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ABSTRACT 
  

Intraoperative blood loss estimation by members of the surgical and anesthesia teams is 

often inaccurate with potentially detrimental clinical consequences. Despite this, few trainees 

receive standardized visual blood loss estimation training. This study’s primary aim was to 

examine the impact of an educational intervention for visual blood loss estimation on surgery 

and anesthesia trainees’ interrater reliability. A quasi-experimental study was conducted with a 

convenience sample of Orthopaedic Surgery Residents and Student Registered Nurse 

Anesthetists. The study included a two- section pre-test, seven simulated blood loss stations, a 

brief PowerPoint lecture, a printed visual aid, and a two- section post-test. Low, moderate and 

high blood loss volumes were simulated with common operating room materials and theater 

blood. The two groups’ mean visual blood loss estimations at seven simulated blood loss stations 

were compared before and after an educational intervention. More than seventy percent of the 

participants reported no previous formal training in visual blood loss estimation as part of their 

training program. Consistent with previous literature, the Orthopaedic Surgery Resident group 

underestimated blood loss values at all seven stations while the Student Registered Nurse 

Anesthetist group overestimated at a majority of the stations prior to the intervention. There was 

a statistically significant difference in the groups’ estimations at four of the seven stations. 

Following the educational intervention, both groups had a significant reduction in estimation 

error and improved interrater reliability.  There was no statistically significant difference 

between the two groups’ estimations at any of the seven post-intervention stations. The results of 

this study demonstrate that a multi-modal educational intervention can improve visual blood loss 

estimations by surgery and anesthesia trainees. While the clinical significance remains unknown, 

the results support implementation of an educational intervention for visual blood loss estimation 

during anesthesia and surgical training.  
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CHAPTER I 

 

Introduction 

 

Intraoperative blood loss is routinely estimated by members of the surgical and anesthesia 

teams. Anesthesia providers formulate plans for volume replacement based, in part, on blood loss 

estimations in consultation with the surgical team. 1,2 Visual estimation, though it has been 

shown to be inaccurate, is a widely used strategy for quantification of surgical blood loss. 1-4 

These visual estimations often differ between anesthesia providers and surgeons for the same 

case regardless of each individual’s level of relative experience. 1,2,4  

 

Problem Statement  

  

Discrepancies in the calculations of surgical blood loss by anesthesia practitioners and 

surgeons may lead to over or underestimations of the actual blood loss. 1,2,4 Consequences of 

underestimation of surgical blood loss include damage to organs and tissues and cardiac events, 

while overestimation may introduce a potentially unnecessary risk of volume overload or 

transfusion reactions or infection associated with blood product administration. 1,2, 4,5 Therefore, 

the implementation of an educational intervention is necessary to improve the accuracy and 

interrater reliability of surgical blood loss estimations. 1,4,6 
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Purpose 

 

 The purpose of this study is to compare baseline surgical blood loss estimation by 

anesthesia and surgical trainees, and to evaluate the impact of introducing a visual blood loss 

estimation educational intervention on their interrater reliability.  

 

Research Questions 

 

 The research questions for this study are:  

1. Do baseline visual blood loss estimations differ between anesthesia and 

surgery trainees? 

2. Does the implementation of an educational intervention for visual blood loss 

quantification impact anesthesia and surgical trainee interrater reliability?  

 

                  Definitions  

 

 For the purpose of this study, the following terms and definitions were used. 

Conceptual/Theoretical Definitions  

 1. Interrater Reliability: Interrater reliability is defined as the extent of agreement among 

different judges, or raters, when assigning a score, measurement, or assessment, and is typically 

measured in terms of percent agreement. High interrater reliability exists when there is a high 

percentage of agreement, or low percentage of disagreement. 11 

2. Blood Loss Estimation: Visual blood loss estimation is defined as a practitioner’s 

calculation of the total amount of blood loss from the patient in the surgical field and on all 

materials and surrounding surgical equipment based on individual observation. 1,3,4,7-10 
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3. Educational Intervention: The educational interventions is defined as evidence-based 

instructions and recommendations for practice meant to reduce error or discrepancies and to 

improve the quality of care and outcomes. 

 

Operational Definitions 

1. Interrater Reliability: Interrater reliability will be measured by calculating the 

difference in visual blood loss estimations between anesthesia and surgery trainees in pre- 

intervention and post- intervention assessments. 11 

2. Blood Loss Estimation: The volume of blood loss observed at pre- and post-

intervention stations will be estimated by anesthesia and surgery trainees to the nearest milliliter.  

3. Educational Intervention: Subjects with be provided with verbal, written, and visual 

instructions that reflect evidenced based methods for visual blood loss estimation and provide 

examples of blood loss estimations and quantities. 
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CHAPTER II  

 

Review of Literature 

 

During surgery, blood loss is measured regularly and totaled at the end of the case by 

members of the anesthesia and surgical teams. 1,4,7,12 Though a variety of methods exist, the most 

commonly used technique is visual estimation of blood loss in the operative environment. The 

anesthesia practitioners and surgeons must include blood volumes in suction canisters, towels, 

pads, surgical drapes, gowns, and elsewhere, such as on the floor and any equipment. They also 

must consider factors such as the presence of any blood clots and the volume of irrigation fluid 

used in the surgical field when calculating blood loss estimations. 1,4,7-10,13 Operative blood loss 

calculations are one measure of surgical outcomes and help to guide volume replacement 

decisions perioperatively. Therefore, accurate and consistent calculations between anesthesia 

practitioners and surgeons are a crucial element of perioperative care. 1,2,4,5,7-9 Unfortunately, there 

is not a single superior measurement technique, and neither anesthesia practitioners nor surgeons 

demonstrate widespread accuracy in their blood loss estimations. 1,2,7,9,14 Research related to 

surgical blood loss research has identified the need for guidelines and the implementation of 

related training in order to improve the consistency and interrater reliability of such estimations. 

1,2,6,9,14-16 

 

Surgical Blood Loss Estimations 

 

 There are multiple strategies for intraoperative blood loss measurement; however, none is 

without limitations. Frequently utilized methods for blood loss calculation include visual 
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estimation and gravimetric measurement. Visual estimation involves calculating the total blood 

loss in the surgical field and on surrounding surgical equipment based on a practitioner’s 

individual observation. 1,3,4,7-10 This technique has no associated cost, can be continuously 

measured, and does not require additional resources, but has been reported to be an unreliable 

metric without regular training. 4,7,15,17 Gravimetric measurement involves weighing used 

sponges, towels, and other equipment after contact with blood less the original dry weight. There 

are several variations of this technique, all involving access to scales and established dry weights 

of consistently used materials to estimate blood loss totals. 3,8,13 Additionally, serial hematocrit 

and hemoglobin levels, central venous pressure and arterial blood pressure monitoring, 

transesophageal echocardiogram, and continuous urine output can also serve as markers of 

volume status trends when available. 8,18 Although not widely used, Stahl et al. have proposed 

another alternative method to calculate blood loss.  This group studied trends in surgical blood 

loss in the intraoperative and postoperative periods to develop a standardized equation. This 

equation method uses the volume and hemoglobin content of suction canisters and perioperative 

plasma hemoglobin levels to estimate blood loss totals. 13  Additionally, other less commonly 

utilized techniques, including colorimetric methods, electric conductivity tests, 

cyanmethemoglobin photelometric, and isotopic direct methods require additional machinery or 

materials, time, and training. 3,7 While no method is flawless, time constraints, complexity, 

efficacy, cost, and available resources are factors contributing to clinician and institutional 

methods of surgical blood loss measurement.  
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Accuracy of Blood Loss Estimations 

 

Researchers have consistently reported inaccurate blood loss estimations by anesthesia 

practitioners and surgeons. 1-4,6-9,13-17,19 In general, health care professionals tend to overestimate 

smaller volumes and underestimate larger volumes of blood. 1  Adkins et al. cite visual 

estimation of blood loss to be particularly inaccurate at smaller volumes, with inaccurate 

overestimations as high as 540% of the actual value. 1 

In the surgical environment, blood loss estimations often differ between anesthesia 

practitioners and surgeons. 1,2,7,9,12 In fact, based on current literature, surgeons may have a 

tendency to underestimate blood loss while anesthesia practitioners may overestimate. 1,2,7-9,12 

Solon et al. found that surgeons enrolled in their 6-week prospective study were least likely to 

overestimate blood loss by more than 500ml, doing so in only 2% of cases studied, when 

compared to anesthesia providers (7%).9  However, the surgeons were found to be more likely to 

underestimate by greater than 500ml in 14% of cases as opposed to anesthesia providers who 

underestimated by more than 500ml in less than 8% of the included cases. In this study, 

anesthesia practitioners were more likely to overestimate volumes, doing so in 63% of cases (62 

of 98 cases). Overall, the anesthesia practitioners estimated higher volumes than the surgeons, 

and the two groups only predicted congruently in 16% of the cases. 9 A recent study out of 

Sweden examined visual blood loss estimation accuracy by Certified Registered Nurse 

Anesthetists, anesthesiologists and trainees, and surgeons and trainees. These professionals’ 

estimations of blood-soaked surgical sponges at four stations were compared to inexperienced 

nursing students’ estimations. There was a statistically significant difference in estimations 

versus actual amounts at three of the four stations, and the pattern was for the professionals to 
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underestimate and the nursing students to overestimate. In this study, CRNAs reported greater 

confidence than surgeons did in visual blood loss estimation skill but underestimated to a greater 

degree at three of the four stations. 20 

Other research supports inaccuracies by both professional groups, but did not find the 

differences in judgements by anesthesia professionals and surgeons to be statistically significant. 

