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ABSTRACT

BACKGROUND: In more than 60 countries worldwide, laboratory testing plays a challenging and expensive role in trauma resus-
citation. In 1995, the literature already suggested that routine laboratory testing may not be useful for most trauma patients. Our 
study hypothesized that still the need for some laboratory tests perhaps should be reconsidered. Therefore, the aim of this study was 
to create more insight in the distribution between normal and abnormal parameters for routine laboratory testing in trauma patient 
management.

METHODS: This retrospective analysis was performed at Amsterdam UMC, location AMC, an academic level 1 trauma center. Data 
concerning age, gender, American Society of Anesthesiologists (ASA) physical state classification system (ASA), Injury Severity Scores, 
Glasgow Coma Scales, mechanism of injury, presence of high-energy trauma, and type of injury (blunt or penetrating) were obtained. 
Laboratory parameters included comprehensive hematology, coagulation, arterial blood gas, kidney, and liver blood panels. Analytical 
focus was paid to the patient’s vital status, the indication for an emergency intervention, and the risk of in-hospital mortality.

RESULTS: A total of 1287 patients were included in the study. Patients with unstable vital signs or who required emergency inter-
vention were most often dealing with abnormalities in pO2, glucose, D-dimer, creatinine, and alcohol values. Mean corpuscular volume 
(MCV), international normalized ratio (INR), fibrinogen, and amylase were obtained in more than 80% of the patients, but in specific 
patient groups only abnormal in less than 9%.

CONCLUSION: Trauma patients suffer mainly from abnormal values of D-dimer, pO2, glucose, creatinine, and alcohol. By contrast, 
MCV, INR, amylase, fibrinogen, and thrombocytes are regularly obtained as well, but only abnormal in a small amount of trauma 
patients. These findings suggest reconsiderations and more accuracy in the performance of laboratory testing, especially for trauma 
patients with stable vital signs.

Keywords: Emergency care; routine laboratory testing; trauma patients; traumatic injury.

The blood analyses are mainly performed based on the 
pre-existing evidence that traumatic injuries can generate 
biochemical responses that result in a modified metabolism 
of proteins, amino acids and other components of the hu-
man body.[3] These adverse pathophysiological changes can 
subsequently cause severe clinical deterioration, resulting in 
an emergency intervention or even mortality.[4,5] However, 
trauma patients are often treated with such urgency that 
the results of laboratory tests are commonly not available. 
Moreover, several results are in retrospect not even nec-

INTRODUCTION

In more than 60 countries worldwide, laboratory testing plays 
a challenging and expensive role in trauma resuscitation.[1,2] 

Initial assessment protocols suggest routine laboratory test-
ing to obtain enough information about the hemodynamic 
and respiratory condition of the patient, including the severi-
ty of occult blood loss and metabolic stability. These concern 
comprehensive blood sample analyses, including hematologic, 
arterial blood gas, coagulation, kidney, and liver panels.
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essary and could, therefore, have been omitted in selected 
patients.[6–8]

In 1995, Tortella et al.[9] already suggested that routine labo-
ratory testing may not be useful for most trauma patients. In 
the subsequent 20 years, additional studies investigated the 
(limited) utility of laboratory testing, but our study hypoth-
esized that still the need for some laboratory tests perhaps 
should be reconsidered.[10–16] Therefore, the aim of this study 
was to create more insight in the distribution between nor-
mal and abnormal parameters for routine laboratory testing 
in trauma patient management.

MATERIALS AND METHODS

Study Design
This retrospective analysis was performed at (blinded man-
uscript), an academic level 1 trauma center. All patients pre-
sented at the trauma resuscitation room for 2 years were in-
cluded in the study. The selected patients were identified from 
the regional trauma registry database. Patients under the age 
of 18 were excluded, as well as patients who were transferred 
to another hospital after trauma screening. Approval for this 
study was obtained from the Local Institutional Review Board 
(Medical Ethics Review Committee [blinded manuscript]).

