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Abstract: Background and objective: Platelets contribute to the immunological response after multiple
trauma. To determine the clinical impact, this study analyzes the association between platelets and
creatinine concentration as an indicator of kidney function in polytraumatized patients. Methods:
We investigated all patients presenting an Injury Severity Score (ISS) ≥16 for a 2-year period at our
trauma center. Platelet counts and creatinine concentrations were analyzed, and correlation analysis
was performed within 10 days after multiple trauma. Results: 83 patients with a median ISS of 22
were included. Platelet count was decreased on day 3 (p ≤ 0.001) and increased on day 10 (p ≤ 0.001).
Platelet count was elevated on day 10 in younger patients and diminished in severely injured patients
(ISS ≥35) on day 1 (p = 0.012) and day 3 (p = 0.011). Creatinine concentration was decreased on day 1
(p = 0.003) and day 10 (p ≤ 0.001) in female patients. Age (p = 0.01), male sex (p = 0.004), and injury
severity (p = 0.014) were identified as factors for increased creatinine concentration on day 1, whereas
platelets (p = 0.046) were associated with decreased creatinine concentrations on day 5 after multiple
trauma. Conclusions: Kinetics of platelet count and creatinine concentration are influenced by age,
gender, and trauma severity. There was no clear correlation between platelet counts and creatinine
concentration. However, platelets seem to have a modulating effect on creatinine concentrations in
the vulnerable phase after trauma.

Keywords: platelets; creatinine; multiple trauma; immune system; hyperinflammation; post-traumatic
organ failure

1. Introduction

Trauma-induced injury remains among the most common causes of death world-
wide [1]. Post-traumatic hyperinflammation, which leaves the patient vulnerable after
initial damage control surgery, is a challenging aspect of treating multiple trauma patients.
Unbalance and high intensity of the systematic inflammatory response syndrome (SIRS)
and compensatory anti-inflammatory response syndrome (CARS) trigger complex patho-
physiological cascades leading to organ dysfunction and multiple organ failure (MOF) as a
potential lethal consequence [2–8].

The role of platelets in post-traumatic immune disturbance has gained increasing
interest. Platelets contribute to hyperinflammation mainly by releasing proinflammatory
mediators and heterogenous interactions with leukocytes [9–18].

Acute kidney injury (AKI) is frequently encountered in the context of hyperinflamma-
tion in the intensive care unit (ICU) setting and is associated with increased morbidity and
mortality [8,19–23]. Platelets contribute to AKI by forming platelet-leukocyte aggregates,
which impair endothelial integrity and lead to an obstruction of flow in the peritubular
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capillaries [24–28]. However, the exact pathophysiological mechanisms are still unclear.
The majority of current research regarding platelet pathophysiology derives from experi-
mental studies [14,29–31]. Few trials highlight the impact of post-traumatic platelet counts
in the clinical setting, mainly limited to the development of acute respiratory distress
syndrome (ARDS) [32–36]. Despite AKI being a significant component of MOF, there is no
clinical study directly investigating the impact of platelet counts on kidney physiology in a
post-traumatic setting.

We recently investigated the influence of platelet counts on post-traumatic lung phys-
iology within the first 72 h after trauma [37]. We demonstrated a positive correlation
between platelet counts and PaO2/FiO2-Index in only severely injured patients presenting
an injury severity score (ISS) ≥ 35. Furthermore, the dynamics of platelet counts were
influenced by trauma severity, whereas sex and age did not show any modulating effects.

As a complement to our previous work, this study focuses on the correlation between
platelet counts and post-traumatic kidney physiology. The findings in this report provide a
foundation for additional studies and could be utilized to objectively stratify patients at
risk for MOF development based on objective data.

2. Materials and Methods

This single-center retrospective cohort study analyzes the dynamics and correlation of
platelets and serum creatinine concentration as a surrogate marker of end-organ failure of
the kidney in multiple trauma patients.

Due to previous identification as relevant influencing epidemiological factors for the
development of post-traumatic MOF, we divided our study group into three subgroups
according to age, gender, and injury severity [33,38–40].

