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Brief, Web-based Education Improves Lay
Rescuer Application of a Tourniquet to
Control Life-threatening Bleeding
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ABSTRACT

Objective: The objective was to determine whether brief, Web-based instruction several weeks prior to
tourniquet application improves layperson success compared to utilizing just-in-time (JiT) instructions alone.

Background: Stop the Bleed is a campaign to educate laypeople to stop life-threatening hemorrhage. It is
based on U.S. military experience with lifesaving tourniquet use. While previous research shows simple JiT
instructions boost laypeople’s success with tourniquet application, the optimal approach to educate the public is
not yet known.

Methods: This is a prospective, nonblinded, randomized study. Layperson participants from the Washington,
DC, area were randomized into: 1) an experimental group that received preexposure education using a website
and 2) a control group that did not receive preexposure education. Both groups received JiT instructions. The
primary outcome was the proportion of subjects that successfully applied a tourniquet to a simulated amputation.
Secondary outcomes included mean time to application, mean placement position, ability to distinguish bleeding
requiring a tourniquet from bleeding requiring direct pressure only, and self-reported comfort and willingness to
apply a tourniquet.

Results: Participants in the preexposure group applied tourniquets successfully 75% of the time compared to
50% success for participants with JiT alone (p < 0.05, risk ratio = 1.48, 95% confidence interval = 1.21–1.82).
Participants place tourniquets in a timely fashion, are willing to use them, and can recognize wounds requiring
tourniquets.

Conclusions: Brief, Web-based training, combined with JiT education, may help as many as 75% of laypeople
properly apply a tourniquet. These findings suggest that this approach may help teach the public to Stop the
Bleed.
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Background

“Stop the Bleed” is a nationwide campaign
designed to empower and educate laypeople to

stop life-threatening hemorrhage before professional
help arrives.1,2 It is based on years of U.S. military
experience in Iraq and Afghanistan, where swift appli-
cation of extremity tourniquets, often applied by non–
medically trained soldiers, saved an estimated 1,000 to
2,000 American lives.3 The program is endorsed by
several federal agencies, the American College of
Surgeons, and expert groups like the Hartford
Consensus.4,5

Importance
Although the benefits of rapid hemorrhage control
with tourniquets are well established, the optimal
approach to teaching laypeople these techniques is not
known. Stop the Bleed lists “just-in-time” (JiT) bystan-
der education as one of its five objectives.2 We have
previously shown that providing laypeople simple JiT
written instructions on a card boosts successful tourni-
quet application from 20% of attempts to 44%.6,7

This JiT education compares favorably to other types
of layperson medical training, such as bystander car-
diopulmonary resuscitation training, that has docu-
mented successful performance rates as low as 30%
following in-person training.8

Goals of This Investigation
In this study, we tested whether exposure to brief,
Web-based instruction several weeks prior to tourni-
quet application improves layperson success compared
to utilizing JiT instructions alone. Findings from this
work could influence emerging nationwide Stop the
Bleed education programs.

METHODS

Study Design
This study is a prospective, randomized trial of two
approaches to layperson education. Since it involved
minimal risk to participants and did not collect per-
sonal health information, the Uniformed Services
University Institutional Review Board approved it as
an exempt educational protocol (MEM-91-3987). The
primary outcome of interest was the proportion of sub-
jects that successfully applied a tourniquet to a simu-
lated amputation. Secondary outcomes included mean
time to application, mean placement position, volun-
teer’s ability to distinguish bleeding requiring a

tourniquet from bleeding requiring direct pressure
only, and self-reported comfort and willingness to
apply a tourniquet in a rescue scenario. A separate
subgroup analysis sought to assess whether adding
audio instructions to written JiT instructions boosts
rates of successful tourniquet application. The educa-
tion materials were developed by the National Center
for Disaster Medicine and Public Health, with input
from military and civilian experts. The model website
used for preexposure education can be accessed at
stopthebleed.usuhs.edu.

Study Setting and Population
Non–medically trained laypeople were recruited via
electronic postings and information sheets. Volunteers
came from Washington, DC, area businesses, non-
profit foundations, faith-based institutions, universities,
and government offices (Figure 1). Exclusion criteria
included age less than 18 or greater than 65, being a
health care provider, prior training in tourniquet use,
and inability to return for assessment. Participants
were not compensated for their time.

