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Abstract

Background: The most common technique used worldwide to quantify blood loss during an operation is the
visual assessment by the attending intervention team. In every operating room you will find scaled suction canisters
that collect fluids from the surgical field. This scaling is commonly used by clinicians for visual assessment of
intraoperative blood loss. While many studies have been conducted to quantify and improve the inaccuracy of the
visual estimation method, research has focused on the estimation of blood volume in surgical drapes. The question
whether and how scaling of canisters correlates with actual blood loss and how accurately clinicians estimate blood
loss in scaled canisters has not been the focus of research to date.

Methods: A simulation study with four “bleeding” scenarios was conducted using expired whole blood donations.
After diluting the blood donations with full electrolyte solution, the sample blood loss volume (SBL) was transferred
into suction canisters. The study participants then had to estimate the blood loss in all four scenarios. The
difference to the reference blood loss (RBL) per scenario was analyzed.

Results: Fifty-three anesthetists participated in the study. The median estimated blood loss was 500 ml (IQR 300/
1150) compared to the RBL median of 281.5 ml (IQR 210.0/1022.0). Overestimations up to 1233 ml were detected.
Underestimations were also observed in the range of 138 ml. The visual estimate for canisters correlated moderately
with RBL (Spearman’s rho: 0.818; p < 0.001). Results from univariate nonparametric confirmation statistics regarding
visual estimation of canisters show that the deviation of the visual estimate of blood loss is significant (z=—10.95,
p < 0.001, n=220). Participants’ experience level had no significant influence on VEBL (p = 0.402).

Conclusion: The discrepancies between the visual estimate of canisters and the actual blood loss are enormous
despite the given scales. Therefore, we do not recommend estimating the blood loss visually in scaled suction
canisters. Colorimetric blood loss estimation could be a more accurate option.
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Introduction

The quantification of blood loss is essential for intraop-
erative management and plays a key role in transfusion
decision making [1]. The visual assessment by interven-
tion team is the most common technique used world-
wide to quantify blood loss during an operation. This
does not only include the estimation of blood volume in
surgical drapes and suction canisters, but also the re-
cording of external blood loss. However, it is known that
this method is associated with systematic errors (under-
or overestimation of blood loss) depending on the
person making the estimation [2, 3]. In every operating
room you will find scaled suction canisters that collect
fluids from the surgical field. This scaling is regularly
used by clinicians for visual assessment of blood loss.
While many studies have been conducted to quantify and
improve the inaccuracy of the visual estimation method,
research has focused on the estimation of blood volume in
surgical drapes [4—6]. The question whether and how scal-
ing of canisters correlates with actual blood loss and how
accurately clinicians estimate blood loss in scaled canisters
has not been the focus of research to date. This simulation
study at a German university hospital examines the accur-
acy with which anesthetists estimate blood loss in scaled
canisters. The aim of the present study was to evaluate the
difference between the reference blood volume and the
visually estimated quantity in canisters.

Material and methods
This study was approved by the Ethics Committee (IRB)
at the University Hospital Frankfurt, Goethe University
(Ref: 163/19) and conducted in accordance with the
Helsinki Declaration. Participation was voluntary and
each participant gave their written consent.

The purpose of this study was to assess the deviation
from the reference volume in the estimation of visual
blood loss in scaled canisters by anesthetists.

Structure of the simulation
For the simulation, four scenarios were set up. Each sce-
nario consisted of one scaled canister placed on a blanket
on the floor or Table. A wall separated the scenarios from
each other. The participants were anesthetists with various
levels of experience. Per scenario all participants had 90s
to record the visually estimated (V-EBL) blood loss per
canister in milliliter and document their estimation in a
case report form (CRF). Each scenario was assessed indi-
vidually by each participant. All scenarios were presented
simultaneously to the participants in the form of a
parcourse. After 90 s, participants were prompted by a sig-
nal tone to switch to the next scenario.

