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ABSTRACT—Background: Platelet distribution width (PDW) and PDW-to-platelet ratio (PPR) have been proven to be
good prognostic indicators for many diseases. However, their prognostic values in severe burns have not been reported.
Objective: To investigate the early time course of PDW and PPR in severe burn patients and investigate their prognostic
values. Methods: This is a 16-year, single-center retrospective study of 590 severe burn patients. The complete blood count
parameters on day 1, day 3, and day 7 postburn, including PDW and PPR, were collected. Receiver operating characteristic
curves (ROC) analysis, multiple logistic regression analysis and Kaplan—Meier survival analysis were performed to evaluate
the prognostic values of PDW and PPR in severe burn patients. Results: According to 120-day follow-up records, 96
patients were nonsurvivors and 494 patients were survivors. ROC and area under the curve (AUC) analysis showed that, for
predicting 120-day prognosis, the AUC of PDW (0.782) and PPR (0.816) on day 3 was the highest, followed by the AUC of
PDW (0.764) and PPR (0.750) on day 7. The ROC—AUC of PPR (0.816) on day 3 was very close to that of the ABSI score
(0.818). Multiple logistic regression analysis showed that the PDW (P=0.033 and P=0.009) and PPR (P=0.052 and
P=0.046) on day 3 and day 7 were all significantly independently positively associated with 120-day mortality. Kaplan—
Meier survival analysis showed that high PDW and PPR were both significantly associated with a high 120-day mortality rate
on day 3 and day 7. Conclusion: PDW and PPR on day 3 and day 7 were independent risk factors for 120-day mortality in
severe burn patients. These objective and readily available prognostic indicators may be more clinically favored.

KEYWORDS—Burn, platelet, platelet distribution width, platelet distribution width-to-platelet ratio, prognosis

ABBREVIATIONS—ABSI score—abbreviated burn severity index score; AUC—area under the curve; CBC—complete
blood count; Cl—confidence intervals; G-CSF—granulocyte colony stimulating factor; IL-6—interleukin-6; MPV—mean
platelet volume; NLR—neutrophil-to-lymphocyte ratio; ns—no significance; OR—odds ratio; PBl—prognostic burn index;
PDW—oplatelet distribution width; PLR—platelet-to-lymphocyte ratio; PLT—platelet; PPR—PDW-to-PLT ratio; ROC—

receiver operating characteristic curves; TBSA—total burn surface area; WBC—white blood cell

INTRODUCTION

Burninjuries are a serious pathophysiological change that may
cause severe morbidity and significant mortality (1). The severity
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of illness at the time of admission seems to determine the
patient’s prognosis (2). Therefore, various burn severity scores,
such as abbreviated burn severity index score (ABSI score) (3),
revised Baux score (4), prognostic burn index (PBI) (5), still
show a good ability to predict prognosis. However, these scores
are relatively cumbersome and subjective. Due to the existence of
individual differences, even if the patients with the same age, the
same burn area and burn depth, their outcome may be different
(6). In recent years, the improvement of burn care requires the
establishment of new mortality prediction indicators and predic-
tion models (6, 7). Simple, objective and readily available
prognostic indicators may be more clinically favored (8—10).
Platelet distribution width (PDW) is a platelet (PLT) index that
shows changes in PLT size and reflects the heterogeneity of
PLT morphology (11). It is considered to be a mirror image of
PLT function and PLT production rate (12). PLT volume
heterogeneity occurs during its production process, and PDW
is relatively increased, which indicates that the bone marrow
produces PLT and quickly releases them into the circulation (13).
Peripheral thrombocytopenia is the greatest motivation to induce
PLT production in bone marrow (14). Therefore, PDW and
peripheral PLT appear to be negatively correlated. The PDW-
to-PLT ratio (PPR) seems more interesting and valuable. The
prognostic values of PDW and PPR have been confirmed in a
variety of disease states, except for severe burn injury (15—17). In
the early stages of burn injury, PLT activation and increased
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aggregation lead to a large consumption of PLT, and fluid resus-
citation leads to blood dilution, leading to a progressive decrease in
circulating PLT (18, 19). The circulating PLT changed signifi-
cantly after the burn injury, reaching the lowest point on the 3rd
day postburn, reaching the highest peak on the 15th day post-burn,
and gradually returning to normal on the 24th day postburn (19).
Therefore, it seems interesting to understand the changes of the
PDW (a marker of PLT activation) and its derivative index PPR
with the time course of burn injury. In this study, we here in first
investigated the early time course of PDW and PPR in patients with
severe burns, and investigated their prognostic values.