Data Extraction
Data concerning age, gender, American Society of Anesthesi-
ologists (ASA) physical state classification system (ASA), injury 
severity scores, Glasgow Coma Scores (GCSs), mechanism 
of injury, presence of high-energy trauma ,and type of injury 
(blunt or penetrating) were obtained.[17] Furthermore, differ-
ences between stable and unstable patients were analyzed. A 
stable patient (with normal hemodynamic- and respiratory 
status) was defined by the following criteria: Non-intubated, 
heart rate <100/min, systolic blood pressure >90 mmHg, res-
piratory rate >10 or <29/min, O2-saturation >94% (without 
supplemental oxygen), and GCS >13. In addition, patients 
that required an emergency intervention (within 6 hours after 
admission) were compared with patients that did not need 
any interventions or that could await an elective operation. 
Emergency interventions included, for example, thoracotomy, 
laparotomy, external fixation, open reduction internal fixation, 
coiling, spondylodesis, and neurosurgical interventions. Finally, 
the risk of in-hospital mortality was analyzed.

Laboratory Analysis
The primary blood tests obtained at the trauma room were 
used for this analysis. The obtained laboratory results included:
• Hematology panel: Hemoglobin, hematocrit, mean cor-

puscular volume (MCV), leukocytes, and thrombocytes
• Arterial blood gas panel: Potential of hydrogen (pH), par-

tial pressure of carbon dioxide (pCO2), bicarbonate, base 
excess (BE), partial pressure of O2 (pO2), and blood oxy-
gen saturation (O2-saturation)

• Coagulation panel: International normalized ratio (INR), 
prothrombin time (PT), aPTT, fibrinogen, and D-dimer

• Kidney panel: Sodium, potassium, urea, and creatinine
• Liver panel: Aspartate transaminase, alanine transami-

nase, lactate, and amylase
• Others: Creatine kinase-mb (CKMB), glucose, and alcohol.

Statistical Analysis
Demographic characteristics were determined, and cross 
tabs were used to identify, in which percentage the labora-
tory values deviate from the reference values in the different 
patient groups (stable/unstable, emergency intervention/no 
emergency intervention, and in-hospital mortality/survival). 
Since this was a retrospective study, no sample size analy-
sis was performed. Statistical analyses were performed using 
IBM SPSS Statistics version 26.0.

RESULTS

A total of 1287 patients were included in the study. The study 
group consisted predominantly of men (66.0%), with a mean 
age of 46 years old. More than 80% of the patients were in 
good health condition or had a mild systemic disease before 

Table 1. Patient characteristics

Patient characteristics Total population
  (n=1287)

Age, mean (SD; range) 46 (18.9; 18–104)

Gender, male, n (%) 850 (66.0)

ASA I-II, n (%)a 1,038 (80.6)

ASA III-IV, n (%)a 175 (13.6)

ISS, median (interquartile range) 5 (1–16)

GCS in-hospital ≤13, n (%) 218 (16.9)

Type of injury, blunt, n (%) 1230 (95.6)

Mechanism of injury 

 Falling accident, n (%) 365 (28.4)

 Motor vehicle collision, n (%) 740 (57.5)

 Stabbing or shooting accident, n (%) 49 (3.8)

 Other, n (%) 133 (10.3)

High Energy Trauma (HET), n (%) 917 (71.3)

Stable based on ATLS, n (%) 829 (64.4)

Blood transfusion at the ED, n (%) 10 (0.8)

Operating room, n (%) 302 (23.5)

Operation within 6 hours after 140 (10.9)

admission, n (%)

Mortality at the ED, n (%) 9 (0.7)

Overall mortality, n (%) 66 (5.1)

aSum is not equal to total population, due to missing ASA scores (n=74). SD: 
Standard deviation; ASA: ASA physical state classification system; ISS: Injury Se-
verity Scores; GCS: Glasgow Coma Scales; ATLS: Advanced trauma life support; 
ED: Emergency department.
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the injury occurred (ASA I-II). Less than a quarter of the pa-
tients (n=302) had to undergo an operation, with 140 pa-
tients (10.9%) operated in <6 hours after trauma (emergency 
intervention). Additional patient characteristics are shown in 
Table 1. Details about the laboratory parameters (including 
reference values) are shown in Appendix 1.