Patients admitted for multiple trauma between 2015 and 2016 with an ISS of at least
16 were included. Patients with incomplete data files were excluded from the study.

Ethical approval was obtained from the local ethics committee. This investigation is addi-
tionally listed in the German Clinical Trial Register (www.drks.de, trial number: DRKS00025982,
accessed on 25 March 2022) and linked to the International Clinical Trials Registry Platform of
the World Health Organization (https://trialsearch.who.int, accessed on 25 March 2022).

2.1. Descriptive Analysis

Data of the included patients were analyzed for general and demographic information,
injury characteristics, need for intensive care treatment, and survival. The Abbreviated
Injury Scale (AIS) and ISS were used to describe trauma severity [41,42].

Platelet counts and serum creatinine concentration were assessed on several days after
trauma (day 1, day 3, day 5, and day 10 after admission). In variance with our previous
study [37], the observation period was extended and analyzed dynamic changes in post-
traumatic platelet counts and serum creatinine concentration until day 10 after admission.

For the assessment of dynamic changes over time, analysis for repeated measures
(mixed-effects model) was performed with the entire study population. Platelet counts and
serum creatinine concentrations on the respective post-traumatic days were compared to
day 1 as baseline values using Tukey’s multiple comparison test. Normal distribution was
tested using the D’Agostino and Pearson test. Normally distributed values are presented
as mean and standard deviation (SD). Non-normally distributed data are presented as
the median and interquartile range (IQR). Statistical testing between two groups within
the subgroups (<60 years vs. ≥60 years, male vs. female, and ISS < 35 vs. ISS ≥ 35) was
performed by using the Mann-Whitney U test (non-normally distributed data) and t-test
(normally distributed data).

2.2. Correlation Analysis

For correlation between platelet counts and serum creatinine concentration, correlation
coefficients (Pearson/Spearman’s in dependence of data distribution) were determined for
each time point (days 1, 3, 5, and 10).

www.drks.de
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For additive investigation of the influence of age, gender, and injury severity, multi-
ple least-squares linear regression analysis with creatinine concentration as a dependent
variable was conducted.

The level of significance was set as p < 0.05. Statistical testing was performed using
GraphPad PRISM Software (San Diego, CA, USA).

3. Results
3.1. Descriptive Analysis
3.1.1. Description of the Study Population

Data of 189 multiple trauma patients admitted to our hospital were screened for
inclusion. The screening process rendered 83 patients suitable for analysis in this study.
The study population is identical to our analysis regarding the influence of platelet counts
on post-traumatic lung injury [37]. The ISS subgroup < 35 ranges from ISS 18–34, and the
<60 years subgroup consists of patients between 20–51 years of age. For improved clarity,
the terms ISS < 35 and age < 60 years are used.

Details of the study population are depicted in Table 1.

Table 1. Characteristics of the study population.

n = 83 (100%) Mean ± SD/Median (IQR Q25–Q75)

Age Median 51 years (34–64 years)

<60 years 57 (68.7%) Median 43 years (29–51 years)

≥60 years 26 (31.3%) Median 73 years (66–76 years)

Gender

Men 62 (74.7%) -

Women 21 (25.3%) -

Trauma Mechanism

Blunt 76 (91.6%) -

Penetrating 7 (8.4%) -

Abbreviated Injury Scale

Head 59 (71.1%) Median 3 (0–4)

face 28 (33.7%) Median 0 (0–2)

thorax 45 (54.2%) Median 2 (0–3)

abdomen 28 (33.7%) Median 0 (0–3)

extremities /pelvis 62 (74.7%) Median 3 (0–4)

other 25 (30.1%) Median 0 (0–1)

Injury Severity Score - Median 22 (18–36)

<35 62 (74.7%) Median 19 (17–25)

≥35 21 (25.3%) Median 41 (38–57)

Need for intensive care medicine

Duration 0–56 days Mean 8.3 days ± 13.0 days

No ICU stay 16 (19%) Mean 15.1 days ± 5.8 days

Admission to ICU 67 (81%) Mean 10.1 days ± 13.7 days

Outcome

Deceased 10 (12%) -

Survivors 73 (88%) -
SD = standard deviation, IQR = interquartile range, ICU = intensive care unit.
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3.1.2. Dynamics of Platelet Counts and Serum Creatinine Concentration

Platelet counts and serum creatinine concentration were gathered on the subsequent
days until day 10 after admission (Figure 1).

