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Research regarding the accuracy of estimating blood 
loss by anesthesia providers has been limited, gener-
ally consisting of small sample sizes with conflicting 
findings. We conducted a prospective study using a 
convenience sample of 91 anesthesia providers: 36 
Certified Registered Nurse Anesthetists (CRNAs), 48 
student registered nurse anesthetists (SRNAs), and 
7 anesthesiologists. We applied a known volume of 
moulage (theater) blood to items at 4 stations and 
asked each participant to estimate the amount of 
blood present at each station. Descriptive and inferen-
tial statistical analyses were performed. Multivariate 
regression analysis was conducted to evaluate the 
association of estimation errors with covariates (pro-
vider training, gender, ethnicity, years of education, 
and years of anesthesia experience). 

We found no difference in the mean error of blood 
loss estimation based on provider training, gender, 
ethnicity, education, or experience. Although no statis-
tically significant differences in blood loss estimations 
existed among provider groups, CRNAs had smaller 
mean errors than anesthesiologists in all 4 stations 
and smaller mean errors than SRNAs in 3 of 4 stations. 
Accuracy of estimating blood loss, measured by mean 
error, was not related to type of provider training, 
years of education or experience, gender, or ethnic-
ity. Anesthesia providers may not estimate blood loss 
accurately.
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F
or nearly all surgical procedures, anesthesia pro-
viders and surgeons estimate blood loss by visu-
ally examining blood collected in suction canis-
ters and on laparotomy tapes, surgical sponges, 
drapes, towels, and other surfaces. During sur-

gery, anesthesia providers must constantly monitor and 
replace blood loss to maintain homeostasis and ensure 
adequate oxygen delivery to the tissues.1 Accurately esti-
mating blood loss is considered one of the most important 
and difficult tasks in anesthesia.2

Guidelines for these estimations are that each fully 
soaked 10.16-cm (4-in) × 10.16-cm surgical sponge 
holds approximately 10 mL of blood, and each fully 
soaked 30.48-cm (12-in) × 30.48-cm gauze laparotomy 
tape holds approximately 100 to 150 mL of blood.3 If 
the items are only partially saturated, the provider must 
approximate how much blood the items contain. Further 
complicating the process, the surgical team may use ir-
rigation solutions that dilute the blood and increase the 
volume of liquid that is present.4 A large amount of blood 
may also be spilled onto the drapes, surgical team, and 
floor and must be included in the estimation.5 

Underestimating blood loss may result in inadequate 
fluid and blood resuscitation, which is associated with 
shock, organ damage, myocardial infarction, and im-
paired tissue oxygenation.5,6 The extent of underestimat-

ing blood loss in clinical practice is not known. Although 
transfusion is indicated in some patients when the hemo-
globin concentration is less than 6 g/dL, the decision to 
transfuse a patient whose hemoglobin concentration is 
between 6 and 10 g/dL should be individualized.7 Serial 
hematocrit values reflect the ratio of red blood cell (RBC) 
volumes to plasma volumes and may not accurately reflect 
blood loss since fluid replacement may cause hemodilu-
tion.8 Thus, the provider cannot rely solely on one moni-
toring parameter to evaluate fluid status or to determine 
whether a blood transfusion is needed. The anesthesia 
provider should consider the patient’s overall condition 
including vital signs, hemoglobin and hematocrit concen-
trations, comorbidities, mixed venous oxygen saturation, 
arterial oxygen saturation, estimated blood loss, and the 
anticipated volume of continued blood loss.9 The prac-
titioner must anticipate the minimum hemoglobin and 
hematocrit levels that will avoid tissue hypoxia.10 

Numerous studies using blood substitutes (eg, 
moulage blood or solutions made with food coloring), 
actual blood loss, or expired human blood have revealed 
the inaccuracies of blood loss estimations by healthcare 
providers.11-23 These inaccuracies may be considerable. 
Glover24 demonstrated that midwives and other health 
professionals underestimated blood loss during obstetric 
delivery by 30% to 50%.



www.aana.com/aanajournalonline AANA Journal  August 2014  Vol. 82, No. 4 301

Other researchers have reported errors in estimating 
surgical blood loss. A recent prospective study of physi-
cians and midwives in London, UK,25 found that visual 
estimations were least accurate with small volumes, 
which were overestimated by as much as 540%. Other 
studies have reported that healthcare professionals tended 
to overestimate small amounts but underestimate large 
amounts.11,12,14,19,26 Another common finding was that 
the accuracy of blood loss estimation by healthcare pro-
viders was not related to seniority or experience.25,27-30

