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ARTICLE INFO ABSTRACT
Article history: Background: Blood loss during burn excisional surgery remains an important factor as it is
Accepted 11 January 2023 associated with significant comorbidity, mortality and longer length of stay. Blood loss is,
among others, influenced by length of surgery, burn size, excision size and age. Most lit-
Keywords: erature available is aimed at large burns and little research is available for small burns.
Burn excisional surgery Therefore, the goal of this study is to investigate blood loss and develop a prediction model
Blood loss to identify patient at risk for blood loss during burn excisional surgery < 10% body sur-
Prediction model face area.

Study design and methods: This retrospective study included adult patients who underwent
burn excisional surgery of < 10% body surface area in the period 2013-2018. Duplicates,
patients with missing data and delayed surgeries were excluded. Primary outcome was
blood loss. A prediction model for per-operative blood loss (>250 ml) was built using a
multivariable logistic regression analysis with stepwise backward elimination.
Discriminative ability was assessed by the area under the ROC-curve in conjunction with
optimism and calibration.

Results: In total 269 patients were included for analysis. Median blood loss was 50 ml
(0-150) / % body surface area (BSA) excised and 0.28 (0-0.81) ml / cm?. Median burn size
was 4% BSA and median excision size was 2% BSA. Blood loss of > 250 ml was present in
39% of patients. The model can predict blood loss > 250 ml based on %BSA excised, length
of surgery and ASA-score with an AUC of 0.922 (95% CI 0.883 - 0.949) and an AUC after
optimism correction of 0.915. The calibration curve showed an intercept of 0.0 (95% CI
—0.36 to 0.36) with a slope of 1.0 (95% CI 0.78-1.22).
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Conclusion: Median blood loss during burn excisional surgery of < 10% BSA is 50 ml/ % BSA
excised and 0.28 ml / cm? excised. However, a substantial part of patients is at risk for
higher blood loss. The prediction model can predict P(blood loss > 250 ml) with an AUC of
0.922, based on expected length of surgery, ASA-score and size of excision. The model can
be used to identify patients at risk for significant blood loss (> 250 ml).

© 2023 Elsevier Ltd and ISBI. All rights reserved.

1. Introduction

Blood loss during excisional surgery remains common de-
spite advances in blood sparing techniques. Blood sparing
techniques include adrenaline-soaked gauzes, topical tra-
nexamic acid, tourniquet, and cell salvage [1-3]. Reported
blood loss ranged between 0.47 and 0.8 ml/cm? excised [4-6].
Blood loss and erythrocyte transfusions were associated with
more comorbidity, mortality, and longer hospital length of
stay in burn patients [7-9].

Several factors influenced the volume of blood loss.
Length of surgery, initial full thickness burn size, area of ex-
cision and age have been described as contributing factors
[4,10]. Furthermore, timing of surgery after initial trauma
influenced blood loss, with early excision leading to more
blood loss [11,12]. Predicting blood loss is difficult. However,
it can help the clinical decision for the safe size of excision
with respect to blood loss and the need for perioperative er-
ythrocyte transfusion. Unfortunately, most literature avail-
able was aimed at large burns and little research is available
to investigate blood loss in burns < 10% body surface area
(BSA). Therefore, the aim of this study is to investigate the
volume of blood loss and to develop a predictive model to
identify patient at risk for blood loss during small burn ex-
cisional surgery.

2. Methods

This retrospective study was conducted in the Maasstad
Hospital, one of three burn centers in the Netherlands. The
Maasstad hospital treats approximately 300 burn patients
annually. The medical ethical committee of the Maasstad
Hospital Rotterdam assessed the study (L2018046) and
waived the need for written consent.

Primary outcome was volume of blood loss per area ex-
cised (ml/cm? or ml/% BSA). Secondary outcomes were the
influence of time between burn trauma and surgery on blood
loss and ability to predict blood loss > 250 ml. The threshold
of 250 ml was chosen because of possible clinical significance
in burn patient who are often anemic [8].

2.1. Patients

All adult patients (>18 years), who underwent excisional
surgery up to and including 10% TBSA, in the period from
2013 to 2018 were eligible for inclusion. Duplicates of the
same procedure, patients with missing data (i.e., blood loss,
size of excision or transfusion data) and delayed surgery
(time to surgery > 1 month after initial burn) were excluded.

Patients were identified using a prospectively collected da-
tabase, which contains all data regarding burn trauma,
treatment, and length of stay. Additional data regarding
blood loss, transfusion, surgery characteristics and labora-
tory results were manually extracted from the electronic
patient records.

