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Abstract 
Blood donation is a voluntary activity in the 

United States and provides critical blood units for 
transfusions.  Blood is collected, processed and 
transported by blood centers to hospitals, though 
some hospitals also collect blood directly from 
donors.  Blood donation is very safe, but a small 
percentage of donors can have reactions and some of 
these reactions can lead to serious injury.  Donor 
hemovigilance is the surveillance and analysis of 
donor reactions with the goal of understanding the 
factors influencing reactions and indentifying steps to 
improve donor safety [9].  Historically in the U.S., 
donor hemovigilance is managed by individual 
collection centers to improve their specific 
organization’s donation processes.  The Department 
of Health and Human Services (HHS) has developed 
a software tool (called DonorHART™) to collect, 
organize and analyze reactions that occur at different 
participating blood centers and hospitals [6, 8].  
Data mining is used to analyze factors influencing 
the donor reactions, and the insights are shared with 
the community to help blood center and hospital 
managers and quality improvement administrators 
undertake interventions to improve donor safety [10].  
The paper presents the history of the donor 
hemovigilance development and two data mining 
efforts performed on the data collected to improve 
the safety of blood donation processes. 

 
1. Background  

 
Donor hemovigilance involves the collection and 

analysis of information related to reactions associated 
with blood donation [6, 9, 13].  The goals of donor 
hemovigilance are to analyze the factors influencing 
blood donation and to facilitate the ability of 
organizations to implement interventions that 
improve blood donors’ safety.  Donor hemovigilance 
involves collecting and organizing data related to 
reactions that occur during the blood donation and 

information about donor, donation and reaction 
attributes that potentially influence the reactions.  
Donor hemovigilance also involves providing 
baseline reaction metrics and analyses of reaction 
trends.  It serves as the cornerstone for improving 
donor safety. 

Recognizing the importance of donor 
hemovigilance, the Department of Health and Human 
Services (HHS) and the U.S. blood bank community, 
under the leadership of the American Association of 
Blood Banks (AABB), undertook efforts to establish 
a national level donor hemovigilance system [6, 8].  
These efforts are coordinated through the AABB 
donor hemovigilance working group (DHWG).  
Participating members of DHWG are AABB, 
American Red Cross (ARC), Blood Systems Inc. 
(BSI), Canadian Blood Services, Coffee Memorial 
Blood Center, the Mayo Clinic, and the Plasma 
Protein Therapeutic Association (PPTA) as well as 
the U.S. Department of Defense (DOD).  HHS 
contracted Knowledge Based Systems, Inc. (KBSI) to 
design and develop the software tool 
(DonorHART™) in coordination with DHWG [8].  
This paper presents the current status of the 
DonorHART™ system and how data mining is used 
on data collected to improve the safety of the blood 
donation process. 

In this paper we use multivariate logistic 
regression (LR) as the primary analytical technique 
for analyzing the factors influencing donor reactions.  
While machine learning techniques like trees, support 
vector machines, and Bayesian models have provided 
good results in certain situations [3, 4, 14, 15, 16, 17. 
18], LR is extensively used in the medical profession 
[1, 5, 10].  The adjusted odds ratios that are derived 
from LR model coefficients are used in the medical 
profession to interpret and rank factors influencing 
the dependent variables after accounting for the 
confounding and correlating factors [12, 13].  Such 
insights are used to hypothesize and design 
interventions to improve the focus metric [6, 9].  To 

2014 47th Hawaii International Conference on System Science

978-1-4799-2504-9/14 $31.00 © 2014 IEEE

DOI 10.1109/HICSS.2014.105

789



facilitate comparison with the previous work of the 
authors and other published literature in this area, LR 
was used as the analysis technique in this work [1, 5, 
6, 9, 10, 12, 13].  We plan to research the results of 
other advanced machine learning techniques and 
compare results obtained in our future work.   

