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Original Article

Neutrophil Count in Severe Burns Is Useful for Predicting Prognosis

Ryuto Fukuda,* Takahiro Ueda, Yusuke Okawarat Kenichi Matsudat Tomofumi Ogoshit
*Department of Emergency and Critical Care Medicine, Kindai Hospital, Osaka 589-8511, Japan, and fAdvanced Emergency and
Critical Care Medical Center, Tottori University Hospital, Yonago 683-8504, Japan

ABSTRACT

Background Burn injuries, particularly extensive
severe burns, often have a fatal prognosis. However,
many prognostic predictors are based on changes in the
clinical course of treatment, and no prognostic predic-
tors can be estimated in the early phases of injury. Using
the Burn Index (BI) for evaluations requires familiarity
with daily burn treatment, such as being able to evaluate
the change from a second degree burn to a third degree
burn appropriately. We sought to find a simpler and
more quantitative prognostic prediction index.

Methods We hypothesized that, in addition to the cur-
rent prognostic predictors, the number of neutrophils
in severe burns may correlate with the prognosis, and
analyzed its usefulness. The neutrophil and white blood
cell counts were measured within 48 hours of injury in
35 burn patients who required inpatient treatment at our
own institution. Mann—Whitney test was used to deter-
mine the significant of differences between the Survivor
and Non-survivor groups.

Results Compared to the Survivor group, neutrophil
(P = 0.038) and white blood cell counts were increased
significantly in the Non-survivor group (P = 0.004).
Neutrophil counts and white blood cell counts cor-
related positively with the length of hospital stay, total
body surface area, Prognostic Burn Index (PBI), and BI.
The BI and PBI correlated with patient prognosis, as did
neutrophil and white blood cell counts.

Conclusion These results suggested that neutrophil
and white blood cell counts in the early phases of burn
injuries might be another factor in the prognosis of burn
patients in addition to the current predictors.

Key words early injury; extensive burns; simplified
prognostic indicators

According to a 2020 Ministry of Health, Labor, and
Welfare patient survey, the number of burn patients
in Japan is estimated to be about 5,100 per year. Of
these, about 600 patients are hospitalized, and the
hospitalization rate in terms of the number of injured
patients amounted to aboutl1.8%.! Artz’s criterion? is
known as the standard for defining severe burns, but in
the Japanese Burn Guidelines, prognostic factors are
only listed based on expert opinions, and the level of

evidence is not high.> The American Burn Association’s
Advanced Burn Life Support recommends referral to
a burn center for second degree burns of 10% or more
of the body surface area* and early transfer to a burn
center. In the event of a large-scale disaster, many
burn patients will present at the same time. In such a
scenario, it will be necessary to select a hospital and
disperse transportation in anticipation of the prognosis.

Previous studies have shown that the extent of the
burn injury as a percentage of the total body surface
area of the patient (TBSA), Burn Index (BI), Prognostic
Burn Index (PBI), white blood cell count, serum albu-
min level, lactate dehydrogenase level, and total cho-
lesterol level are useful predictors of in-hospital death
in burn patients.> As other prognostic methods for burn
patients, both the Revised Baux score (rBaux score) and
the Abbreviated Burn Severity Index (ABSI) have been
reported to be useful for predicting mortality, length
of hospital stay, and length of intensive care unit (ICU)
stay in patients with severe burns.® Kaita et al. also
reported that PBI was an excellent prognostic indicator,
and that PBI > 105 was associated with deaths in severe
burn patients in specialized burn care facilities.” In
order to evaluate the BI, familiarity with burn treatment
on a regular basis is required. Therefore, we sought to
find a simpler and more quantitative prognostic index
that could be used in addition to the current prognostic
predictors. We hypothesized that neutrophil counts in
severe burn patients may correlate with prognosis, and
here evaluated this hypothesis.

