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Abstract: Severe bleeding remains a prominent cause of early in-hospital mortality in major trauma
patients. Thus, prompt prediction of patients at risk of massive transfusion (MT) is crucial. We inves-
tigated the ability of the inflammatory marker interleukin (IL)-6 to forecast MT in severely injured
trauma patients. IL-6 plasma levels were measured upon admission. Receiver operating characteristic
curves (ROCs) were calculated, and sensitivity and specificity were determined. In this retrospective
study, a total of 468 predominantly male (77.8%) patients, with a median injury severity score (ISS)
of 25 (17–34), were included. The Youden index for the prediction of MT within 6 and 24 h was 351
pg/mL. Patients were dichotomized into two groups: (i) low-IL-6 < 350 pg/mL and (ii) high-IL-6
≥ 350 pg/mL. IL-6 ≥ 350 pg/mL was associated with a lower prothrombin time index, a higher
activated partial thromboplastin time, and a lower fibrinogen concentration compared with IL-6
< 350 pg/mL (p <0.0001 for all). Thromboelastometric parameters were significantly different be-
tween groups (p <0.03 in all). More patients in the high-IL-6 group received MT (p <0.0001). The ROCs
revealed an area under the curve of 0.76 vs. 0.82 for the high-IL-6 group for receiving MT in the first
6 and 24 h. IL-6 ≥ 350 pg/mL predicted MT within 6 and 24 h with a sensitivity of 45% and 58%,
respectively, and a specificity of 89%. IL-6 ≥ 350 pg/mL appears to be a reasonable early predictor
for coagulopathy and MT within the first 6 and 24 h intervals. Large-scale prospective studies are
warranted to confirm these findings.

Keywords: interleukin-6; coagulopathy; trauma; massive transfusion

1. Introduction

Exsanguination remains a leading but potentially preventable cause of early in-
hospital mortality in severely injured patients [1]. Approximately one-quarter to one-
third of all major trauma patients suffer from uncompressible, microvascular bleeding,
termed trauma-induced coagulopathy (TIC) [2–4]. TIC has been identified as an indepen-
dent predictor of poor outcome. Coagulopathic trauma patients have a higher bleeding
tendency, higher transfusion requirements, and an almost four-fold increase in mortality
compared with similarly injured patients without hemostatic alterations [2].
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In addition to the quick detection of the underlying coagulopathy, the rapid estimation
of the risk of massive transfusion (MT) is warranted. A variety of MT prediction scores
have been developed so far [5–8]. In general, the positive predictive values of these scores
are limited [9]. Given that severe tissue trauma is a potent trigger for the upregulation of
inflammatory cytokines [10], several of those mediators were investigated for their predic-
tive capacity regarding various post-traumatic outcomes. Interleukin (IL)-6 has received
increasing interest as the most promising candidate [11–15]. Several studies revealed that
high circulating IL-6 in trauma patients was associated with multi-organ dysfunction
syndrome (MODS), acute respiratory distress syndrome (ARDS), and mortality [12,16,17].

Although intensive crosstalk between inflammation and coagulation has been well-
described for sepsis, less is known about the impact of IL-6 on coagulopathy and transfusion
requirements in major trauma [18,19]. Data from the Inflammation and the Host Response
to Injury Large Scale Collaborative Program revealed that elevation of circulating IL-6 was
not only associated with MODS but also with MT [16]. However, IL-6 measurements in that
study were performed at a random time point within 12 h after hospital admission. In our
hospital, IL-6 is routinely measured upon emergency room (ER) admission in severely
injured patients requiring full trauma team activation.

The primary objective of this retrospective study was to evaluate the association
between the circulating IL-6 and blood transfusion requirements. We specifically hypothe-
sized that in trauma patients, IL-6 blood concentration measured upon ER admission is
associated with coagulopathy and predicts the need for an MT.