Three studies found no differences in the accuracy of 
blood loss estimations by anesthesia providers compared 
with other healthcare professionals.31-33 A 2007 study by 
Toledo and associates32 (n = 106), which included anes-
thesia providers (n = 22), reported error rates for blood 
loss estimations ranging from 16% for 300 mL to 41% 
for 2,000 mL. One conflicting observational study (n = 
103) by Bose et al22 found that anesthesia providers (n 
= 9) overestimated blood loss by 4% but were the most 
accurate of the groups of providers studied.

Research regarding the accuracy of estimating blood 
loss by anesthesia providers has been limited, gener-
ally consisting of small sample sizes, and has found 
conflicting results. Therefore, the purpose of the present 
study was: (1) to determine the accuracy of blood loss 
estimations by anesthesia providers; (2) to determine if 
accuracy varied with provider factors including years of 
experience, gender, ethnicity, and education; and (3) to 
examine trends in the accuracy of estimating blood loss 
by anesthesia providers. Specifically, the study tested the 
following hypothesis: There will be no difference among 
anesthesia providers in estimating accuracy of simulated 
blood loss based on years of experience, training, gender, 
ethnicity, or years of education.

Materials and Methods
• Data Source and Study Design. Using a convenience 
sampling technique, we conducted a prospective, single-
blinded observational study at the Charleston Area 
Medical Center (CAMC) Health System, Charleston, 
West Virginia, during August and September 2011. This 
prospective research design was chosen because of the 
difficulty of measuring the accuracy of estimated blood 
loss in a surgical setting with real patients. Of 172 po-
tential study participants (92 Certified Registered Nurse 
Anesthetists, or CRNAs; 27 anesthesiologists; 26 third-
year student registered nurse anesthetists, or SRNAs; 27 
second-year SRNAs; and 27 first-year SRNAs), 91 anes-
thesia providers participated, including 36 CRNAs, 7 an-
esthesiologists, and 48 SRNAs. In addition, 23 first-year 
SRNAs participated, but because they had not started 
clinical rotations, their data were excluded from all data 
analyses except for a comparison between the 3 classes. 

• Procedures. During data collection, we applied a 
known volume of moulage blood to items at 4 stations, 

and participants provided separate estimations for each 
station. Each station contained 10.16-cm × 10.16-cm 
sponges, laparotomy tapes, and/or a suction canister. 
Stations 1, 2, 3, and 4 contained 9 mL, 110 mL, 205 mL, 
and 603 mL of blood, respectively. An obstetric study by 
Razvi et al34 reported that blood losses of less than 150 
mL were overestimated and that blood loss greater than 
300 mL were underestimated. Thus, a range of volumes 
encompassing those above, below, and within this range 
was chosen for this study. Odd numbers were chosen for 
most of the stations to reduce the chance of participants 
fortuitously guessing the correct volume. 

On the day of each data collection, measured volumes 
of moulage were applied. After providing demographic 
data, including category of provider training, years of 
anesthesia experience, gender, ethnicity, and level of 
education after high school, the participants provided 
written estimations of the total volumes (in milliliters) 
of moulage blood present at each of the 4 stations. The 
data were then analyzed to determine how accurate the 
estimates were and if the magnitude of the errors varied 
based on the demographic factors. 

Photos of each station were taken at each site and 
used in debriefing at the conclusion of the study. 
Photos contained only the study items. No participants 
were photographed. At completion of the data analy-
sis, a written summary was posted. The study protocol 
was approved by the CAMC/West Virginia University 
Charleston Division’s institutional review board. 

• Measures. The study used a single dependent vari-
able: errors of estimated blood loss in milliliters. The 
absolute value of the error for each estimation (estimated 
milliliters to known volume in milliliters) was also calcu-
lated. Other covariates consisted of type of provider train-
ing (CRNA, MD, SRNA), years of anesthesia experience, 
years of education after high school, gender, and ethnicity.

