the trauma-ICU groups 

Table 1.
Subject Characteristics of Floor vs. ICU Patients: Medians (IQRs) 

			        	           All	 	     	      ICU	        	                   Floor			    
			         	     N = 122		    N = 50			  N = 47	   	     P-value

Age (years) 52.5 (46.8, 53.2) 53 (45, 55.6) 57 (47.5, 58.4) 0.38

% male 44 (47%) 27 (56%) 17 (38%) 0.07

Length of stay (days) 5 (5.7, 9.5) 8.5 (9.7, 17.5) 4 (4.2, 6.7) < 0.0001

Blood remnant, daily (ml) 11.6 (12.3, 15.2) 12.9 (13.1,16.9) 9.8 (9, 12.6) < 0.001

Blood remnant  
cumulative (ml)

38.9 (58.5, 118.9) 78.1 (97.6, 222) 24.2 (25.8, 40.5) < 0.0001

Transfusion daily 0 (0.04, 0.11) 0 (0.07, 0.23) 0 (0.005, 0.07) < 0.01

Transfusion cumulative 0 (0.54, 2.3) 0 (1.1, 5.4) 0 (0.03, 0.48) < 0.01

Episodes of Hgb < 7 0 (0.24, 0.69) 0 (0.36, 1.3) 0 (0.03, 0.36) 0.03

IQR = interquartile range; Hgb = hemoglobin



  Volume 45, Number 2 • March-April 2023  37

were assessed using two-sample t-tests or Wilcoxon 
rank sum tests for continuous data and chi-square or 
Fisher’s exact tests for categorical data. All analyses were 
conducted using SAS 9.4 (SAS Institute, Cary, NC).

STUDY RESULTS

Information from a total of 122 patients was included 
in the final analysis (secondary to duplicate record-

ings of three patients in the initial data set): 20 trau-
ma-floor patients, 28 trauma-ICU patients, 27 med-
ical-floor patients, 22 medical-ICU patients, and 25 
patients discharged from the emergency department. 
(Two disposition-based groups had greater than 25 pa-
tients, as the disposition originally recorded for certain 
patients was found to be incorrect on further review 
of the data.) Of the patients included in the study, 50 
were admitted to the ICU, 47 total were admitted to 
the medical and trauma floors, and 25 were discharged 
(see table 1). The demographics, daily median volumes 

of remnant blood, and lengths of stay are presented in 
table 1 and figure 1. The different disposition-based 
groups demonstrated significant differences in age 
and no significant difference in sex; there were no sig-
nificant differences in age, sex, or daily remnant blood 
volume in ICU patients with respect to the admitting 
service (see table 2).

The median daily remnant blood volume was 11.6 
(interquartile range [IQR]: 12.3, 15.2) ml for all patients. 
There were significant differences in the volumes of 
daily median remnant blood when comparing patients 
based on the level of care they required (ICU vs. floor), 
as indicated in table 1. Patients admitted to the ICU had 
significantly higher median daily (12.9 ml vs. 9.8 ml; p < 
0.001) and cumulative (78.1 ml vs. 24.2 ml; p < 0.0001) 
remnant blood volumes compared to patients admit-
ted to the medical and trauma floors. The cumulative 
remnant blood volume included the remnant blood vol-
ume from the entire admission, with a median length of 

Figure 1.
Daily Remnant Blood Volume Calculated: Volume per Number of Hospital Days 
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Although data were recorded throughout the entirety of each patient’s hospitalization, this figure represents data from  
the first ten days of hospitalization.
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stay of 5 (IQR: 5.7, 9.5) days for all patients. The median 
length of stay for patients in the ICU was 8.5 (IQR: 9.7, 
17.5) days.

DISCUSSION

In an analysis of medical record information from 
122 patients at an academic medical center, we found 

that the daily remnant blood volume was 11.6 (IQR: 
12.3, 15.2) ml for all patients and 12.9 (IQR: 13.1, 16.9) 
ml for patients admitted to the ICU. A comparison of 
our medical-ICU daily remnant blood-volume data 
with published results reveals a similar amount of rem-
nant diagnostic blood (13.9 ml/day vs. 13 ml/day).6 A 
comparison of our trauma-ICU daily remnant blood 
volume data with published results from a surgical ICU 
reveals a lower diagnostic blood loss in our study (15.9 
ml/day vs. 26 ml/day).7 In comparison with previously 
published literature, the accepted daily remnant blood 
volume for patients requiring ICU-level of care is likely 
12.9 ml or greater. 