METHODS

Patients

A retrospective study was conducted on 590 patients with severe burns
admitted to Fujian Medical University Union Hospital between January 2005
and December 2020. All severe burn patients were clearly informed that their
demographics and clinical and laboratory data could be used in research and
signed informed consent forms. This study was approved by the Ethics
Committee of Fujian Medical University Union Hospital, and all procedures
were carried out in accordance with relevant guidelines and regulations. The
inclusion criteria for patients were as follows:

(1) age >18years old;

(2) thermal burn and total burn surface area (TBSA) >30%;
(3) initial fluid resuscitation within 6 h after the burn injury;
(4) admission to our hospital within 12h after the burn injury;
(5) more than 7 days of hospital stay.

Following patients were excluded:

(1) patients with known pre-existing heart disease, kidney disease, malig-
nancies, autoimmune disease, infection, blood transfusions or other
diseases known to alter PLT, such as immune thrombocytopenia and
hematological disease;

(2) patients with multiple fractures, traumatic brain injury, visceral injury
or other serious combined injury;

(3) evidence of antiplatelet drug use such as aspirin, clopidogrel and
ticagrinol within the preceding 2 months;

(4) lost to the 120-day follow-up after burn injury;

(5) incomplete clinical data and/or laboratory tests.

Data collection

This is a 16-year retrospective study. Clinical data and laboratory data of
severe burn patients who met the inclusion criteria were obtained from the
Clinical Big Data Center of Fujian Medical University Union Hospital. The
demographic and clinical data collected included age, sex, TBSA, percentage of
full-thickness burns, ABSI score (20), presence of inhalation injury, length of
stay, presence of sepsis as complications, and use of mechanical ventilation.
The laboratory data collected are complete blood count (CBC) (CD600,
Mindray) on admission (day 1), on the 3rd day after admission (day 3) and
on the 7th day after admission (day 7), including white blood cell (WBC),
neutrophils, lymphocyte, red blood cell (RBC), hemoglobin, PLT, mean platelet
volume (MPV), PDW, and PDW-to-PLT ratio (PPR). The survival data of each
patient were obtained through hospitalization records and 120-day follow-up
records after burn injury. The last follow-up time was April 2021. The final
enrolled patients were divided into survivors and non-survivors based on the
outcome of the 120-day follow-up.

Statistical analysis

Continuous variables are expressed as the mean=+ SD, and categorical
variables are expressed as % (n). The comparison between the continuous
variables of survivors and non-survivors was carried out by Student’s 7 test, and
the comparison of categorical variables was carried out by Fisher’s exact test. To
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evaluate the independent effects of PDW and PPR on 120-day prognosis, a
multivariate logistic regression analysis was performed. Statistically significant
variables in univariate logistic regression analysis were included in multiple
logistic regression analysis. The results are expressed as 3, odds ratios (ORs)
(95% CIs) and P values. Receiver operating characteristic (ROC) curves and the
area under the curve (AUC) were generated to evaluate the prognostic values of
PDW and PPR. The Uden index was used to describe the sensitivity and
specificity of their truncations (Uden index = sensitivity + specificity — 1), and
the optimal cut-off points were determined. The survival curves of PDW and
PPR were designed by the Kaplan—Meier method and according to the results of
multiple logistic regression. SPSS 21.0 software (SPSS, Chicago) was used to
analyze all data. P <0.05 was considered statistically significant.