We defined anesthesia providers as any member of 
the anesthesia care team, including CRNAs, SRNAs, and 
anesthesiologists. Anesthesia experience was defined as 
the number of years of anesthesia practice, including 
time spent in anesthesia training. Accuracy was described 
by expressing the error of the estimation in milliliters 
(estimation in milliliters minus known volume in milli-
liters). For the purpose of data analysis, underestimation 
was defined as estimation greater than 20% below the 
known value. Overestimation was defined to be estima-
tion greater than 20% above the known value. We chose 
these limits based on the work of Patton et al.11 Because 
of the infection risks associated with real blood, moulage 
blood was used. Moulage blood is artificial theater blood 
that is similar in appearance to real blood and has been 
used in previous studies to examine the accuracy of esti-
mated blood loss.14,15,26 For this study, we used Ben Nye 
Stage Blood (Ben Nye Co), which was also used by Strote 
and colleagues15 
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• Statistical Analyses. Descriptive statistics for demo-
graphic data, including means, standard deviations, and 
proportions, were collected. Inferential statistics were 
used to estimate differences in the mean errors based on 
provider groups. One-way analysis of variance (ANOVA) 
tests were employed to evaluate differences in the errors 
in estimations by the SRNAs, anesthesiologists, and 
CRNAs. In addition, ANOVA was used to analyze the 
means of the absolute values of the error rates by pro-
vider training for each station. 

A χ2 test was performed to estimate the relationship 
between provider training and the categorical variables 
of gender and ethnicity. Because of the small sample 
size, matching the provider training groups by other de-
mographic data was not possible. A separate χ2 test was 
used to assess for a relationship between the prevalence 
of (1) underestimation greater than 20%, (2) estimation 
within 20%, and (3) overestimation greater than 20% of 
the known values and type of provider training. 

Lastly, we undertook multivariate linear regression for 
each of the 4 blood loss estimations by each participant, 
while adjusting for the variables provider training, years 
of anesthesia experience in present role, gender, ethnic-
ity, and years of education. The α level P < .05 was con-
sidered statistically significant. Statistical Package for the 
Social Sciences (SPSS) version 19.0 was used to analyze 
the data.35 

Results
Table 1 summarizes sample characteristics by provider 
training. Most SRNAs (66%) and CRNAs (82.8%) were 
female, whereas nearly 86% of anesthesiologists were 
male (P = .002). Although most of the SRNAs (97.9%) 

and CRNAs (97.1%) were non-Hispanic white, 71.4% 
of the anesthesiologists identified their race or ethnicity 
as something other than non-Hispanic white (P < .001). 
Anesthesiologists and CRNAs, compared with SRNAs, 
reported more years of experience (P < .001). A t-test 
analysis demonstrated no statistically significant differ-
ence in mean years of experience between CRNAs and 
anesthesiologists. Finally, no statistically significant dif-
ference was observed in errors of blood loss estimations 
for the 4 stations based on provider training.

Although analysis of the error for each station found 
no statistically significant differences based on provider 
training, we conducted descriptive statistics to describe 
the estimation means and ranges based on provider train-
ing. The results are presented in Table 2. 

Table 3 highlights the prevalence rates of underes-
timation greater than 20%, overestimation greater than 
20%, and estimation within 20% of the known value for 
each station by provider training. To analyze accuracy, 
we conducted a cross-tabulation and χ2 test of overesti-
mation greater than 20%, underestimation greater than 
20%, and estimation within 20% of the known values and 
provider training. There were no statistically significant 
differences between providers in the prevalence of under-
estimation greater than 20%, estimation within 20%, and 
overestimation greater than 20% for any of the 4 stations. 

Results of multivariate linear regression analyses per-
formed for the 4 stations are displayed in Table 4. Of 91 
subjects, 33 did not provide responses for all indepen-
dent variables, yielding 58 data sets that were suitable for 
regression analysis. No statistically significant associa-
tion was found between the dependent variable, error of 
blood loss estimation, and the covariates gender, years of 

Table 1.  Sample Characteristics by Provider Training
Abbreviations: CRNA, Certified Registered Nurse Anesthetist; SD, standard deviation; SRNA, student registered nurse anesthetist.
a Boldface indicates statistically significant; t test, analysis of variance (ANOVA), and χ2 tests were performed. 