2. Materials and Methods
2.1. Study Design

Following the local ethics committee approval (AUVA EK 08/2020), we performed a
retrospective analysis of trauma patients admitted between January 2012 and December
2018 to the AUVA Trauma Center Salzburg, Austria, a certified level 1 Trauma Hospital.
All patients >17 years in whom IL-6 and rotational thromboelastometry (ROTEM) measure-
ments were performed upon ER admission were eligible for analysis. Exclusion criteria
were patients <17 years, patients missing IL-6 and ROTEM data, patients transferred from
other hospitals and transferred from our ER in other facilities, and patients in whom fur-
ther therapy was withheld due to futility. A flow chart outlines included and excluded
patients (Figure 1).
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Since 2012, prospective, standardized, and anonymous documentation of all major
trauma patients admitted to the AUVA Trauma Centre has been established, and these
data were forwarded to the central database of the TraumaRegister DGU® (TR-DGU) of
the German Trauma Society (Deutsche Gesellschaft für Unfallchirurgie, DGU). This docu-
mentation was used for analysis, and missing variables were extracted from the anesthesia
and intensive care unit (ICU) database (COPRA 6) and the electronic patient information
system (ASTRA).

2.2. Laboratory Measurements, Standard Coagulation Tests, and ROTEM Analyses

Upon ER admission, the following laboratory measurements are performed in major
trauma patients on a routine basis: full blood cell count with differential and standard
coagulation parameters, including fibrinogen concentration (Clauss method, normal range:
200 to 450 mg/dL); prothrombin time index (PTI, normal range: 70–130%), activated partial
thromboplastin time (aPTT, normal range: 23.7 to 34.9 s); and ROTEM analysis. From Jan-
uary 2015 to June 2016, EXTEM, INTEM, and FIBTEM analyses were run on a ROTEM®

delta device (TEM International, Munich, Germany); from July 2016 onwards, a fully
automated cartridge-based ROTEM® sigma device has been used. Moreover, arterial blood
gas analyses were used to quantify base excess (BE, normal range: −3.0 to +3.0 mmol/L)
and lactate concentration (normal range: 1 to 1.8 mmol/L).

IL-6 (normal range: 0–7 pg/mL) measurement is also part of our standard laboratory
panel upon ER admission of severely injured patients.

2.3. Coagulation Therapy and Allogeneic Blood Transfusion

Coagulation therapy was primarily based on coagulation factor concentrates and
guided by ROTEM test results [20]. Hemostatic therapy and transfusion requirements for
the individual patients were obtained from the electronic trauma databases of the hospital
(COPRA-6®, COPRA System GmbH, Berlin, Germany) and a special database where all
allogeneic blood transfusions have to be documented (DataLab®, Bartelt GmbH, Graz,
Austria). Massive transfusion was defined as a red blood cell (RBC) transfusion ≥6 U
within 6 h or ≥10 RBC/24 h [21].

2.4. Statistical Analysis

Distribution of the data was assessed using the Shapiro–Wilk test. Continuous vari-
ables are expressed as median and interquartile ranges (25th percentile, 75th percentile).
Categorical variables are reported as numbers and percentages (%), and compared between
groups using Fisher’s exact or chi-squared tests. For analyzing the between-group dif-
ferences in the metric variables, the Mann–Whitney U test was used. The sensitivity and
specificity of the analyzed data were calculated by receiver operating characteristic (ROC)
curves, and predictive capacity is expressed by the area under the curve (AUC) value.
The optimal IL-6 level for prediction of MT at 6 and 24 h was determined by Youden’s
index (sensitivity + specificity − 1)

Multiple logistic regression models were fitted to the data to adjust for potential
associations with other variables. In the first step, a list of several potential variables were
specified. Subsequently, the coefficients/odds ratios were estimated, using an IL-6 value of
≥350 pg/mL as a cutoff for the dichotomization of the outcome, and a forward variable
selection procedure was applied.

Statistical calculations were performed using GraphPad Prism (Version 9.0.0, Graph-
Pad Software, La Jolla, CA, USA) and R statistics (R Core Team 2019). p-values below 0.05
were considered significant [22].

3. Results

A total of 468 predominantly (77.8%) male patients were included in the current study.
The median age of the patients was 49 (33.3–64.0) years, the Injury Severity Score (ISS) was 25
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(17–34), and the new ISS (NISS) was 29 (22–43). The median intensive care unit (ICU) length
of stay was 9 (4–16) days. A total of 29 (6.2%) patients received MT and 50 (10.6%) died.