Platelet counts were significantly decreased on day 3 compared to day 1 (D1: mean
185.5 G/L ± 69.6 G/L vs. D3: mean 139.9 G/L ± 53.5 G/L; p ≤ 0.001) and increased signif-
icantly on day 10 (D1: mean 185.5 G/L ± 69.6 G/L vs. D10: mean 350.9 G/L ± 142 G/L;
p ≤ 0.001).

The dynamics of serum creatinine concentrations did not show any significant changes.
An additional table depicts platelet count and creatinine concentration on days 1, 3, 5,

and 10 and a comparison of the respective days to day 1 (see Supplementary Table S1).
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extension of the observation period until day 10 did not reveal any new findings. 

Figure 1. Dynamics of post-traumatic platelet counts (A) and serum creatinine concentration (B) on
days (D) 1, 3, 5, and 10. Data are presented as mean and standard deviation (A) and median and
interquartile range, and 10th to 90th percentile (B). A: mixed-effect analysis revealed a significant
change in platelet count dynamics within the observation period (p ≤ 0.001). On D3, platelets decreased
significantly compared to D1 (p ≤ 0.001). On D10, there was a significant increase compared to D1
(p ≤ 0.001). B: creatinine concentration remained stable without significant differences. *** = p < 0.001.

3.1.3. Subgroup Analysis of Dynamics of Platelet Counts and Creatinine Concentration

Patients younger than 60 years showed a significantly increased platelet count on
day 10 as compared to patients older than 60 years (<60 years: mean 373.2 G/L ± 154.8
G/L vs. ≥60 years: mean 302.8 G/L ± 96.1 G/L; p = 0.039) (Figure 2A). Sex did not affect
platelet count following trauma-induced injury, and there was no significant difference
in platelet count on the respective days between male and female patients (Figure 2B,C).
Patients with an ISS less than 35 showed a significantly increased platelet count on day 1
(ISS < 35: mean 197.7 G/L ± 65.5 G/L vs. ISS ≥ 35: mean 150.6 G/L ± 70.9 G/L; p = 0.012)
and day 3 (ISS < 35: mean 149 G/L ± 52.2 G/L vs. ISS ≥ 35: mean 113.2 G/L ± 49.4 G/L;
p = 0.011) as compared to patients with a calculated ISS higher than 35. These results are
reported and discussed in our previous investigation regarding the impact of platelets on
lung physiology [37]. The extension of the observation period until day 10 did not reveal
any new findings.
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Figure 2. Platelet concentrations on days (D) 1, 3, 5, and 10 in the subgroups age (A), gender (B), and
injury severity (C). Data are presented as mean and standard deviation. Concerning age, there was a
significant increase in platelet counts in patients younger than 60 years compared to older individuals
on D10 (p = 0.039). There were no significant differences between male and female patients. Platelet
counts in patients with an ISS ≥ 35 were significantly decreased on D1 (p = 0.012) and D3 (p = 0.011)
compared to patients with lower injury severity. * = p < 0.05.

The comparison of the serum creatinine concentration revealed significant differ-
ences in the gender subgroups, but no differences were detected depending on age and
injury severity (Figure 3A–C). Creatinine concentration was significantly increased in male
patients on day 1 (male: median 0.9 IQR 0.8–1.1 vs. female: median 0.8 mg/dL IQR
0.7–0.9 mg/dL; p = 0.003) and day 10 (male: median 0.8 mg/dL IQR 0.7–0.9 mg/dL vs.
female: 0.6 mg/dL IQR 0.4–0.7 mg/dL; p ≤ 0.001) as compared to female patients.

