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ABSTRACT

Background. Accurate estimation of intraoperative blood loss is crucial for effective treatment, particularly in
orthopedic procedures such as open reduction and internal fixation (ORIF) with intramedullary nails for femoral
fractures. Traditional methods rely on visual estimation, which is subjective and prone to inaccuracy.

Objective. This study aims to evaluate the accuracy of visual blood loss estimation by comparing it with laboratory-
based calculations derived from hematocrit and hemoglobin levels.

Methodology. This retrospective cohort study reviewed the medical records of 115 patients who underwent
ORIF with intramedullary nails at a tertiary hospital from January 10, 2019, to December 28, 2022. Blood loss was
assessed using two approaches: visual estimates recorded by operating room personnel and calculations based
on preoperative and postoperative hematocrit and hemoglobin values. Paired t-tests were used to compare these
measurements and differences between the requested and actual number of blood bags used.

Results. Significant differences were observed between preoperative and postoperative hemoglobin (p <0.000071)
and hematocrit levels (p <0.00001), indicating substantial blood loss. More blood bags were requested than used,
with a mean difference of 0.95 (p <0.00001). Visual estimates of blood loss were lower than laboratory-based
calculations, with a mean difference of 55 ml (p <0.00001) for hemoglobin-based EBL and 121 ml (p <0.00001) for
hematocrit-based EBL.

Conclusion. Visual estimates of intraoperative blood loss differ significantly from laboratory-based methods, with
surgeons underestimating blood loss, and overestimating transfusion needs. This study highlights the importance
of adopting more precise, laboratory-based calculations for assessing blood loss in orthopedic surgeries.
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Accurate estimation of intraoperative blood loss is crucial for
effective treatment, particularly in orthopedic procedures such
as open reduction and internal fixation (ORIF) with intra-
medullary nails for femoral fractures. Traditionally, blood loss
estimation relied heavily on visual assessments made by operating
room personnel. However, these visual estimates are often

imprecise, leading to potential discrepancies in perioperative
management and blood transfusion practices. Despite this,
visual estimation remains widely used due to its simplicity,
immediacy, and non-reliance on equipment or calculations.

To address this issue, this study aimed to evaluate the
accuracy of visual blood loss estimation by comparing it
with calculations using hematocrit and hemoglobin levels.
We hypothesized that visual estimates would be less accurate
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than laboratory-derived measurements. Improving blood loss
estimation methods could enhance clinical decision-making
and optimize patient outcomes during orthopedic surgery.

In other institutions and published literature, blood loss
was estimated using various objective methods such as gravi-
metric techniques (weighing sponges and suction canisters),
photometric analysis (hemoglobin concentration in fluid),
and laboratory-based calculations using hematocrit or
hemoglobin values. These approaches were significantly
more accurate than visual estimation."?> Many centers are
moving toward more standardized and quantitative blood loss
estimation protocols, especially in surgical fields where trans-
fusion decisions are critical.

METHODOLOGY

This study was a retrospective cohort study conducted
at the surgery department of a single tertiary hospital to
evaluate intraoperative blood loss in patients undergoing
open reduction and internal fixation (ORIF) with an intra-
medullary nail for femoral fractures between January 10,
2019, and December 28, 2022. The study included 115
patients selected through convenience sampling. Eligible
participants were aged 18-65 years and underwent ORIF
with an intramedullary implant for closed femoral fractures.
Exclusion criteria included patients with blood dyscrasias,
patients receiving anticoagulants, immunocompromised
patients, multiply injured patients, and those who received
intraoperative transfusions. Given the retrospective nature
of the study, withdrawal was not applicable.

Blood loss was assessed using two methods: visual estimation,
which relied on the subjective judgment of operating room
personnel, and laboratory-based calculation, determined
using differences in preoperative and postoperative hematocrit
and hemoglobin levels. Visual estimation was defined as the
intraoperative assessment of blood loss based on the appearance
of surgical sponges, suction contents, and the operative field,
without objective measurement. No standard training or
quantification protocol was used, consistent with common
surgical practice.?