2,4,10,12 Neither anesthesia practitioners nor surgeons were reliable in their measurements of high 

volume blood loss when Budair et al. prospectively studied estimations during hip fracture 

surgery for example. 2  Pre-case and post-case blood loss estimations by six anesthesiologists and 

eight orthopaedic surgeons were compared with actual measured blood loss by researchers 

during fifty-five cases.  While anesthesiologists’ predictions were more accurate, all study 

participants consistently underestimated the blood loss. The degree of underestimation increased 

as the volume of blood loss increased. 2  These findings are particularly concerning in those 

special populations, like pediatrics and the elderly, where smaller quantities of blood loss can 

have greater clinical impact. 8 Although this study involved a small sample size and single 

surgical specialty, similar inaccuracies are reported in larger samples of varied specialties. 1,7,9 

Multiple studies have found that increased clinical experience is not directly proportional 

to improved accuracy of blood loss estimations in either population. 1,4,12, 21 A 2016 simulation 

study examined visual blood loss estimations by all members of the operating room team, 

including anesthesia providers, surgeons, nurses and technicians. Rothermel et al. hypothesized 

that providers with more operating room experience would record more accurate estimations. 

They found no correlation between experience and estimation accuracy, and 95% of the 

participants had more than 25% error in one or more of the simulated scenarios. 4 Similarly, a 

study examining live and web- based educational interventions for blood loss estimation 
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accuracy by Toledo et al. identified an improvement in accuracy unrelated to level of experience. 

They did identify, however, that previous blood loss estimation training correlated with the most 

accurate results unrelated to years of experience. 21 

Differences in surgical and anesthesia perspectives may also influence blood loss 

estimation calculations. The surgeons’ primary focus is within their surgical field, and therefore, 

they may directly observe blood loss from the surgical site,  blood on their equipment and may 

note the amount of suction necessary. 10  In contrast, anesthesia practitioners constantly monitor 

markers of a patient’s hemodynamic status to determine the patient’s volume status and blood 

loss. 1,8,10 Their metrics include vital signs changes, laboratory alterations, cardiac supportive 

medications (vasopressors) required, continuous fluid administration and necessary boluses, 

oxygen demand, and trends from other invasive hemodynamic monitors. 1,8,10 Additionally, 

anesthesia professionals observe blood and irrigation volume in suction canisters, blood-soaked 

towels and pads, and the surgical field. 1,8,10 

Blood loss can be considered reflective of surgical skill and procedure outcomes, which 

could incentivize surgeons to report lower blood loss volumes. It is used as a quality metric to 

gauge patient outcomes, according to both the World Health Organization (WHO) and the Joint 

Commission. 2,4,9 The metric has been questioned based on the recognized inaccuracies of 

perioperative blood loss estimation. 7 Experts further suggest that a reliance on subjective 

measurements, such as visual estimation, may encourage an unconscious bias by surgeons to 

underestimate perioperative blood loss rendering it a poor quality indicator. 4,7,14 Anesthesia 

practitioners, however, view surgical blood loss without this unconscious bias since this quality 

indicator is more applicable to the surgeon. Communication and collaboration between the 
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groups is crucial as the combined perspectives enhance blood loss estimation calculations and 

treatment decisions.  

 

Consequences of Inaccurate Blood Loss Estimations 

 

 Intraoperative blood loss can have a significant impact on a patient’s physiological status 

and surgical and anesthetic outcomes. Appropriate and adequate maintenance of fluid and blood 

volume is essential for optimal hemodynamic stability and oxygen carrying capacity in the 

setting of perioperative physiological stress. 1,4,9 Depending on the degree and duration of 

underestimated blood loss without adequate volume resuscitation, the patient may experience 

acute or permanent injury. In hypovolemia, the body shunts blood to vital organs to maintain 

perfusion at the sites most crucial for survival, including the brain, lungs, and kidneys, leaving 

other areas of the body without adequate perfusion and oxygenation. 1,2,10 In more severe cases of 

inadequately quantified blood loss, excessive loss may result in hypovolemic shock and 

subsequent cardiovascular collapse, myocardial infarction, acute kidney injury, coagulopathy, 

and increased length of hospital stays. 1,8,13 Overestimating surgical blood loss can also be 

detrimental.  Excessive estimation of loss and over replacement with crystalloids and blood 

products can create fluid overload, edema, and cardiac and pulmonary stress in the surgical 

patient. 5,18 It can also lead to a reduction in the oxygen tension in tissues, impaired coagulation, 

and delayed wound healing. 18 

In addition to direct patient factors, inaccurate perioperative blood loss can have 

financial, professional, and legal consequences for clinicians and institutions. Follow up testing, 

corrective treatment, and increased length of stays may result from poorly quantified blood loss. 
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8,13,18 In more severe cases when blood product resuscitation is inappropriately utilized, there 

may be unnecessary use of limited blood bank resources. 9 Additionally, blood loss can be cited 

as a complication and/or cause of peri- and postoperative complications with potential legal 

consequences. Kolb et al. cites a court case in which excessive blood loss was deemed to be the 

cause of an unexpected intraoperative death. In this case, the judge deemed the anesthesia and 

surgery teams responsible based on expert testimony outlining the inaccuracies of blood loss 

calculations by visual estimation. 12 The multifaceted consequences of inaccurate surgical blood 

loss estimations can detrimentally impact both patients and clinicians in the perioperative period 

and beyond.  

 

Education and Training Methods 

 

Blood loss training techniques to improve anesthesia practitioners’ and surgeons’ ability 

to accurately assess surgical blood loss could mitigate the damaging effects associated with 

inaccurate calculations. 1,9 A variety of tools and methods exist for training across surgery and 

related fields, such as obstetrics. However, there is limited generalizable research evaluating the 

impact of surgical blood loss estimation training for anesthesia practitioners and their surgeon 

colleagues. 1,9,12 Additionally, researchers have not identified one ideal training technique, but 

rather several auspicious strategies. Didactic lectures, visual aids, and simulation-based training 

are techniques that have demonstrated value in blood loss estimation training in anesthesia, 

surgery and obstetrics.  

Visual aids include posters or pocket cards with photograph depictions of commonly used 

surgical materials at varying degrees of saturation with blood and a corresponding blood volume. 
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Zuckerwise et al. reported improvements in accuracy by one hundred and fifty obstetrics 

professionals in a single hospital with the use of a multiple value pocket-sized visual tool card at 

simulated stations. 6  At most of the stations, the predicted values of blood loss improved by an 

average of 50% with the use of the visual aids, especially in correcting pre-intervention 

underestimation. Ninety percent of participants reported increased estimation confidence with 

the tool. 6 Although this particular pilot study was limited to a few blood volumes and a specific 

set of scenarios, it demonstrated improved accuracy following the implementation of visual 

assistants to help guide clinical calculations. Replication of this study is warranted to determine 

the pocket-sized visual tool card’s benefit with a wider scope of surgical and obstetric 

environments.  

Other blood loss estimation trainings utilize simulated blood placed in or on materials 

like clear suction canisters, towels, Chux pads, drapes, or sponges on mannequins. 6,15-17 

Hancock et al. discussed a simulation- based training for fifty- three obstetrics providers in 

conjunction with a PowerPoint presentation outlining blood loss estimation. At five of the seven 

simulation stations, the post- intervention percent error was 0 or 1% compared to 20-114% prior 

to the intervention. 19 Another obstetrics study used verbal blood loss estimation instruction and 

simulation blood stations. It was noted that underestimation trended throughout the study, but the 

intervention group’s underestimation was 32% compared with 49% in the control group. 19 

Simulations of real-life scenarios can be helpful, especially for hands-on and visual learners, but 

materials, situations, and resources vary between departments making such trainings difficult to 

generalize between different specialties and organizations. 17,19 

A combination of customizable lecture- based training in conjunction with visual aids or 

simulations is suggested in the discussion section of several estimation improvement studies. 17,19 
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One didactic combination study, conducted by researchers at Northwestern University, involved 

three hundred seventy-two members of a single center’s multidisciplinary obstetrics team. The 

researchers sought to determine if the accuracy of blood loss estimations in simulation training 

was impacted by in person or web-based didactic training methods. The study included 

obstetricians, anesthesiologists, and nurses, who were separated into two groups. The groups 

observed blood quantities on various materials at several stations in person or in photographs of 

those stations for the web-based group. Both groups received a corresponding PowerPoint 

lecture. The in- person group received the lecture presented by one of the research team 

members, while the web-based group received the same PowerPoint information to read 

independently. Regardless of the training style, the participants’ post-intervention estimations 

were 34% more accurate in the simulation stations. The authors concluded the didactic training 

in blood loss estimation was the most instrumental factor in improving blood loss estimation 

accuracy. 21 Similar results of in-person and web-based lessons suggest that the training could be 

completed remotely, allowing for greater access. A combination of methods has been shown to 

optimize providers’ understanding and expansion of knowledge and skills. 6,15-17,19 

A challenge of any training implementation is retention of learned information beyond 

the training exercise. It is not uncommon for volume estimations to improve immediately 

following the implementation of a training but decline with time. 15,19 Participants from the 

Northwestern University obstetrics study discussed above were recruited for a follow up study to 

determine retention of their web- based blood loss estimation training. Fifty-two of the original 

participants took part in this nine-month follow up study, however eight participants declined 

permission to share their results. The authors found that the other forty-four participants’ 

accuracy all declined within nine months of combined wed-based didactic and simulation blood 
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loss calculation training from within 13.5% accuracy immediately after the intervention to 34.6% 

(p= 0.01). Prior to the intervention, the participants’ pretest accuracy was within 47.8% (p= 

0.003).  Therefore, despite some skill decay over time, the intervention still improved longer 

term blood loss estimation accuracy from baseline. 15 This study highlights the necessity of 

additional regular training and review in-services to maintain more accurate and reliable 

estimations.15 

 

