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Abstract
Objective: To explore the consistency between intraoperative blood loss recorded by surgeons,
anesthesiologists and standard blood loss.

Methods: The clinical data of 200 patients who underwent posterior lumbar interbody fusion (PLIF) from
January 2019 to December 2020 in the Department of Spine Surgery of a Grade III Level A hospital were
selected, including 109 males, aged 34-84 years, with an average of 56.40 ± 11.21 years, and 91 females,
aged 27-78 years, with an average of 57.48 ± 11.40 years. The preoperative Hb, HCT, APTT, Pt, INR,
intraoperative blood, and �uid infusion of patients were recorded. The standard blood loss of the patients
was calculated by the formula and compared with the intraoperative blood loss recorded by the surgeons
and the anesthesiologists separately for analysis. 

Results: 1. When the standard blood loss was less than 400ml, there was no statistical difference
between the intraoperative blood loss recorded by surgeons and the standard blood loss (P > 0.05), which
is considered to be consistent. 2. When the standard blood loss was between 400ml-800ml, the
intraoperative blood loss recorded by surgeons and anesthesiologists was less than the standard blood
loss,there was statistical difference between the intraoperative blood loss and the standard blood loss (P
< 0.05), but the intraoperative blood loss recorded by surgeons was more accurate than that recorded by
anesthesiologists; 3. When the standard blood loss was more than 800ml, the intraoperative blood loss
recorded by surgeons and anesthesiologists was less than the standard blood loss,There was no
consistency between the intraoperative blood loss recorded by anesthesiologists and the standard blood
loss (P < 0.05), but the intraoperative blood loss recorded by anesthesiologists was more accurate than
that recorded by surgeons.

Conclusion: 1. There are differences between surgeons and anesthesiologists in recording intraoperative
blood loss. 2. The accurate recording of intraoperative blood loss needs to be done jointly by surgeons
and anesthesiologists, especially when the blood loss is more than 400ml, which is conducive to
perioperative �uid management.

1. Introduction
Perioperative �uid management is one of the key factors affecting surgical outcomes, for example,
hypovolemia can lead to decreased cardiac output and tissue hypoperfusion, while hypervolemia can
lead to weight gain, tissue edema, intestinal obstruction, and even death[1, 2]. Intraoperative massive
hemorrhage is the �rst independent risk factor affecting in-hospital mortality after surgery. Surgery
related and patient-related factors are two possible causes of intraoperative massive hemorrhage [3]. If
surgeons and anesthesiologists are able to judge whether patients are at high risk of bleeding during
preoperative evaluation, then for complex cases, they can choose to perform staged surgery, use surgical
techniques and anesthesia techniques during surgery and use anti�brinolytic drugs to reduce
intraoperative blood loss [4]. In this study, 200 patients with lumbar spinal stenosis who underwent PLIF
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surgery were selected to study the consistency between the blood loss recorded by surgeons and
anesthesiologists during the operation and the standard blood loss, aiming to provide a reference frame
for proper �uid infusion and blood use in patients after surgery.

2. Data And Methods
General data A total of 200 cases of PLIF surgery in the Department of Spine Surgery of a Grade III Level
A hospital from January 2019 to December 2020 were selected, including 109 males, aged 34–84 years,
with an average of 56.40 ± 11.21 years, and 91 females, aged 27–78 years, with an average of 57.48 ± 
11.40 years.

2.1 Inclusion and exclusion criteria
Inclusion criteria: (1) Patients with lumbar spinal stenosis, lumbar spondylolisthesis, or lumbar disc
herniation who underwent PLIF surgery; (2) Blood routine and coagulation function were examined day
before surgery; (3) Blood routine was examined on the �rst day after surgery.

Exclusion criteria: (1) Patients with congenital hematologic diseases or coagulation dysfunction; (2)
Patients who are recently on an oral medications that affect coagulation; (3) Female patients in
menstruation; (4) Patients with anemia or anemia symptoms before surgery.

2.2 Observation indexes and evaluation of blood loss
Observation indexes: the test results of blood routine and coagulation function before the operation,
blood routine on the �rst day after the operation. Activated partial thromboplastin time (APTT),
prothrombin time (Pt), international normalized ratio (INR), hemoglobin (HB), and hematocrit (HCT) were
recorded, in addition to the blood loss and blood transfusion recorded by the operating surgeon and
anesthesiologist during operation, and drainage volume on the �rst postoperative day.