Randomization
To determine their eligibility, volunteers completed a
preactivity questionnaire. Those found to be eligible
were randomized into one of two arms: 1) an experi-
mental group that received preexposure education
using the prototype Stop the Bleed website and 2) a
control group that did not receive preexposure educa-
tion. A post hoc analysis found that participants were
well matched with regard to demographic characteris-
tics (Table 1). At the time of assessment, all study
groups received a written card that provided JiT
instructions on tourniquet use (Figure 2). This is a
card similar to the ones used successfully in our earlier
studies.6,7

Each arm of the study was further divided into two
subgroups (Figure 1). At the time of testing, half of
participants in each arm received supplemental audio
instructions that reinforce the JiT cards. The other half
of both groups received only the JiT cards. After being
randomly assigned to a study group, participants com-
pleted a second, preassessment questionnaire to report
their attitudes about using a tourniquet.

The Primary Intervention
Participants randomized to the experimental group
(preexposure education) were allowed up to 15 min-
utes to explore an instructional website using a
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Samsung SM-T350 tablet and headphones. This pro-
gram included a 5-minute video on how to determine
life-threatening bleeding and apply a tourniquet,
images that correspond to the JiT instruction card, a
short quiz, a looping gif video depicting tourniquet

application, and other resources. No directions were
provided to participants on how to interact with the
website. Following this brief review, participants could
not return to the website because it was not publicly
available. After completing preexposure education,

Figure 1. Participant enrollment.

156 Goolsby et al. • LAYPERSON EDUCATION FOR TOURNIQUET USE



these participants were dismissed and asked to return
for assessment 4 to 8 weeks later. Control group par-
ticipants did not receive any preexposure education on
tourniquet use.

Measurements
To assess participants randomized to both the experi-
mental and the control groups, an observer read a
standardized scenario aloud and then directed each
participant to apply a tourniquet to a lifelike silicone
leg designed to simulate a fresh, above-the-knee ampu-
tation due to trauma. As the assessment began, all par-
ticipants in each group received a JiT instruction card
that explains the steps of tourniquet application. For
this exercise, all participants used a specially modified
combat application tourniquet with key components
colored to match images depicted on the JiT card (Fig-
ure 2). This color-coded tourniquet is the same one
validated in our previous study.7 Half of participants

in each study arm also received prerecorded, minute-
long, looping audio instructions intended to reinforce
the guidance provided on the JiT card (Figure 1). An
observer timed participants and documented their per-
formance of critical actions, but did not interact with
them in any way. Timing continued until the partici-
pant finished or seven minutes elapsed, whichever
came first.

Outcomes
The main outcome measure was successful application
of a tourniquet. Criteria for successful application
included placement of the tourniquet proximal to the
wound; application time less than 7 minutes; comple-
tion of all steps including securing the windlass rod in
place; and adequate pressure applied. Observers con-
sidered tourniquet pressure adequate if they observed
tourniquet indentation into the mannequin and were
unable to slide a finger under the tightened band.

Table 1
Demographic Data of Study Participants

Variable No Preexposure (n = 131) Preexposure (n = 95) p-value

Male, No. (%) 48 (36.6) 30 (31.6) 0.44

Race or ethnic group, No. (%) 0.11

White 69 (52.7) 46 (48.4) —

Black 32 (24.4) 17 (17.9) —

Asian 14 (10.7) 21 (22.1) —

Hispanic 12 (9.2) 12 (12.6) —

Age (years), mean (�SD) 33 (�14.5) 32 (�11.4) 0.7

Age category (years), No. (%) 0.09

18–29 69 (52.7) 48 (50.5) —

30–39 21 (16) 23 (24.2) —

40–49 15 (11.5) 10 (10.5) —

50–59 10 (7.6) 11 (11.6) —

60–65 10 (7.6) 1 (1.1) —

Education, No. (%) 0.63

Some high school 0 0 —

High school 4 (3.1) 1 (1.1) —

Some college or current college student 41 (31.3) 27 (28.4) —

College graduate 60 (45.8) 45 (47.4) —

Master’s degree 15 (11.5) 17 (17.9) —

Doctoral degree 7 (5.3) 5 (5.3) —

Income, No. (%) 0.7

<$24,999 6 (4.6) 7 (7.4) —

$25,000–$49,999 20 (15.3) 12 (12.6) —

$50,000–$74,999 26 (19.8) 17 (17.9) —

$75,000–$99,999 15 (11.5) 13 (13.7) —

$100,000–$149,999 35 (26.7) 23 (24.2) —

$150,000–$199,999 8 (6.1) 11 (11.6) —

$200,000–$249,999 9 (6.8) 4 (4.2) —

>$250,000 4 (3.1) 5 (5.3) —
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After a primary observer completed each assessment, a
second observer independently confirmed proper
tourniquet placement and pressure and also docu-
mented any reason(s) for failure. If disagreement
occurred, the study site supervisor cast the deciding
vote. To preserve participant confidentiality, participant
names were not linked to outcomes.
After completing the exercise, all participants

reported their demographic data, both comfort and
willingness to use a tourniquet (both quantified on
5-point Likert scales) and a quiz consisting of five
images of various extremity wounds prepared by a
medical illustrator. After each image, participants were
asked to identify whether or not the wound requires
treatment with a tourniquet: three did, two did not.