The Youden’s index calculation for the prediction of massive transfusion within 6 and
24 h was 351 pg/mL. According to previous reports [16], we used an IL-6 cutoff value of
350 pg/mL and dichotomized the patients into two groups for further analyses: (i) low-IL-6
< 350 pg/mL and (ii) high-IL-6 ≥ 350 pg/mL.

3.1. Demographic and Clinical Data

The abbreviated injury score (AIS) for most body regions was significantly higher in
patients in the high-IL-6 group compared with the low-IL-6 group. Upon ER admission,
patients in the high-IL-6 group were in a more severe shock state compared with the
low-IL6 group, as indicated by significantly lower systolic blood pressure, a higher heart
rate, and a lower hemoglobin concentration upon admission. This is also reflected by a
lower base excess and a higher lactate concentration (p < 0.001 for all). Table 1 outlines
demographic and clinical parameters recorded upon hospital admission.

Table 1. Demographics, clinical data, and injury scores upon emergency room admission.

All Patients IL6 < 350 pg/mL IL6 ≥ 350 pg/mL p-Value

Number 468 406 62
Age (years) 49 (33–64) 47 (31–57) 50 (34–65)
Male (n, %) 364 (77.8) 313 (77.1) 51 (82.3)
Heart rate (bpm) 90 (75–105) 88 (73–102) 102 (83–129) <0.0001
Systolic BP (mmHg) 125 (104–145) 127 (108–148) 107 (68–125) <0.0001

Prehospital fluid therapy
Crystalloids (mL) 500 (500–1000) 500 (500–1000) 1000 (500–1313) 0.0002
Colloids (mL) 0 (0–0) 0 (0–0) 0 (0–500) 0.0004
Time from injury to ER (min) 68 (54–95) 64 (52–90) 99 (73–144) <0.0001

RBC transfusion
≥6 RBCs/6 h (n, %) 47 (10.0) 20 (4.9) 27 (43.5) <0.0001
≥10 RBCs/24 h (n, %) 29 (6.2) 12 (1.7) 17 (27.4) <0.0001
Length of ICU stay (days) 9 (4–16) 8 (4–16) 14 (5.5–23) 0.0013
Mortality (n, %) 50 (10.7) 38 (9.4) 12 (19.4) 0.0264

Injury-Scores
ISS 25 (17–34) 25 (17–33) 38 (25–49) <0.0001
NISS 29 (22–43) 29 (20–41) 43 (30–57) <0.0001
AIS Head 2 (0–4) 2 (0–4) 2 (0–4) ns
AIS Face 0 (0–0) 0 (0–0) 0 (0–0) ns
AIS Thorax 3 (0–3) 2 (0–3) 3 (3–5) <0.0001
AIS Abdomen 0 (0–2) 0 (0–2) 2 (0–3) <0.0001
AIS Extremities and Pelvis 2 (0–3) 2 (0–3) 2 (2–4) 0.0024
AIS Soft Tissue 0 (0–0) 0 (0–0) 0 (0–0) ns
TASH 5 (2–8) 4 (2–7) 11 (6–15) <0.0001

Abbreviations: IL-6, interleukin 6; RBC, red blood cells; BP, blood pressure; ISS, injury severity score; NISS, new injury severity score;
AIS, abbreviated injury score; TASH, trauma associated severe hemorrhage score; ns, not significant.

3.2. Laboratory Data

Importantly, high-IL-6 patients were frequently more coagulopathic upon ER ad-
mission compared with low-IL-6 patients (Table 2). Both standard coagulation tests and
ROTEM parameters were significantly different for all the investigated measurements
between groups (p < 0.05 for all).
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Table 2. Circulating IL-6, and selected blood and coagulation measures upon ER admission.