Conclusion 

 

Perioperative blood loss must be calculated accurately and treated according to current 

standards of care.  Inaccurate estimations of surgical blood loss by anesthesia and surgical 

professionals can be detrimental to patients intraoperatively and postoperatively, and it also has 

negative consequences for clinicians and institutions professionally, fiscally, and legally. 1,2,4-

6,9,13,18  Visual estimation is free of cost and easy to use, so it will likely continue to be the most 

commonly utilized blood loss estimation method by anesthesia practitioners and surgeons. 4,7,15,17 

Current research findings support the implementation of routine blood loss trainings to amend 

inconsistencies in visual estimations. 1,2,6,11,12,14-16 Visual aids, didactic lectures, and simulations 

generate moderate improvements in visual estimations of blood loss when each is used as a sole 

training tool in both pilot and multi-center studies. 6,15,16,19 Therefore, a combination of training 

methods may yield more substantial improvements in consistency and interrater reliability of 

visual blood loss estimations, and consequently enhance the treatment of the perioperative 

patient.  
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CHAPTER III 

 

Methodology 

 

The methodology utilized to conduct this study, including the research design, sample, 

data collection tool, procedures, and data analysis, will be presented in this section. The methods 

were used to examine the interrater reliability of visual blood loss estimation by Student 

Registered Nurse Anesthetists and Orthopaedic Surgery Residents and the utility and impact of 

an educational intervention. This study methodology was used to answer the research questions 

outlined previously: (1) Do numerical visual blood loss estimations differ between anesthesia 

and surgery trainees and (2) Does the implementation of an educational intervention for blood 

loss quantification impact anesthesia and surgical trainee interrater reliability?  

 

Research Design 

 

 This study was conducted using a quasi- experimental design to examine the 

effectiveness of an educational intervention on the visual blood loss estimation interrater 

reliability of anesthesia and surgical trainees. 

 

Sample 

 

A convenience sample of twenty Student Registered Nurse Anesthetists enrolled in the 

second year of a specific three-year, didactic front-loaded Doctorate of Nurse Anesthesia 
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Practice program (DNAP) and thirty-nine orthopaedic surgery residents training at a large, 

academic medical center was recruited for participation in this study. Using this convenience 

sample size of fifty-nine and a 95% confidence level, Raosoft software recommended a study 

sample size, or n, of fifty- two subjects (Appendix A). Inclusion criteria for this study was either 

current enrollment as a Student Registered Nurse Anesthetist in the second year of training at 

this specific program or as an orthopaedic surgery resident from any of six years of training in 

the specific residency program selected for this study. All individuals not meeting these criteria 

were excluded from this study. The primary investigator (SRNA) and the primary investigator’s 

husband (orthopaedic surgery resident) were also excluded from the study.  

 

Instrumentation 

 

 The researcher reviewed the literature1-9,12-19,21  to develop two de novo data collection 

tools (Appendix B). The pre- and post-test data collection tools each include two sections. The 

first section of the pre-test is composed of six demographic questions and three questions 

examining pre-training visual blood loss estimation perceptions. The participants’ responses 

describe their training background, previous experience with blood loss training, and current 

practice and perspective of visual blood loss estimations. The second section of the pre-test 

asked the participants to estimate blood loss to the nearest milliliter at seven stations where 

various volumes of blood loss will be simulated with commonly used operating room materials. 

The post-test asked the participant to estimate blood loss at the same stations following an 

educational intervention. The second section of the post-test was composed of three questions 

aiming to capture participants’ perceptions of their post-training visual blood loss estimation 
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skills and determine the likelihood that this education intervention will be applied to their clinical 

practice. The questions examine plans for potential practice change based on the educational 

intervention and post- intervention confidence in visual blood loss estimation. The pre-tests and 

post-tests were numbered, 1-55, in order to allow a comparison between the participants’ pre-

tests and their corresponding post-tests while blinding the participant to the post test and 

maintaining anonymity to the researcher. 

Five expert reviewers evaluated the de novo data collection tools to establish accuracy 

and validity. The first expert reviewer was a CRNA with more than ten years of clinical 

experience, a PhD in pharmacology, and currently holds an appointment as an assistant director 

of a Doctorate of Nurse Anesthesia Practice Program. The second expert reviewer was an 

Associate Professor of a Doctorate of Nurse Anesthesia Practice Program with over twenty-five 

years of didactic and clinical experience in nurse anesthesia. The third expert reviewer was a 

widely published researcher and fellowship trained military orthopaedic surgeon with over 

fifteen years in practice. He currently serves as the Director of Surgical Services at a large, 

academic medical center. The fourth expert reviewer was a military CRNA with ten years of 

experience at various facilities, and previously served as a nurse anesthesia program leader and 

faculty member. The final expert reviewer was a fellowship trained military orthopaedic surgeon 

and Associate Director of Research for the Department of Orthopaedics at a large, academic 

center. The expert reviewers were selected based on experience and specialty practice areas and 

approved the final data collection tools. 
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Procedure 

 

 Following IRB approval (Appendix C), the researcher recruited the study sample. The 

researcher received approval from the faculty of the Doctorate of Nurse Anesthesia Practice 

Program (DNAP) to attend a routine administrative meeting with students in the second year of 

their DNAP training to invite the students to participate in the study.  Similarly, the researcher 

received approval from the Director of Specialty Surgery at a large, academic center and the 

Director of the Orthopaedic Residency Program at the same center to be added to the meeting 

agenda during two of the residents’ weekly meeting to invite the residents to participate in the 

study. Prior to these meetings, the respective program leadership notified the cohorts of the study 

and the researcher's scheduled visit so that they could plan accordingly to attend if interested. At 

each meeting prior to their participation in the study, the researcher obtained informed consent 

from the individuals who accepted the invitation to participate. She distributed and read an 

informed consent (ICF) (Appendix D) that included a detailed description of the study’s purpose, 

inclusion and exclusion criteria, researcher information, and steps that would be taken to protect 

confidentiality in person at each of these meetings. During study implementation, all consenting 

participants received the same two section pre-test, PowerPoint lecture, visual aids, seven 

simulated blood loss stations, and two section post-test.  

Student Registered Nurse Anesthetist subjects who consented to be a part of the study 

met as a cohort, and the orthopaedic surgery resident subjects who consented to be a part of the 

study met as a separate cohort on two separate days. Based on pilot testing, one hour was 

required to complete the study intervention. The researcher allowed twenty minutes for the 

completion of the pre-test, twenty minutes for the educational intervention, and twenty minutes 
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for the post-test.  The SRNA cohort met at their university in a private conference room reserved 

by the program’s Program Specialist. The Orthopaedic Residents met at their medical center in 

the private conference room reserved for their weekly academic meetings. The researcher 

followed a script and the procedure and materials experienced by each cohort were intentionally 

identical. The pre-tests each included a participant number in the bottom righthand corner at the 

end of the test. The pre-tests were randomly distributed without researcher knowledge of the 

participant number received by each participant. The researcher ensured randomization by 

placing numbered pre-tests in sealed, blank envelopes. The envelopes were placed in a box and 

shuffled several times. Subjects chose one of the sealed envelopes from the box. They were also 

handed a blank index card and a post- test in a sealed envelope, labeled post-test, from a second 

box. Subjects were instructed to keep the post-test sealed during the pre-test and educational 

intervention. At the start of the pre-test, subjects were asked to write the unique participant 

number on their pre-test on the blank index card supplied and asked to store the index card face 

down on their desk or in their pocket so that the researcher will not be able to see the number. At 

the start of the post-test, subjects were asked to write the number on the post-tests so that the 

researcher could pair the pre- and post-tests for data analysis without knowledge of each 

participant’s number.  

The two-part pre-test occupied twenty minutes in total. Subjects were instructed to 

complete the first section of the pre-test based on their experience without further direction from 

the researcher. The subjects were then instructed to visit the seven separate stations to visually 

estimate simulated blood loss to the nearest milliliter in the numbered corresponding blank space 

on the pre-test. Theater blood purchased by the researcher was used as simulated blood. Each of 

the seven simulated blood loss stations included materials commonly used in the operating room 
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such as surgical drapes, lap pads, towels, 4x4 gauze, surgical shoe covers, and suction canisters 

(Appendix E). Two stations represented low volume blood loss (less than 200ml), two stations 

represented moderate volume blood loss (500-1000ml), and two stations represented high 

volume blood loss (greater than 1.5L). The seventh station was a photograph of a mock surgical 

patient and surgical field in an actual operating room with standard anticipated blood loss 

simulated by the researcher with experts’ recommendations. All blood loss volumes were known 

to the researcher but not to the subjects. At the conclusion of the pre-test, the researcher 

instructed participants to place their pre- tests in a lockbox. The simulated blood loss stations 

were then covered so as not to be visible to the subjects during the educational intervention.  

The researcher implemented an educational intervention including a twenty- minute 

PowerPoint outlining visual blood loss estimation discrepancies and significance based on 

evidence derived from the review of literature. The researcher followed a script to deliver the 

same information to each cohort. The majority of the PowerPoint included photographs of 

common operating room materials, such as 4x4 gauze, lap pads, and surgical towels at low, 

moderate, and significant levels of saturation with simulated blood as well as a corresponding 

volume to be used as a guide. The PowerPoint also included photographs of a suction canister 

with an undiluted simulated blood volume, a slightly diluted simulated blood volume and a 

mostly diluted simulated blood volume with corresponding quantities. The presentation also 

included a brief discussion of the significance of overestimation and underestimation of blood 

loss to the surgical patient as well as common estimation themes. The researcher cited findings in 

the review of literature describing inaccurate visual blood loss estimation by all members of the 

health care team and the tendency of overestimation by anesthesia practitioners and 

underestimation by surgeons. The researcher instructed subjects to use these visual depictions of 
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blood loss as a tool for visual estimation of surgical blood loss. The researcher provided the 

subjects with visual aids with the same photographs and corresponding volumes as in the 

PowerPoint to keep as a reference and use during the post-test portion of the study (Appendix F). 