RESULTS

Patient demographics

Between January 2005 and December 2020, a total of 699
patients met the inclusion criteria and their data were retrieved
from the Clinical Big Data Center of Fujian Medical University
Union Hospital. After screening by exclusion criteria, a total of
590 patients were enrolled in this study (Fig. 1). According to the
records from the 120-day follow-up period, a total of 96 patients
died from the initial burn injury, and 494 patients survived
(Table 1). The demographic and clinical characteristics of the
patients are shown in Table 1. In this study, the patient age was
45.8 £ 16.2 years, 72.4% (427) were male, the percent TBSA
was 53.1£19.6, the percentage of full-thickness burns was
19.2+23, the ABSI score was 9.9+2.4, and 37.5% (221)
had inhalation injury. During the course of their hospital stay,
22.4% (132) needed mechanical ventilation, and 10.5% (62)
developed sepsis. Compared with survivors, the above variables
were significantly higher in non-survivors (Table 1).

Laboratory data were grouped by the time points (day 1, day 3,
and day 7) after burn injury, and compared between non-survivors
and survivors (Table 2). Compared with the survivors, the PDW,
MPYV, and PPR of non-survivors on day 1, day 3 and day 7 were
all significantly higher, while PLT was significantly lower.
Compared with the survivors, the RBCs and hemoglobin of
non-survivors were both significantly lower on day 3 and
day 7, but there was no significant difference on day 1. Compared

A total of 699 patients with severe
burn met the inclusion criteria

| | | |

Patients Patients Patients Patients Patients who
with serious | | with severe || screened by || with failed to
combined comorbidity the first four evidence of || follow-up
injury were were exclusion using for 120 days
excluded excluded criteria antiplatelet were
drugs were excluded
excluded
n=25 n=22 n=627 n=>5 n=20
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Patients with incomplete

Patients were enrolled in

key data in this study were this study
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n=37 n=590

Fic. 1. CONSORT diagram describing enroliment in this study.
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TasLe 1. Demographics and clinical characteristics

Variables Non-survivors Survivors All patients ‘P

n 96 494 590 /
Gender, m (%) 81.3% (78) 70.6% (349) 72.4% (427) 0.034
Age, years 53.4+16.1 44.3+15.8 45.8+16.2 <0.001
TBSA, % 70.3+23.2 49.8+17.0 53.1+£19.6 <0.001
Percentage of full-thickness burns, % 43.7+31.6 145+17.2 19.2+23.0 <0.001
ABSI score 124+2.4 9.4+21 99+24 <0.001
Presence of inhalation injury, % 71.9% (69) 30.8% (152) 37.5% (221) <0.001
Sepsis complications, % 31.3% (30) 6.5% (32) 10.5% (62) <0.001
Mechanical ventilation, % 57.3% (55) 15.6% (77) 22.4% (132) <0.001

Values were presented as mean + SD, or % (n).

"P: non-survivors vs. survivors. ABSI score, abbreviated burn severity index score; TBSA, total burn surface area.

with survivors, lymphocytes of non-survivors had statistically
significant differences only on day 3, while WBCs had differ-
ences only onday 1. Compared with the survivors, the neutrophils
of non-survivors were both significantly higher on day 1 and day
7, but there was no significant difference on day 3.