MATERIALS AND METHODS

This study was approved by the Clinical Ethics
Committee of Tottori University Faculty of Medicine
(SDS No. 22A026). Consent from patients was
obtained by opt-out. Among the patients admitted to
the Emergency and Critical Care Center of Tottori
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with the diagnosis “burn” (n = 39)

Patients hospitalized between March 1, 2020, and March 31, 2022,

Patients who were hospitalized for

exclusion

e

exclusion

“suspected airway burns” and had a
total body burn area of 0% (n = 1)

Patients who were transfered to the hospital
more than 48 hours after injury (n = 3)

Total patients included in analysis (n = 35) |

Fig. 1. Enrollment and screening of burn patients.

University Hospital between March 1, 2020, and August
31, 2022, 39 patients (23 men and 16 women) with a
“burn” disease diagnosis were included.

As shown in Fig. 1, one of the 39 patients was hos-
pitalized with “suspected respiratory tract burns only”
and TBSA was 0%; thus, this patient was excluded.
In addition, three patients were excluded because they
came to the hospital more than 48 hours after the injury.
In addition, 12 patients developed sepsis and 15 patients
required surgical intervention. Of the 35 entries, three
patients died; all were male. The causes of death were
fatal arrhythmia due to hyperkalemia, acute renal
failure, and sepsis, respectively. BI and PBI were sig-
nificantly higher in the death cases, as shown in Table 1,
which was similar to previous reports.

We investigated the significance of differences in
the number of white blood cells and neutrophils (pcs)
measured with a SYSMEX XN3000 (Kobe City, Japan),
between the Survivor and Non-survivor groups, using
the Mann—Whitney U test. P < 0.05 rejected the null
hypothesis. In addition, we used Spearman’s rank corre-
lation coefficient to examine the correlations of BI, PBI,
TBSA, and hospital days with white blood cell counts
and neutrophil counts.

In a previous study, Ueda et al. reported that the
NSCORE (defined by sex and neutrophil count) was a
useful prognostic predictor of sepsis.® We therefore in-
vestigated whether the NSCORE and neutrophil score;
which is a score used for patients with severe sepsis or
septic shock. If the neutrophil count is 0~4999/mm?, the
score is 3 points; if the neutrophil count is 5000~9999/
mm?, the score is 1 point; and if the count is 10000/
mm? or more, the number of cells divided by 10000
is the score. This correlates with the APACHE 1II and
SOFA scores. It is significantly higher in the mortality
group than in the survival group of patients with severe

Table 1. Characteristics of patients (survivor and
non-survivor)

Outcome Survivors Non-survivors P value
s s S1H 30
Mean Age (years) 66 78 0.105
Oldest Age (years) 96 87
Youngest Age (years) 0 65
Median Age (years) 68 82
BI (mean) 11.844 44.83
BI (median) 5.25 41
PBI (mean) 78 123
PBI (median) 87.625 123

Burn patients hospitalized within 48 hours of injury (n = 35)
from March 1, 2020, to March 31, 2022. BI, Burn Index; PBI,
Prognostic Burn Index.

sepsis and septic shock, with a cut-off value of 3.8, a
sensitivity of 61.5%, and a specificity of 80.4%. It could
be prognostic predictors of outcomes in burn patients.

In addition, the number of white blood cells
and neutrophils at the time of hospital visit was also
evaluated, using the Mann—Whitney test, to determine
whether this could be a predictor of the onset of sepsis
and the need for surgical intervention.

Statistical analyses were performed using EZR
(Saitama, Japan).