The researcher did not share the actual volumes of simulated blood at the seven stations during 

the educational intervention. 

Following completion of the training, subjects were instructed to open the previously 

provided sealed post-test. Each subject was asked to write his or her participant number from the 

pre-test in the designated space in the bottom righthand corner of the post- test. The subjects 

were then asked to revisit each of the seven simulated blood loss stations and independently 

visually estimate the simulated blood volumes to the nearest milliliter. The simulated blood 

volumes at each station did not change; each station remained just as it was for the pre-test. The 

subjects were permitted to use any lecture notes and the visual aids provided during the 

educational intervention. The subjects were instructed to write their estimated volume in the 

numbered corresponding space in the first section of the post-test. The subjects were then 

instructed to complete the three follow-up questions in the second section of the post-test 

reflecting on their visual blood loss estimation training experience. The researcher allowed 

twenty minutes for the post-test activities. When subjects completed the post-test, the researcher 

instructed them to place their post- tests in the lockbox. The researcher’s plan for safekeeping of 

the data and lockbox are outlined below. 
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Data Analysis 

 

The goal of the data analysis was to determine the presence of a difference in the baseline 

visual blood loss estimations between anesthesia and surgery trainees. The groups’ estimations 

were compared as SRNA mean estimations and Orthopaedic Surgery Resident mean estimations 

for each station and overall. Independent t-tests and comparisons of standard deviations at each 

station were examined. The second study objective was to examine the impact of a standardized 

educational intervention on anesthesia and surgery trainee interrater reliability of visual blood 

loss estimations. Again, the groups’ mean estimations were compared for each station and 

overall. Post- test independent t-tests and Wilcoxon Signed Ranks Tests were utilized. A series 

of Intraclass Correlation Coefficients (ICCs) were also used to assess for the strength of any 

interrater reliability present.  

 

Protection of Human Rights 

 

This study’s researcher employed all steps to protect the subjects’ privacy and 

confidentiality as outlined by the Collaborative Institutional Training Initiative (CITI) Program 

Protection of Human Subjects training course (Group 2: Social and behavioral research 

investigators and key personnel).  Upon IRB approval, the researcher attended a meeting with 

SRNAs arranged by their program’s faculty and separately attended academic hours for the 

Orthopaedic Residents as invited to do so by their medical center’s Director of Specialty Surgery 

and Director of Orthopaedic Residency Program. The researcher introduced the study, explained 
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inclusion criteria, invited eligible subjects to participate and provided a written informed consent 

(Appendix C).  

Expertly reviewed pre-tests and post-tests were numbered in order to pair data 

appropriately; however, the numbers and corresponding subjects remained unknown to the 

researcher at all times during the study and analysis to maintain confidentiality. The 

demographic data collected on the pre-tests was helpful to examine the influence of professional 

experience on blood loss estimation skills. All appropriate measures were taken by the researcher 

to protect subject anonymity during data analysis, but the researcher acknowledged the limitation 

that the demographic information provided could identify the subject to the researcher. Subjects 

were informed of this risk prior to participation, and this risk was included in the informed 

consent script. At any time during the study, a subject could withdraw his or her participation 

without penalty. If a subject chose to withdraw participation during the study implementation, he 

or she would have been asked to take and destroy their completed pre- and/or post-tests. If a 

subject chose to withdraw participation after the pre- and post-tests were collected, he or she 

would have been asked to share his or her participation number with the researcher. Subjects 

were informed of this protocol prior to participation in the study. The researcher would then 

remove the withdrawing subject’s pre- and post-test from the lock box and immediately destroy 

the documents by placing them in the department’s designated professional shredding lockbox. 

Therefore, the researcher would longer have access to the responses of the subject choosing to 

withdraw participation. 

Pre-tests and post-tests were placed in a lock box following completion blind to the 

researcher and stored in the same locked box in the researcher’s office during analysis accessed 

only by the researcher. No one other than the researcher will have knowledge of the lockbox 
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access key. These data collection tools will be destroyed within three years of the researcher’s 

scholarly project defense.   
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CHAPTER IV 

 

Findings  

 

 The following section includes data analysis as it pertains to the two research questions 

posed by the study. The section is organized as a description of the study sample, study findings, 

statistical analysis, and the results of a secondary analysis. The first research question explored 

the presence of a difference in baseline visual blood loss estimation between surgical and 

anesthesia trainees. The second question examined the impact of an educational intervention on 

these groups’ visual blood loss estimation interrater reliability. In addition to demographic and 

perception data collected, the pre- and post-test visual blood estimation values were compared 

for each of the seven simulated blood stations.  

 

Sample 

 

 Participants enrolled in this study originated from a convenience sample of 59 possible 

subjects, 20 second-year Student Registered Nurse Anesthetists and 39 Orthopaedic Surgery 

Residents across all six years of their residency program. A total of 42 subjects, 19 SRNAs and 

23 Orthopaedic Surgery Residents, enrolled in the study (Figure 1). All of the nineteen SRNAs 

were currently enrolled in the second year of a three-year doctoral program at the time of the 

study, which included one full year of clinical training in the surgical arena. All nineteen SRNAs 

reported previous experience as Intensive Care Unit nurses with experience ranging from two to 

seven years (mean 3.44 years, median 3 years, standard deviation 1.46). The Nurse Anesthesia 
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Program requires two years of Intensive Care Unit experience as a prerequisite for admission to 

the program. Many of the SRNAs had additional experience in other nursing specialties 

including medical-surgical nursing, emergency department nursing, trauma/EMT experience, 

and other nursing roles. 

 The Orthopaedic Surgery Residents participating in the study responded to the same 

demographic questions included on the pretest, including year of clinical training and any related 

experience outside of their medical school and residency practice. Residents from five of the six 

years of training were represented in the participant sample (Figure 2). There were no third-year 

residents enrolled in the study. Nearly half of the residents included in the study reported that 

they were in their first year of training (43.5%). The remaining residents identified as second 

year (13%), fourth year (17.4%), fifth year (4.3%), and sixth year (21.7%). Only four of the 

twenty-three Orthopaedic Surgery Residents reported previous professional experience in related 

medical specialties outside of their medical school and residency training.  

 

Research Question 1 

 

The study’s first research question was: Do baseline visual blood loss estimations differ 

between anesthesia and surgery trainees? Prior to analyzing the data, the participants’ data sets 

were separated into two groups, Student Registered Nurse Anesthetists and Orthopaedic Surgery 

Residents. For each of the seven pre-intervention stations, a mean estimated blood volume and 

standard deviation were calculated for the two groups to compare the groups’ average estimation 

to the actual volume represented at each station. These results are displayed in Table 1.  At all 

seven stations, the mean visual blood loss estimations by Orthopaedic Surgery Residents were 
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lower than the mean estimations by SRNAs. Independent sample t-tests were utilized for each of 

the seven stations (Table 1) to compare the estimations of the two groups. These differences 

were statistically significant at Stations 1-4. Although the differences were not statistically 

significant at Stations 5-7, the trend was for the estimations by Orthopaedic Surgery Residents to 

be lower than those of the SRNAs was consistent.  

 
Research Question 2 

  

The second research question was: does the implementation of an educational 

intervention for visual blood loss quantification impact anesthesia and surgical trainee interrater 

reliability? As with the pre-test data, the participants’ responses were separated into the two 

groups, Student Registered Nurse Anesthetists and Orthopaedic Surgery Residents. The mean 

estimated blood volume was calculated for each of the two groups as an absolute value in order 

to compare true percent difference (see Table 2) and the two groups were compared with 

independent samples t-tests. In contrast to the pre- intervention estimation results where 

significant differences were found between the two groups at 4 of the stations (see Table 1), no 

statistically significant differences in the two groups’ estimations at any of the stations post-

educational intervention were identified (see Table 2).  

Wilcoxon Signed Ranks Tests were used to compare pre- and post-intervention 

estimation average differences between the subjects’ estimation of simulated blood volume and 

the actual simulated blood volume across the seven stations. Thirty-six of the participants had 

less discrepancy between their estimation and the actual amount of simulated blood and only six 

had greater discrepancy at post- than pre-intervention. There was a significant reduction in 
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percentage difference from true value (actual simulated blood volume) by both groups following 

the training (Z = -4.17, p < .001) (Tables 3).  

Additionally, the post-intervention estimations represent an overall reduction in 

estimation discrepancy between the SRNA and Orthopaedic Surgery Resident groups. Prior to 

the intervention, the SRNA group had an overall average estimate discrepancy (defined as the 

absolute percent difference from the true station values) of 42%, compared to 45% in the 

Orthopaedic Surgery Resident group. The average discrepancy for both groups decreased to 30% 

from the true value following the intervention (Table 4).  

In order to further examine the effect of the intervention on interrater reliability, 

Intraclass Correlation Coefficients (ICCs) for single measures were calculated using a two-way 

random effects model. The SRNA group ICC increased from 0.728 pre-intervention to 0.841 

post-intervention, whereas the Ortho group ICC increased from 0.683 pre-intervention to 0.866 

post-intervention. The group’s combined pre-intervention ICC was 0.699, which increased to 

0.856 after the intervention (Table 5). The increase in the ICC post- intervention reflects a 

stronger interrater reliability than for the pre-test estimation.  