ROC analysis of various prognostic biomarkers for
predicting 120-day mortality

The ROC analysis results of PLT, PDW, PPR, and ABSI scores
predicting the 120-day mortality of severe burn patients are shown
in Table 3 and Figure 2. ROC analysis showed that the AUC of the
ABSI score was 0.818 (95% CI: 0.774-0.862), and when the
optimal cutoff value was 9.5, the sensitivity of predicting 120-day
mortality was 86.5%, and the specificity was 57.7%. Compared
with the AUC values of PLT, PDW, PPR, PDW +ABSI score and
PPR + ABSI score on day 1 and day 7, the AUC values on day 3
were the highest, and were 0.792 (95% CI: 0.742—0.842), 0.782
(95% CI: 0.734-0.830), 0.816 (95% CI: 0.767-0.864), 0.861
(95% CI: 0.823-0.898), and 0.868 (95% CI: 0.832-0.905),
respectively. When the optimal cutoff value of PLT was
74 x 10°/L, the sensitivity was 80.7%, and the specificity was
64.9%. When the optimal cutoff value of PDW was 17.1%, the
sensitivity was 84.4%, and the specificity was 70.2%. When the
optimal cutoff value of PPR was 0.211, the sensitivity was 76.0%,
and the specificity was 76.5%. When the optimal cutoft value of
PDW + ABSI score was 0.122, the sensitivity was 87.5%, and the
specificity was 71.9%. When the optimal cutoff value of
PPR + ABSI score was 0.098, the sensitivity was 89.6%, and

the specificity was 69.8%. On day 7, the AUC values of PLT,
PDW, PPR, PDW +ABSI score and PPR + ABSI score were
0.724 (95% CI: 0.666-0.783), 0.764 (95% CI: 0.713-0.815),
0.750 (95% CI: 0.692-0.807), 0.858 (95% CI: 0.817-0.899),
and 0.850 (95% CI: 0.809—-0.891), respectively. When the optimal
cutoff value of PLT was 143 x 109/L, the sensitivity was 72.5%,
and the specificity was 63.9%. When the optimal cutoff value of
PDW was 16.7%, the sensitivity was 56.3%, and the specificity was
84.4%. When the optimal cutoff value of PPR was 0.115, the
sensitivity was 63.5%, and the specificity was 77.1%. When
the optimal cutoff value of PDW +ABSI score was 0.170, the
sensitivity was 78.1%, and the specificity was 79.6%. When the
optimal cutoff value of PPR + ABSI score was 0.142, the sensi-
tivity was 78.1%, and the specificity was 76.5%. It is worth noting
that the AUC of PPR (0.816) on day 3 for predicting 120-day
prognosis was very close to that of the ABSI score (0.818)
(Table 3).

Survival analysis for predicting 120-day mortality in
severe burn patients

Multiple logistic regression analysis results are shown in
Table 4. Age (day 1, P <0.001; day 3, P <0.001; and day 7,
P <0.001), ABSI score (day 1, P<0.001; day 3, P<0.001;
and day 7, P<0.001), mechanical ventilation (day 1,
P=0.001; day 3, P=0.010; and day 7, P=0.008), sepsis
(day 1, P=0.002; day 3, P=0.005; and day 7, P=0.008),
and hemoglobin (day 7, P=0.016) were independent predic-
tors of 120-day mortality according to multiple logistic

TasLe 2. Laboratory parameters in severe burn non-survivors and survivors

Day 1 Day 3 Day 7
Variables Non-survivor Survivor P Non-survivor Survivor P Non-survivor Survivor P
N 96 494 \ 96 494 \ 96 494 \
WBC, x10%L 22.68+9.40 18.33+7.63 <0.001 10.44+497 10.66+5.35 ns 13.24+8.24 11.85+5.34 ns
Neutrophil, x10%L 19.58+8.17 15.70+7.11 <0.001 8.69+4.39 8.66 +4.82 ns 11.23+7.40 9.56 +4.91 0.037
Lymphocyte, x10%L  1.77+1.85 1.44+1.04 ns 0.96+0.71 1.09+0.54 0.038 1.14+1.09 1.22+0.57 ns
RBC, x10'?/L 4.78+1.05 4.87+0.87 ns 3.81+0.80 4.09+0.78 0.001 2.90+0.58 3.48+0.68 <0.001
Haemoglobin, g/L 146.84+33.6 148.3+26.7 ns 117.6+26.0 124.3+24.0 0.014 89.4+17.6 105.0+20.5 <0.001
PLT, x10%L 141.7+93.7 183.2+86.0 <0.001 70.1+422 129.6+79.0 <0.001 138.7+88.9 204.1+99.1 <0.001
PDW, % 16.67+3.42 15.19+3.21 <0.001 18.97+3.05 15.71+340 <0.001 17.283+3.67 13.87+3.07 <0.001
MPV, % 11.73+1.22 11.26+1.50 0.001 11.85+1.17 11.33+1.48 0.001 12144323 10.80+1.30 <0.001
PPR, ratio 0.201+0.184 0.115+0.115 <0.001 0.407+0.332 0.169+0.128 <0.001 0.293+0.892 0.093+0.092 0.031