Additional tables depict platelet count (Supplementary Table S2) and creatinine con-
centration (Supplementary Table S3) within the respective subgroups on days 1, 3, 5, and
10 after trauma.
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cantly increased creatinine concentrations compared to females on D1 (p = 0.003) and D10 (p ≤ 0.001). 
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Figure 3. Serum creatinine concentration on days (D) 1, 3, 5, and 10 in the subgroups age (A),
sex (B), and injury severity (C). Data are presented as median and interquartile range and 10th
to 90th percentile. Overall dynamics of creatinine concentration show a stable trend within the
respective subgroups. Regarding age, there were no significant differences. Male patients presented
significantly increased creatinine concentrations compared to females on D1 (p = 0.003) and D10
(p ≤ 0.001). With regard to injury severity, there were no significant differences. IQR = interquartile
range; ** = p < 0.01; *** = p < 0.001.
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3.2. Correlation Analysis

In the second step of our data analysis, we performed a correlation analysis to identify
the impact of platelet counts on post-traumatic serum creatinine concentration.

First, the correlation between platelet count and serum creatinine concentration was
analyzed amongst all included patients (Figure 4). However, correlation analysis did not
reach the level of significance.
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Figure 4. Correlation between platelet count and creatinine concentration following injury. Corre-
lation analysis at D1 after admission reveals no correlation between platelet count and creatinine
concentration (r = 0.063, p = 0.577). On the subsequent days, there is a slight trend that thrombocytosis
is associated with decreased creatinine concentration (D3: r = −0.176, p = 0.135; D5: r = −0.136,
p = 0.263; D10: r = −0.209, p = 0.12). D = day, r= Pearson/Spearman’s correlation coefficient, p = level
of significance.
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In a second step, multiple least-squares linear regression analysis was performed to
identify the potential influence of the epidemiological factors age, sex, and ISS (Table 2).
To detect the impact on kidney function, serum creatinine concentration was set as a
dependent variable, and analysis was performed for the subsequent days (days 1, 3, 5, and
10) after multiple trauma.

On day 1, advanced age (p = 0.01), male sex (p = 0.004) and severe injury (p = 0.014)
were significantly associated with increasing creatinine concentration.

On day 5, platelet counts significantly correlated with a decrease in serum creatinine
concentration (p = 0.046). There was no effect on day 3 and day 10.

Table 2. Multiple linear regression with creatinine concentration as a dependent variable and platelet
count, age, sex, injury severity, and length of ICU stay as independent variables on day (D) 1, 3, 5,
and 10.

Variable Estimate Standard Error 95% CI p

D1
Creatinine
(mg/dL)

Platelets ≤0.001 ≤0.001 <−0.001 to ≤0.001 0.377

Age ≤0.004 0.002 ≤0.001 to 0.001 0.01 *

Sex (Female) −0.197 0.066 −0.328 to −0.066 0.004 **

ISS 0.006 0.003 <0.001 to 0.012 0.014 *

Days on ICU −0.002 0.002 −0.007 to 0.003 0.361

D3
Creatinine
(mg/dL)

Platelets −0.002 0.002 −0.006 to 0.003 0.538

Age 0.005 0.007 −0.008 to 0.018 0.451

Sex (Female) −0.371 0.283 −0.934 to 0.193 0.194

ISS 0.015 0.012 −0.009 to 0.040 0.216

Days on ICU 0.004 0.01 −0.016 to 0.025 0.657

D5
Creatinine
(mg/dL)

Platelets −0.004 0.001 −0.008 to −7.722 0.046 *

Age 0.007 0.008 −0.009 to 0.0219 0.141

Sex (Female) −0.415 0.333 −1.080 to 0.250 0.139

ISS 0.017 0.014 −0.011 to 0.045 0.147

Days on ICU −0.004 0.012 −0.028 to 0.019 0.044

D10
Creatinine
(mg/dL)

Platelets ≤−0.001 ≤0.001 −0.002 to 0.001 0.482

Age 0.004 0.006 −0.009 to 0.017 0.515

Sex (Female) −0.268 0.244 −0.758 to 0.221 0.276

ISS 0.016 0.011 −0.006 to 0.039 0.156

Days on ICU 0.001 0.009 −0.016 to 0.019 0.882

ISS = injury severity score, ICU = intensive care unit, level of significance was set as p < 0.05. * = p < 0.05; ** = p < 0.01.