 

Results of Secondary Analysis 

 

In addition to the results pertaining directly to the study’s research questions, a secondary 

analysis yielded other interesting findings related to visual blood loss estimation training and 

practice. Participants were asked to provide information regarding previous blood loss training 

experience, confidence in estimation, communication habits, and likelihood to change his or her 

practice. These responses provided the additional results addressed in this section.  
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The pre-test included a question asking participants to report any previous formal blood loss 

estimation training. Thirty participants, including all twenty-three Orthopaedic Surgery 

Residents and seven SRNAs, reported having had no previous experience with any type of 

formal training in blood loss estimation prior to participation in the study. Therefore, in total, 

71.4% of the participants had never received formal blood loss estimation training prior to this 

study.   

Another question on the pre-test addressed the presence or absence of an association between 

blood loss and operative skill. Seventeen of the forty-two participants responded that there was 

an association between blood loss and surgical skill (40.5%), including seven Orthopaedic 

Surgery Residents and ten SRNAs. Sixteen of the Orthopaedic Surgery Residents and eight of 

the SRNAs responded that they did not believe surgical blood loss to be reflective of operative 

skill (57.1%), and one SRNA did not respond. 

The pre- and post-tests included questions reflective of the participants’ self-described 

confidence in visual blood loss estimations.  Prior to the intervention, eight of the Orthopaedic 

Surgery Residents and seven of the Student Registered Nurse Anesthetists chose the “Not at all 

confident” response (35.7%). In fact, only seven of the Orthopaedic Surgery Residents 

responded that they were “confident” (14.3% of the entire sample) or “very confident” (2.4% of 

the entire sample) in their visual blood loss estimation skill prior to the intervention. None of the 

SRNAs reported feeling more than “somewhat confident” in their visual blood loss estimation 

skill. The participants were asked to respond with their post- intervention level of confidence in 

visual blood loss estimation. After the education intervention, only 5.1% of the participants (two 

Orthopaedic Surgery Residents) reported a lack of confidence in their estimation skill and 38.5% 

of participants reported feeling “confident” or “very confident” (Figure 3).  
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Participants also received a question pertaining to interdisciplinary communication about 

perioperative blood loss on the pre-test and again on the post-test. The majority of the 

participants (13 Orthopaedic Surgery Residents and 17 SRNAs) reported communicating with 

their colleagues about perioperative blood loss “most of the time” or “always” (71.4%). 

Following the intervention, 73.8% of participants responded that they had plans to communicate 

with their anesthesia or surgery colleagues about perioperative blood loss “most of the time” or 

“always”. Only four of the forty-two study participants responded with plans to communicate 

about blood loss “only if there is significant loss” (pre-test= 4 Residents; post-test= 3 Residents, 

1 SRNA) on either the pre-test or post-test. 

Educational interventions to improve clinical practice are ultimately effective only when 

clinicians adjust their practice based on new knowledge. The vast majority of participants in this 

visual blood loss estimation educational intervention study reported a likeliness to adjust their 

practice based on the training received (Figure 4). In fact, 47.6% of the participants reported that 

they were “likely to change” based on the intervention and 35.7% reported being “very likely to 

change” their practice accordingly.  

 
Summary 

 

 The primary focus of this study was to assess the impact of a visual blood loss estimation 

educational intervention on the interrater reliability of surgery and anesthesia trainees. This was 

accomplished by analyzing and comparing the two groups’ mean visual blood loss estimations at 

each of the seven simulated blood loss stations before and after the visual blood loss estimation 

educational intervention. Before the intervention, the Orthopaedic Surgery Resident group 

recorded lower values at all seven stations, with a statistically significant difference present at 
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stations 1-4. After the intervention, there were no statistically significant differences between the 

two groups’ estimations at any of the seven stations. Overall, both groups had a significant 

reduction in the percent difference of their estimated values from the true value following the 

educational intervention and improved interrater reliability was also noted.   

 

 

Tables and Figures 

 
 

 
      Figure 1: Participant Demographics 
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      Figure 2: Participant Training Year 

 
a.         b. 

Figure 3: Participant Reported Confidence in Individual Visual Blood Loss Estimation Before 
and After the Educational Intervention. a) Pre-Test: Before the Educational Intervention and b) 
Post-Test: After the Educational Intervention 
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Figure 4: Participant Reported Likelihood of Individual Visual Blood Loss Estimation Practice 
Change Following the Educational Intervention  
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Table 1: Average Pre- Intervention Visual Blood Loss Estimations by Group 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 n M SD t(40) p 
Station 1: Pre- 
Intervention, 2000 ml 

   2.199 0.034 

SRNAs 19 1722.11 364.85   
Orthopaedic Surgery 
Residents 

23 1480.87 344.59   

Station 2: Pre- 
Intervention, 75 ml 

   2.251 0.030 

SRNAs 19 96.42 67.26   
Orthopaedic Surgery 
Residents 

23 58.17 41.93   

Station 3: Pre- 
Intervention, 1500ml 

   2.624 0.012 

SRNAs 19 1320.53 408.32   
Orthopaedic Surgery 
Residents 

23 1021.61 330.38   

Station 4: Pre- 
Intervention, 800ml 

   2.514 0.016 

SRNAs 19 854.47 130.48   
Orthopaedic Surgery 
Residents 

23 734.00 171.80   

Station 5: Pre- 
Intervention, 150ml 

   1.395 0.171 

SRNAs 19 140.53 93.61   
Orthopaedic Surgery 
Residents 

23 101.17 88.75   

Station 6: Pre- 
Intervention, 500ml 

   1.656 0.105 

SRNAs 19 297.11 188.06   
Orthopaedic Surgery 
Residents 

23 204.78 172.71   

Station 7: Pre- 
Intervention, 1000ml 

   0.885 0.382 

SRNAs 19 1018.42 801.42   
Orthopaedic Surgery 
Residents 

23 801.52 781.78   
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Table 2: Average Post-Intervention Visual Blood Loss Estimations by Group 
 
 
  

 n Mean SD t(40) p 
Station 1: Post- 
Intervention, 2000 ml 

   0.237 0.814 

SRNAs 19 1838.95 344.53   
Orthopaedic Surgery 
Residents 

23 1816.61 267.09   

Station 2: Post- 
Intervention, 75 ml 

   0.602 0.551 

SRNAs 19 115.26 22.82   
Orthopaedic Surgery 
Residents 

23 111.39 18.88   

Station 3: Post- 
Intervention, 1500ml 

   0.577 0.567 

SRNAs 19 1614.74 367.22   
Orthopaedic Surgery 
Residents 

23 1552.39 332.55   

Station 4: Post- 
Intervention, 800ml 

   -1.125 0.267 

SRNAs 19 894.21 195.12   
Orthopaedic Surgery 
Residents 

23 948.78 115.69   

Station 5: Post- 
Intervention, 150ml 

   0.317 0.753 

SRNAs 19 221.05 155.31   
Orthopaedic Surgery 
Residents 

23 210.22 48.63   

Station 6: Post- 
Intervention, 500ml 

   0.461 0.647 

SRNAs 19 436.84 125.11   
Orthopaedic Surgery 
Residents 

23 422.17 79.54   

Station 7: Post- 
Intervention, 1000ml 

   -0.813 0.421 

SRNAs 19 1250.00 532.03   
Orthopaedic Surgery 
Residents 

23 1386.91 552.04   
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Table 3. Wilcoxon Signed Ranks Test Comparing Pre- and Post- Intervention Changes  

Wilcoxon Signed Ranks Test 
N Mean 

Rank 
Sum of Ranks 

Negative Ranks 36a 21.81 785.00 
Positive Ranks 6b 19.67 118.00 
Ties 0c   
Total 42   
Z (*Based on Positive Ranks) -4.170* p = 0.000  

Percent Difference Post- Intervention – Percent Difference Pre- Intervention  
a: Percent Difference Post-Intervention < Percent Difference Pre- Intervention 
b: Percent Difference Post-Intervention > Percent Difference Pre- Intervention 
c:  Percent Difference Post-Intervention = Percent Difference Pre- Intervention 
 
 
 
Table 4. Overall Percent Discrepancy from Absolute Value Pre- and Post- Intervention 
 N Mean 

Discrepancy 
SD SE 

Pre-Intervention Group     
SRNAs 19 0.416 0.160 0.037 
Orthopaedic Surgery Residents 23 0.452 0.137 0.029 
Post-Intervention Group     
SRNAs 19 0.303 0.226 0.052 
Orthopaedic Surgery Residents 23 0.301 0.094 0.020 

 
 
 
Table 5. Intraclass Correlation Coefficients Pre- and Post- Intervention 

  95% Confidence Interval F- Test with True Value 0 

Lower Bound Upper Bound Value df1 df2 p 

Pre- Intervention Intraclass 

Coefficient 

      

Single 

Measures 

0.699 0.483 0.920 126.216 6 246 0.000 

Average 

Measures 

0.990 0.975 0.998 126.216 6 246 0.000 

Post- Intervention Intraclass 

Correlation 

      

Single 

Measures 

0.856 0.707 0.967 271.306 6 246 0.000 

Average 

Measures 

0.996 0.990 0.999 271.306 6 246 0.000 
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CHAPTER V 

 

Discussion 

 

The primary goal of this study was to establish the baseline visual blood loss estimation 

interrater reliability between anesthesia and orthopaedic surgery trainees and to assess the impact 

of an educational intervention on the groups’ interrater reliability.  Current visual blood loss 

estimation literature overwhelmingly suggests that there are significant inaccuracies in visual 

blood loss estimations by all members of the operating room team. In general, anesthesia 

practitioners are reported to overestimate visual blood loss, while surgeons tend to underestimate 

these volumes. 1-3,7-10,12 We hypothesized that this trend would be consistent among anesthesia 

and surgical trainees and that there would be significant differences between the two study 

groups’ surgical blood loss estimates. The results of the current study support this hypothesis. 