The laboratory-based estimated blood loss (EBL) was
computed as:

EBL = EBV x (pre-op - post-op) / mean value

Or
EBL, =EBV x [(Hct —Hct )/ Hect
ct pre pOS[

mean]

EBLHgb = EBV X [(Hgﬁ)pre - Hgbpnst) / Hgbmean]
Where:

Het = (Het + Hct}m) /2

Hgb,., = (Hgb, +Hgb ) /2

using either hematocrit or hemoglobin values. Postoperative
hemoglobin and hematocrit levels were collected as part of
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routine blood work, primarily on the first postoperative
day. Analysis of collection timing showed a mean of 1.02
days (median: 1.0 days; mode: 1 day), confirming consistent
timing across the patient cohort. Data were collected from
patient records, including preoperative and postoperative
blood counts, the number of blood bags requested, and the
actual number used.

The primary outcome measured was quantified blood loss in
milliliters (mL). Secondary outcomes included the difference
between the requested and actual number of blood bags used.
This discrepancy was studied to assess predictive accuracy
and blood resource management. The number of bags
requested per case was based on surgeon preference, patient
factors, and institutional transfusion protocols. To ensure
data confidentiality, each patient was assigned a unique
code, and data were securely stored in the hospital’s records
facility, accessible only to the research team.

Descriptive statistics, including means, standard deviations,
and ranges, were calculated for demographic variables and
blood loss measurements. Paired t-tests were used to compare
preoperative and postoperative hemoglobin and hematocrit
levels, and differences between requested and actual blood
bags. Statistical significance was set at p <0.05, and data analysis
was performed using SPSS version 26.

This study adhered to the Declaration of Helsinki and
received approval from the Institutional Review Board (IRB)
of our institution. Informed consent was waived due to the
retrospective design, as permitted by IRB guidelines.

RESULT

The study included 115 patients who underwent open
reduction and internal fixation (ORIF) of the femur at our
institution between January 10, 2019, and December 28,
2022. The participants had a mean age of 31 years (range:
12-79), with 83% (95) being male and 17% (20) female. The
mean body mass index (BMI) was 22.92 + 3.55.

Preoperative and postoperative hematocrit and hemoglobin
results showed a significant decrease in blood parameters,
indicating substantial intraoperative blood loss. The mean
preoperative hemoglobin was 122 g/L, which significantly
dropped to 103 g/L postoperatively (¢ = -10.13, p <0.00001).
Similarly, the mean hematocrit value decreased from 38%
preoperatively to 31% postoperatively (# = -10.37, p <0.00001).

Blood bag utilization analysis revealed that the mean number
of blood bags requested was 1.97, while the actual mean
utilization was 1.03. This resulted in a mean difference of
-0.95 (¢ = -11.33, p <0.00001), highlighting a significant over-
estimation of blood needs.

Comparison between visual and laboratory-based blood loss
estimation methods demonstrated a clear discrepancy. Visual
estimation by operating room personnel averaged 578 ml,
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Table 1. Demographics of participants (N=115)

Range Mean SD

Age (years) 12-79 31 14385
Height (meters) 148-1.97 1.63 0.07766
Weight (kilograms) 32-85 60.59 101655
BMI 22.92 3.55075
Sex Male = 95 (83%)

Female = 20 (17%)
Date of operation January 10, 2019 -

December 28, 2022

whereas laboratory-based calculation using hematocrit levels
indicated a mean blood loss of 699 ml (# = 7.14, p <0.00001),
and hemoglobin-based calculations showed a mean of 633 ml
(£=7.03, p <0.00001).

DISCUSSION

This study highlights the inaccuracy of visual blood loss
estimation compared to laboratory-based methods using
hematocrit and hemoglobin levels in patients undergoing
ORIF with intramedullary nails. Visual estimation signifi-
cantly underestimated actual blood loss, consistent with
prior research findings."* These studies have collectively
demonstrated that visual methods are prone to human error,
often underestimating blood loss by 30% or more, particularly
in surgeries with ongoing, concealed, or pooled bleeding.

The significant reductions in hemoglobin and hematocrit
postoperatively confirm the occurrence of substantial
intraoperative blood loss. These results echo the findings of
previous studies,”® which emphasized that even modest drops
in these parameters may signal the need for transfusion or
closer hemodynamic monitoring in orthopedic patients. Such
laboratory-based estimates are thus not only more precise
but also clinically actionable, guiding transfusion decisions
and post-op care more effectively than visual estimates alone.
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Other estimation methods, such as gravimetric, photometric,
and computer-assisted tools, offer more objective assessments,
and their adoption is expanding in well-resourced centers.'
These methods reduced interobserver variability and helped
in real-time intraoperative decisions. However, their imple-
mentation remains limited due to cost, availability, and the
training required.