The participants were requested to specify the estimated
volume per canister as if the situation were real. To avoid
manipulating the participants’ responses, no additional case

Page 2 of 8

information were provided. The trial was performed under
bright, operating room-like lighting conditions (median
882 Ix). The lighting conditions were measured with a lux-
meter (TFA Dostmann LM37 luxmeter, TFA Dostmann
GmbH & Co. KG, Wertheim-Reicholzheim, Germany).

For the experimental setup, expired or unusable whole
blood donations (provided by the German Red Cross,
Institute for Transfusion Medicine, Goethe University
Frankfurt, Germany) were diluted with whole electrolyte
solutions  (Sterofundin ISO, B. Braun, Melsungen,
Germany) to generate predetermined volumes (188 ml—
1267 ml) with defined hemoglobin (Hb) values (9.5-12.1 g/
dl). The use of whole blood donations is a well-established
method for the experimental determination of blood loss
[2]. The prepared mixture was set as the reference blood
loss (RBL). The Hb level was measured by blood gas
analysis (Radiometer ABL800 Flex, Radiometer GmbH,
Krefeld, Germany) after each step. In order to simulate typ-
ical dilution effects by irrigation, ascites or liquid therapy
with crystalloids, fully electrolytic solution was added to the
RBL. This mixture was defined as sample blood loss
volume (SBL) with varying hemoglobin concentrations
(4.9-6.2 g/d]) (Fig. 1). Table 1 shows the breakdown of each
scenario by RBL, Hb and Hematocrit (Hct) levels, dilution,
and total volume in the canister.

At the blood donation center, the blood donations
were treated beforehand routinely with CPD stabilizer
solution to prevent blood clotting. The CPD solution
consists of citrate buffer, sodium dihydrogen phosphate,
glucose and adenine. For this reason, we have not added
an additional anticoagulant to the RBL or SBL.

Each canister was prepared with a predefined volume
(325 ml-1900 ml) of SBL. A different SBL was used in
each scenario. The scenarios were presented in a ran-
domized order to the participants.

The following canisters were used: Serres, suction
canister, 3000 ml with pre-gelled bag, folded (Serres Oy,
Kauhajoki as. Finland). The influence of the gel on
volume expansion was tested in advance and ruled out.
To simulate a situation, close to real conditions, the can-
isters were filled under vacuum.

Statistics
A priori analysis was conducted to calculate the sample size.
With 90% power, a significance level of 0.05, and Cohen’s d
of 0.5, a minimum of 44 participants was calculated.
Descriptive statistics were performed using IBM SPSS°
Statistics (Version 26, IBM®, Armonk, New York, USA)
and Microsoft® Office Excel (Mac Version 16.3, Micro-
soft Corporation, Redmond, Washington, USA).
Variables are expressed in mean (95% confidence inter-
val, CI), median (25/75 IQR, interquartile range) or count
(%, percentage) as appropriate. A concordance analysis
was performed using the Bland-Altman framework for
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Step 3 Reference Blood Loss (RBL)

Step 4 Sample blood loss volume (SBL) was
created by adding electrolyte solution to the
RBL to simulate dilution with rinsing liquids.

Fig. 1 lllustration of the experimental setup and production of the reference blood loss (RBL)

Step 5 Anaesthetists went through the parcour
estimating blood volume within 90sec per station

agreement between two measurements. Spearman’s rank
correlation coefficient was calculated for comparison of
V-EBL. Univariate nonparametric confirmation statistics
with paired Wilcoxon test were performed. A p value of
0.05 or less was considered to be statistically significant.

Results

Fifty-three anesthetists participated in this study. All 53
CRFs were completed and analyzed. The educational
level of the participants was divided as follows:
Anesthesia trainees (52%), specialists (25%) and se-
nior physicians (23%). Three years was the average
clinical work experience for the assistant physicians,

Table 1 Breakdown of the different scenarios

seven years for the specialists and 15years for the
senior physicians. There was no significant effect of
the participants’ level of experience regarding the
VEBL (p=0.402) and the difference from RBL (p=
0.364) (Figs. 2 and 3).