2.2. Surgical procedure

All patients were treated with standard care. A dedicated
team of burn professionals performed excisional surgery ei-
ther using sharp instruments or VERSAJET (Smit & Nephew).
Based on clinical expertise (i.e., based on full-thickness-/deep
dermal burns) and assisted by Laser Doppler imaging the
team decided the extend of excision and timing of surgery.
During surgery, epinephrine-soaked gauzes were used to re-
duce blood loss. After full excision, wound surface was cov-
ered using autologous split skin graft. General anesthesia was
administered at the discretion of the attending anesthesiol-
ogist. The anesthesiologist based the decision of erythrocyte
transfusion on a standardized nationwide protocol [13].
During surgery, blood loss was monitored by weighing gauzes
and surgical drapes (standard care). Blood loss and extend of
excision were reported in the operative report (standardized
measurements).

2.3. Statistical analysis

Analyses were conducted using R version 3.6.1 (The
Comprehensive R Archive Network) [14]. Figures were pro-
duced using GraphPad Prism version 9.1.0 and the ROC curve
and calibration plots were produced by R version 3.6.1. De-
pending on the normal distribution of continuous para-
meters, baseline characteristics were either described using
medians and interquartile range and tested using Mann
Whitney U tests or using means and standard deviations and
using Student’s t-tests. A clinical prediction model for per-
operative high blood loss (>250 ml) was built. Firstly, a
multivariable logistic regression analysis was performed in-
cluding all candidate predictors (age, gender, total burn size
area excised, superficial burns, operation duration, timing of
surgery and ASA-score. Secondly, stepwise backward elim-
ination was conducted until the remaining variables in the
model were all statistically significant (p < 0.05). Calibration
of the model was assessed by visual inspection of calibration
plots, upon which it was decided to include an interaction
term between operation duration and the total burn size area
excised to improve model fit. Discriminative ability was as-
sessed by calculating the area under the receiver operating
characteristic (ROC) curve (AUC) using the pROC package
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(version 1.16.2) [15]. Calibration curves were generated in R
using the using the rms package (version 6.1-1) [16] and Ca-
librationCurves package [17]. Optimism in the AUC due to
overfitting was assessed by bootstrap analysis using b= 1000
bootstrap samples, following the approach described by
Steyerberg et al.[18].

3. Results
3.1. Patients

During the inclusion period, 347 burn excisional surgeries
were performed < 10% BSA, 78 patients were excluded: 41
patients were operated > 31 days after burn trauma, 12 pa-
tients were operated twice and in 25 patients’ blood loss was
missing (Fig. 1). In total 269 patients were included for ana-
lysis with a median BSA burned of 4% (1-7%) and a BSA ex-
cised of 2% (1-4%). Fig. 2 shows the trend in blood loss during

surgery and the parameters used in the prediction model.
During the first week after burn trauma the minority of pa-
tients is operated. Fig. 3.

3.2 Blood loss and transfusion

Median blood loss was 50 ml (0—150) / % BSA and 0.28 (0-0.81)
ml/cm? (Table 1). Blood loss of > 100 ml was present in 48% of
patients, and blood loss of > 250 ml was present in 39% of
patients. Blood loss in patient undergoing larger excision
(>5% BSA) was 0.76 (0.53-1) ml/cm?. Blood transfusion was
uncommon, only 17 patients were transfused (6%; Table 1),
all patients after transfusion had a hemoglobin level of >
7.0 g/dl

3.3. Prediction model

After stepwise backwards elimination, %BSA excised, length
of surgery and ASA-score showed a significant effect on blood

Adult patients scheduled for burn
excisional surgery (2013-2018)
n =347

Excluded: surgery »31 days after

burn trauma, n = 41

Excluded: operated twice or more

n=12

Excluded: bhlood loss missing

Included in analysis
n=268

n=25

Fig. 1 - Flowchart of inclusion.
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Fig. 2 - . Trends of blood loss and parameters used in the model. All panels represent the median of the respective
parameters except for the lower right panel, which represents the number of patients operated at each timepoint.
Abbreviations: BSA, body surface area; %, percentage excised of the total body surface area; ASA-score, American Society of

Anesthesiologists Physical Status Classification System.

loss in our model. For prediction of P(blood loss > 250 ml), the
model has an AUC of 0.992 (95% CI 0.883 — 0.949). The optimal
corrected AUC is 0.915. The calibration curve shows a cali-
bration intercept of 0.0 (95% CI —0.36 to 0.36) and slope of 1
(95% CI 0.78-1.22), the discrimination c-statistic was 0.92 (95%
CI 0.88-0.95). Tables 2 and 3.