RESULTS

The number of neutrophils only among the total white
blood cells, and the number of white blood cells per
se on the day of admission were analyzed to assess
the significance of differences between the Survivor
and Non-survivor groups. The number of neutrophils

© 2023 Tottori University Medical Press



Simple burn prognosis predictor

15000 -

10000

Neutrophil count

Survivors Non-survivors

b

x 103/uL
o
[

-+
c
3
o E o
3
(o]
el
8
5 27
[0
=
<
=

10

Survivors Non-survivors

Fig. 2. a: Significant difference in the neutrophil count between the surviving and deceased groups. b: Significant difference in the white
blood cell count between the surviving and deceased groups. The deceased group demonstrated a significant increase in white blood cell

counts.

was significantly higher in the Non-survivor than in
the Survivor group (P = 0.038, Fig. 2a). The number
of white blood cells was also increased significantly in
the Non-survivor group (P = 0.004, Fig. 2b). Neutrophil
count correlated with the length of hospital stay (Fig.
3a), TBSA (Fig. 3b), PBI (Fig. 3c), and BI (Fig. 3d).
Similarly, the number of white blood cells correlated
with the number of days spent in hospital (Fig. 4a),
TBSA (Fig. 4b), PBI (Fig. 4c), and BI (Fig. 4d). In
particular, the neutrophil count had a correlation coef-
ficient of 0.6 or more for all items, indicating a strong
correlation.

On the other hand, Spearman’s rank correlation
coefficient between neutrophil count and the NSCORE
was —0.29 (P = 0.091), and that between white blood
cell count and the NSCORE was —0.226 (P = 0.191);
thus, no significant correlations were observed. In
addition, neutrophil counts were significantly higher
in patients with than in those without sepsis (Fig. 5a).
The number of white blood cells was also significantly
higher in patients with than in those without sepsis (Fig.
5b). Neutrophil counts (Fig. 6a) and white blood cell
counts (Fig. 6b) were significantly higher in patients
who did not undergo surgery. Significant differences
in age between the non-survival and survival groups
were examined, and the white blood cell and neutrophil
counts were also analyzed using Welch’s T-test.

Both comparisons showed a P-value > 0.05, and no
significant difference was observed regarding age. The

underlying health conditions in the non-survival group
were hypertension and abnormal glucose tolerance that
did not require insulin, but there were no major underly-
ing health conditions such as chronic renal failure or
dialysis induction.

DISCUSSION
In our study, the BI and PBI correlated with patient
prognosis, as previously reported.’

Neutrophil count and white blood cell count cor-
related with patient outcomes, similar to the BI and PBIL.
This suggests that neutrophil count and white blood cell
count might be another factor in the prognosis of burn
patients in addition to the current predictors. Death in
burn patients has various causes, such as hypovolemic
shock, respiratory failure, infection, and multiple organ
failure. There are reports that syndecan-1 correlates
with the development of abdominal compartment
syndrome,’ and the onset of disseminated intravascular
coagulation, antithrombin, protein S, plasminogen
activator inhibitor-1, SOFA scores on the 3rd day after
injury, and thrombin on the 7th day after injury, and
reported that the antithrombin complex was positively
correlated with ICU mortality. !

We must investigate the prognostic factors because
these reports showed that changes in blood parameters
and severity scores over time do not facilitate initial care
or assessment early after injury, as the prognosis can
only be evaluated from the degree of change in test item

© 2023 Tottori University Medical Press
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Fig. 3. a: Coefficient of correlation between neutrophil count and length of hospital stay. Spearman’s rank correlation coefficient: 0.651, P
=0.00002. b: Coefficient of correlation between neutrophil count and total body surface area (TBSA). Spearman’s rank correlation coef-
ficient: 0.726, P = 0.0000008. c: Coefficient of correlation between neutrophil count and Prognotic Burn Index (PBI). Spearman’s rank
correlation coefficient: 0.62, P = 0.0001 d: Coefficient of correlation between neutrophil count and Burn Index (BI). Spearman’s rank

correlation coefficient: 0.731, P =0.0000006.

values. Therefore, since poor prognoses can only be
predicted after and during intensive care intervention,
time may be lost in confirming a likely poor prognosis,
which may impact survival.