The median estimated blood loss was 500 ml (IQR
300/1150) compared to the RBL median of 281.5ml
(IQR 210.0/1022.0). Figure 4 shows the V-EBL in canis-
ters and the deviation from the RBL per scenario. Over-
estimations up to 1233 ml as well as underestimations
with a range of 138 ml were observed.

Figure 5 shows the differences between V-EBL and
RBL for canisters per scenario.

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Reference blood loss (RBL) Volume (ml) 1267 287 188 276

Hb (g/dl) 1.7 95 12.1 100

Het (%) 36.0 294 37.2 31.0
Electrolyte solution added to RBL Volume (ml) 633 323 137 209
Sample blood loss (SBL) Volume (ml) 1900 610 325 485

Hb (g/dl) 6.4 6.2 6.0 49

Hct (%) 20.0 196 19.0 154

The volumes, hemoglobin (Hb) and hematocrit (Hct) levels of sample preparation are shown. The reference blood loss (RBL) was diluted with electrolyte solution
to simulate dilution with rinsing liquids. The resulting sample blood loss volume (SBL) was then filled into the canisters and estimated by the anesthetists
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Fig. 2 Boxplots for V-EBL for different experience levels

Boxplots show estimated visual blood loss (V-EBL) for different experience levels

Seniors Trainees

The frequency of the respective deviation in visually
estimated blood loss from the RBL is shown in the histo-
gram (Fig. 6).

Results from univariate nonparametric confirmation
statistics with paired Wilcoxon test regarding visual
estimation of canisters show that the deviation of the
V-EBL was significant (z = - 10.95, p < 0.001, n = 220).

The visual estimation for canisters correlated moder-
ately with RBL (Spearman’s rho: 0.818; p < 0.001). Scatter
plots with corresponding regression lines illustrate the
dependence (Fig. 7). Bland-Altman plots of the differ-
ences between V-EBL and RBL are shown in Fig. 8.

Discussion
In this study, we were able to show that the visual meas-
urement of blood loss only moderately correlated with

the actual blood loss collected in suction canisters. Both,
the univariate analysis and the Bland Altman analysis re-
vealed relevant deviations which are of great clinical
relevance.

On the median, the estimated blood loss was greater
than the median RBL. Especially for small volumes, the
overestimation was higher than for larger volumes. The
presented deviations added up to 1233 ml per scenario
and were therefore severe and of highest clinical relevance.
Why is knowledge about blood loss relevant? Intraoperative
volume and transfusion management is of great import-
ance for patient safety. Avoiding blood loss and thus pre-
venting transfusions is a core element of Patient Blood
Management [7-9]. The indication for a transfusion
should be set by individual transfusion triggers. Here, the
consideration of blood loss is a crucial factor.
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Fig. 3 Boxplots for the difference for different experience levels

Boxplots show differences between estimated visual blood loss (V-EBL) and reference blood loss (RBL) for different experience levels

Seniors Trainees
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Boxplots show estimated visual blood loss (V-EBL) and the reference blood loss (RBL) for canisters
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We therefore strongly discourage the use of visual
blood loss estimates. Currently, however, V-EBL is the
most common method for measuring intraoperative
blood loss [1].

The accuracy of measurement using a scaled canister
depends on the degree of dilution. In our study we
established Hb values between 4.9 and 6.2 g/dl by dilu-
tion, comparable to the cases of massive bleeding with
little dilution. Internal measurements in the operating
room have shown a high variance of Hb values in suc-
tion canisters. Under use of high amount of irrigation

fluid, e.g. in orthopedics, Hb values as low as 0.5-1.0 g/
dl were observed.