Laboratory-Data All Patients IL6 < 350 pg/mL IL6 ≥ 350 pg/mL p Value

IL-6 (pg/mL) 91.15 (35–215.2) 67 (28.25–137.2) 511.3 (411.5–944.5) <0.0001
Hemoglobin (g/dL) 13.1 (11.8–14.3) 13.3 (12–14.5) 11.7 (9.9–13.45) <0.0001
Platelet count (103/µL) 222 (187–264) 223 (188–264) 220 (180–261) ns
pH 7.35 (7.29–7.39) 7.36 (7.13–7.39) 7.25 (7.16–7.33) <0.0001
Base-excess (mmol/L) 2.5 (−4.7–−1.0) −2.3 (–4.1–−0.82) −6.5 (−11.4–−3.8) <0.0001
Lactate (mmol/L) 2.2 (1.4–3.4) 2.1 (1.4–3) 4.2 (2.3–8.8) <0.0001

Standard coagulation tests
PTI (%) 89 (73–100) 91 (79–102) 64 (50.25–77) <0.0001
aPTT (s) 27 (25–30) 27 (25–29) 33 (28–39) <0.0001
Fibrinogen (mg/dL) 245 (197–298) 254 (208–302) 185 (140–243) <0.0001

ROTEM parameters:
EXTEM
Clotting time (s) 63 (56–77) 63 (56–75) 70 (59–88) 0.0198
Clot formation time (s) 113 (90–139) 112 (89–134) 131 (98–157) 0.0045
Alpha (◦) 70 (65–74) 70 (65–74) 67 (62–73) 0.0272
Maximum clot firmness (mm) 59 (55–63) 59 (56–63) 56.5 (53.3–63.8) 0.0282
Amplitude 10 min (mm) 51 (46–55) 52 (46–55) 48 (41–54) 0.0032
Lysis index 45 (%) 99 (97–100) 98 (97–99) 99 (98–100) 0.0004

INTEM
Clotting time (s) 157 (143–172) 157 (143–170) 165 (145–198) 0.0049
Clot formation time (s) 80 (66–95) 79 (65–92) 90 (72–14) 0.0012
Alpha (◦) 74 (71–77) 75 (72–77) 72 (68–75) 0.0007
Maximum clot firmness (mm) 61 (57–64) 61 (57–64) 59 (54–64) 0.0235
Amplitude 10 min (mm) 54 (50–58) 55 (50–59) 52 (46–55) 0.0005
Lysis index 45 (%) 97 (96–99) 97 (95–98,25) 99 (97–100) <0.0001

FIBTEM
Clotting time (s) 64 (57–76) 63 (57–74) 70 (60–87) 0.0257
Maximum clot firmness (mm) 12 (8–15) 12 (9–15) 9 (7–14) 0.0022
Amplitude 10 min (mm) 11 (8–14) 12 (8–14) 9 (6–13) 0.0002

Abbreviations: IL-6, interleukin 6; PTI, prothrombin time index; aPTT, activated partial thromboplastin time; ROTEM, rotational thromboe-
lastometry; EXTEM, extrinsically activated assay; INTEM, intrinsically activated assay; FIBTEM, fibrin-polymerization assay.

3.3. Coagulation Therapy and Transfusion Requirements

Coagulopathy was also evident, given that patients in the high-IL-6 group received
significantly higher amounts of fibrinogen concentrate and prothrombin complex con-
centrate within the first 6 and 24 h compared with the low-IL-6 group (p < 0.05 for all;
Figure 2). The transfusion of allogeneic blood products is outlined in Figure 3. Significant
differences were observed for all allogeneic blood transfusions for the first 6 and 24 h after
ER admission.
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3.4. ROC Analyses

The ROC for transfusion of ≥6 RBCs within the first 6 h after hospital admission
revealed an AUC of 0.77 and for transfusion of ≥10 RBCs within 24 h, an AUC of 0.82 was
revealed (Figure 4).

Sensitivity, specificity, and the positive and negative predictive value of IL-6 ≥ 350 pg/mL
regarding MT within 6 and 24 h are outlined in Table 3.

Table 3. Massive transfusion prediction of IL-6 > 350 pg/mL.