In this analysis, we found that the cumulative rem-
nant blood volume (throughout the entirety of the pa-
tients’ stays) was 38.9 (IQR: 58.5, 118.9) ml for all pa-
tients (median length of stay: 5 days [IQR: 5.7, 9.5]) and 
78.1 (IQR: 97.6, 222) ml for patients admitted to the ICU 
(median length of stay: 8.5 [IQR: 9.7, 17.5]). In compari-
son with data on trauma patients published by Branco 
et al. in 2009, the cumulative volume in our study is less 
(38.9 mL vs. 187.3 mL).8 The cumulative remnant blood 

volume is also lower for our trauma-ICU data than for 
previously published trauma-ICU literature.9 While it is 
unclear if the decrease in cumulative volume observed 
between two single-center studies represents different 
practice patterns between institutions or evolving prac-
tice patterns over time, Branco et al. evaluated the entire 
phlebotomy burden, not remnant blood volume, which 
likely contributed to the difference in findings. Given 
our findings and the previously published data, a rea-
sonable cumulative blood-draw volume for a study to 
qualify for IRB expedited review of research protocols 
would be as great as 78.1 ml in the ICU population and 
38.9 ml in all patients over the course of the entire ad-
mission.

Both the daily median remnant blood volume (12.9 
ml) and the cumulative remnant blood volume (78.1 
ml) in the ICU population would allow for more than 
50 ml of blood to be drawn over eight weeks, exceed-
ing the current maximum amount of blood that can be 
collected from participants under the OHRP guidelines 
regarding expedited review for minimal risk research.  
Given that the length of stay for all patients (5 days 
[IQR: 5.7, 9.5]) is much less than eight weeks, minimal 
risk guidelines for inpatient studies should be based on 
daily rather than cumulative blood-draw volumes.

While we believe that the quantitative strategy and 
prospective approach were strengths of our study, the 
study also had limitations. The results are based off a 
consecutive prospective collection of data from rem-

Table 2.
Subject Characteristics and Emergency Department Disposition Group: Mean ± SD 

	
		             ED discharge          Medical floor        Medical ICU          Trauma floor         Trauma ICU	         P-value
		         	 N = 25		  N = 27	               N = 22	              N = 20	            N = 28

Age (years) 42.9  
(SD = 14.9)

58.4  
(SD =13.7)

54.6  
(SD = 14.6)

46.2  
(SD = 20.7)

46.8  
(SD = 20.5)

0.04**

% male 15 (60%) 8 (32%) 12 (54%) 9 (45%) 15 (58%) 0.27

Daily blood  
remnant average

20.5  
(SD = 11.5)

10.9  
(SD = 7.2)

13.9  
(SD = 8)

10.6  
(SD = 3.9)

15.9  
(SD = 5.3)

< 0.001*

Length of stay 
(days)

NA 5.5  
(SD = 5.1)

14.4  
(SD = 18.2)

5.5  
(SD = 2.8)

12.9  
(SD = 9.3)

< 0.0001‡

*For the medical floor vs. trauma ICU, p = 0.001, and for the trauma floor vs. trauma ICU, p = 0.003.
**For emergency department (ED) discharge vs. medical floor, p = 0.006.
‡ For medical floor vs. medical ICU, p = 0.003; for medical floor vs. trauma ICU, p = 0.001; and for trauma floor vs. trauma ICU, p = 0.01.
SD = standard deviation
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nant blood samples in the clinical laboratory through-
out a short period in a single academic center. This 
could reflect institutional preference at this one center 
and, given the short duration of the study collection and 
that providers frequently attend to patients for a week 
at a time at our institution, could also reflect inpatient 
provider preference. For generalizability, we included 
patients from medical services, from trauma services, 
and those discharged from the emergency department. 