Patient’s Vital Status
As shown in Figure 1, patients who were stable at arrival had 
mainly abnormalities in respectively pO2, D-dimer, glucose, 
creatinine, and alcohol. Patients with unstable vital signs were 
also often dealing with abnormal pO2, D-dimer, glucose, and 
creatinine values. By contrast, especially in patients with sta-
ble vital signs, MCV, INR, fibrinogen, and amylase were ob-
tained in more than 700 patients, but only abnormal in <7% 
of these patients (n≤52). The greatest variances in abnormal 
values between stable and unstable patients were seen in he-
moglobin, base excess, potassium, and liver enzyme values.

Emergency Intervention
Figure 2 shows an overview of patients who underwent an 
intervention within 6 hours after admission. Here as well, 
major variation was seen in the amount of abnormal hemo-
globin, potassium, and liver enzyme values between the two 
compared patient groups. For patients who required emer-
gency interventions, pO2, D-dimer, glucose, creatinine, and 
alcohol values were most often abnormal. Patients that did 
not need any interventions or that could await an elective op-
eration were undergoing extensive laboratory tests (≥75%) 
including INR, MCV, fibrinogen, amylase, and thrombocyte 
determination. However, these values were abnormal in <8% 
of the total population.

Mortality
Of the deceased patients, all the obtained D-dimer samples 
were abnormal (n=41) (Fig. 3). Glucose, pO2, pH, and lactate 
were also deteriorated in the majority of these patients, but 
MCV, amylase, CKMB, O2-saturation, and fibrinogen values 
were scarcely changed. Furthermore, patients who survived 
their injury did likewise barely suffer from abnormal MCV, 
INR, fibrinogen, amylase, and thrombocyte values. Neverthe-

Figure 2. Patients with an emergency intervention within 6 hours 
after admission to the hospital stable and patients that did not need 
any intervention or could await an elective operation.
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Figure 3. Patients who died within the hospital and patients who 
survived the trauma.
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Figure 1. Patients with stable and unstable vital signs based on 
the ATLS.
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less, these laboratory parameters were sampled in more than 
80% of these patients (n≥1052).

DISCUSSION
This retrospective analysis, including 1287 patients who were 
admitted to a level 1 trauma center, shows that trauma pa-
tients suffered mainly from abnormalities in pO2, glucose, 
D-dimer, creatinine, and alcohol values. By contrast, values 
regarding MCV, INR, amylase, fibrinogen, and thrombocytes 
were extensively obtained, but remained often normal. These 
results are broadly in line with the previous literature, sug-
gesting more accurate considerations regarding laboratory 
testing than currently is taken.[9–14] Thus, the outcomes might 
raise concerns, because the previous studies date from al-
most a decade ago, implying that only minimal improvement 
in diagnostic accuracy have occurred in the past years.

Furthermore, the major differences in laboratory values be-
tween deceased patients and survivors are prominent (Fig. 3). 
Liver enzymes are almost twice as often abnormal in patients 
who died, as well as hemoglobin, thrombocyte, and blood gas 
values, pointing out the necessity to stabilize these values in 
patients with traumatic injuries. Similar results can be seen 
between the other compared patient groups, namely, “stable 
versus unstable patients” and “the need for emergency inter-
ventions within 6 hours after admission versus no need for 
emergency interventions” (Figs. 1 and 2). However, several 
important points should be taken into account prior to any 
conclusions being reached.

First, it is remarkable that more than 57% of the patients suf-
fered from abnormal glucose values, but this can be explained 
by the hyperglycemic-induced stress response after traumatic 
injuries.[18–20] Besides, it is important to notice that, despite 
the large quantities of abnormal laboratory values, its effect 
on treatment strategy or trauma patient management is not 
clear yet.

At the other end of the spectrum, laboratory values includ-
ing INR, MCV, fibrinogen, amylase, and thrombocytes were 
very often determined, but almost never abnormal. Evidently, 
MCV values are often not affected since trauma patients suf-
fer often from normocytic anemia due to acute blood loss. 
Apart from that, several previous studies found that abnor-
malities in amylase levels do not have substantial meaning in 
traumatic injuries, since it is not accurate enough to identify 
nor exclude injuries of the pancreas.[21,22] We are aware of 
the challenge that laboratory requests entail in urgent cas-
es. Nonetheless, these findings encourage reconsideration 
for the implementation of laboratory testing, especially since 
most of the blood results are not directly available.