Values were presented as mean + SD. MPV, mean platelet volume; ns, no significance; PDW, platelet distribution width; PLT, platelet count; PPR, PDW-

to-PLT ratio; RBC, red blood cell; WBC, white blood cell.
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TasLe 3. ROC analysis of various prognostic biomarkers for predicting 120-day mortality

Variables AUC 95% ClI Cut-off values Sensitivity (%) Specificity (%)
ABSI score 0.818 0.774-0.862 9.5 score 86.5 57.7
Day 1
PLT 0.655 0.591-0.719 112 x 10%L 79.0 49.5
PDW 0.646 0.583-0.709 17.5% 49.0 80.0
PDW -+ ABSI score 0.832 0.789-0.874 0.175 71.9 78.7
PPR 0.672 0.608-0.736 0.163 44.8 85.0
PPR + ABSI score 0.834 0.793-0.875 0.102 84.4 66.0
Day 3
PLT 0.792 0.742-0.842 74 x 10°/L 80.7 64.9
PDW 0.782 0.734-0.830 17.1% 84.4 70.2
PDW -+ ABSI score 0.861 0.823-0.898 0.122 87.5 71.9
PPR 0.816 0.767-0.864 0.211 76.0 76.5
PPR + ABSI score 0.868 0.832-0.905 0.098 89.6 69.8
Day 7
PLT 0.724 0.666—0.783 143 x 109/L 72.5 63.9
PDW 0.764 0.713-0.815 16.7% 56.3 84.4
PDW -+ ABSI score 0.858 0.817-0.899 0.170 78.1 79.6
PPR 0.750 0.692-0.807 0.115 63.5 771
PPR + ABSI score 0.850 0.809-0.891 0.142 78.1 76.5

ABSI, abbreviated burn severity index; AUC, area under the curve; Cl, confidence interval; PDW, platelet distribution width; PLT, platelet count; PPR,

PDW-to-PLT ratio; ROC, receiver operating characteristic curve.

regression analysis. The PDW on day 3 (P =0.033) and day 7
(P=0.009) was significantly independently positively associ-
ated with 120-day mortality. The PPR on day 3 (P =0.052) was
borderline independently positively associated with 120-day
mortality. The PPR on day 7 (P =0.046) was an independent
variable of adverse outcomes in severe burn patients. Multiple
logistic regression analysis showed that PLT and MPV were not
associated with 120-day mortality on day 1, day 3 or day 7.
All patients were divided into two groups based on the
optimal cutoff values of PDW and PPR as the cutoff points.
Patients whose values were equal to or greater than the cutoff
values were defined as the high group, and patients whose
values were less than the cutoff values were defined as the low
group. Kaplan—Meier survival curves were generated to com-
pare the survival rates of the two groups. The results are shown
in Figure 3. The high PDW group had a lower survival rate than
the low PDW group (P < 0.001). The high PPR group had a
lower survival rate than the low PPR group (P < 0.001). On day
3, the mortality rate in the high PDW group was 35.5%, while in
the low PDW group, it was 4.1%, and the mortality rate in the

high PPR group was 38.6%, while in the low PPR group, it was
5.7%. On day 7, the mortality rate in the high PDW group was
41.2%, while in the low PDW group, it was 9.2%, and the
mortality rate in the high PPR group was 35.1%, while in the
low PPR group, it was 8.4%.