Data Analysis
Group differences were explored using the chi-square
test. Continuous measurements, such as the seconds
to completion, were evaluated using the t test.
Changes in knowledge and attitudes before and after
the activity were tested using the Stewart Maxwell test
for marginal homogeneity. Demographic differences
were assessed by either chi-square test or Fisher’s test,
where appropriate. All analysis was conducted in the
statistical software R. The study was powered to detect

an improvement in main outcome measure (successful
tourniquet placement) from 50% in the control group
to 75% in the intervention group.

RESULTS

A total of 226 participants completed the study: 95 in
the experimental group (preexposure education + JiT
card) arm and 131 in the control group (JiT card only;
Table 1). Three-fourths of participants (n = 71) in the
intervention group successfully applied a tourniquet
compared to half (n = 66) in the control group (risk
ratio [RR] = 1.48, 95% confidence interval [CI] =
1.21–1.82).
Mean time for tourniquet application was 100 sec-

onds in the intervention group and 108.5 seconds in
the control group (NS). Both groups placed the tourni-
quet approximately 4 inches proximate to the wound
(NS). Ninety percent of participants in both groups
got either four or all five questions correct on the
five-question quiz to identify wounds that require a
tourniquet.
Table 2 depicts reasons for failure and Table 3

characterizes participants’ pre- and postassessment atti-
tudes about tourniquet use. The most common reason
for incorrect tourniquet application was insufficient

Figure 2. Just-in-time instruction card.
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tightening. Compared to their preparticipation scores,
both groups’ overall self-reported willingness to use a
tourniquet increased significantly, from 60% prepartici-
pation to 79% following study participation. In addi-
tion, self-reported confidence rose from 22% of
participants describing themselves as “comfortable” or
“very comfortable” with tourniquet use prior to partici-
pation to 47% postparticipation (Table 3)
In retrospect, the provision of supplemental audio

instructions to half of participants in both the experi-
mental and the control groups was not adequately
powered to detect meaningful improvement over provi-
sion of the JiT instruction cards alone. In general both

subgroups in the experimental and control groups
achieved comparable rates of success.

DISCUSSION

Laypeople may be the first rescuers to encounter vic-
tims with life-threatening extremity hemorrhage. For
this reason, multiple groups have recommended teach-
ing laypeople how to properly control life-threatening
bleeding.1,2,4,5 Our study suggests that the addition of
brief, easily disseminated Web-based educational pro-
gram paired with JiT training using a simple instruc-
tion card can achieve high rates of success.

Table 3
Participant Opinions

Preactivity Postactivity OR (CI) p-value

Total
n (%)

No
Preexposure

Preex-
posure

Total
n (%)

No
Preexposure

Preex-
posure

No
Preexposure Preexposure

No
Preexposure

Preex-
posure

Would you use a tourniquet in real life?

Yes 136 (60) 82 54 174 (79) 104 70 3.5 (1.7–7.9) 2.89 (1.3–7.0) <0.05 <0.05

No or unsure 89 (40) 49 50 47 (21) 23 24 <0.05 <0.05

Comfort level of having to use a tourniquet in real life?

Very
uncomfortable,
uncomfortable,
or neutral

171 (78) 96 75 115 (53) 60 55 8.2 (3.2–26.6) 2.54 (1.3–5.3) <0.05 <0.05

Comfortable
or very
comfortable

48 (22) 29 19 104 (47) 65 39 <0.05 <0.05

Table 2
Factors Observed During Tourniquet Application

Outcome

No Preexposure (n = 131) Preexposure (n = 95)

RR (95% CI) p-valueTotal
Instruction

Card

Instruction
Card and
Audio Total

Instruction
Card and
Mobile app

Instruction
Card and
Mobile

App + Audio

Successful
application, n (%)

66 (50) 30 36 71 (75) 35 36 1.48 (1.21–1.82) <0.05

Seconds to successfully
apply tourniquet,
median (IQR)

107 (68–147) 91.5 110 100 (73–128) 90 101 — 0.17

Reason for failure
(% of failures)