 SRNAs CRNAs Anesthesiologists 
Characteristic (n = 48) (n = 36) (n = 7) Pa

Gender, No. (%)    .002

 Males 16 (34.0) 5 (17.2) 6 (85.7) 

 Females 31 (66.0) 24 (82.8) 1 (14.3) 

Years of education, mean ± SD 7.6 ± 3.1 7.9 ± 4.2 8.8 ± 1.7 .800

Years of experience, mean ± SD 1.5 ± 0.5 10.3 ± 8.7 16.6 ± 6.1 < .001

Ethnicity, No. (%)    < .001

 White non-Hispanic 47 (97.9) 34 (97.1) 2 (28.6) 

 Other 1 (2.1) 1 (2.9) 5 (71.4) 

Error (mL)    

 Station 1: Mean ± SD 23.3 ± 20.0 16.3 ± 11.5 27.6 ± 31.3 .139

 Station 2: Mean ± SD 34.0 ± 66.2 5.1 ± 40.2 25.7 ± 119.0 .120

 Station 3: Mean ± SD −5.9 ± 97.6 9.2 ± 70.4 41.4 ± 177.6 .435

 Station 4: Mean ± SD −68.2 ± 194.5 −45.2 ± 164.7 82.7 ± 309.2 .162
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education after high school, years of experience, ethnic-
ity, or provider training. 

Discussion
This research investigated the accuracy of estimating 
simulated surgical blood loss among anesthesia provid-
ers. The accuracy of blood loss estimation by anesthesia 
providers is not known. Although blood loss estimates 
by healthcare professionals are known to be inaccurate, 
blood loss estimates by anesthesia providers have been 
examined using small sample sizes and have not included 
different types of anesthesia providers, such as CRNAs, 
SRNAs, and anesthesiologists. Compared with previous 

studies22,31,32 pertaining to anesthesia providers, this study 
had a relatively large sample size. In addition, this analysis 
examined SRNAs at different stages of their education. 

Our hypothesis, that there will be no difference in ac-
curacy of simulated estimated blood loss based on years 
of anesthesia experience, training, gender, ethnicity, or 
years of education after high school, was supported by 
multivariate linear regression analyses. This finding is 
consistent with literature that reported no difference in 
the accuracy of estimating blood loss based on years of 
experience or seniority.25,27-30 The lack of relationship 
between experience and accuracy found in this study is 
also supported by other studies that included anesthesia 

Table 2.  Estimation Means and Ranges for Each Station by Provider Training
Abbreviations: CRNA, Certified Registered Nurse Anesthetist; SD, standard deviation; SRNA, student registered nurse anesthetist.
a One-way analysis of variance.

Station (actual Estimated blood SRNAs CRNAs Anesthesiologists 
blood volume) loss (mL) (n = 48)  (n = 36) (n = 7) Pa

Station 1  Mean ± SD  32.3 ± 20.0 25.3 ± 11.5 36.6 ± 31.3 .139

(9 mL) Range 10-100 5-50 10-100

Station 2  Mean ± SD 144.0 ± 66.2 115.1 ± 40.2 135.7 ± 119 .120

(110 mL) Range 50-300 45-200 30-350 

Station 3  Mean ± SD 199.1 ± 97.6 214.2 ± 70.4 246.4 ± 177.6 .435

(205 mL) Range 40-450 75-400 70-600 

Station 4  Mean ± SD 534.8 ± 194.5 557.8± 164.7 685.7 ± 309.2 .162

(603 mL) Range 50-950 250-1, 050 350-1,300 

Table 3.  Prevalence of Underestimation and Overestimation by Providers
Abbreviations: CRNA, Certified Registered Nurse Anesthetist; SRNA, student registered nurse anesthetist.
a t test. 

Station Accuracy of estimate Number (%)

   SRNAs  CRNAs Anesthe-  
  Total (n = 48) (n = 36) siologists (n = 7) Pa

1 Underestimation > 20% 1 (1.1) 0 (0) 1 (2.8) 0 (0) .708

 Estimation within 20% 7 (7.7) 3 (6.2)  3 (8.3) 1 (14.3) 

 Overestimation > 20% 83 (91.2) 45 (93.8) 32 (88.9) 6 (85.7) 

      

2 Underestimation > 20% 24 (26.3) 10 (20.8) 10 (27.8) 4 (57.1) .078

 Estimation within 20% 29 (31.9) 14 (29.2) 15 (41.7) 0 (0) 

 Overestimation > 20% 38 (41.8) 24 (50.0) 11 (30.5) 3 (42.9) 

      