In addition, major hemodynamic instabilities can be detected 
faster and more accurately through other diagnostic modal-
ities. For most of the patients with suspected intra-abdom-

inal injuries, low-threshold use of Focused Assessment with 
Sonography in Trauma, computed tomography (CT), and 
CT angiography is implemented. These diagnostic imaging 
techniques can be used to visualize, for example, pancreatic 
injuries and splenic ruptures, together with other intra-ab-
dominal hemorrhages.[23] The increased utilization of these 
innovative techniques might enable the omission of some 
laboratory values. Nonetheless, one should not misinterpret 
that laboratory evaluation should be completely avoided, 
since selected blood parameters are still crucial for certain 
patient groups. The blood analyses can also be used for the 
determination of clinical deterioration, for example, the level 
of shock and coagulopathy. However, patient characteristics 
for these specific patient groups are thus far not defined.

Another point of consideration includes the fact that INR is 
determined in most of the patients, but only abnormal in a 
small proportion. Nevertheless, it is important to notice that 
still more than 32% of the patients who died, had abnormal 
INR values. We were limited in analyzing anticoagulant use, 
like we are in the emergency setting, but we could hypothe-
size increasing importance for patients with these medicines. 
The differences in number between INR and PT values can be 
explained by the variety in coagulometers.[24,25]

Limitations
A limitation of this study includes the fact that the data are 
obtained within an academic medical center, where – next to 
medical professionals – residents play a big role in the care 
for the injured patients. With the variability in clinical ex-
perience, differences in the initial assessment might create 
inequality in laboratory approach. Furthermore, we were 
unable to determine the effect on clinical decision making 
and trauma patient management. In addition, we acknowledge 
that the retrospective aspect of this study, the relatively out-
dated data, and the lack of long-term follow-up restricts our 
level of evidence. As far as we know, this study includes the 
most recent available literature regarding this subject, but for 
more accurate results, multivariate analyses with additional 
factors and comparison groups are preferred.

Conclusion
We can state that laboratory values are often obtained for 
trauma patients, but its effect on treatment or trauma patient 
management is not clear yet. These patients suffer mainly 
from abnormal values of D-dimer, pO2, glucose, creatinine, 
and alcohol. By contrast, MCV, INR, amylase, fibrinogen, and 
thrombocytes are regularly obtained as well, but only abnor-
mal in a small amount of trauma patients. These findings sug-
gest reconsiderations and more accuracy in the performance 
of laboratory testing than currently is performed. Especially 
for trauma patients with stable vital signs, a more selective 
approach toward laboratory analyses should be considered. 
However, further research with more specific patient groups 
is recommended.
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OLGU SUNUMU

Akut travmada rutin laboratuvar testlerinin kullanımı: Geriye dönük bir analiz
Dr. Zar Popal, Dr. Tim Schepers, Dr. Peter van Schie, Dr. Georgios F. Giannakopoulos, Dr. Jens A. Halm
Amsterdam UMC, Travma Cerrahisi Departmanı, Konum AMC, Amsterdam-Hollanda