Using the following formulas P(blood loss > 250 ml) can be
predicted (table 4).

x = —7.87 + 2.11"%BSAexcised + 0.06"lengthsurgery — 0.01*%
BSAexcised*lengthsurgery — ASA2*1.02 — ASA30r4*0.66

Using the logistic function P(blood loss >250ml) can be
calculated.
eX

P(bloodloss > 250ml) = ————
1 +e9

As an example, when planning an excision of 5% BSA, in
an ASA 4 patient and an expected surgery time of 100 min:

3.02 = —-7.87 + 2.11*5 + 0.06"100 — 0.01*5*100 — 0*1.02 — 1*0.66

Followed by:
£3.02
0953 = ————
(1 + e3.02)
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Fig. 3 — . overview of metrics of the predictive model. A: ROC curve of the predictive model.B: Calibration plot of the predictive
model C: Density plots showing the distribution of the predicted probabilities for patients with low blood loss (< 250 ml, blue
line) and high blood loss (>250 ml, red line). D: Boxplots of the predicted probabilities for patients with high and low

blood loss.

So, a 5% BSA excision in an ASA 4 patient with an ex-
pected surgery time of 100 min had a chance of blood loss
of > 250 ml of 95.3%. An automated calculator (excel) is in-
cluded in the appendix to ease the calculation of the risk.

4, Discussion

In this retrospective observational study, median blood loss
was 50ml / % BSA excised and 0.28 ml / cm? excised. A sub-
stantial part of patients (39%) had significant blood loss of >
250ml. The median burn size was 4% BSA and median ex-
cision size of 2% BSA. A prediction model was developed for
predicting the risk for patients of having> 250 ml blood loss
during surgery with an AUC of 0.992 (95% CI 0.883 - 0.949) and
optimism corrected AUC of 0.915 based on: %BSA excised,
length of surgery and patient’s ASA-score.

Reported blood loss (0.28 ml/cm?) is lower compared to
recent trials, which reported a blood loss of 0.47-0.8 ml/cm?
excised [4-6]. Several factors might explain the difference.
For example, subtle differences in operation techniques and
smaller burns (4% vs. 6-7%) and excision size (2% vs. 3-40%)
in our population. Indeed, in the larger excision (>5% BSA)
from our population, blood loss (0.76 (0.53-1)) is more in line

with literature (0.47-0.8 ml/cm?). Furthermore, as described
previously, larger burn trauma is an independent risk of
blood transfusion and coagulopathy which could contribute
to larger blood loss [10,19,20]. While blood sparing techniques
were similar, depth and technique of excision were at the
discretion of the attending surgeon. As for example, fascial
techniques are associated with lower blood loss when com-
pared to tangential excision [21].

To our knowledge this the first model to predict the risk
for > 250 ml blood loss during surgery. Identifying burn ex-
cisional patients at risk for > 250 ml blood loss is important,
as burn patient are often anemic and can therefore drop
below the transfusion trigger of 7 g/dl. By identifying these
patients, the correct measures can be taken to reduce the
perioperative risk. For example, intensive measurement of
preoperative and intraoperative hemoglobin, delayed surgery
or limit the size of excision. Furthermore, the model can as-
sist the anesthesiologist in pre-emptive blood ordering.

Similar to our model, Farny et al. reported a correlation
between ASA-score and length of surgery on the volume of
blood loss [4]. Other models have been suggested. Rizzo et al.
developed a model to preoperatively predict the number of
red blood cell concentrates and fresh frozen plasma needed
based on the size of excision [22]. Furthermore, Farny et al.
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Table 1 - Patients’ characteristics.

Characteristic n =269
Male - n (%) 171 (64%)
Female - n (%) 98 (46%)
Age (years) — mean + SD 48 + 19
TBSA burned (%) - median (IQR) 4 (1-7)
TBSA excised (%) — median (IQR) 2 (1-4)
ABSI - median (IQR) 6 (6-7)
BAUX - mean + SD 53 + 19
Revised-BAUX — mean + SD 54 + 20
Inhalation injury - n (%) 16 (6%)
Time after trauma (days) - mean + SD 15+7
Surgery time (minutes) - median (IQR) 81 (60-108)
Patients receiving transfusion - n (%) 17 (6%)
Postoperative Hb transfused patients (g/dl) — 10.6 + 2.4
median (IQR)
Length of stay hospital (days) - median (IQR) 15 (1-23)
Length of stay ICU (days) (n=50) - 5 (2-6)
median (IQR)
Mechanical ventilation (days) (n =24) - 4 (2-7)
median (IQR)
Mortality — n (%) 1(<1%)
Blood loss (ml) — median (IQR) 100 (0-500)
Blood loss / % BSA excised (ml) - median (IQR) 50 (0-150)
Blood loss / cm? (ml) — median (IQR) 0.28 (0-0.81)

Abbreviations: TBSA, total body surface area; BSA, body surface
area; ABSI, Abbreviated Burn Severity Index; ICU, intensive care
unit; IQR, interquartile range 25-75%; SD, standard deviation; Hb,
hemoglobin.

developed a formula in which the safe excision size without
transfusion could be determined based on the preoperative
hemoglobin level [4]. Both models of are lacking strategies to
evaluate overfitting and internal validation, unlike the model
from this study which was corrected for optimism and ana-
lyzed for calibration.