4. Discussion

Recently, platelets have become of interest as contributing co-factors in post-traumatic
hyperinflammation [13,16,43].

Our goal was to transfer the molecular understanding of the impact of platelets on
AKI to a clinical setting [21–23].

We conducted a descriptive and correlation analysis of 83 patients who suffered multi-
ple trauma to identify the influence of platelet counts on serum creatinine concentration as
the parameter for post-traumatic kidney physiology.

4.1. Descriptive Analysis
4.1.1. Dynamics of Platelet Count after Multiple Trauma

Compared to the baseline value on day 1, we observed a significant reduction of
platelet counts on day 3 and a significant increase on day 10 after trauma. Changes in
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platelet concentrations within 72 h after trauma were described and discussed in our
previous analysis regarding the influence of platelets on post-traumatic lung injury [37].
The extension of the observation period until day 10 revealed decreased platelet counts in
older patients compared to younger patients.

Changes in post-traumatic dynamics of platelet counts depending on injury severity
were also described by Hefele and coworkers [17]. They discovered an increase in platelet
counts with impaired function to a maximum concentration on day 10 after trauma. Similar
to our recent findings, platelet counts were increased in patients with minor injuries. This
might be explained by blood loss or dilution effects caused by fluid and blood volume
resuscitation in patients suffering more severe trauma. A decrease in platelet counts is
also observed when platelets and neutrophils cumulate in damaged tissue (sequestration)
and contribute to local inflammatory processes [29,31,44]. We observed that this effect
diminishes over time (no difference on day 5 and day 10), which could be attributed to
transfusion therapy and a beginning transition to a stabilized condition after damage
control surgery.

Nydam and coworkers also described a connection between low platelet counts and
increased ISS [33]. In line with our results, they discovered patients’ age as an influencing
factor. Older patients presented lower platelet counts than younger patients. However, this
effect was already present within the first 48 h, when we detected a significant difference
ten days after trauma.

4.1.2. Dynamics of Serum Creatinine Concentration after Multiple Trauma

Post-traumatic serum creatinine concentrations were slightly elevated until day 5 and
decreased until day 10. Dynamic changes did not reach a level of significance.

Haines and coworkers also described decreasing creatinine concentrations on day
10 in patients with longer-lasting ICU stays [45]. Creatinine is an important substrate of
muscle metabolism. Catabolic processes, such as muscle wasting during ICU, might be a
potential theory to explain increasing concentrations after multiple trauma.

We observed significantly increased creatinine concentrations in men compared to
women on day 1 and day 10 after admission. We believe sex-related differences in muscle
volume to be responsible for this effect. The acute soft tissue trauma and muscle manipula-
tion during early damage control surgery or later in definite care surgery could aggravate
this effect.

4.2. Correlation Analysis of Platelet Count and Serum Creatinine Concentration after
Multiple Trauma

The analysis of the entire study population revealed no significant correlation between
platelet counts and serum creatinine concentration on subsequent days after multiple
trauma.

Multiple linear regression analysis revealed an association between advanced age,
male gender, injury severity, and increasing creatinine concentration within 24 h after
multiple trauma, potentially indicating impairing kidney physiology.

On day 5, increasing platelet counts are associated with decreased creatinine concentration.
The general impact of platelets on overall MOF by participation in immuno-inflammatory

processes after trauma is well investigated [8,38,39,46]. For example, Nydam and coworkers
discovered that low post-traumatic platelet counts are an independent risk factor for devel-
oping MOF, whereas elevated platelet counts seem protective with a lower likelihood of
mortality [33]. In line with our results, this effect was observed between day 3 and day 10.
According to experimental findings of an ARDS model, this effect might be explained by
platelet sequestration. Activated by proinflammatory mediators, platelets migrate from the
bloodstream to organ tissue, interact with neutrophils and further promote inflammation
and tissue damage [30,31,47,48]. We detected an association between platelet counts and
an increase in serum creatinine concentrations on day 5 after multiple trauma, which
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supports the findings by Ciesla and coworkers, who report that during MOF development,
immuno-inflammatory kidney impairment sets in around 6 days after initial trauma [49].