We focused on the number of neutrophils in the
early stages of injury because this can be easily tested
even in university hospitals and community hospitals
that are not high-level medical institutions. It has been

reported that burn injury typically occurs at night,
between 6 p.m. and 10 p.m.,!! and since the generalized
neutrophil count can be tested even during night hours,
we considered that a prognostic estimation based on the
number of neutrophils could be used by any medical
institution. Although the APACHE II score, which cur-
rently applied all over the world, is useful for prognostic
measures in critically ill patients, it requires parameters

© 2023 Tottori University Medical Press
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Fig. 4. a: Coefficient of correlation between white blood cell count and length of hospital stay. Spearman’s rank correlation coefficient:
0.637, P = 0.00004. b: Coefficient of correlation between white blood cell count and total body surface area % (TBSA). Spearman’s rank
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Spearman’s rank correlation coefficient: 0.494, P = 0.003. d: Coefficient of correlation between neutrophil count and Burn Index (BI).

Spearman’s rank correlation coefficient: 0.741, P = 0.0000004.

observed for 24 hours after admission.!” Osuka et al.
report that the severity can be predicted by a decrease
in white blood cell and platelet counts two to three days
after injury. In this case, as with the APACHE II score,
it is not possible to predict within 24 hours of injury,
and there is a possibility that it will be affected by
complications such as infection and sepsis.” The white
blood cell and neutrophil counts proposed by us are
less susceptible to these complications because they are

evaluated immediately after injury, and we think that it
is useful for predicting the severity before treatment.

In addition, some reports have described prognostic
measures using the APACHE 1I score in combination
with urokinase plasminogen activator receptors,'® but
both of these are over time and specialized tests, and
it is difficult to test them in many hospitals. To resolve
these problems, Ueda et al. proposed a new simplified
scoring system (the NSCORE) using white blood

© 2023 Tottori University Medical Press
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intervention group (P = 0.0001). b: Correlation between white blood cell count and operative intervention. The white blood cell count

was high in the operative intervention group with P = 0.001.

cell and neutrophil counts. Although the NSCORE is
calculated based only on sex and neutrophil count, it
correlated with the APACHE II score and the SOFA
score; thus, it was proposed to be a scoring system that

could easily estimate mortality related to sepsis and
septic shock. In the APACHE II score, SOFA score,
etc., the higher the score, the more severe is the condi-
tion, but it is considered difficult to use the NSCORE

© 2023 Tottori University Medical Press
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for severity assessment because the condition may be
severe whether the number of neutrophils is small or
large. However, Ueda et al. succeeded in developing a
simple scoring system by scoring neutrophil counts and
adding sex factors. The survival rate of sepsis patients
is higher in women than in men,'*1¢ and this difference
was scored by adding +2 points for men and +1 points
for women.® In our study, all non-survivors were male,
indicating that it is possible that being male is a poor
prognostic factor. However, Sakuma et al. reported that
sex is not a poor prognostic factor.!” The assessment of
severity taking into account sex differences may require
further research.

Neutrophils phagocytose bacteria, and digest them
in the phagosome. The cytoplasmic granules of neu-
trophils contains enzymes, such as neutrophil elastase,
cathepsin G, and myeloperoxidase. Excessive release
of these enzymes and reactive oxygen groups outside
of the cell by activation of cytokines and adhesion mol-
ecules (TNFa, interleukin-1p, interluekin-8, etc.) causes
tissue damage.!” Mediators produced by neutrophils
include neutrophil elastase, neutral protease, reactive
oxygen species, leukotrienes, platelet activators, and
nitric oxide, which interact with each other to produce
more potent tissue-damaging substances (hypochlorous
acid, peroxynitrite, etc.).!® Neutrophils play a very
important role as part of the innate immunity. Pathogen-
associated molecular pattern molecules (PAMPs) are
released by bacteria and viruses that invade the body,
which bind to pattern recognition receptors, such as
Toll-like receptors, activate intracellular signaling, and
induce an inflammatory response to infections.!® On the
other hand, the inflammatory response in the uninfected
state is mediated by damage-associated molecular pat-
tern molecules (DAMPs) released from damaged tissue
or cells undergoing necrosis. DAMPs bind to pattern
recognition receptors similar to PAMPs and induce an
inflammatory response.?’ In sepsis, a decrease in total
lymphocytes and decreased HLA-DR expression in
macrophages have been reported.?! This is considered
to be the mechanism underlying the low white blood
cell count in severe sepsis. In animal experiments, it
has been reported that the white blood cell count peaks
24-48 hours after injury,?? but there was no specific de-
scription of when, in hours, it peaks. There are reports
that the number of white blood cells decreases after a
few days in burn patients, but it can also increase, so
this study did not focus on the increase or decrease in
the number of white blood cells but on the number of
white blood cells in the early stages of injury.