 
1.1. DonorHART™ Tool 

 
One of the important contributions of the 

DHWG was the standardization of reaction types, 
categories and data that should be collected for donor 
hemovigilance.  DHWG designed the data elements 
to facilitate analysis of factors influencing reactions 
rather than pure surveillance of the numbers of 
reactions. The DonorHART™ tool is designed to be 
a gold standard system that allows for the capture of 
comprehensive donor hemovigilance data elements.  
Many blood centers in the U.S. currently do not 
capture and report all of the data elements that can be 
tracked in the DonorHART™ tool.  The intent of the 
DonorHART™ tool design was to provide a menu of 
key data elements that blood centers can plan to 
eventually capture and report.  Participating 
organizations must adopt the DHWG standardized 
categorizations for reaction type, category, signs, and 
symptoms.  Many are modifying the data captured 
and managed in their donor management systems 
based on the template provided by the DHWG. 

Table 1 shows the reaction types and categories 
captured and managed within the DonorHART™ 
system.   

 
Table 1.  Reaction Types and Categories in 

the DonorHART™ Tool 

Table 2 shows a sample of signs and symptoms 
available in the DonorHART™ tool that can be 
assigned to a particular reaction or category. 

 

Table 2.  Sample Signs and Symptoms 
Associated with Reactions 

The DonorHART™ tool also captures details on 
adverse events that happened during the blood 
donation process (Table 3). 

 

Table 3.  Sample Adverse Events during 
Blood Donation 

The DonorHART™ tool is implemented as a 
web application and is available at 
https://www.donorhemovigilance.org/Default.aspx.  
Key features of the DonorHART™ tool are presented 
below. 

1)  Support for both manual and file based 
data entry.  Blood collection centers that do not have 
an internal hemovigilance tool can enter data 
manually into the DonorHART™ tool.  In fact, these 
blood centers can use the DonorHART™ system as 
their enterprise hemovigilance software tool.  Blood 
collection centers already using donor management 
systems that track donor reactions can upload 
hemovigilance data using files in a specified format.  
Each participating organization is able to download 
their data in a variety of formats. 

2)  Robust representation framework.  
Standardization of reaction definitions and categories 
must be addressed in any hemovigilance system.  
Unless participating organizations adopt the uniform 
definitions, analysis of hemovigilance data across 
organizations may not be useful.  One of the 
conscious decisions taken by the DHWG was to 
capture the diagnosis of the reaction (e.g., vasovagal) 
as well as the associated signs and symptoms (e.g., 
loss of consciousness, loss of bladder and bowel 
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control) rather than to collect data using subjective 
and potentially evolving criterion (e.g., mild, 
moderate, or severe). This contrasts with the 
approach adopted by other international efforts that 
use hard coded definitions such as injury to nerve 
with symptoms persisting for less than two weeks as 
moderate.  Capture of such pre-classified data will 
make the previously collected data obsolete if the 
criterion of classification is changed.  Since the data 
reported to the DonorHART™ tool are captured at a 
fundamentally factual level, it can be easily translated 
to more abstracted systems to facilitate international 
collaboration. 

3)  Comprehensive denominator.  Some 
hemovigilance systems capture only information 
about reactions and their frequency.  For comparison 
both internally to an organization and externally to 
other organizations, the capture of aggregate 
denominator data such as “Number of Donations” 
allows reaction rates to be calculated.  In addition to 
collecting aggregate denominators, the 
DonorHART™ tool captures denominator categories 
including age, weight, estimated blood volume, 
gender, blood pressure, first time vs. repeat, 
procedure type, etc. and donation specific attributes 
(e.g., donation type, device, manufacturer, and 
collection container).  This allows the tool not only to 
calculate the different reaction rates (e.g., vasovagal 
reactions without any complications), but also to 
analyze how the reaction rates vary across different 
groups (male vs. female, young vs. old, across 
different device types, etc.).  Organizations can even 
compile detailed information for each donation and 
not only for donations associated with reactions.  
This allows multivariate analyses such as Logistic 
Regression (LR) to calculate adjusted odds ratios of 
multiple variables on reactions. 

4)  Role Based Access Control (RBAC).  The 
DonorHART™ tool supports role based access 
control to facilitate access privileges to different user 
roles (e.g., data reporters, analysts, and 
administrators) at individual organizations as well as 
at the nation and system levels. 