3 Underestimation > 20% 36 (39.6) 24 (50.0) 10 (27.8) 2 (28.6) .280

 Estimation within 20% 25 (27.4) 10 (20.8) 13 (36.1) 2 (28.6) 

 Overestimation > 20% 30 (33.0) 14 (29.2) 13 (36.1) 3 (42.8) 

      

4 Underestimation > 20% 33 (36.3) 19 (39.6) 12 (33.3) 2 (28.6) .879

 Estimation within 20% 48 (52.7) 23 (47.9) 21 (58.4) 4 (57.1) 

 Overestimation > 20% 10 (11.0) 6 (12.5) 3 (8.3) 1 (14.3) 
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providers.31,32 Although gender, ethnicity, and years 
of experience were all found to be correlated with the 
type of provider training, a separate t test comparing 
CRNAs and anesthesiologists showed no relationship. 
The sample size for the anesthesiologists was very small, 
however, and may not reflect the true population of an-
esthesiologists. With respect to anesthesiologists, only 3 
of the 29 anesthesiologists affiliated with this hospital 
network were female. The gender of the CRNA sample 
also did not represent the CRNA population as a whole. 
More than 90% of CRNAs and SRNAs are members of 
the American Association of Nurse Anesthetists (AANA), 
which reports that 41% of CRNAs are male.36 Of the 
study participants, only 34.2% of second- and third-year 
SRNAs and only 17.2% of CRNAs were male. 

Although there were no significant differences in the 
mean error by provider training, CRNAs had a smaller 
mean estimation error than anesthesiologists had at all 
4 stations and smaller mean error rates than SRNAs at 3 
of the 4 stations. The CRNAs had a greater proportion of 
estimations within 20% than SRNAs had at all 4 stations 
and a greater proportion than anesthesiologists had at 

3 of the 4 stations, although these differences were not 
statistically significant. 

When all participants were analyzed as 1 group, the 
smallest mean error of estimation occurred at station 3, 
which contained 205 mL. This finding supports research 
by Yoong et al,25 who reported that visual estimation was 
most accurate with about 200 mL of blood.

Prior studies11,12,14,19,26 have reported that healthcare 
professionals tended to overestimate small amounts but 
underestimate large amounts of blood loss. The present 
study also found a tendency to overestimate small 
volumes. However, our findings contradict those that 
anesthesia providers underestimate large volumes. For 
station 4 (603 mL), 52.7% of subjects’ estimations were 
within 20%, 11% exceeded the actual value, and 36.7% 
were below the actual value. 

An additional ANOVA of student data yielded inter-
esting information (not shown in the tables). Despite 
the fact that SRNAs in the first year of training had 
not started their clinical rotations and had not received 
formal didactic training in estimating blood loss, there 
was no statistically significant difference in the mean 

Table 4.  Results of Multivariate Linear Regression for Blood Loss Estimation by Station
a Multivariate linear regression.

Covariate B SE t 95% CI Pa

Station 1 (n = 58)

 Gender −0.40  5.15 −.08 −10.72-9.93 .939

 Years of education −0.44  0.56 −.78 −1.57-0.69 .438

 Years of experience 0.14  0.30 .46 −0.47-0.74 .649

 Ethnicity −0.77  1.83 −.42 −4.44-2.91 .678

 Provider training 6.70  4.60 1.46 −2.53-15.93 .151

Station 2 (n = 58)

 Gender −16.72  22.10 −.76 −61.06-27.62 .453

 Years of education 0.45  2.41 .19 −4.39-5.29 .853

 Years of experience −1.24  1.29 −.96 −3.84-1.35 .341

 Ethnicity 3.40  7.87 .43 −12.38-19.18 .667

 Provider training 20.66  19.75 1.05 −18.97-60.29 .300

Station 3 (n = 58)

 Gender −21.99  34.52 −.64 −91.26-47.28 .527

 Years of education 2.11  3.77 .56 −5.45-9.67 .578

 Years of experience −0.06  2.02 −.03 −4.12-3.99 .975

 Ethnicity 13.41  12.29 1.09 −11.25-38.06 .280

 Provider training −16.11  30.85 −.52 −78.02-45.80 .604

Station 4 (n = 58)

 Gender 2.79  73.78 .04 −145.26-150.84 .970

 Years of education 5.63  8.05 .70 −10.53-21.79 .487

 Years of experience −0.41  4.32 −.10 −9.08-8.26 .924

 Ethnicity 36.75  26.26 1.40 −15.95-89.45 .168

 Provider training −3.35  65.94 −.05 −135.67-128.98 .960
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estimation error between the 3 student cohorts. In fact, 
SRNAs in year 1 had smaller mean estimation errors than 
SRNAs had in years 2 and 3 at all stations other than 
station 4.