Evaluation of blood loss: preoperative blood volume of patients was calculated according to the method
proposed by Nadler [5] in 1962: male preoperative blood volume = 0.3669 × [height (m)] 3 + 0.03219 ×
body mass (kg) + 0.6041; female preoperative blood volume = 0.3561 × [height (m)] 3 + 0.03308 × body
mass (kg) + 0.1833. Total blood loss was calculated by gross equation: estimated total blood loss = 
preoperative patient blood volume × (preoperative HCT - postoperative HCT) / HCT average; HCT average
= (preoperative HCT + postoperative HCT) / 2. Intraoperative standard blood loss = total blood loss + 
intraoperative blood transfusion - drainage volume on the �rst postoperative day.

2.3 Statistical analysis
Medcalc18 statistical software was used for statistical analysis. The measurement data was expressed
by (x̄ ± s). Bland Altman method was used for comparison between the two groups with α = 0.05 being
the signi�cance level and P > 0.05 indicating consistency between the two groups.
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3. Results
The patient’s preoperative APTT averaged 27.27 ± 4.90 seconds, Pt averaged 11.83 ± 6.58 seconds, INR
averaged 0.96 ± 0.15, HCT averaged 42.76% ± 4.60%, preoperative HB averaged 153.04 ± 13.91 g / L for
men and 134.29 ± 14.64 g / L for women, all within normal range.

The difference between mean difference, standard deviation, and 95% consistency limit between the
standard blood loss and the blood loss recorded by the surgeons and the anesthesiologists were
calculated separately (Table 1).

The intraoperative blood loss recorded by surgeons was less than the standard blood loss, and there was
statistical difference between the intraoperative blood loss recorded by surgeons and the standard blood
loss (P < 0.05), with no consistency (Fig. 1);the intraoperative blood loss recorded by anesthesiologists
was less than the standard blood loss, and there was statistical difference between the intraoperative
blood loss recorded by surgeons and the standard blood loss(P < 0.05), with no consistency (Fig. 2).

After grouping according to the standard blood loss: when the standard blood loss was less than or equal
to 400ml, there was no statistical difference between the intraoperative blood loss recorded by surgeons
and the standard blood loss (P > 0.05), which was consistent (Figure.3); When the standard blood loss
was between 400ml-800ml, the intraoperative blood loss recorded by surgeons and anesthesiologists
was less than the standard blood loss,there was statistical difference between the intraoperative blood
loss and the standard blood loss (P < 0.05), but the intraoperative blood loss recorded by surgeons was
more accurate than that recorded by anesthesiologists; When the standard blood loss was more than
800ml, the intraoperative blood loss recorded by surgeons and anesthesiologists was less than the
standard blood loss,There was no consistency between the intraoperative blood loss recorded by
anesthesiologists and the standard blood loss (P < 0.05), but the intraoperative blood loss recorded by
anesthesiologists was more accurate than that recorded by surgeons.
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Table 1
corresponding mean, standard deviation and 95% consistency limits of S-D and S-A

Group difference mean
difference

standard
deviation

95% upper limit
of consistency

95% lower limit
of consistency

overall S-D 57.48 63.50 181.93 -66.98

S-A 69.06 63.04 192.61 -54.50

Standard blood loss 
≤ 400ml

S-D -14.10 61.25 105.96 -134.15

S-A 20.26 67.66 152.88 -112.35

400ml < standard
blood loss ≤ 800m

S-D 67.88 4.66 147.58 -11.81

S-A 84.73 50.19 183.09 -13.64

Standard blood loss > 
800ml

S-D 99.69 37.48 173.16 26.23

S-A 87.05 54.36 170.65 -19.50

*Standard blood loss: S; blood loss recorded by surgeons: D; blood loss recorded by
anesthesiologists:A