We have not been able to analyze the peak of the
white blood cell count in this study, and we would like

to address it as a future issue.

In this study, blood test results obtained immedi-
ately after the burn injury occurred were used, and an
increase in neutrophil and white blood cell counts was
observed in all cases. This suggests that severe sepsis
does not develop immediately after the burn injury,
and that the number of leukocytes and neutrophils at
this time reflected cell damage. The NSCORE reflects
neutrophil count reduction because it focuses on sepsis.
In this study, it was found that a neutrophil count of
13104/uL or more and a white blood cell count of 14400/
puL or more on the ROC curve is an indicator of severe
burns. These initial treatment numbers are useful as
a prediction of the severity of the burns (Figs. 7a and
b). White blood cell and neutrophil counts were more
prognostic than NSCOREs in early burn patients. In the
future, determination of cutoff values may be useful in
determining treatment strategies. Neutrophil and white
blood cell counts correlated with length of hospital stay,
and these two numbers were also significantly higher
in patients who underwent surgery or who developed
sepsis. This can be explained by the positive correlation
of neutrophil counts and white blood cell counts with
the BI and TBSA. Patients with a high BI have a large
burn area and become infected due to the breakdown
of the skin barrier; thus, early debridement surgery is
necessary to prevent infection and sepsis.

At our department, debridement surgery is
performed on the day of the admission if the TBSA
is large, with a clear third degree burn, and surgical
intervention is performed after the burn site is clarified
when the area of a second degree burn is large (TBSA >
30%). These results suggest that neutrophil counts and
white blood cell counts in the early stages of injury can
be used as indicators of the need for early surgery.

As limitations, this study was limited in that it was
a retrospective study from a single institution. Moreover,
the Non-survivor group may have been biased because
the number of deaths (3 of 35) was low and were all
male patients. Since the NSCORE is a prognostic scor-
ing method for sepsis and is not intended to be applied
to burns, it may be possible to use it for prognostic
prediction if the NSCORE scoring method is modified.
This study is a single-center study and is characterized
by a better prognosis compared to previous reports. The
average length of hospitalization cannot be compared in
burn patients because TBSAs and injury causes differ
and vary, but the mortality rate is extremely low.>> We
believe that one of the reasons for this is that our facil-
ity has more experience and better-educated staff as a
specialized burn facility. Other factors with favorable
life prognoses will be examined in the future.

© 2023 Tottori University Medical Press
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We here reported that the prognosis of burn pa-
tients is correlated with the number of white blood cells
and neutrophils. White blood cell and neutrophil counts
were also correlated with the length of hospitalization,
TBSA, BI, surgery, and the onset of sepsis. This sug-
gests that, even if TBSA at the first admission does not
indicate severe burns, if the numbers of neutrophils and
white blood cells are high in blood samples obtained at
the time of admission, the prognosis is likely to be poor.
These high values can be an indicator for surgical inter-
vention and treatment for sepsis, as well as for deciding
whether to transfer the patient to a higher medical insti-
tution. In addition, since this index is an objective and
simple evaluation, it can be used without the need for
specialized facilities or departments. Since no specific
cut-off value was established in our study, more cases
should be accumulated and examined using multicenter
research and burn registries in future. Further studies
are also needed on the application of the NSCORE.

The authors declare no conflict of interest.
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