The observed difference between hemoglobin- and hematocrit-
based blood loss estimates (mean difference of ~66 ml) can be
attributed to physiological changes such as plasma volume
shifts and hemodilution after surgery. Hematocrit can be
influenced more by fluid shifts, while hemoglobin levels
tend to reflect actual red cell mass more accurately in acute
settings. One study argues that hemoglobin-based calculations
may provide a more reliable estimate of acute blood loss,
especially in the immediate postoperative period.”

Visual estimation has remained the default method for decades
due to its convenience and speed, even though its inaccuracy
is well-documented. One study emphasized its widespread
use, which is perpetuated by the absence of training in more
objective alternatives and the lack of standardized institutional
protocols.> Despite its inaccuracy, visual estimation remains
the dominant method in many institutions due to its
simplicity, immediacy, and low cost. In high-volume centers
and emergency scenarios, its utility lies in its speed—especially
when no lab values are yet available. Without training or
calibration protocols, visual estimation tends to devolve into
a purely subjective guess, underscoring the need for training
modules and standardized estimation frameworks.®

The consistent overestimation of blood bag requests—with
nearly one unit per patient unused—reflects a misalignment
between perceived and actual need. This has implications
for resource allocation and cost-efficiency in transfusion
services.” Some studies suggest refining predictive models

Table 2. Preoperative and postoperative hematocrit and hemoglobin results of patients based on laboratory results (N=115)

Preoperative (Mean) Postoperative (Mean) t-value p-value Interpretation
Hemoglobin (g/ L) 122 103 -10.134093 <0.00001 Significant
Hematocrit (%) 38 31 -10.366905 <0.00001 Significant

Table 3. Variations between requested and actual blood bag utilization during surgery (N= 115)

Requested blood Actual blood bag utilization . .
. Mean difference t-value p-value Interpretation
bag (Mean) during surgery (Mean)
197 1.03 -0.95 -11.333818 <0.00001 Significant

Table 4. Comparison between operating room personnel assessments and hematocrit-based calculations (N=115)

Operating room personnel
EBL in ml (Mean)

EBL by hematocrit-based
calculations in ml (Mean)

t-value p-value Interpretation

578 699

713505 <0.00001 Significant

Table 5. Comparison between operating room personnel assessments and hemoglobin-based calculations (N= 115)

Operating Room Personnel EBL by Hemoglobin-Based t-value _value Interpretation
EBL in ml (Mean) Calculations in ml (Mean) P P
578 633 7.029 <0.00001 Significant
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using laboratory data and preoperative risk scoring can
optimize blood preparation practices, prevent wastage, and
align with patient blood management (PBM) principles.'*"

CONCLUSION

This study demonstrates that visual estimation of intra-
operative blood loss by operating room personnel significantly
underestimates actual blood loss when compared to laboratory-
based calculations using hematocrit and hemoglobin levels.
The significant drops in hemoglobin and hematocrit confirm
substantial blood loss during open reduction and internal
fixation (ORIF) of femoral fractures. Additionally, the notable
discrepancy between the number of blood bags requested and
those utilized during surgery highlights the need for more
accurate blood management protocols.

The findings strongly support the adoption of laboratory-
based methods, specifically hematocrit and hemoglobin
calculations, for estimating intraoperative blood loss. These
objective approaches provide more accurate assessments than
traditional visual estimation methods, reducing the risk of
underestimating blood loss and ensuring appropriate blood
transfusion management. Furthermore, the overestimation
of blood bag requests underscores the importance of aligning
predicted blood needs with actual clinical requirements.

The primary limitation of this study is its retrospective design,
which may introduce selection bias. However, the large sample
size and consistent findings enhance the reliability of the
results. Other limitations include potential documentation
bias and reliance on routine postoperative blood draws
rather than serial intraoperative monitoring. Nevertheless,
the findings add to a growing body of literature advocating
for objective, quantitative methods in perioperative blood
loss estimation and can inform local guidelines and training
programs. Future research should explore the use of real-time
monitoring technologies for blood loss estimation to further
enhance accuracy and patient safety in orthopedic surgery.
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