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ABSTRACT

Objectives: Estimating blood loss is an important factor in several surgical procedures. The accuracy of blood loss
measurements in situations where blood is mixed with saliva and saline is however uncertain. The purpose of this laboratory
study was to ascertain if blood loss measurements in mixtures of blood, saline, and saliva are reliable and could be applicable
in a clinical setting.

Material and Methods: Venous blood and resting saliva were collected from six volunteers. Saliva, saline, and combinations
thereof were mixed with blood to obtain different concentrations. A portable spectrophotometer was first used to measure the
haemoglobin concentration in undiluted venous blood followed by measurements of the haemoglobin concentration after each
dilution. To examine the strength of linear relationships, linear regression and Pearson correlations were used.

Results: The measurements of haemoglobin concentrations in mixtures of blood, saline, and saliva were proven to be
accurate for haemoglobin measurements > 0.3 g/dl (correlation = 0.986 to 1). For haemoglobin measurements < 0.3 g/dl,
a small increase in haemoglobin values were reported, which was directly associated to the saliva concentration in the
solution (correlation = 0.983 to 1). This interference of saliva was significantly eliminated by diluting the samples with saline,
mimicking the clinical situation.

Conclusions: The results suggest that a portable spectrophotometer can be used clinically to preoperatively measure the
haemoglobin value of a venous blood sample and postoperatively measure the haemoglobin value of the collected liquids,
including shed blood, thereby achieving a highly accurate method of measuring blood loss during oral and maxillofacial surgery.
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INTRODUCTION

Peri- and postoperative blood loss in oral and
maxillofacial surgery (OMEFS) is seldom a clinical
problem but under certain circumstances major
haemorrhage may occur. Multiple measurements like
pulse, cutaneous vasoconstriction, urinary output, and
estimated blood loss are important factors to detect
hypovolemia and initiate fluid management such
as transfusion [1]. Various methods are available to
estimate the amount of blood loss during different
surgeries [2,3]. However, the data on monitoring
blood loss during OMFS is rather limited. There are
published studies on relatively rough estimations
of blood loss in OMFS performed by weighing
surgical gauze swabs and measuring the contents
after deducting the saline from the total volume of the
suction bottle [4,5].

Another method for monitoring blood loss that may be
useful during OMFS is to calculate the blood loss by
multiplying the total volume of the liquid collected in
the suction bottle by its haemoglobin value, and then
divide the product by the haemoglobin value from a
preoperatively collected venous blood sample of the
patient [6,7]. To facilitate the procedure, a portable
device for haemoglobin measurements may be used.
The HemoCue® system (HemoCue AB; Angelholm,
Sweden), is a compact device that provides an
immediate haemoglobin measurement from a small
blood volume deposited to a disposable cuvette [8].
The HemoCue® system has been compared with
other spectrophotometric devices and has shown a
high accuracy regarding haemoglobin concentration
measurements [8,9]. Spectrophotometry in general
has been proven quite accurate in measurements
of the haemoglobin concentration in blood but in
OMEFS, where blood is often diluted due to the saline
irrigation and saliva, it could be difficult with the
current systems to accurately measure haemoglobin
concentrations [10]. To overcome these difficulties,
the HemoCue® Plasma/Low Hb system has been
developed and has been proven to accurately measure
haemoglobin levels in low blood concentrations [11-
13]. However, to the best of our knowledge, neither
the Hemocue® system nor other devices intended
to measure haemoglobin levels have been tested
on blood diluted with saliva. Hence, the aim of the
present study was to, in a laboratory model, validate
haemoglobin measurements in diverse mixtures
of blood, saliva, and saline using a Hemocue®
haemoglobin system and thereby test the hypothesis
that saline and saliva would not influence the results
of the measurements.