Total number of failures 65 (50) 35 30 24 (39) 11 13 0.51 (0.35–0.75) <0.05

Incorrect position 6 (5) 3 3 3 (3) 2 1 0.65

Device too loose 61 (47) 34 27 21 (22) 10 11 0.33

No all steps completed 31 (24) 18 13 14 (15) 7 7 0.38

Subject requested
to stop early

3 (2) 3 0 1 (1) 0 1 0.93

Time (>7 minutes) 2 (2) 1 1 0 0 0 — —

Multiple reasons
(any combination)

31 (24) 19 12 11 (12) 6 5 0.78

IQR = interquartile range; RR = risk ratio.
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This approach differs from previous layperson edu-
cation efforts, such as bystander cardiopulmonary
resuscitation training, that typically require learners to
attend an in-person class to obtain a certification card.
Numerous groups have found that this strategy
achieves retention rates as low as 30% 2 months after
training.8–12 Recent modifications to CPR training,
such as video self-instruction, “hands-only” CPR, and
even cell phone CPR, have produced higher rates of
success.8,13–18 This is consistent with modern educa-
tion theory, which notes that adult learners benefit
from immediate application of learning.19

In two previous studies, we found that previously
untrained laypeople given JiT instructions on how to
apply a tourniquet can successfully do so in roughly
half of attempts—a higher success rate than traditional
CPR training.6,7

In this study, we found that the addition of a brief
(<15 minutes), Web-based training program can boost
rates of tourniquet application as high as 75% 4 to
8 weeks after training. This is a better result than
teaching laypeople to respond to other types of medi-
cal emergencies.8–12 The mean time to tourniquet
application in the experimental and control arms of
the study (100 and 108.5 seconds, respectively) is con-
sistent with prior research and is acceptable to stop
life-threatening hemorrhage prior to arrival of emer-
gency medical services.6,7

In addition to demonstrating acceptable skill in
tourniquet placement, the vast majority of participants
with and without Web-based instruction properly
selected wounds that require a tourniquet. This indicates
the fear that lay rescuers will select the wrong patients
for tourniquets may be misplaced. Additionally, the
laypeople in our study expressed a strong willingness to
respond to life-threatening bleeding and increased their
confidence following brief educational exposure—both
are key predictors of responding during a crisis.20,21

Our study offers important insights into why some
laypeople fail to properly apply a tourniquet. The most
common reason—insufficient pressure—is consistent
with prior studies.6,7 This information may prompt
product designers to devise a self-tightening tourniquet
or adjuncts that provide visual feedback when proper
tightness is achieved.
The JiT and website instructions used in this study fol-

lowed the military’s recommendation that a tourniquet
should be placed 2 to 3 inches proximal to the wound.22

However, there is variation in in the civilian trauma com-
munity (2–3 inches proximal to the wound vs. “as

proximal as possible”). Based on the military’s experi-
ence with blast-related amputations and gunshot wounds,
an average tourniquet placement 4 inches proximal to
the wound should be sufficient to control bleeding.

LIMITATIONS

Participants were tested on a static leg model without
the visual, auditory and emotional stress that is typi-
cally associated with treating one or more trauma vic-
tims with life-threatening injuries. Further evaluations
of Web-based and JiT training in more stressful simu-
lated environments or observation of volunteer perfor-
mance and clinical outcomes in real-world situations is
warranted to confirm the value of this educational
approach. It is possible, if not likely, that the volun-
teers who participated in our study are more highly
motivated to help than average community members.
And, individuals in some populations may be less
likely to be present at the government, business, or
church buildings we utilized. The fact that 24% of
subjects randomized to preexposure Web-based train-
ing did not return for follow-up testing may have
introduced a degree of selection bias. Finally, observers
were not blinded to the training status of volunteers.
However, the study outcomes, most notably proper
placement of a tourniquet, were easily determined and
quantified. There is little reason to expect that this
was differentially expressed in the treatment groups.

CONCLUSION

In summary, brief, Web-based training, combined with
provision of just-in-time education, may help as many as
75% of laypeople properly apply a tourniquet. Partici-
pants in both arms of the study were able to identify
wounds that require application of a tourniquet. These
findings suggest that this low-cost, readily scalable
approach could teach the lay public to “Stop the Bleed.”

The authors thank Dr. Andrew Branting and Dr. Erin Mack for
their help in creating the simulators and arranging data collection,
Elizabeth Weissbrod and Eric Wilson for assistance with project
artwork and simulators, and all the volunteer study observers and
site coordinators.
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