Sensitivity (%)
for IL-6 ≥ 350 pg/mL

Specificity (%)
for IL-6 ≥ 350 pg/mL

PPV (%)
for IL-6 ≥ 350 pg/mL

NPV (%)
for IL-6 ≥ 350 pg/mL

≥6 RBC/6 h 45.2 (27.3–64.0) 89.0 (85.7–91.8) 22.6 95.8
≥10 RBC/24 h 57.7 (36.9–76.6) 89.4 (86.1–92.1) 24.2 97.3

IL-6, interleukin 6; PPV, positive predictive value; NPV, negative predictive value; RBC, red blood cells.
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3.5. Multiple Logistic Regression Analyses

To identify confounding factors for high IL-6 levels, a multiple logistic regression
model was performed. A positive association with IL-6 ≥350 pg/mL was identified for the
NISS, the time from injury to hospital admission, and RBC transfusion within the first 24 h.
A negative association was observed for prothrombin time index (PTI) (Table 4).

Table 4. Multivariate analysis for IL-6 values < 350 pg/dL vs. ≥ 350 pg/dL.

Odds Ratio 95% CI z-Value p-Value

Time from injury to ER (min) 1.01 (1.00–1.01) 3.789 0.0002
NISS 1.03 (1.01–1.05) 2.449 0.0143
PTI (%) 0.97 (0.96–0.99) −3.375 0.0007
RBCs first 24 h 1.1 (1.0–1.2) 2.940 0.0033

ER, emergency room; NISS, new injury severity score; PTI, prothrombin time index; RBC, red blood cells.

4. Discussion

To the best of our knowledge, this is the first study that investigated the association of
IL-6 plasma concentration upon ER admission with coagulopathy and allogeneic blood
transfusion requirements in a cohort of severely injured trauma patients. The current
study revealed that IL-6 is a valid early prognostic marker for MT. IL-6 ≥ 350 pg/mL
upon hospital admission predicted MT within 6 and 24 h with a sensitivity and specificity
comparable to previously published MT prediction scores [16].

Patients with severe trauma upregulate both pro- and anti-inflammatory cytokines [23]
and IL-6 has received the most interest regarding its general predictive potential. Damaged
tissues and cells such as monocytes, T and B lymphocytes, and endothelial cells rapidly
synthesize/release IL-6 following the trauma event and stimulation by other cytokines [15].
Some studies have demonstrated the usefulness of the circulating IL-6 measurement after
traumatic injuries to predict MODS, sepsis, and mortality [12,16,24,25]. However, less is
known regarding the post-traumatic capacity of IL-6 fluctuations to predict coagulopathy,
hemostatic therapy, and transfusion requirements.

The quantity of IL-6 released into the blood stream is primarily related to the extent
of the tissue trauma and, to a lesser degree, to the severity and duration of shock [11,26].
Patients in the high-IL-6 group (vs. low IL-6) were significantly more injured as reflected
by higher median ISS, NISS, and AIS. This finding is consistent with that of Gebhard et al.,
who reported a correlation between IL-6 level and the extent of tissue trauma indicated by
ISS [25]. Compared with patients with ISS < 18, the subjects with an ISS > 18 not only had
an elevated IL-6 upon ER admission, but also revealed a substantial increase in circulating
IL-6 over the following 6 h [26].
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In contrast with trauma, the impact of hemorrhagic shock alone on IL-6 release remains
controversial. Roumen et al. observed that the occurrence of shock has only a minor impact
on IL-6 generation [27]. Conversely, Halbgebauer et al. reported a significantly higher
IL-6 concentration in polytrauma patients with hemorrhagic shock compared with those
suffering from multiple traumas without an accompanying shock [28]. In clinical practice,
base excess and lactate are often used as surrogates for the severity of shock [29]. In the
current study, the median BE in the high-IL-6 group was significantly lower compared
with the low-IL-6 group.