http://www.ejomr.org/JOMR/archives/2021/2/e3/v12n2e3ht.htm

MATERIAL AND METHODS
Population

Blood and saliva were collected from six healthy
volunteers (donor 1 - 6), two males and four females,
aged from 26 to 64. The subjects were divided
into groups. Five participants (donor 1, 2, 4 - 6)
were included in the preparatory test were different
concentrations of saliva were analyzed with both
devices. Three subjects (donor 1 - 3) underwent
measurements of different combinations of blood
and saliva with the HemoCue® Hb 201" system and
three subjects (donor 2 - 4) underwent the analyses
of various concentrations of blood and saliva with
the HemoCue® Plasma/Low Hb system. Recruitment
was done among the staff at the department were
the study was conducted and informed consent was
obtained from all individual participants. The study
was conducted from 5 May, 2017 to 28 June, 2017
at the Department of Oral and Maxillofacial Surgery
and Oral Medicine, Faculty of Odontology, Malmé
University, Malmo, Sweden. The study was approved
by the by the Ethical Review Board in Lund, Sweden
on 12 May, 2016 (Dnr. 2016/286) and has been
performed according to the general principles of the
Declaration of Helsinki (General Assembly, Helsinki,
Finland, June 1964), on ethical principles for medical
research involving human subjects.

Blood and saliva collection

Blood and saliva samples were collected 1 to 2
hours before implementation of the experiments and
stored at room temperature (22 to 25 °C). Blood was
collected through venepuncture into evacuated tubes
containing K2 EDTA (BD Vacutainer® Plus Plastic
K,EDTA tubes - Becton, Dickinson and Co.; Franklin
Lakes, New Jersey, USA) [14]. Resting saliva was
collected in sterile tubes by spitting. Before collection
of saliva the donors were asked to thoroughly rinse
the mouth. The tubes were stored on a tube rocker
after collection and during the experiments in order
to achieve homogeneity of the samples. Before
utilisation of saliva, foam was removed from the tubes
to enable correct volume measurements. One blood
sample and one tube of saliva were collected from
each participant.

Assay methods
HemoCue® Hb 201" system and HemoCue® Plasma/

Low Hb system and microcuvettes recommended by
the manufacturer were used for analysing haemoglobin

J Oral Maxillofac Res 2021 (Apr-Jun) | vol. 12| No 2 | e3 | p.2
(page number not for citation purposes)


http://www.ejomr.org/JOMR/archives/2021/2/e3/v12n2e3ht.htm

JOURNAL OF ORAL & MAXILLOFACIAL RESEARCH

Johansson et al.

concentrations in diverse mixtures of blood, saliva,
and saline. Both devices are factory-calibrated
against the International Council for Standardization
in  Haematology (ICSH) reference  method.
The reaction in the microcuvettes is a modified
azidmethaemoglobin  reaction. The erythrocyte
membranes are disintegrated by sodium deoxycholate
and haemoglobin is released. Sodium nitrite transforms
haemoglobin into methaemoglobin, which combines
with sodium azide to form azidemethaemoglobin. To
correct for turbidity, two wavelengths (570 nm and 880
nm) are used for the absorbance measurements. All
analyses were performed in an accredited laboratory
(Skéne County Council, Office for Medical Services,
Division of Laboratory Medicine, Department of
Clinical Chemistry, Section of Special Chemistry,
Unit of Malmd) with validated instruments at room
temperature. To avoid potential immunological
reactions, blood and saliva from different individuals
were not mixed.

As a preparatory test, saliva from five subjects
(donor 1, 2, 4 - 6) was diluted with saline to saliva
concentrations of 100%, 75%, 50%, 25% and 12.5%
and analysed to evaluate any impact on the HemoCue®
Hb 201" system and the HemoCue® Plasma/Low Hb
system of saliva only.

According to the manufacturer, the intended use
for HemoCue® Hb 201" system is quantitative
determination of haemoglobin in whole blood
within the measuring range from 0 to 25.6 g/dl.
Three different liquids were prepared: one reference/
golden standard solution containing saline only; one
containing a mixture of equal amounts of saliva and
saline (50/50) and one solution containing saliva. The
prepared liquids were poured into several test tubes
and, when applicable, mixed with blood to final blood
concentrations of 0%, 25%, 50% and 75%. These
samples and samples containing 100% blood were
analysed.