4. Discussion
Intraoperative bleeding is the most common problem in surgical practice, especially in spinal surgery,
which is often accompanied by signi�cant blood loss. A transient enhancement of �brinolysis during
surgery can lead to increased blood loss during the perioperative period of spinal surgery [6]. Relevant
statistics show that the perioperative blood transfusion rate of spinal surgery ranges from 50–81% [4].
There is progressive awareness of the impact of blood loss on patient outcomes. Increased blood loss
means more blood transfusions are needed, exposure to more blood products increases their potential
disease transmission and transfusion reaction, and massive blood loss also leads to body �uid
redistribution affecting the physiological function of the heart, lung, and kidney [7]. It has been reported
that blood products may damage the immune system and increase the postoperative infection rate[8].
Extensive dissection of paravertebral muscles, pedicle screw placement, laminectomy and
decompression, long surgery time, and other factors all contribute to massive intraoperative blood loss,
even in routine spinal surgery. An accurate assessment of intraoperative blood loss is bene�cial for the
guidance of �uid replacement and blood transfusion, ensuring the stability of vital signs and success of
the operation. Maike Katja Kahr study have shown that in caesarean sections, the assessment of blood
loss during surgery is often signi�cantly different from the standard blood loss[9]. Overestimating blood
loss during surgery can lead to excessive intravenous rehydration and blood transfusion, excessive waste
of medical resources, and even blood transfusion-related complications; underestimation of blood loss
during surgery can lead to miscalculation of the condition and delayed treatment, and even life-
threatening due to low blood volume shock, anemia and other related complications in patients after
surgery [10, 11].
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Accurate evaluation of perioperative blood loss is an important basis for doctors to identify hemorrhage
in patients and guide blood transfusion and �uid replacement reasonably [10]. Intraoperative blood loss is
collected in the suction tank and gauze, which is often mixed with saline, �ushing �uid, and other
substances, causing di�culties in accurately evaluating the amount of blood loss. Intraoperative blood
loss is often evaluated by weighing method, visual evaluation method, colorimetric method, hemoglobin
content measurement method, shock index method, and formula method, but there is no gold standard
for measuring intraoperative blood loss[10]. Sandra E Kollberg[12]Study have shown that visual methods
are inaccurate, that the amount of bleeding is often underestimated clinically, that there is a large
difference between clinical evaluation and actual measurements, and that the greater the amount of
bleeding, the greater the deviation in clinical estimation. Prasertcharoensuk and others compared the
amount of blood loss during vaginal delivery with a visual estimate with a direct measurement, in which
the rate of underrated blood loss was 89%[13], while Razvi and others found that in 57% of vaginal
deliveries, visual assessment of blood loss was 20% higher than direct measurement of blood loss[14],

indicating that during surgery, clinicians typically use visual assessment. The surgical doctor can
estimate the amount of bleeding according to personal experience and combined with clinical
performance, but it is in�uenced by the evaluator's clinical experience and subjective factors, and the
evaluation results are quite different [10, 15, 16]. This study found that when the standard blood loss was
less than 400ml, the intraoperative blood loss recorded by surgeons was consistent with the standard
blood loss, but the consistency was poor; when the standard blood loss was more than 400ml, the
intraoperative blood loss recorded by surgeons was not consistent with the standard blood loss, and the
intraoperative blood loss recorded by surgeons was lower than the standard blood loss. The results of
this study were consistent with those of Sandra E Kollberg and other research results .

Anesthesiologists often use vital signs, Hb, HCT, complications, venous oxygen saturation, arterial oxygen
saturation, and other indicators as reference basis to evaluate the blood loss of patients [17]. Toledo and
others found that the error rate of anesthesiologists in estimating blood loss ranged from 16% for 300ml
to 41% for 2000ml[18, 19]. Bose and others found in their evaluation of blood loss in vaginal delivery,
anesthesiologists' evaluation of blood loss was 4% higher than that of direct measurement, which was
more accurate than that of helpers[15]. Our study found that there was no consistency between the
intraoperative blood loss recorded by anesthesiologists and the standard blood loss. The intraoperative
blood loss recorded by anesthesiologists was lower than the standard blood loss. When the standard
blood loss was less than 400ml, the intraoperative blood loss recorded by surgeons was more accurate
than that recorded by anesthesiologists.

In summary, surgeons and anesthesiologists should evaluate intraoperative blood loss through a variety
of methods, and gradually improve the ability to progressively evaluate intraoperative blood loss.
However, this study has lack of sample size, and further increased sample size and multicenter study are
needed.

List Of Abbreviations
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Figures

Figure 1

The intraoperative blood loss recorded by surgeons was less than the standard blood loss, and there was
statistical difference between the intraoperative blood loss recorded by surgeons and the standard blood
loss (P < 0.05), with no consistency
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Figure 2

The intraoperative blood loss recorded by anesthesiologists was less than the standard blood loss, and
there was statistical difference between the intraoperative blood loss recorded by surgeons and the
standard blood loss(P < 0.05), with no consistency
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Figure 3

After grouping according to the standard blood loss: when the standard blood loss was less than or equal
to 400ml, there was no statistical difference between the intraoperative blood loss recorded by surgeons
and the standard blood loss (P > 0.05), which was consistent