What implications do our results have? The recording
of blood losses is complex. Clinical decisions are rarely
made based on only one piece of information. In par-
ticular, volume and hemotherapy should be based on
multiple factors and primarily on physiologic transfusion
triggers. Especially in prolonged operations with con-
tinuous blood loss, correct recording of blood loss is an
essential component, since Hb, etc., will only change
with adequate volume replacement. Losses in canisters,
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Fig. 5 Boxplots for differences between the V-EBL and RBL for canisters
Boxplots show differences between the visual blood loss estimate (V-EBL) and the reference blood loss (RBL) for canisters
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The histogram shows frequency of differences between visually estimated (V-EBL) for canister and reference blood loss
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drapes, operating theatre areas and even the floor must
be calculated. However, the largest amount of blood
usually gets into the suction canister, so that the canis-
ters have a more important role to play. This has not yet
been sufficiently taken into account in the research.
What other alternatives can be used? A further option
is to calculate the blood loss using various formulas
based on laboratory parameters such as Hb levels. This
can provide an approximation of the bleeding situation
[10, 11]. These formulas assume normovolemia. In case
of (iatrogenic) dilution results may lead to false results.

Furthermore, the volume effects of intraoperative vol-
ume therapy, especially with colloidal fluids or plasma,
are not considered in these formulas. Therefore, these
methods can only serve as a rough approximation in the
intraoperative setting. In contrast, the calculation of Hb
mass loss is superior to the usual formulas for estimating
blood loss, since factors such as dilution have no influ-
ence here. It must be considered that such formulas do
not allow real-time monitoring of blood loss.

In a meta-analysis [2] on the techniques of intraop-
erative blood loss recording by our research group,
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Fig. 7 Scatter plots with corresponding regression lines for canisters
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Scatter plots for visually estimated blood loss (V-EBL) for canisters and corresponding univariate linear regression line as a function of reference
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Fig. 8 Bland Altman plots for visually estimated blood loss (V-EBL)
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Bland Altman plots for visually estimated blood loss (V-EBL) for canisters compared to the reference blood loss (RBL) The Bland-Altman plot
shows the mean differences (blue line) and the agreement interval within 95% of the differences (bottom: line; top: line)
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we were able to identify an advantage in measure-
ment of blood volume in sponges by technically sup-
ported methods such as colorimetric blood loss
estimation. Experimental studies of this system have
also been published for canisters [12-18]. With col-
orimetric blood loss estimation, blood volume in
sponges or canisters can be measured in real time. By
taking images of sponges or canisters with a smart-
phone and using colorimetric image correction, the
procedure can estimate the blood loss by calculating
the loss of Hb mass based on the preoperative Hb
value. It also provides real-time information on blood
loss and potentially improves the treatment of bleed-
ing patients and targeted hemotherapy.

Limitations
Based on the fact, that this scenario is a simulation, the
usual case details and impressions from the operating
theatre are not available for evaluation. There was no
interdisciplinary exchange within the surgical team that
normally takes place during surgery, e.g. statements
from surgeons about acute extreme bleeding or vascular
injuries that are included in the anesthetist’s assessment
of V-EBL. The participants evaluated a spot check of a
normally dynamic bleeding scenario. In a real clinical
setting, canisters contain not only diluted blood, but also
color- and consistency-changing fluids such as bile, pus,
and intestinal contents. CPD-infused blood may have
different color and flow characteristics than fresh blood.
360° views of the scenarios were not available, so the
participants evaluated the blood loss based on a frontal
view of the canisters.

As a simulation is an artificial situation and the Haw-
thorne effect must be taken into account. It describes
that participants as subjects of a study change their

behavior. Only a small range of blood volumes and dilu-
tions in canisters was simulated. During the simulation,
the canisters were not attached to the suction cup and
were therefore not evaluated under vacuum by the
participants.

Conclusion

The discrepancies between the visual estimate of canis-
ters and the actual blood loss are enormous despite the
given scales. Therefore, we do not recommend V-EBL in
scaled suction canisters. Colorimetric blood loss estima-
tion could be a more accurate option.