5)  Data validation.  The DonorHART™ tool 
includes a wide suite of data validation procedures to 
ensure the completeness and consistency of data.  
The data validation ranges in complexity from 
validation based on a single element (e.g., valid 
ranges for height and weight) to consistency checking 
based on multiple elements (e.g., reaction type 
consistent with procedure type, donation date 
consistent with reaction date).  

6)  Assembly of donor history profile.  Should 
comprehensive data be entered into the tool, the 
DonorHART™ system can assemble the complete 

donation and reaction history of a donor.  This 
feature is useful for analyzing the long term effects of 
multiple donations on donor health (e.g., the long-
term effects of donations on RBC, platelet and 
plasma counts).  This feature was also used in the 
multiple reaction analysis presented in this paper. 

the DonorHART™ tool supports a number of 
standardized reports covering key performance 
metrics, reaction rate trends over time, and 
comparison reports between individual organizations 
and nation level benchmarks.  The following sections 
describe two data mining studies performed on the 
DonorHART™ tool data.  The focus of these studies 
was to identify factors affecting certain types of 
reactions, so that organizations can develop and 
deploy interventions to improve the safety of the 
blood donation process.  The two studies are (1) 
multiple vasovagal reaction characterization and (2) 
delayed vasovagal reaction characterization. 

 
2. Multiple Vasovagal Reaction Analysis 
2.1. Problem Statement 

Vasovagal reactions are the most common type 
of reaction that occurs during the blood donation 
process and symptoms range from feelings of 
lightheadedness (pre-faint) to reactions involving loss 
of consciousness (LOC), falls, and injuries.  
Symptoms of vasovagal reactions include chest pain, 
cold extremities, chills, hypotension, 
lightheaded/dizziness, loss of bladder or bowel 
control, LOC, nausea/vomiting, rapid pulse, 
sweating, twitching, and weakness.  Vasovagal 
reactions typically occur at the rate of 0.1-0.3% [12] 
for whole blood donations.  For the health and safety 
of the donor, it is important to reduce the occurrence 
of vasovagal reactions. 

Repeat donors are critical to an adequate blood 
supply [2].  When a repeat donor has a vasovagal 
reaction, it has an impact on the donor’s likelihood of 
returning to donate again and the timing of such a 
donation. Table 4 shows the effect of vasovagal 
reactions on frequent Whole Blood (WB) donors who 
donate at least twice a year based on the data reported 
by a blood collecting organization to the 
DonorHART™ tool.  For those donors who do not 
experience any vasovagal reaction, the percentage of 
those who come for a subsequent donation (return 
rate) is high:  92%.  However, if they encounter more 
than two vasovagal reactions, the return rate drops to 
75%. 
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Table 4.  Effect of Vasovagal Reactions on 

Return Rate of Frequent Donors 

Occurrence of vasovagal reactions also affects 
the inter-donation interval (Figure 1) based on the 
analysis performed on data reported by a blood 
collecting organization to the DonorHART™ tool. 

 
Figure 1.  Effect of Vasovagal Reactions on 
Time to Next Donation for Frequent Donors 

Identifying the factors in repeat donors 
associated with the likelihood of multiple reactions 
will lead to interventions helpful in reducing repeat 
reactions and maintaining the safety of blood donors. 
Several studies have described donor characteristics 
associated with high reaction rates [1, 2, 10, 12, 13].  
Eder et al. evaluated the risk of recurrent syncope 
among returning donors and found that a prior 
reaction after whole blood donation does not reliably 
predict recurrent syncope among returning donors 
[2].  The focus of this study is to determine if there 
are factors predicting repeat vasovagal reactions 
(VVR) and whether these factors are the same or 
different from factors that can predict single 
vasovagal reactions.  The goal of the study is to 
identify the characteristics that differentiate donors 
who have had multiple reactions compared to those 
characteristics associated with donors who had only a 
single reaction across different donations. 
2.2. Approach and Results 