DISCUSSION

The circulating PLT changes with the time course of burn
injury (21). It decreased to the lowest level on the third day after
burn injury, and then increased gradually (19). The main reason
for this change may be related to the increase of platelet
activation and aggregation after burn injury, resulting in a large
amount of PLT consumption, and a large amount of fluid
resuscitation leading to hemodilution (18, 22). It has been
found (23, 24) that thrombocytopenia in the early stage of
burns was an independent risk factor for the adverse outcomes
of patients with severe burns. However, due to the existence of
clinical interfering factors such as exogenous PLT supplemen-
tation and blood dilution, the accuracy of PLT in predicting the
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Fic. 2. The ROC analysis of PLT, PDW, PPR, PDW + ABSI score, PPR + ABSI score and ABSI scores predicting the 120-day mortality of severe
burn patients. ROC—AUC of ABSI score was 0.818 (95% CI: 0.774-0.862). (A) The AUC values of PLT, PDW, PPR, PDW -+ ABSI score and PPR + ABSI score
on day 1 were 0.655 (95% Cl: 0.591-0.719), 0.646 (95% CI: 0.583-0.709), 0.672 (95% CI: 0.608-0.737), 0.832 (95% Cl: 0.789-0.874), and 0.834 (95% Cl:
0.793-0.875), respectively. (B) The AUC values of PLT, PDW, PPR, PDW + ABSI score and PPR + ABSI score on day 3 were 0.792 (95% ClI: 0.742—-0.842), 0.782
(95% CI: 0.734—-0.830), 0.816 (95% CI: 0.767—-0.864), 0.861 (95% CI: 0.823-0.898), and 0.868 (95% CI: 0.832—-0.905), respectively. (C) The AUC values of PLT,
PDW, PPR, PDW + ABSI score and PPR + ABSI score on day 7 were 0.724 (95% Cl: 0.666—0.783), 0.764 (95% Cl: 0.713-0.815), 0.750 (95% CI: 0.692-0.807),
0.858 (95% CI: 0.817—-0.899), and 0.850 (95% CI: 0.809-0.891), respectively. ABSI, abbreviated burn severity index; AUC, area under the curve; Cl, confidence
interval; PDW, platelet distribution width; PLT, platelet count; PPR, PDW-to-PLT ratio; ROC, receiver operating characteristic curve.
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TasLE 4. Multivariate logistic regression analysis of risk factors associated with 120-day mortality
Day 1 Day 3 Day 7
Variables B OR (95% ClI) P B OR (95% Cl) P B OR (95% ClI) P
Age, years 0.043 1.044 (1.024-1.064) <0.001 0.038 1.038 (1.019-1.059) <0.001 0.046  1.047 (1.025-1.069) <0.001
ABSI score 0.283 1.328 (1.154-1.528) <0.001 0.289 1.335 (1.151-1.548) <0.001 0.289  1.335 (1.148-1.554) <0.001
Inhalation injury, % 0.594 1.812 (0.958-3.428) 0.068 0.651 1.918 (0.986-3.733) 0.055 0.538 1.713 (0.869-3.377) ns
Mechanical ventilation, %  1.077 2.937 (1.531-5.634)  0.001  0.887 2.429 (1.233-4.786) 0.010 0.914  2.495 (1.270-4.901) 0.008
Sepsis, % 1.129 3.093 (1.512-6.327) 0.002 1.062 2.893 (1.387-6.034) 0.005 0.982 2.671 (1.295-5.506) 0.008
WBC, x10%L —0.107 0.899 (0.571-1.416) ns —0.564 0.569 (0.244—-1.328) ns —0.034 0.967 (0.719-1.301) ns
Neutrophils, x10%/L 0.157 1.170 (0.720-1.901) ns 0.623 1.864 (0.761-4.562) ns 0.104  1.110 (0.807-1.525) ns
Lymphocytes, x10%/L 0.131 1.140 (0.677-1.922) ns 0.528 1.695 (0.547-5.249) ns 0.034  1.035 (0.629-1.703) ns
Haemoglobin, g/L —0.001 0.999 (0.989-1.009) ns 0.008 1.008 (0.995-1.021) ns —0.019  0.981 (0.966—0.996) 0.016
MPV, % 0.088 1.092 (0.881-1.352) ns —0.066 0.936 (0.748—1.170) ns 0.218 1.244 (0.992—-1.559) 0.058
PLT, x10%/L —0.002 0.998 (0.994-1.003) ns  —0.005 0.995 (0.987-1.003) ns 0.000  1.000 (0.996-1.004) ns
PDW, % 0.020 1.020 (0.914-1.139) ns 0.118 1.125 (1.010-1.254) 0.033 0.138 1.148 (1.034-1.274) 0.009
PPR, ratio 0.647 1.910 (0.156-23.371) ns 2.048 7.754 (0.978-61.446) 0.052 2.815 16.690 (1.050—265.194) 0.046