Authors’ contributions

Conceptualization, LG, F.P, KZ; Methodology, LG, F.P,; Validation, LG, F.P;
Formal Analysis, LG, F.P; Investigation, LG, V.N,, FR, F.P,; Writing — Original
Draft Preparation, L.G, F.P,; Writing — Review & Editing, LG, V. N, FR, KZ, F.P,;
All authors read and approved the final manuscript.

Funding
The study was supported by internal Department of Anaesthesiology funding
only. Open Access funding enabled and organized by Projekt DEAL.

Availability of data and materials
The datasets used or analyzed during the current study are available from
the corresponding author on reasonable request.

Competing interests
No conflict of interests concerning the article declared.

Received: 15 November 2020 Accepted: 28 January 2021
Published online: 16 February 2021

References

1. Piekarski F, Wunderer F, Raimann F, Neef V, Peuckert M, Brenner T, Grottke
O, Grinewald M, Gurtler K, Renner J, Thal S, Seyfried T, Zacharowski K,
Meybohm P. Quantification of intraoperative blood losses. Andsth Intensiv
Med. 2020;61:110-6. https://doi.org/10.19224/3i2020.110.

2. Gerdessen L, Meybohm P, Choorapoikayil S, Herrmann E, Taeuber |,
Neef V, Zacharowski K, Piekarski F. Comparison of common
perioperative blood loss estimation techniques: a systematic review and


https://doi.org/10.19224/ai2020.110

Gerdessen et al. BMIC Anesthesiology

(2021) 21:54

meta-analysis. J Clin Monit Comput. 2020. https://doi.org/10.1007/s1
0877-020-00579-8.

Schorn MN. Measurement of blood loss: review of the literature. J Midwifery
Women's Health. 2010;55:20-7. https;//doi.org/10.1016/jjmwh.2009.02.014.
Parayre I, Riviere O, Debost-Legrand A, Lémery D, Vendittelli . Reliability of
student midwives' visual estimate of blood loss in the immediate
postpartum period: a cross-sectional study. Int J Nurs Stud. 2015;52:1798-
803. https://doi.org/10.1016/j.ijnurstu.2015.06.015.

Ram G-G, Suresh P, Vijayaraghavan P-V. Surgeons often underestimate the
amount of blood loss in replacement surgeries. Chin J Traumatol. 2014;17:
225-8 Chin J Traumatol 2014;17:225.

Al-Kadri HM, Dahlawi H, Al Airan M, Elsherif E, Tawfeeq N, Mokhele Y, et al.
Effect of education and clinical assessment on the accuracy of post partum
blood loss estimation. BMC Pregnancy Childbirth. 2014;14:110. https.//doi.
0rg/10.1186/1471-2393-14-110.

Mller MM, Meybohm P, Geisen C, Schmitz-Rixen T, Serve H, Seifried E,
Zacharowski K. Patient Blood Management--Wie geht das praktisch?--Die
interdisziplindre Zusammenarbeit. AINS - Andsthesiologie - Intensivmedizin -
Notfallmedizin - Schmerztherapie. 2014;49:266-72. https://doi.org/10.1055/s-
0034-1373806.

Meybohm P, Herrmann E, Steinbicker AU, Wittmann M, Gruenewald M,
Fischer D, et al. Patient blood management is associated with a
substantial reduction of red blood cell utilization and safe for Patient's
outcome: a prospective, multicenter cohort study with a noninferiority
design. Ann Surg. 2016;264:203-11. https://doi.org/10.1097/SLA.
0000000000001747.

Althoff FC, Neb H, Herrmann E, Trentino KM, Vernich L, Flllenbach C, et al.
Multimodal patient blood management program based on a three-pillar
strategy: a systematic review and meta-analysis. Ann Surg. 2019;269:794—
804. https://doi.org/10.1097/SLA.0000000000003095.

Jaramillo S, Montane-Muntane M, Capitan D, Aguilar F, Vilaseca A, Blasi A,
Navarro-Ripoll R. Agreement of surgical blood loss estimation methods.
Transfusion. 2019;59:508-15. https://doi.org/10.1111/trf.15052.