Data consisting of 1,026,386 allogeneic whole 
blood donations and 8,528 VVR from a blood 
collecting organization in the United States were 
collected from January 2010 to October 2011.  
Donors with more than one VVR (across different 
donations) were classified as the target class and 
donors who had a single reaction were classified as 
the reference class.  Donors who donated only once 

during the study were excluded.  The unadjusted odds 
ratios were calculated to characterize donors who had 
multiple vasovagal reactions.  Age, body mass index 
(BMI), collection center, collection site (fixed, 
mobile set-up, mobile bus), days since last visit, 
donation history, estimated blood volume (EBV), 
ethnicity, race, gender, whether accompanied by 
needle injury, diastolic and systolic blood pressures, 
pulse, number of previous donations, reaction time 
zone (during, after, off-site), severity, and collection 
event sponsor group (high school, college, military 
and other) were included in the unadjusted OR 
analysis.  EBV was calculated using Nadler’s 
formulae [11]: 

��������� � 	
� � ��
�� � �� � ��
���������� 

��������� � 	
� � ��� ��� � ��������������� 

Where Height (H) is in inches and Weight (W) is in 
pounds. 

Variables that were significant (p<.05) in the 
unadjusted model were used to develop a logistic 
regression model.  The coefficients of the logistic 
regression model were used to calculate the adjusted 
odds ratio (OR) [Table 5].  A 95% Confidence 
Interval (CI) was used to evaluate whether a variable 
significantly influenced the occurrence of VVR. 
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Table 5.  Adjusted Odds Ratios for Multiple 

Vasovagal Reactions Based on Logistic 
Regression 

Ethnicity (0.69-0.99 for Hispanics), collection 
site (1.18-1.67 for fixed clinic), young age (1.28-2.28 
for =16 and 1.24-1.79 for 17-18 years), EBV (1.11-
2.28 for <3500, 1.24-1.96 for 3500-4000, 1.11-1.68 
for 4001-4775), time since last visit (0.64-0.93 for 
180-360 days and 0.20-0.34 for >= 360 days), and 
severity (0.07-0.98 for LOC with injury) were found 
to be significantly associated with multiple VVR 
reactions based on the 95% confidence interval. 
2.3. Analysis 

Developing interventions to reduce reactions in 
younger age donors (<=18 yrs), a preference to high 
EBV, and having a gap of 180 days or more between 
donations appear to be good strategies for reducing 
multiple reactions across different visits.  Ethnicity 
(Hispanic) and collection site (mobile bus) are other 
variables significantly associated with multiple VVR, 
but these may be more difficult to control.  Gender 
(male) and race (black) have been identified as 
having a significant effect on single reaction rates in 

previous studies [1, 5, 13].  They were not 
significantly associated with multiple VVRs in this 
analysis.  A prolonged inter-donation interval was 
associated with a lower risk of multiple reactions.  
One might consider a prolonged deferral period for 
donors who suffer a reaction, especially for younger 
donors and those with low EBV. 
3. Delayed Vasovagal Reaction Analysis 
3.1. Problem Statement 

Based on the time of the VVR reaction relative 
to the completion of the donation process (i.e., needle 
removal), reactions can be classified as immediate or 
delayed [1, 5].  Typically, immediate reactions occur 
before the donor completes the donation and walks 
away from the bed.  It covers the registration process, 
the donor screening process, and the blood collection.  
Donors can experience vasovagal reactions after 
completion of the donation, and these delayed 
reactions can occur on the way to the canteen, in the 
canteen, and at other locations within the blood 
center and off-site.  Delayed VVR can lead to serious 
injuries including accidents while driving making it 
important to understand the factors contributing to 
delayed VVRs and to develop interventions to reduce 
them [1, 5]. 
3.2. Approach and Results 

We chose to study VVRs with LOC, which can 
occur at different stages of the donation process.  In 
this study, reactions that occurred at greater than or 
equal to five minutes after needle removal were 
classified as delayed and reactions that occurred up to 
five minutes following the blood donation were 
classified as immediate reactions.  Delayed VVR 
with LOC was classified as the target class and 
immediate VVR with LOC was classified as the 
reference class.  When interpreting the results of this 
study, it is important to consider that the odds ratios 
and analysis are based on having immediate VVR 
with LOC as the reference class. 