According to the manufacturer, HemoCue® Plasma/
Low Hb system 1is designed for quantitative
determination of low levels of haemoglobin in plasma,
serum, and aqueous solutions. Based on calculations
of normal salivary flow, estimated duration of OMFS
interventions and average volume of saline used
during dento-alveolar surgery three different liquids

Table 1. Analyses of saliva diluted in saline only

were prepared: one reference/golden standard solution
containing saline only, one containing saliva 12.5%/
saline 87.5% and one solution containing saliva only
[15-17]. The HemoCue® Plasma/Low Hb system is
linear and calibrated for measurements between 0.03
and 3 g/dl. Consequently, to achieve haemoglobin
levels within this range, each one of the 3 mixtures
was poured into several test tubes and mixed with
blood to final blood concentrations of 0.4%, 0.8%,
2.4%, 7.6% and 15.2%.

To analyse the samples obtained from the
experiments, each liquid was thoroughly mixed
and then a drop of the solution was placed on a
hydrophobic clean surface. A microcuvette was then
filled according to the instruction for use and analysed
within a minute. This was repeated five times for each
sample. Previous to any series of measurement each
system was checked using quality control solutions
obtained from the manufacturer.

Statistical analysis

To examine the strength of linear relationships of the
samples containing blood in different concentrations,
linear regression and Pearson and Spearman’s
correlations were used. For both the HemoCue®
Hb 201" system and the HemoCue® Plasma/Low
Hb system the haemoglobin values retained from
the measurements of the series of blood samples
diluted with saline only, saliva only or a mixture of
saline and saliva were compared. The samples from
different donors were not compared with each other
due to variances in blood and saliva composition.
For the HemoCue® Plasma/Low Hb system the limits
of detection (LOD) were calculated. Analyses were
performed using Microsoft Office Excel 2013 program
(Microsoft Corporation, Redmond, Washington, USA)
and figures were produced in SPSS Statistics version
25 (IBM®, Chicago, Illinois, USA).

RESULTS
Whole blood system (HemoCue® Hb 201%)

For every single donor, the values from the different
measurements correlated well, hence the HemoCue®
Hb 201" system did not react either on saliva from five

Donor 1 2

4 5 6

Whole blood system Results not elevated

Results not elevated

Results not elevated | Results not elevated | Results not elevated

Low haemoglobin system 25% 75%

25% 50% 50%

Description of the lowest saliva concentration required (0 to 100%) to get elevated results (> 0 g/dL) from the analyses. Saliva 0 to 100%
did not affect the whole blood measurement device. Saliva 25 to 75% or more affected the low haemoglobin device.
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Table 2. Analyses made with the whole blood system of blood diluted with saliva and/or saline

Donor 1 (n=25) 2 (n=25) 3 (n=25)

. . Saline 50%, . . Saline 50%, . . Saline 50%, .
Diluent Saline saliva 50% Saliva | Saline saliva 50% Saliva | Saline saliva 50% Saliva
Spearman’srank | 59, 0.99 0.989 | 0.989 0.991 0.99 | 0.989 0.988 0.986
correlation
Pearson correlation 1 1 1 1 1 0.998 1 0.999 1
Slope 0.157 0.157 0.157 0.13 0,13 0.13 0.137 0.138 0.137
Y-intercept -0.12 -0.076 -0.084 | -0.076 -0.052 0.028 | -0.036 -0.024 -0.096

Blood was diluted with either saline only (reference/golden standard), saline 50%/saliva 50% or saliva only.
For every single donor, the values from the different measurements showed a high degree of correlation, reflecting that saliva

did not have any impact on the measurements.

subjects (donor 1, 2, 4 - 6) in different concentrations
diluted with saline (Table 1) or on series of samples
from donor 1 - 3 containing blood mixed with saliva
and/or saline, except for isolated outliers when blood
was diluted with saliva only (Table 2, Figure 1).

Low haemoglobin system (HemoCue® Plasma/Low
Hb)

Saliva from five subjects (donor 1, 2, 4 - 6) diluted
with saline only was analysed, showing that the
HemoCue® Plasma/Low Hb system reacted on
saliva concentrations of more or equal to 25 - 75%,
depending on saliva donor (Table 1). Results from
the series of samples from donor 2 to 4 containing
blood mixed with saliva and/or saline revealed that the
correlations were overall close to one and the slopes
for measurements within a single donor showed high
consistency. Because the intended measure range of
the HemoCue® Plasma/Low Hb system is close to zero
(0.03 to 3 g/dl), the trend of differences in Y-intercept
observed within the measurements from every donor
could therefore be used as a measurement of the
impact of saliva (Table 3). The more saliva a blood
sample contained the higher were the haemoglobin
levels reported from the HemoCue® Plasma/Low
Hb system, given that the blood concentration
was unaltered and that the blood came from

the same donor (Figure 2). Limits of detection for the
HemoCue® Plasma/Low Hb system were in the range
of 0.03 to 0.1 g/dl, and thus quite concordant with the
information stated by the manufacturer (the system
should be linear between 0.03 and 3 g/dl).