So far, the influence of platelets on kidney function in the setting of multiple trauma
patients has not been the subject of previous studies. But there is evidence that platelets
play a role in the pathophysiology of AKI in general.

Similar to post-traumatic ARDS pathophysiology, components are impaired endothe-
lial control leading to increased platelet activation, stimulation of hemodynamic alterations,
promotion of renal inflammation by leukocyte interaction, activation of the complement
system, and cytokine release [50]. Platelets also became a potential target in AKI therapy.
There is growing evidence for improved kidney function after administering antiplatelet
agents [27,28,51].

On the other hand, Lax and coworkers demonstrated inhibition of inflammatory
processes modulated by platelets after activation of the C-type-lectin-like receptor 2
(CLEC2) [52]. Taken together, platelets show proinflammatory but also protective effects in
the pathogenesis of AKI.

We were able to present that the female gender potentially tends to positively influence
post-traumatic kidney physiology early after trauma by being an independent factor for
decreased creatinine concentration.

Potentially due to the protective effect of estradiol and its derivates, women tend
to have a survival advantage over men [53–55]. There is also evidence that susceptibil-
ity to AKI is also less frequently observed in females [56]. Furthermore, AKI animal
models demonstrated reduced inflammation and increased tubular cell regeneration after
administration of estradiol, potentially induced by depressed neutrophil infiltration and
modulation of inflammatory cytokines [57,58].

However, the unequal sex allocation of our study population could bias our observations.
Besides gender, advanced age and trauma severity also tend to predict increased

serum creatinine concentrations after trauma. Our findings confirm the results of similar
studies identifying age and ISS as independent risk factors for AKI [59–61]. In variation,
we exclusively observed this effect within the first 24 h after trauma with no effect on the
subsequent days. This rather identifies an early direct renal impact (e.g., shock, rhabdomy-
olysis, reperfusion injury) instead of delayed immunological influences to be responsible
for increased creatinine concentrations in our collective.

4.3. Limitations

Although all attempts were made to ensure the accuracy of data, the retrospective
character of the study limits the control of data quality. Based on the patient data sets,
the assessment of creatinine levels was the only parameter to assess kidney physiology.
We could not assess additional parameters such as urine output or urine balance to fulfill
coexisting definitions for AKI [21,62,63]. Therefore, amongst others, changes in muscle
metabolism and pre-traumatic kidney insufficiency-both affecting creatinine concentration-
might bias our findings. Concerning platelet concentrations, we had no access to individual
transfusion therapy history, which could bias our observations. In addition, trauma patients
are an inconsistent study population due to variations in injury patterns and individualized
therapies. Finally, a cohort of 83 individuals is too small for clear conclusions. However,
future larger investigations could follow up on our results. Since statistical correlation
does not inevitably indicate causation, every effort was made to discuss our findings with
extreme caution.

5. Conclusions

For the first time, we investigated the direct influence of platelets on kidney physiology
in multiple trauma patients. Following trauma, an increase in platelet concentration can be
detected. The kinetics are influenced by age and trauma severity. Gender was identified as
an influential factor for post-traumatic changes in creatinine concentration.
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There was no clear correlation between platelet counts and serum creatinine concen-
tration on subsequent days after multiple trauma.

Multiple linear regression analysis identified age, male gender, and injury severity
as independent factors for increased creatinine concentration within 24 h after trauma.
Platelets were associated with decreased creatinine concentration on day 5 after trauma,
potentially indicating an immunological influence on post-traumatic kidney physiology.
High platelet counts might correlate with renal integrity.

Our results add additional knowledge concerning the influence of platelets in multiple
trauma patients, and might be used for future studies.
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on day (D) 1, 3, 5, and 10 dependent on age, gender, and injury severity.
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