The unadjusted odds ratios were calculated to 
characterize donors who had delayed VVR with LOC 
(Table 6).  Age, BMI, collection center, collection 
site (fixed, mobile set-up, mobile bus), donation 
history, estimated blood volume (EBV), ethnicity, 
race, gender, diastolic and systolic pressures, pulse, 
and sponsor group (high school, college, military and 
other) were included in the unadjusted OR analysis.  
Variables that were significant (p<.05) in the 
unadjusted model were used to develop a logistic 
regression model.  The coefficients of the logistic 
regression model were used to calculate the adjusted 
odds ratio (OR) (Table 6).  95% CI of OR was used 
to determine the significant variables.  Collection 
center was one of the variables influencing delayed 
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reactions.  It was included in the LR model, but is not 
reported in Table 6.   

 

Table 6.  Adjusted Odds Ratios for Delayed 
VVR with LOC with Immediate VVR with LOC 

as Reference 

3.3. Analysis 
Young donors (= 16 years) (95% CI of 1.02 – 

1.67) as well as older donors (>= 65 years) (1.53-
2.83) are more likely to experience delayed VVR 
with LOC reactions (in comparison to immediate 
reactions).  Donors with low EBV are also more 
likely to have delayed reactions (1.11-1.74 for EBV 
of 3500-4000; 1.01-1.50 for EBV of 4001-4775).  
The primary mechanisms of VVR are thought to 
include (1) fear, anxiety and nervousness experienced 
during the donation, (2) hypovolemic state due to 
removal of 500 ml of whole blood, and (3) the 
orthostatic effects superimposed on a hypovolemic 
state after the donation [12].  The second and third 
factors explain the high occurrence of delayed VVR 
in donors with low EBV when they stand up after 
completing the donation. 

First time donors have a low occurrence of 
delayed reactions in comparison to immediate 

reactions (0.74-0.96).  This might be because first 
time donors are more prone to fear, anxiety and 
nervousness during the donation and are more likely 
to experience immediate VVRs. 

Females have a higher occurrence of delayed 
VVR with LOC (1.38-2.04). Asians (1.18-2.91) and 
African Americans (1.36-5.02) also have a higher 
occurrence of delayed reactions.  Fixed sites (1.16-
1.70) and mobile donor coaches (1.21-1.68) have 
higher delayed reactions compared to mobile inside 
set-ups. 

Organizations might consider introducing 
interventions that provide a more relaxing 
environment for first time and female donors through 
supplemental education and by providing them with 
additional time.  Organizations might also consider 
interventions which increase the blood volume (e.g., 
salty snacks, water) [10] to reduce delayed reactions 
in donors with low EBV. 

 
4. Summary 

Blood donation is very safe in the U.S., but a 
small percentage of donors can have reactions and 
some of these reactions can lead to serious injury.  
Donor hemovigilance is the surveillance and analysis 
of donor reactions with the goal of understanding the 
factors influencing reactions and taking steps to 
improve donor safety.  HHS has developed the 
DonorHART™ tool that collects, organizes and 
assists with the analysis of donor reaction data 
reported from participating blood centers and 
hospitals.  Data mining is used to analyze factors 
influencing donor reactions and insights are shared 
with the community to help blood center and hospital 
managers and quality improvement administrators 
undertake interventions to improve donor safety.  
This paper presents two studies performed on data 
reported to the DonorHART™ tool: (1) multiple 
vasovagal reactions, and (2) delayed vasovagal 
reactions with loss of consciousness.  Insights gained 
by performing multivariate Logistics Regression 
(LR) modeling and Odds Ratio (OR) calculations in 
terms of characteristics associated with multiple 
vasovagal reactions and delayed vasovagal reactions 
are presented.  The systematic collection of donor 
hemovigilance data on a national level using data 
mining and analysis can lead to interventions to 
improve donor safety. 
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