P-values were shown for variables with P< 0.10. ABSI score, abbreviated burn severity index score; Cl, confidence intervals; MPV, mean platelet
volume; ns, no significance; OR, odd ratio; PDW, platelet distribution width; PLT, platelet count; PPR, PDW-to-PLT ratio; WBC, white blood cell.

prognosis of severe burns is questionable. Platelet index, such
as PDW and PPR (a derivative indicator of CBC), could be used
together with PLT to assess the severity of various diseases,
rather than relying solely on PLT (15, 25—27). In this study, we
here in first found that PDW and PPR at 3 and 7 days postburn
were independent risk factors for 120-day mortality in severe
burn patients. The specific mechanism is not yet very clear. A
previous study (28) has proved that PDW was a quantification
of platelet heterogeneity caused by the heterogeneity of bone
marrow megakaryocytes. The progressive decrease in circulat-
ing PLT in the early stages of severe burns is well known (19,
21). Circulating thrombocytopenia positive feedback induces
heterogeneous proliferation of bone marrow megakaryocytes,
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and the young PLT produced become larger and more active
(14). During the activation process, the shape of the PLT
changes from a biconcave disc to a spherical shape, and obvious
pseudopodia are formed, which leads to the increase of MPV
and PDW during the PLT activation process (29). The more
severe the burn injury, the more obvious the decrease in
circulating PLT (24), the more obvious the heterogeneous
proliferation of bone marrow megakaryocytes, and the higher
the PDW value. After severe burns, a large number of inflam-
matory cytokines were produced and released into the circula-
tion, and the more severe the burn injury was, the more
inflammatory cytokines such as interleukin-6 (IL-6) and gran-
ulocyte colony stimulating factor (G-CSF) were released (7).
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(A) Kaplan—Meier survival curves for PDW higher or lower than 17.1% at day 3; (B) Kaplan—Meier survival curves for PDW higher or lower

than 16.7% at day 7; (C) Kaplan—Meier survival curves for PPR higher or lower than 0.211 at day 3; (D) Kaplan—Meier survival curves for PPR higher or
lower than 0.115 at day 7. PDW, platelet distribution width; PPR, PDW-to-PLT ratio.
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Studies (30, 31) have shown that inflammatory cytokines,
including IL-6 and G-CSF, could stimulate bone marrow
megakaryocytes to increase PLT and increase PDW. Another
study (32) showed that high PDW value indicated a wide range
of PLT volume, which was caused by swelling, destruction and
immaturity. In other words, the higher the PDW value, the more
obvious the damage and immaturity of PLT. The above liter-
ature evidences may support our experimental results that PDW
and PPR were independent risk factors for adverse outcomes in
severe burn patients.