Lopez-Picado A, Albinarrate A, Barrachina B. Determination of perioperative
blood loss: accuracy or approximation? Anesth Analg. 2017;125:280-6.
https://doi.org/10.1213/ANE.0000000000001992.

Doctorvaladan SV, Jelks AT, Hsieh EW, Thurer RL, Zakowski MI, Lagrew DC.
Accuracy of blood loss measurement during cesarean delivery. AJP Rep.
2017,;7:¢93-e100. https://doi.org/10.1055/5-0037-1601382.

Konig G, Waters JH, Javidroozi M, Philip B, Ting V, Abbi G, et al. Real-time
evaluation of an image analysis system for monitoring surgical hemoglobin
loss. J Clin Monit Comput. 2018;32:303-10. https.//doi.org/10.1007/510877-
017-0016-0.

Konig G, Waters JH, Hsieh E, Philip B, Ting V, Abbi G, et al. In vitro evaluation
of a novel image processing device to estimate surgical blood loss in
suction canisters. Anesth Analg. 2018;126:621-8. https.//doi.org/10.1213/A
NE.0000000000002692.

Konig G, Holmes AA, Garcia R, Mendoza JM, Javidroozi M, Satish S, Waters
JH. In vitro evaluation of a novel system for monitoring surgical
hemoglobin loss. Anesth Analg. 2014;119:595-600. https://doi.org/10.1213/A
NE.0000000000000198.

Holmes AA, Konig G, Ting V, Philip B, Puzio T, Satish S, Waters JH. Clinical
evaluation of a novel system for monitoring surgical hemoglobin loss.
Anesth Analg. 2014;119:588-94. https.//doi.org/10.1213/ANE.
0000000000000181.

Rubenstein AF, Zamudio S, Al-Khan A, Douglas C, Sledge S, Tully G, Thurer
RL. Clinical experience with the implementation of accurate measurement
of blood loss during cesarean delivery: influences on hemorrhage
recognition and allogeneic transfusion. Am J Perinatol. 2018;35:655-9.
https://doi.org/10.1055/5-0037-1613675.

Thurer RL, Castro JM, Javidroozi M, Burton K, Bernal NP. Accurate
measurement of intraoperative blood loss improves prediction of
postoperative hemoglobin levels. J Anesth Clin Res. 2017. https.//doi.org/1
04172/2155-6148.1000743.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Page 8 of 8

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s10877-020-00579-8
https://doi.org/10.1007/s10877-020-00579-8
https://doi.org/10.1016/j.jmwh.2009.02.014
https://doi.org/10.1016/j.ijnurstu.2015.06.015
https://doi.org/10.1186/1471-2393-14-110
https://doi.org/10.1186/1471-2393-14-110
https://doi.org/10.1055/s-0034-1373806
https://doi.org/10.1055/s-0034-1373806
https://doi.org/10.1097/SLA.0000000000001747
https://doi.org/10.1097/SLA.0000000000001747
https://doi.org/10.1097/SLA.0000000000003095
https://doi.org/10.1111/trf.15052
https://doi.org/10.1213/ANE.0000000000001992
https://doi.org/10.1055/s-0037-1601382
https://doi.org/10.1007/s10877-017-0016-0
https://doi.org/10.1007/s10877-017-0016-0
https://doi.org/10.1213/ANE.0000000000002692
https://doi.org/10.1213/ANE.0000000000002692
https://doi.org/10.1213/ANE.0000000000000198
https://doi.org/10.1213/ANE.0000000000000198
https://doi.org/10.1213/ANE.0000000000000181
https://doi.org/10.1213/ANE.0000000000000181
https://doi.org/10.1055/s-0037-1613675
https://doi.org/10.4172/2155-6148.1000743
https://doi.org/10.4172/2155-6148.1000743

	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Material and methods
	Structure of the simulation
	Statistics

	Results
	Discussion
	Limitations

	Conclusion
	Authors’ contributions
	Funding
	Availability of data and materials
	Competing interests
	References
	Publisher’s Note