The next step for the prediction model is currently being
prepared, which is to perform an external validation on data
from another burn center to evaluate external validity and
generalizability. Hereafter, implementation in practice is
feasible as shown by the calculator in the appendix.

In this study, the percentage of patients receiving transfu-
sion is comparable to literature (6 vs 5.7%) in patient with a
burn size of < 10% BSA. An interesting detail is that the mean
postoperative hemoglobin level in transfused patients was
10.6 + 2.4 and all were> 7 g/dl which could indicate a too
liberal transfusion strategy. The need for reducing the number

Table 3 - Predictive values model for blood loss.

Coefficient Odds Ratio p-value
(95% CI)
(intercept) -7.87
% BSA excised 2.11 8.24 (4.25-15.90) < 0.001
Surgery time (min) 0.06 1.06 (1.04-1.09) < 0.001
ASA-score 2 - 1.02 0.36 (0.15-0.85) 0.019

ASA-score 3 or 4 - 0.66 0.52 (0.15-1.77) 0.293

Abbreviations: BSA, body surface area; min, minutes; ASA-score,
American Society of Anesthesiologists Physical Status
Classification System. The ASA-score assesses the medical co-
morbidities of an individual patients from 1 to 4, a score of 1 re-
present a normal healthy patient and a score of 4 represent a pa-
tient with severe systemic disease.

of erythrocyte transfusions is currently undebated as there
is sufficient evidence that a restrictive strategy (threshold > 7
g/dl mmol/L) is safe and beneficial for patients [8,9]. Further-
more, according to a recent study blood transfusions were
related to line-/wound infections, sepsis, pneumonia, throm-
bosis and prolonged hospital and ICU stay [7]. Reducing the
number of erythrocyte transfusions during burn excisional
surgery can be challenging as seen in our study.

5. Limitations

Limitations of a prediction model are generalizability, and
overfitting in which the model performs well on the data
provided for training but loses effectiveness on external data.
External validation was not performed. However, to reduce
the risk of overfitting an optimism correct AUC was calcu-
lated and a calibration of the model was performed. The
optimism corrected AUC was similar to the unadjusted AUC
and the calibration curve showed an intercept of 0.00 and a
slope of 1.00. Generalizability will be analyzed in the next
step for our model, in which the data will be externally vali-
dated on a dataset from another burn center. Due to the
retrospective nature of this study, 25 patients were excluded
due to missing blood loss in the operation report. Blood loss
was missing completely as random. Finally, blood loss is
notoriously difficult to measure and to use as primary end-
point. However, the measurement of blood loss was stan-
dardized, and the surgical team remained similar during the
study period.

Table 2 - Laboratory results.

n preoperative postoperative p-value
Hemoglobin (mmol/L) - mean + SD 195/ 84 82+ 1.1 6.6 + 1.4 < 0.01
Hematocrit (L/L) - mean + SD 193/ 77 0.39 + 0.05 0.33 + 0.04 < 0.01
Leucocytes (x10e9/L) — median (IQR) 135/ 62 11 (9-14) 10 (8-15) 0.42
INR - median (IQR) 33/12 1.1 (1.0-1.2) 1.1(1.0-1.2) 0.70
APTT (s) - median (IQR) 33/12 30 (28-35) 30 (26-33) 0.62
Thrombocytes (x10e9/L) — median (IQR) 142 / 62 360 (260-555) 410 (294-537) 0.75

Abbreviations: INR, International Normalized Ratio; APTT, activated partial thromboplastin time; IQR, interquartile range 25-75%; SD, standard

deviation.
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6. Conclusion

To our knowledge this is the first model developed to predict
the chance of blood loss (> 250 ml). Based on %BSA excised,
length of surgery and the ASA-score the model can identify
patient at risk for > 250 ml blood loss during small burn ex-
cisional surgery with an AUC of 0.992. Our model is a step
towards improving perioperative care and blood manage-
ment during burn excisional surgery. Future research will
include validation on an external cohort to evaluate the va-
lidity and generalizability of our findings.
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