In this study, ROC analysis showed that the AUC of PPR
(0.816) on day 3 predicted 120-day mortality was very close to
the AUC of ABSI score (0.818). The ABSI score and PBI was
generally recognized as a good predictor of severe burn mortality
(33). However, their calculation process are relatively complex
and less objective compared with the basic CBC parameters and
derived indicators. An ideal biomarker must be easy to measure,
repeatable and sensitive to changes in disease activity (8). Simple
and easily available biomarkers are more popular and accepted
by clinicians (34). PPR, the ratio of PDW to PLT, is derived from
CBC parameters (35). PPR was a simple and cheap parameter,
which could be evaluated in routine clinical practice with mini-
mal additional cost, and could help clinicians quickly identify
high-risk patients (26, 29, 36, 37). Our results once again
confirmed the prognostic value of PPR. On day 3, the AUC of
PPR for predicting 120-day mortality was 0.816, and when the
optimal cut-off value was 0.211 ratio, the sensitivity was 76.0%,
and the specificity was 76.5%. At present, there are few other
simple and easily available biomarkers that can predict the
prognosis of severe burns. A recent study (38) found that initial
elevated lactate levels were a factor of poor prognosis of severe
burns, however, the global clearance of lactate in the first 24 h,
unlike what occurred in other injuries, did not correlate with
mortality. Ding X B et al. (39) found that the ROC-AUC of serum
lactate at 48 h post-admission to predict death of 127 patients was
0.811, which was very close to the ROC-AUC of PPR (0.816) on
day 3 in our study. Le Q et al. (34) reported that red blood cell
distribution width (RDW)-to-PLT ratio (RPR) was found to be an
important prognostic indicator for severe burns, but not RDW or
PLT. They found that the AUC of RPR for adverse outcome
prediction on day 3 were 0.712, while 0.750 on day 7. Angulo M
et al. (35) found that neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR) and RPR in the early stage
of severe burns could identify patients with increased mortality.
In our study, the AUC of PPR for predicting 120-day mortality
was 0.816 on day 3, while 0.750 on day 7. PPR seems to be
superior to PRP in predicting adverse outcomes of severe burns.
A retrospective analysis (23) of 280 patients with TBSA >20%
found that early thrombopenia and lymphopenia were indepen-
dent risk factors for 60-day mortality. It is puzzling that this result
was not reproduced in our study. This may be related to the
inconsistent inclusion criteria of the two studies. In summary,
better prognostic markers are indeed much needed in the field of
severe burn injury, our study would be helpful to expand more
upon other diagnostic and prognostic indicators of poor out-
comes after severe burns.

Combining multiple independent risk factors to establish arisk
prediction model has been proved to significantly improve the
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prognostic value (40, 41). There is an urgent need for novel
predictive models to improve and personalize burn outcomes (7).
In our study, the ability of PPR or PDW combined with ABSI
score to predict the adverse outcomes of severe burns was higher
than that of ABSI score alone, especially in improving the
specificity of prediction. Therefore, we believe that the combined
application of prognostic makers that have been identified such
as ABSI score, PBI, lactate, NLR, PLR, PLT, PPR, PDW, and
PRP for predicting the prognosis of severe burns may be more
valuable and instructive. It is worthy of further study.

The PDW and PPR can be evaluated in routine clinical
practice with minimal additional cost, and can help clinicians
quickly identify high-risk burn patients (36). Since the PDW
and PPR levels in non-survivors were significantly higher than
those in survivors in our study, it seems feasible and attractive
to improve burn survival rate by reducing PDW and PPR levels.
Since the sharp decrease of peripheral platelets would lead to
the increase of PDW and PPR levels (14, 29), it may be effective
to reduce the PDW and PPR levels by supplementing exoge-
nous platelets, which needs to be verified by large-scale
prospective clinical studies.

There are several limitations to our research. First, this is a
single center study. Although the sample size is not too small, the
results may not be extrapolated. There is an urgent need for multi
center and larger sample size studies to verify. Second, this is a
case retrospective study, which has its own inherent limitations
and can not make causal inference. It is urgent to carry out
relevant prospective research. Third, other risk factors, such as
race and economic status, were not recorded. Four, the daily
fluctuations of PDW and PPR were not studied. The study of
daily fluctuations may lead to more comprehensive conclusions.

CONCLUSION

PDW and PPR on day 3 and day 7 were independent risk
factors for 120-day mortality in severe burn patients. These
objective and readily available prognostic indicators may be
more clinically favored.
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