DISCUSSION

The present study investigated how haemoglobin
measurements were affected by various mixtures
of blood, saliva, and saline. The results suggested
that haemoglobin analyses made with a whole
blood measurement device were not influenced by
saliva when compared to reference samples diluted
with saline. When measuring haemoglobin with a
spectrophotometer developed for low haemoglobin
measurements, a slight increase in the reported
haemoglobin levels was observed compared to
reference samples diluted with saline, especially for
the combination of low blood concentrations and high
saliva concentrations. These false high haemoglobin
results could possibly be related to the protein phase
of the saliva and the settings of the absorbance
measurement device. Because the correlations for
all measurements, including those of the saliva-
diluted samples, were close to one, one could expect
that the small impact of saliva could be foreseen,

Table 3. Analyses made with the low haemoglobin system of blood diluted with saliva and/or saline

Donor 2 (n=25) 3 (n=25) 4 (n=25)

. . Saline 87.5%, . . Saline 87.5%, . . Saline 87.5%, .
Diluent Saline saliva 12.5% Saliva | Saline saliva 12.5% Saliva | Saline saliva 12.5% Saliva
Spearman’srank |, 5 0.983 0.984 | 0.987 0.988 0.988 | 0.987 0.986 0.984
correlation
Pearson correlation 1 1 1 1 1 1 1 1 0.999
Slope 13.261 13.445 13.051 | 12.568 12.437 12.469 | 16.271 16.39 16.118
Y-intercept -0.013 0.007 0.099 | -0.006 0.009 0.05 -0.01 0.011 0.092

Blood was diluted with either saline only (reference/golden standard), saline 87.5%/saliva 12.5% or saliva only. The correlations were
overall close to one and the slopes for measurements within a single donor showed high consistency. The trend of differences in Y-intercept
that could be observed within the measurements from every donor reflects the impact of saliva on the measurements.
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Hb-value Whole blood system I—
(g/dL) Donor 1
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X Saliva 50%
10 A Saliva 100%
! . Saline 100% (reference)
™ Saliva 50%
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10,00
5,00
00 Blood Concentration (%)
00 20,00 40,00 60,00 80,00 100,00
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(g/dL) Donor 2
12,50 ——F—— e =
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X Saliva 50%
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7
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A
A
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7
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Hb-value Whole blood system
(g/dL) Donor 3
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X Saliva 50%
10500 A Saliva 100%
L . Saline 100% (reference)
™~ Saliva 50%
™~ Saliva 100%
7,50
A
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250
00 + t Blood Concentration (%)
00 20,00 40,00 60,00 80,00 100,00

Figure 1. Retained haemoglobin values at different blood
concentrations from the measurements with the whole blood system:
A = donor 1; B =donor 2; C = donor 3.

Twenty-five measurements were done for saline 100%, saliva 50%
and saliva 100% each.

Not all results are distinguishable in the figure due to overlapping,
indicating high correlation of the measurements.
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Figure 2. Retained haemoglobin values at different blood
concentrations from the measurements with the low haemoglobin
system: A = donor 2; B = donor 3; C = donor 4.

Twenty-five measurements were done for saline 100%, saliva 12.5%
and saliva 100% each.