CONCLUSION

In the analysis of 122 patients at an academic medi-
cal center, we found that the median daily remnant 

blood volume was 11.6 ml and the median cumulative 
remnant blood volume was 38.9 ml for all patients with 
a length of stay of five days. Patients admitted to the 
ICU from the emergency department had a daily rem-
nant blood volume of 12.9 ml and a cumulative remnant 
blood volume of 78.1 ml, with a median length of stay 
of 8.5 days. Our data suggest that currently allowable 
blood-volume limits to qualify for expedited review for 
not more than minimal risk research are less than what 
patients experience in routine clinical testing. Interpre-
tation of findings from this prospective observational 
study should be limited to the description of remnant 
blood volume.s

SUPPORTING INFORMATION
The appendices are available in the “Supporting Informa-

tion” section for the online version of this article and via Ethics 
& Human Research’s “Supporting Information” page: https://
www.thehastingscenter.org/supporting-information-ehr/.

Adam L. Gottula, MD, is a critical care fellow physician in 
the Department of Emergency Medicine and Anesthesiology at 
the University of Michigan; Sara Constand, MD, is a resident 
physician in the Department of Obstetrics and Gynecology at 
the University of Virginia; Sandra Cabrera, MD, MS, is a resi-
dent physician in the Department of Emergency Medicine at 
the University of Miami/Jackson Health; Uwe Stolz, PhD, is 
a statistician in the Department of Emergency Medicine at the 
University of Cincinnati; Ann Salvator, MS, is a statistician 

in the Department of Surgery at the University of Cincinnati; 
Michael Goodman, MD, is an associate professor in the De-
partment of Surgery at the University of Cincinnati; and Jason 
McMullan, MD, is a professor in the Department of Emer-
gency Medicine at the University of Cincinnati. 

REFERENCES
1.  Branco, B. C., et al., “The Increasing Burden of Phlebotomy 
in the Development of Anaemia and Need for Blood Transfu-
sion amongst Trauma Patients,” Injury 43, no. 1 (2012): 78-83; 
Humble, R. M., H. G. Hounkponou, and M. D. Krasowski, 
“The ‘Rainbow’ of Extra Blood Tubes—Useful or Wasteful 
Practice?,” JAMA Internal Medicine 177, no. 1 (2017): 128-29.
2. Dale, J. C., and S. G. Ruby, “Specimen Collection Volumes 
for Laboratory Tests,” Archives of Pathology & Laboratory 
Medicine 127, no. 2 (2003): 162-68; Dale, J. C., and S. K. Pru-
ett, “Phlebotomy—a Minimalist Approach,” Mayo Clinic Pro-
ceedings 68, no. 3 (1993): 249-55; Lin, J. C., et al., “Phlebotomy 
Overdraw in the Neonatal Intensive Care Nursery,” Pediatrics 
106, no. 2 (2000): doi:10.1542/peds.106.2.e19.
3. “2018 Requirements (2018 Common Rule),” Office for Hu-
man Research Protections, accessed July 28, 2021, https://
www.hhs.gov/ohrp/regulations-and-policy/regulations/45-
cfr-46/revised-common-rule-regulatory-text/index.
html#46.102.
4. Branco et al., “The Increasing Burden of Phlebotomy”; 
Dale and Ruby, “Specimen Collection Volumes for Labora-
tory Tests”; Lin et al., “Phlebotomy Overdraw in the Neonatal 
Intensive Care Nursery.”
5.  Harris, P. A., et al., “Research Electronic Data Capture 
(REDCap)—a Metadata-Driven Methodology and Workflow 
Process for Providing Translational Research Informatics 
Support,” Journal of Biomedical Informatics 42, no. 2 (2009): 
doi:10.1016/j.jbi.2008.08.010; Harris, P. A., et al., “The RED-
Cap Consortium: Building an International Community of 
Software Platform Partners,” Journal of Biomedical Informat-
ics 95 (2019): doi:10.1016/j.jbi.2019.103208.
6. Wisser, D., et al., “Blood Loss from Laboratory Tests,” Clini-
cal Chemistry 49, no. 10 (2003): doi:10.1373/49.10.1651.
7. Chant, C., G. Wilson, and J. O. Friedrich, “Anemia, Trans-
fusion, and Phlebotomy Practices in Critically Ill Patients 
with Prolonged ICU Length of Stay: A Cohort Study,” Critical 
Care 10, no. 5 (2006): doi:10.1186/cc5054.
8. Branco et al., “The Increasing Burden of Phlebotomy.”
9. Ibid.

gottula et al. • remnant blood quantification: informing the definition of minimal risk in clinical research