Both groups had a greater than 40% discrepancy in their overall visual estimations at the seven 

stimulated stations. As a group, Orthopaedic Surgery Residents underestimated all seven of the 

pre-test blood volumes. Alternatively, the Student Registered Nurse Anesthetists overestimated 

five of the stations’ values (Stations 2, 3, 4, 5 and 7) and underestimated the volumes of two 

stations (Stations 1 and 6) (Table 1).  There was a statistically significant difference in the 

groups’ mean estimations at Stations 1 through 4 (p= 0.034, 0.030, 0.012, and 0.016 

respectively). Both the statistically significant and non- significant pre-test stations include low, 

moderate, and high volumes and all stations have similar supplies utilized. A Type II error 

related to an inadequate sample size cannot be ruled out as a possible explanation for the lack of 
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a statistically significant differences at three of the pre-test stations, and further investigation 

with a larger sample size is recommended.  

Following the educational intervention, both the anesthesia and surgery groups had 

reduced error in their mean estimations and improved overall accuracy. These results 

demonstrate improvements in provider group estimation performance and enhanced interrater 

reliability following the educational training. This suggests that a visual blood loss estimation 

educational program can be implemented to improve surgical blood loss estimation among 

anesthesia and surgical trainees and providers. This finding is consistent with several other 

reports in the literature that suggest educational interventions improve visual blood loss 

estimation practices, such as Toledo et al’s live versus web-based blood loss training and 

Zuckerwise et al’s implementation of a pocket-sized visual aid for blood loss estimation. 6,21 

Many studies pertaining to visual blood loss estimation do not specifically examine the role of an 

intervention, but rather compare estimations by different members of the multidisciplinary teams 

from several specialty areas. 1,2,4,7,9,10,12,20 This study is unique because it not only examines the 

baseline discrepancies between different practice groups, but also the impact of an educational 

intervention in the groups’ interrater reliability.  

Previous research suggests that a combination of educational techniques may be more 

effective than any single technique. 15,21 This study incorporated several techniques to appeal to 

different learning styles among the study subjects, including simulated blood loss stations, 

PowerPoint presentation and discussion, and a printed visual aid. Several studies previously 

discussed compared one educational method against another. Toledo et al. compared in-person 

versus web-based training using the same PowerPoint, and the authors concluded that the shared 

didactic portion was the most influential piece of the training exercise. 21 It is difficult to 
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determine which portion of the educational intervention utilized in this study was most 

responsible for the improved post- intervention interrater reliability among both study groups. In 

the future, the study could be replicated with participants divided into subgroups and randomly 

assigned one of the methods or a combination thereof to determine the impact of each technique. 

Earlier authors have suggested that surgeons may have a conscious or unconscious bias 

that may lead them to underestimate visual blood loss estimations. 2,4,7,9,14 As previously 

discussed, surgical blood loss has been utilized as a quality metric for surgical outcomes, despite 

multiple studies which demonstrated it to be grossly inaccurate. 1-4,7-9,13-17,21 Though the sample 

was underpowered for generalizability, over half of the study participants responded that blood 

loss was not reflective of operative skill (57.1%). Two thirds of the responses that disputed a 

correlation between operative skill and blood loss were orthopaedic surgery resident participants.  

A larger study will be necessary to determine if surgeons are less likely to correlate operative 

skill with blood loss and the impact of this perception on blood loss estimations.  

The pre- and post- intervention surveys addressed some concepts and practitioner 

perceptions that have not been previously reported. The participants were asked to rate their 

confidence in visual blood loss estimation and interdisciplinary communication habits before and 

after the intervention, as well as their willingness to change practice habits based on the 

educational experience. Confidence in visual blood loss skill is noted by some observational 

studies such as Kollberg et al’s surgical sponge estimation accuracy study, but not directly as a 

pre- and post-intervention study metric. 20 Most of the study participants reported improved 

confidence, plans for more consistent blood loss communication, and a willingness to adjust 

visual blood loss estimation practice following the intervention. Therefore, it is possible that 

participation in the study may have increased awareness of the significance of visual blood loss 
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estimation technique. It would be interesting to quantify this impact with follow up testing of 

participants after their original participation. The original participants could be invited to revisit 

simulated blood loss stations at set time intervals, such as six or twelve months later for example, 

to assess the retention of this skill and interrater reliability gains after the conclusion of the initial 

study period. In addition, the participants could be surveyed to assess the influence of the 

intervention on their clinical practice. Furthermore, participants in the original study could be 

invited to participate in an additional observational component after the intervention. Anesthesia 

and surgery trainees’ visual blood loss estimations in an actual intraoperative scenario could be 

compared for interrater reliability. This type of follow up would ascertain the longevity of the 

educational intervention effect on blood loss estimation and could provide insight into the long-

term clinical impact.  

 

Limitations 

  

 The study should be replicated in a larger sample size with a more diverse cohort of 

surgical and anesthesia trainees to increase generalizability. While some statistically significant 

differences were detected, the sample size in the current study was inadequate to rule out Type II 

error. Based on power analysis calculations by RaoSoft software, 52 participants, of the possible 

59 eligible subjects in the convenience sample were required to achieve a 95% confidence 

interval and 5% margin of error. The total number of participants enrolled in the study was 42, 

which fell short of the desired sample size by ten subjects. Therefore, the role of any Type II 

error due to an underpowered sample cannot be excluded from analysis.  
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There are inherent methodological limitations to this study and adjustments could be 

made for future studies to yield a greater impact. For example, the convenience sample only 

reflects one nurse anesthesia training program and one orthopaedic surgery residency program, 

and there is not an equal representation by trainees across each phase of their education. Unique 

program attributes and curriculum design may influence the results. It is also possible that the 

results may be different with another surgical specialty or with anesthesia residents due to 

different training backgrounds and clinical experiences. Future studies including larger, multi-

disciplinary groups from multiple training programs or medical centers could further support the 

role of a standardized training and practice. It would also be important to have an adequate 

number of participants representing each training level, and it may be beneficial to include 

experienced practitioners post- training. Such studies could inform clinical and pre-clinical 

training efforts for nurse anesthesia students and surgical residents, as it was noted that over 70% 

of this study’s participants had no previous formal blood loss estimation training. The study 

could also be replicated for use with members of other surgical specialties, such as general 

surgery or gynecological surgery, where blood loss can also be clinically significant. 

This study was focused on trainees’ visual blood loss estimations, but more experienced 

practitioners may also benefit from visual blood loss estimation training. Based on current 

research, the duration of clinical experience does not directly improve accuracy of blood loss 

estimations. 1,4,12,19,20 The inclusion of Certified Registered Nurse Anesthetists along with 

attending physicians could potentially yield more insight into visual blood loss estimation skill 

across experience levels.  

The lasting clinical impact of the study intervention was not tested because the study did 

not measure knowledge retention following the intervention nor did it measure actual clinical 
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practice change. This is significant because knowledge decay in blood loss estimation education 

has been documented by other studies including Toledo et al.14 A majority of the SRNA and 

Orthopaedic Surgery Resident participants involved in this educational intervention reported a 

likeliness to adjust their practice based on the training received and an immediate improvement 

in the individual groups’ accuracy and interrater reliability of visual blood loss estimations was 

noted post-intervention. Therefore, follow up would be necessary to determine this multi-modal 

educational intervention’s impact on long term retention of this skill set. 

Finally, the study was implemented at two institutions over three separate dates in order to 

improve the level of convenience and availability of eligible subjects. Although the researcher 

utilized the same materials and followed a predetermined script for the PowerPoint intervention, 

there is a possibility of slight variations in the participant experience over the course of the three 

days. Each of the seven stations was pre-planned to include a specific grouping of materials and 

predetermined blood volume, and photographs were used of each of the original stations to guide 

subsequent intervention days. Nevertheless, the researcher acknowledges that there could have 

been even minimal variations to the layout and presentation of each station on the three separate 

intervention days which may have influenced differences in the study participants experience and 

ultimately the data produced. In the future, this limitation could be reduced by implementing the 

study with a mixed disciplinary group on a single day to reduce potential error from multiple 

stations preparations. 
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Implications 

 

Currently, there is inadequate evidence in the literature to support a single standardized 

visual blood loss estimation practice or educational program for providers in visual blood loss 

measurement. 1,2,6,7,9,14-17,19,20 The goal of this study was to identify the impact of a multi-modal 

educational intervention on visual blood loss estimation interrater reliability to encourage 

widespread, standardized training. The results of this study are consistent with findings reported 

in the current literature and demonstrate a significant difference in visual blood loss estimation 

accuracy and interrater reliability by surgery and anesthesia trainees after the educational 

intervention. Over 70% of the study’s participants reported having never received formal blood 

loss estimation training. Therefore, these practitioners are responsible for estimating surgical 

blood loss with limited training.  This is problematic because trends for inaccurate blood loss 

over- and under estimations, like those discussed above, can be detrimental to patients. 

Underestimation of surgical blood loss may limit adequate perfusion and oxygenation, as well as 

contribute to more severe complications such as hypovolemic shock and the subsequent sequela 

of cardiovascular collapse, acute kidney injury, coagulopathies and extended hospitalizations. 

1,2,8,12,13 Overestimation is also hazardous as it may lead to excessive volume resuscitation, fluid 

overload, increased cardiopulmonary stress, impaired coagulation and delayed wound healing. 