Not all results are distinguishable due to overlapping, indicating
high correlation of the measurements. The more saliva a sample
consisted of, the higher were the haemoglobin levels reported from
the low haemoglobin system, given that the blood concentration was
unaltered and that the blood came from the same donor.
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and thereby adjusted for. One other explanation for the
fact that saliva only seemed to affect measurements
performed with the device for low haemoglobin
measurements could be that the HemoCue® Plasma/
Low Hb spectrophotometer used in the study presents
data with one more decimal than the instrument used
for whole blood measurements. Both devices are
factory-calibrated against the International Council
for Standardization in Haematology (ICSH) reference
method and consequently the blood samples that were
diluted with saline only to different haemoglobin
concentrations (Table 2), may be used as reference
values. The descriptive statistics that were used to
generate the results (Table 2, Figure 1 and 2) displayed
obvious linear relationships. Consequently, there was
no need for any interferential statistical analysis and
no P-values are presented in this study. The results
from the present study could be judged as general
even though the study had few participants because
the correlation for all measurements were close
to one.

To test if the protein phase of saliva would interfere
with the measurements, resting saliva, containing
more proteins than stimulated saliva, was used [15].
However, during OMFS stimulated saliva might
be produced and normal stimulated salivary flow is
reported 0.63 to 2.94 ml/min [16,17]. To diminish
the saliva impact on haemoglobin measurements in
solutions with low blood proportions (haemoglobin
levels < 0.3 g/dl), one could suggest adding saline
before measurements with a HemoCue® Plasma/Low
Hb spectrophotometer are performed.

Clinically assessment of blood loss is often based on
visual estimation and subtraction of saline from the
liquid collected. However, the results from the present
study suggest that a portable spectrophotometer could
measure haemoglobin levels with high precision
even when blood is mixed with saline and saliva.
This finding supports the possibility of performing
accurate blood loss measurements in OMFS. The
blood loss may be calculated by multiplying the total
volume of the liquid collected in the suction bottle by
its haemoglobin value, and then divide the product
by the haemoglobin value from a preoperatively
collected venous blood sample of the patient [6,7].
The total volume of the liquid in the suction canister
could be visually estimated by using the reference
levels marked on the canister. Another, perhaps more
accurate way, of establishing the total volume of the
liquid in the suction bottle is to measure the mass of
the collected fluid by weighting the filled bottle after
the treatment and subtracting the weight of an empty
suction bottle [8]. The haemoglobin value of the
liquid in the suction canister may be analysed using

http://www.ejomr.org/JOMR/archives/2021/2/e3/v12n2e3ht.htm

a portable spectrophotometer. The patient’s venous
haemoglobin value will exhibit minor variations
during surgery due to infusion of fluids into the blood
stream. These small haemoglobin changes are in most
cases not expected to influence the calculation of
blood loss described, and thus a preoperative venous
haemoglobin value is often sufficient when calculating
the blood loss [19]. But if significant blood loss has
occurred and the surgery has lasted for several hours,
utilisation of the mean haemoglobin value from a
venous blood sample collected preoperatively and
another sample collected postoperatively could be
suggested in order to increase the accuracy of the
calculation.

Other possible applications of the method described
in this study could be measurements of bleeding
tendency caused by different drugs or comparison of
different haemostatic agents. It might be appropriate
to perform such measurements intraorally because
bleeding tendency is related to temperature [20] and
the temperature of the oral cavity could be expected
to show less variation than the temperature of the
skin [21,22]. Factors influencing the measurements
of the spectrophotometer such as clot formation and
debris accumulation could easily be counteracted by
application of anticoagulants in the solution and usage
of filtering traps. A significant limitation of the clinical
utility of the method is however the operator’s ability
to collect the entire blood loss during surgery. Making
the operator aware of the need to properly collect
the blood loss and to avoid the interference of blood
accumulation within different sites such as surgical
sponges may reduce this problem.

CONCLUSIONS

Measurements  of  haemoglobin  concentrations
using a device for whole blood measurements in
mixtures of blood, saline, and saliva are reliable
and comparable to measurements in mixtures of
blood and saline and could be recommended for
haemoglobin levels > 0.3 g/dl. For haemoglobin levels
< 0.3 g/dl in mixtures of blood, saline, and saliva
utilisation of a spectrophotometer intended for low
haemoglobin measurements could be recommended
if the mixture is well diluted with saline prior to any
measurements in order to diminish the saliva impact.
Given these differences, it is suggested that both
systems can be applied in the field of oral and
maxillofacial surgery, which could improve blood
loss measurements and support the surgeon and
anaesthesiologist in avoiding hypovolemia and
determine fluid management.
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