The results of this study reinforce the point that visual 
estimation of blood loss is inaccurate. Perhaps more im-
portantly, the accuracy of estimated blood loss did not 
improve with experience or despite knowing the conven-
tional volumes that surgical materials hold. 

• Study Limitations. Our design incorporated simulation 
of blood loss. Simulation does not perfectly mimic blood 
loss encountered in the operating room. However, numer-
ous studies with similar designs among healthcare profes-
sionals have demonstrated that this design is informative. 

The use of moulage blood rather than real blood in 
our study was a limitation. Its properties are similar but 
not identical to real human blood. The use of real blood 
would have presented unacceptable infection risks to the 
participants and others. Although the decision to omit 
irrigation fluids may be viewed as a limitation, the ap-
pearance of irrigation and moulage blood may not have 
matched the appearance of real blood plus irrigation. 
Also, determining blood loss in irrigation canisters is 
more a calculation than estimation.

Our study did not test methods of improving accuracy 
of estimation. Although convenience sampling was used 
to optimize the number of participants, lack of random-
ization was another limitation. The small sample size of 
anesthesiologists (n = 7) was an additional confounding 
factor of the study. No statistical power analysis was per-
formed to determine the appropriate sample size for this 
study. Other limitations may include the risk of human 
error with data entry and the fact that SRNAs were not 
questioned about previous experience at estimating blood 
loss. Participants may not have answered the survey 
questions honestly. Finally, our study lacks the ability to 
test whether the decision of estimating blood loss would 
be influenced by other members of the surgical team, 
including the surgeon.

• Implications and Recommendations. The results of 
this study have important implications for anesthesia 
care. Blood loss estimation is performed regularly by 
anesthesia providers. This has an impact on patient care. 
Knowledge gained from this study will allow anesthesia 
providers to be more aware of the potential accuracy of 
their blood loss estimations and trends in inaccuracies. 
This knowledge could improve patient care. 

Prior studies3,19 reported increased accuracy of es-
timating blood loss after education programs using a 
combination of simulated scenarios and didactic sessions. 
Srilar and associates30 found no decrease in accuracy of 
visual estimation of blood loss by nurses 1 and 3 months 
after an educational program. Thus, anesthesia depart-
ments and programs may consider the addition of edu-
cational programs with both didactic sessions and clini-

cal scenarios with “blood loss” on surgical materials to 
improve visual estimation of blood loss. This may be even 
more important for individuals who practice in hospitals 
where there are frequent laboratory delays. 

If the study were repeated using reconstituted expired 
blood units or conducted with actual blood loss from 
patients during surgical procedures, a more thorough 
and relevant study could be conducted. To yield larger 
sample sizes, the present study could be replicated at 
professional conferences and other venues. 

As a way to improve blood loss estimation, it might be 
beneficial for anesthesia providers to periodically receive 
continuing education and training on this subject and 
practice estimating blood loss while in anesthesia school 
and afterward. Pouring known amounts of moulage blood 
or real blood onto various absorbent materials and noting 
the stain patterns could be informative. Occasionally 
weighing surgical tapes and sponges could reinforce esti-
mations of the amount of blood present.

Conclusion
Results from this study showed that the accuracy of es-
timated blood loss, as measured by mean error, was not 
related to type of provider training, years of education, 
years of experience, gender, or ethnicity. Despite didactic 
teaching and/or clinical experience, the accuracy of esti-
mating blood loss did not improve as students progressed 
through nurse anesthesia school. There was a wide range 
of estimations and errors for each station by all groups 
of subjects. Although anesthesia providers appeared to 
follow some of the trends found in the literature, not all 
trends are applicable. Like other healthcare providers, 
our sample of anesthesia providers also had a tendency 
to overestimate small volumes and appeared to be most 
accurate at estimating volumes approximating 200 mL. 
Unlike other professionals, most of the anesthesia pro-
viders in our study did not underestimate large volumes. 
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