5,18 Based on this study’s findings, the educational intervention for visual blood loss estimation 

improved the participants’ accuracy in surgical blood loss estimations and interrater reliability 

which may lead to an improvement in patient outcomes. Therefore, future multidisciplinary, 

multicenter studies sufficiently powered to support generalizability of these findings are 

warranted.  
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Conclusion 

 

While visual estimation is the most widely used method of surgical blood loss 

quantification, it is acknowledged to be a technique subject to considerable inaccuracy and 

interrater variability.  Based on the data collected through this study, a standardized, multi-modal 

educational intervention improved visual blood loss estimations by surgery and anesthesia 

trainees and improved interrater reliability of these estimations. Accuracy and consistency are 

imperative as these estimated volumes are used to guide the patient’s intraoperative management 

and decisions surrounding postoperative care. Future studies should further examine the 

generalizability of these findings and the impact of an educational intervention for visual blood 

loss interrater reliability for all members of the perioperative team. 
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APPENDIX A 

Raosoft Software Calculation  
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APPENDIX B 

Visual Blood Loss Estimation Pre-Test and Post-Test 
 
Visual Blood Loss Estimation Assessment: Pre-Test  
 
Part One: Please answer questions 1-9 based on your individual experience. 
 
1. Which best describes your professional affiliation? 

1. Student Registered Nurse Anesthetist 
2. Resident Orthopaedic Surgeon  

2. For Student Registered Nurse Anesthetists, what is your current program year? 
1. 1 
2. 2 
3. 3 

3. For Student Registered Nurse Anesthetists: How many years of experience do you have in 
each of the following areas: 

1. Intensive care nursing: ______ 
2. Trauma nursing/EMT: ______ 
3. Emergency room nursing: ______ 
4. OR/PACU nursing: ______ 
5. Medical- Surgical nursing: ______ 
6. Obstetrical nursing: ______ 
7. Other (please specify): ______ 

4. For resident orthopaedic surgeons, what is your current year of training? 
1. PGY1 
2. PGY2 
3. PGY3 
4. PGY4 
5. PGY5 
6. PGY6 

5. For resident orthopaedic surgeons: Outside of your medical school and residency training, 
how many years of experience do you have working in the following fields? 

1. Intensive care unit: ______ 
2. Trauma/EMT: ______ 
3. Emergency room: ______ 
4. OR/PACU: ______ 
5. Medical/Surgical Unit: ______ 
6. Obstetrics: ______ 
7. Other related field (please specify): ______ 

6. Have you ever received formal blood loss estimation training? 
1. Yes 
2. No 

7. Please rate your confidence in your visual estimation of blood loss.  
1. Not at all confident  
2. Somewhat confident 
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3. Confident 
4. Very confident 

8. In your current practice, how often do you communicate with your colleagues (surgeon to 
anesthetist or anesthetist to surgeon) about expected blood loss, ongoing intraoperative blood 
loss, and end of case blood loss estimations?  

1. Rarely or Not at all 
2. Sometimes 
3. Most of the time  
4. Always  
5. Only if there is minimal blood loss 
6. Only if there is significant blood loss  

9. Do you believe that surgical blood loss is reflective of operative skill level? 
1. Yes 
2. No 

 
 
 
 
 
 
 

 
Part Two: At stations 1-7, please visually estimate simulated surgical blood loss in the materials 
present.  

Station 1 ______ml 
Station 2 ______ml 
Station 3 ______ml 
Station 4 ______ml 
Station 5 ______ml 
Station 6 ______ml 
Station 7 ______ml 

 
 
 
 
 
 
 
 
 

 
 

 
 
Participant Number:_________ 
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Visual Blood Loss Estimation Assessment: Post-Test  
 
Part One: At stations 1-7, please visually estimate simulated surgical blood loss in the materials 
present.  

Station 1 ______ml 
Station 2 ______ml 
Station 3 ______ml 
Station 4 ______ml 
Station 5 ______ml 
Station 6 ______ml 
Station 7 ______ml 

 
 
Part Two: Please answer questions 1-3 based on your individual experience. 
 
1. Following your blood loss estimation training, please rate your level of confidence in your 

visual estimation of blood loss.  
1. Not at all confident  
2.  Somewhat confident 
3. Confident 
4. Very confident  

 
2. How likely are you to change your visual estimation practice based on the blood loss 

estimation training you received? 
1. Not at all likely to change 
2. Somewhat likely to change 
3. Unsure  
4. Likely to change  
5. Very likely to change  

3. How often do you plan to communicate with your colleagues (surgeon to anesthetist or 
anesthetist to surgeon) about expected blood loss, ongoing intraoperative blood loss, and end of 
case blood loss estimations during future cases?  

1. Rarely 
2. Sometimes 
3. Most of the time  
4. Always 
5. Only if there is minimal blood loss 
6. Only if there is significant blood loss  

 
 
 
 

Participant Number:_________ 
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APPENDIX C 

Dual IRB Approvals 

 

April 24, 2019  

Kayla Richards 
10414 Inwood Avenue Silver Spring, MD 20902  

kac357@georgetown.edu 
Dear Kayla Richards: 
On 4/22/2019, the IRB reviewed the following submission:  

APPROVAL  

Type of 
Review:  STUDY  

Title:  Estimation of Surgical Blood Loss by Surgical and Anesthesia Trainees: Impact of an Education 
Intervention on Interrater Reliability  

Investigator:  Kayla Richards  
IRB ID:  STUDY00000047  
Review Type:  Non-Committee  
Review Level:  Exempt  
Review 
Category:  (1) Educational settings  

Funding:  Name: No Funding  
IND, IDE, or 
HDE:  None  

Documents 
Reviewed:  

• STUDY00000047 Responsible Participant.pdf, Category: IRB Protocol; • KRichards IRB Protocol 
, Category: IRB Protocol; • KRichards Informed Consent Form , Category: Consent Form; • 
KRichards EBL Educational Intervention PPT , Category: Any Other Study Related Documents; • 
KRichards EBL Visual Aid , Category: Any Other Study Related Documents; • KRichards Data 
Collection Tools , Category: Any Other Study Related Documents; • KRichards Informed Consent 
Form , Category: Consent Form; • KRichards Responsible Participant Statement , Category: 
Responsible Participant Statement;  

Page 1 of 2  
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The IRB has approved the submission. You can begin research activities. The approval is valid on 4/22/2019. Any 
modifications to the IRB-approved protocol and other supporting documents must be reviewed and approved by the 
IRB prior to implementation.  

If the study will continue beyond , please submit a continuation request form at least thirty (30) days prior to to 
allow the IRB sufficient time to review and approve the request.  

In conducting this protocol, you are required to follow the requirements listed in the Investigator Manual (HRP-
103), which can be found by navigating to the IRB Library within the IRB system.  

Sincerely, Cat Borgiasz  

Page 2 of 2  

 

 

14 March 2019  

From: CHIEF, DEPARTMENT OF RESEARCH PROGRAMS, WALTER REED NATIONAL 
MILITARY MEDICAL CENTER, BETHESDA, MD 20889  

To: LT John T Richards, MD  

Subject: Command Start Letter for Research Project IRB# WRNMMC-EDO-2019-0255, title 
of: "Estimation of Surgical Blood Loss by Surgery and Anesthesia Trainees: Impact of an 
Educational Intervention on Interrater Reliability"  

1. Congratulations! You have been granted approval to conduct your research project at Walter 
Reed National Military Medical Center, Bethesda (WRNMMC).  

2. Your research protocol was approved after administrative, scientific, and ethical review by the 
Department of Research Programs (DRP) WRNMMC Institutional Review Board (IRB) or by an 
Exempt Determinations Officer. Study-specific agreements and IRB committee stipulations have 
been met, or have been determined to be unnecessary based on your study review.  

3. You, as the study Principal Investigator (PI) are ultimately responsible for the development, 
conduct, and management of all aspects of the research study, to include submitting annual 
Continuing Review documents no less than 45 days prior to study expiration date (included in 
your IRB approval) and submitting modifications to your protocol through the electronic IRB 
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(EIRB) system to the Office of the IRB. It is also your responsibility to ensure all members of 
the research study team (associate investigators, research coordinators and assistants, 
collaborators, consultants, mentors, etc.) are technically competent, have been properly trained, 
and are appropriately qualified to perform the procedures described in the research, and that they 
understand their roles and responsibilities according to the study protocol. The IRB must approve 
all modifications to the study protocol prior to implementation unless there is an immediate risk 
to research subject safety. Immediate communication with the Office of the IRB is expected 
when this exception occurs. Examples of modifications to the protocol requiring prior approval 
from the IRB include, but are not limited to, a change to the onsite PI or addition of study team 
members, an increase in sample size, addition of other data points or data collection sites, 
sources of outside funding, or changes in the inclusion or exclusion criteria for study 
participation. All amendments, deviations, adverse events, or any other pertinent information 
must be submitted to DRP using the Electronic IRB System (EIRB) as a new submission within 
this protocol.  

4. If applicable for your research, the IRB-approved, stamped consent form is to be duplicated 
and used to enroll study participants into your research study. Keep the signed, original consent 
form(s) in your project file and provide a copy of the signed consent form to each participant 
enrolled in your study for their records. Assurance of the quality of each participant's consent 
must be done in accordance with current Federal regulations. This includes ensuring that any 
"designee" who obtains consent on the PI's behalf is completely familiar with the protocol and is  

qualified to perform this responsibility. Such designees who are involved in the conduct of the 
research, but not included as a study team member on your research protocol, should be 
documented in a Delegation of Authority Log, with the designee's role clearly identified.  

5. If the collection and/or analysis of data for your project are to continue beyond your project 
expiration date of one year, you must submit a report for continuation (Continuing Review). 
Otherwise, your project will expire as outlined in your IRB Notification Letter. If your study 
expires prior to obtaining approval of your Continuing Review (CR) by the IRB, all research- 
related activities must stop immediately. Please allow adequate time (minimum of 45 days) for 
review and approval of your CR to avoid expiration of your study. Ensure you replace the study 
informed consent document with the new IRB-stamped version of the informed consent 
document at the time of Continuing Review.  