Patients with an established TIC upon ER admission are prone to higher complication
rates and increased mortality compared with patients without coagulopathy [2,3]. It is well-
known that inflammation and coagulation are tightly interwoven [18,19]. However, it has
not yet been established whether the post-traumatic changes in circulating IL-6 are associ-
ated with coagulopathy. In animal models, IL-6 infusions elevated PT, aPTT, and bleeding
time [30]. In cancer patients, infusions of recombinant human IL-6 significantly increased
activation markers of coagulation such as thrombin-antithrombin III complexes and pro-
thrombin fragment F1 + 2, without substantially impacting fibrinolysis [31]. The role of
IL-6 as a mediator of hemostatic change during severe inflammation is controversial. In the
current study, PTI and fibrinogen levels were markedly lower, and aPTT was significantly
prolonged in the high-IL-6 compared with the low-IL-6 group. The multivariate analyses
revealed a negative correlation between PTI and IL-6. Viscoelastic test results, in particular
the clot amplitude after a 10 min running time, were also significantly different between
the low- and high-IL-6 groups. A diminished early clot amplitude is increasingly being
used to define coagulopathy and identify patients at risk for MT [20,32]. Our group cal-
culated an FIBTEM MCF value < 7 mm upon ER admission to provide early prediction
of MT (≥10 RBCs/24 h), and reported an ROC AUC of 0.84 [33]. The ROC AUC for the
prediction of MT in the current study revealed only a slightly lower value (AUC 0.82) for
IL-6 ≥ 350 pg/mL.

An early prediction of MT upon ER admission is highly warranted, but remains
challenging. Brockamp et al. validated six different MT prediction scores and reported
only limited sensitivity and specificity [9]. The highest prognostication accuracy for MT
was observed for the trauma associated severe hemorrhage (TASH) score, with an AUC
of 0.89 [5]. The TASH score is laborious to calculate; therefore, its acceptance in clinical
practice is limited. The cumulative sensitivity and specificity of IL-6 ≥350 pg/mL for
prediction of MT within the first 24 h after ER admission is comparable to the TASH
score. Moreover, we calculated a higher PPV for MT than the TASH score (PPV 24.2% vs.
18.9%). Another frequently used prognostication score for MT is the assessment of blood
consumption (ABC) score, which was applied in the PROPPR study, a large prospective
randomized trial investigating different ratios of RBCs to fresh frozen plasma [34]. In the
Brokamp validation study, the ROC AUC for the ABC score was 0.76, which is similar to
our 6 h MT prediction in the high-IL-6 group but substantially lower than our 24 h MT
prediction (AUC 0.82) [9].

Limitations

There are several limitations in the current study, which must be considered when
interpreting its findings. First, the analyses were performed retrospectively, and our study
suffers from the inherent shortcomings of such a data evaluation.

Second, IL-6 concentration in the blood is not only related to the severity of tissue
trauma but also to a time-dependent variable. Thus, the time elapsed between the in-
jury and hospital admission is a crucial factor as IL-6 typically increases over a short
time period [15]; it takes approximately 1 h to detect circulating IL-6 after trauma [35].
We acknowledged this association in our multivariate analysis by displaying a positive
correlation between IL-6 levels and the time to the emergency room admission. Of note,
in patients with a severe hemorrhagic traumatic shock and a rapid transport time, the pre-
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dictive value of IL-6 may be limited due to its still relatively low circulating concentration
upon admission.

Third, hemostatic therapy in our hospital is primarily based on coagulation fac-
tor concentrates. Small prospective and retrospective studies revealed that this strategy
might result in a lower incidence in MT compared with a plasma-based coagulation
therapy [36–38]. Thus, our findings have to be confirmed in trauma patients receiving
high-volume plasma therapy.

Forth, in contrast with point-of-care devices, such as viscoelastic and blood gas an-
alyzers, IL-6 measurements are time consuming. Thus, results for decision making are
available only with considerable time delay.

5. Conclusions

High IL-6 level upon emergency room admission is associated with a substantial
impairment of hemostasis. Trauma patients with plasma IL-6 exceeding 350 pg/mL are
prone to MT. Sensitivity and specificity, as well as positive and negative predictive values,
are comparable to the current MT prediction scores. Our findings support the use of IL-6
measurements upon ER admission as a fast laboratory parameter to identify coagulopathic
trauma patients with the potential need for MT. However, large-scale studies are warranted
to confirm our findings.
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