6. You may be sent an automatic reminder from the EIRB system or a DRP staff member 
approximately 90 and/or 60 days before your CR is due. This is a courtesy email; ultimately it is 
your responsibility as the study PI to maintain your research files and know how and when your 
submissions are due to the IRB. All study-related materials should be maintained in a secured, 
locked location or within password protected computer files with access only by study team 
members.  

7. Promptly report all unanticipated problems involving risks to subjects or others (UPIRSO), 
related serious adverse events (SAE), or any protocol deviations that affect subjects' safety or 
rights and/or the integrity of the study to the Human Protections Administrator, Robert Roogow 
and/or Chief of the Department of Research Programs, COL Peter J. Weina.  
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8. If you are deployed or leave WRNMMC, you must transfer the research records to a new PI 
and submit the modification to change to do so PRIOR to leaving WRNMMC. Custody of all 
original data must be retained by the research division in which they were generated. An 
investigator who moves to another institution may submit a written request to the Director, 
WRNMMC, to remove copies of the data from WRNMMC. This request must contain an 
itemized description of the data and must specify where the data will be located in the future. 
These requests will be submitted through DRP.  

9. All products of dissemination, including publications, abstracts, manuscripts, case reports, 
presentations, and book chapters that report on the results or conduct of a WRNMMC approved 
protocol; include WRNMMC-assigned personnel or patients as subjects; or reports citing 
WRNMMC in the title or byline) or in any way reflect a WRNMMC affiliation must be 
submitted for WRNMMC publication clearance and approval before publication or presentation.  

10. If your research involves standardized information gathering, such as a survey, you may be 
subject to DoDD 8910 (Information Collection and Reporting) as well as DoDI 1100.13 
(Surveys of DoD Beneficiaries). You as the PI have the responsibility to comply with any 
applicable rules or clearance procedures to assure your approval for doing research is not 
rescinded by higher level review. (A survey is defined as a systematic data collections, using 
personal or telephonic interviews, or self-administered questionnaires, in paper or digital format, 
from a sample or census of 10 or more persons as individuals or representatives of agencies that  

elicit attitudes, opinions, behavior, and related demographic, social, and economic data to 
identical questions that are to be used for statistical compilations for research or policy 
assessment purposes.)  

11. Please do not hesitate to contact DRP for assistance or the undersigned at (301) 400-1239 or 
peter.j.weina.mil@mail.mil with questions or concerns.  

PETER J. WEINA 
COL, MC, USA 
CHIEF, DEPARTMENT OF RESEARCH PROGRAMS  
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APPENDIX D 

Informed Consent and Protection of Human Subjects  

Study number: STUDY00000047  
Principal Investigator (s): Kayla Richards, RN, BSN, SRNA 
Title: Estimation of Surgical Blood Loss by Surgery and Anesthesia Trainees: Impact of an 
Educational Intervention on Interrater Reliability 

 
Permission to Take Part in a Human Research Study 

Georgetown University 
Location: Georgetown University NHS and Walter Reed National Military Medical Center  
 

Key Information: The following is a short summary of this study to help you decide whether or 
not to be a part of this study. More detailed information is listed later on in this form. 

Why am I being invited to take part in a research study? 
We invite you to take part in a research study because you meet inclusion criteria as an 
anesthesia or surgery trainee. 

What should I know about a research study? 
• Someone will explain this research study to you. 
• Whether or not you take part is up to you. 
• You can choose not to take part. 
• You can agree to take part and later change your mind. 
• Your decision will not be held against you. 
• You can ask all the questions you want before you decide. 

Why is this research being done? 
The purpose of this study is to examine surgical blood loss quantification by anesthesia and 
surgical trainees and the impact of introducing an educational intervention for blood loss 
measurement on interrater reliability. 

How long will the research last and what will I need to do? 
We expect that you will be in this research study for one hour to complete the twenty minute pre-
test, twenty minute educational intervention, and twenty minute post-test.  
You will be asked to complete a pre-test and simulated blood loss estimation, participate in an 
educational intervention, and apply that training in a post-test and simulated blood loss 
estimation. 
More detailed information about the study procedures can be found under “What happens if I 
say yes, I want to be in this research?” 
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Is there any way being in this study could be bad for me? 
Some demographic information will be collected to examine the influence of professional 
background on blood loss measurement. You may choose to answer these demographic 
questions or leave them blank. The demographic data you choose to provide on the pre-test may 
risk identifying you to the researcher. The researcher will take all measures to avoid this and 
protect your privacy and confidentiality. Your participation and performance will in no way 
affect your program standing.  

Will being in this study help me any way? 
Information collected in this study may benefit your practice and the future practice of others by 
contributing to our knowledge and understanding of visual surgical blood loss estimations. This 
includes, but is not limited to, the visual blood loss estimation practices and interrater reliability 
between anesthesia and surgery trainees. 

What happens if I do not want to be in this research? 
Participation in research is completely voluntary. You can decide to participate or not to 
participate. 
 
Detailed Information: The following is more detailed information about this study in addition 
to the information listed above. 

Who can I talk to? 
If you have questions, concerns, or complaints, or think the research has hurt you, please contact 
the principal investigator, Kayla Richards, at (413) 348-0717 or via email at 
kac357@georgetown.edu or the study’s research advisor, Carrie Bowman, PhD, CRNA at 
ccb23@georgetown.edu. 
This research has been reviewed and approved by an Institutional Review Board (“IRB”). You 
may talk to them at (202) 687-1506 or irboard@georgetown.edu if: 

• Your questions, concerns, or complaints are not being answered by the research team. 
• You cannot reach the research team. 
• You want to talk to someone besides the research team. 
• You have questions about your rights as a research subject. 
• You want to get information or provide input about this research. 

How many people will be studied? 
We expect up to 20 people at Georgetown University and 39 people at Walter Reed will be in 
this research study out of 59 people in the entire study nationally.  

What happens if I say yes, I want to be in this research? 
• We expect that your participation in this research study will require one hour.  

• You will be asked to complete the twenty-minute pre-test, twenty-minute educational 
intervention, and twenty- minute post-test.  
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• You will be interacting with the study’s primary investigator, Kayla Richards, BSN, 
SRNA.  

• The research will be completed at Georgetown University’s St. Mary’s Hall (SRNAs) 
and Walter Reed National Military Medical Center’s America Building Desert 
Conference Room (Residents). 

• The research will be done in the spring and summer of 2019.  

• The experimental procedure is a twenty- minute educational intervention to include a 
PowerPoint, discussion of blood loss estimations, and a visual aid will be provided.  

• If you agree to participate, you will be asked to participate in the pre-test, educational 
intervention, and post-test. The pre-test and post- test are comprised of demographic 
questions, simulated blood loss stations for visual estimation, and questions about your 
perception of the educational intervention for your practice. Some demographic 
information will be collected to examine the influence of professional background on 
blood loss measurement. You may choose to answer these demographic questions or 
leave them blank.  

What happens if I say yes, but I change my mind later? 
You can leave the research study at any time it will not be held against you. If you choose to 
withdraw your participation after you submit your completed pre-test and post-test, you will be 
asked to share your participant number so that the researcher may remove and immediately 
destroy your pre- and post-tests from the data analysis.  

Is there any way being in this study could be bad for me? (Detailed Risks) 
Every effort will be made to protect the confidentiality of your performance in the simulated 
visual blood loss estimations. Your performance will in no way influence your standing in the 
Doctor of Nurse Anesthesia Practice program or your residency program. The researcher will not 
discuss your demographic data or visual estimation results with anyone including the study’s 
research advisor. Data collection tools will not include personal information and will be securely 
stored in a locked office for the duration of the study. The data collection tools will be destroyed 
within three years of the researcher’s doctoral defense.  
 
Policy/Procedures or Research Related Injuries 

The Policy and Procedure for Georgetown University Medical Center are as follows: 
It is not expected that this study could lead to any illness or injury. Nevertheless, we will make 
every effort to prevent study-related injuries and illnesses. If you are injured or become ill while 
you are in the study and the illness or injury is due to your participation in this study, you will 
receive necessary medical care. The costs of this care will be charged to you or your third party 
payor (e.g., your health insurer) in the usual manner and consistent with applicable laws. No 
funds have been set aside by Georgetown University, Georgetown University Hospital, MedStar 
Health Research Institute, or their affiliates, to repay you or compensate you for a study related 
injury or illness. 
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What happens to the information collected for the research? 
Efforts will be made to protect your personal information to the extent allowed by law. However, 
we cannot guarantee absolute confidentiality.  Records of research study participants are stored 
and kept in a locked box in the primary investigator’s locked office. Analyzed data will be 
securely stored as a document on the researcher’s password protected personal computer and in 
her secure Georgetown University Box account.  
You will not be identified in any reports or publications resulting from this study. In addition to the 
researchers and research institution(s) conducting this study, organizations that may request to inspect 
and/or copy your research and medical records for quality assurance data analysis and other research 
related and operational or administrative purposes, include groups such as: 
Food and Drug Administration, Georgetown University, Georgetown University Institutional Review 
Board (IRB), Walter Reed National Military Medical Center, and federal research oversight agencies. 

 
 
 

Signature Block for Capable Adult 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
  

Your signature documents your permission to take part in this research. 
   

Signature of subject  Date 
  

Printed name of subject 
   

Signature of person obtaining consent  Date 
Kayla A. Richards   May 22, 2019 

Printed name of person obtaining consent  IRB Approval Date 
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APPENDIX E 
 

Simulated Blood Loss Stations 1-7 
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APPENDIX F 
 

Visual Aid 
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