AMAÇ: Dünya çapında 60’tan fazla ülkede, laboratuvar testlerinin travma resüsitasyonunda zorlu ve pahalı bir rolü vardır. Literatürde 1995’te, 
rutin laboratuvar testlerinin çoğu travma hastası için yararlı olmayabileceği zaten önerilmişti. Çalışmamız, bazı laboratuvar testlerine olan ihtiyacının 
yeniden gözden geçirilebileceğini varsaymaktadır. Bu çalışmanın amacı, travma hastası yönetiminde rutin laboratuvar testlerinde normal ve anormal 
parametreler arasındaki dağılım hakkında daha fazla bilgi oluşturmaktır.
GEREÇ VE YÖNTEM: Bu geriye dönük analiz, Seviye 1 travma merkezi olan Amsterdam UMC (AMC)’de gerçekleştirildi. Yaş, cinsiyet, Fiziksel Du-
rum Sınıflandırma Sistemi (ASA), Yaralanma Şiddet Skoru (ISS), Glasgow Koma Ölçeği (GCS), yaralanma mekanizması (MOI), yüksek enerjili travma 
varlığı (HET) ve yaralanma türü (künt veya penetran) ile ilgili veriler elde edilmiştir. Laboratuvar parametreleri kapsamlı hematoloji ve pıhtılaşma 
testleri, arter kan gazı, böbrek ve karaciğer kan panellerini içermekteydi. Analitik olarak hastanın hayati durumuna, acil müdahale endikasyonuna ve 
hastane içi ölüm riskine odaklanıldı.
BULGULAR: Araştırmaya toplam 1287 hasta alındı. Stabil olmayan yaşamsal belirtileri olan veya acil müdahale gerektiren hastalarda çoğunlukla pO2, 
glukoz, D-dimer, kreatinin ve alkol değerlerinde anormallikler mevcuttu. Hastaların %80’inden fazlasında MCV, INR, fibrinojen ve amilaz değerleri 
elde edilmekle birlikte, sadece %9’dan azında ve spesifik hasta gruplarında anormal değerler görüldü.
TARTIŞMA: Travma hastalarında esas olarak anormal D-dimer, pO2, glukoz, kreatinin ve alkol değerleri görülmüştür. Buna karşılık, MCV, INR, ami-
laz, fibrinojen ve trombosit değerleri sadece az sayıda travma hastasında anormal olarak gözlenmiştir. Bu bulgular, özellikle stabil yaşamsal belirtileri 
olan travma hastaları için laboratuvar testlerinin performansında yeniden değerlendirme ve daha fazla doğrulama önermektedir.
Anahtar sözcükler: Acil bakım; rutin laboratuvar testleri; travma hastaları; travmatik yaralanma.
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Appendix 1.  Laboratory reference values with the total number of obtained and abnormal values

   Reference value Obtained, n (%) Abnormal values, n (%)

Haematology     

 Haemoglobin 8.5–10.5 mmol/L* 1.249 (97.0) 389 (30.2)

 Haematocrit 0.40–0.50 L/L* 1.184 (92.0) 320 (24.9)

 MCV  80–100 fL 1.185 (92.1) 75 (5.8)

 Leukocytes  8.5–10.5 109/L* 1.190 (92.5) 440 (34.2)

 Thrombocytes 150–400 109/L 1.198 (93.1) 117 (9.1)

Arterial blood gas     

 pH 7.35–7.45 972 (75.5) 362 (28.1)

 pCO2 4.4–6.3 kPa 978 (76.0) 272 (21.1)

 Bicarbonate 23–29 mmol/L 978 (76.0) 385 (29.9)

 Base Excess -3.0–+3.0 mmol/L 985 (76.5) 266 (20.7)

 pO2 10.0–13.3 kPa 976 (75.8) 812 (63.1)

 O2-saturation >95% 968 (75.2) 308 (23.9)

Coagulation     

 INR <1.3 1.132 (88.0) 64 (5.0)

 PT 9.7–11.6 sec 1.154 (89.7) 420 (32.6)

 aPTT 22–30 sec 1.148 (89.2) 219 (17.0)

 Fibrinogen 1.5–4.0 g/L 1.094 (85.0) 98 (7.6)

 D-dimeer <0.5 mg/L 1.084 (84.2) 862 (67.0)

Kidney panel     

 Sodium 135–145 mmol/L 1.030 (80.0) 129 (10.0)

 Potassium 3.5–4.5 mmol/L 1.031 (80.1) 283 (22.0)

 Urea 2.1–7.1 mmol/L 1.199 (93.2) 203 (15.8)

 Creatinine 75–110 µmol/L* 1.238 (96.2) 91 (7.1)

Liver panel     

 ASAT <40 U/L 1.031 (80.1) 296 (23.0)

 ALAT <45 U/L* 1.199 (93.2) 267 (20.7)

 Lactate 0.4–2.0 mmol/L 934 (72.6) 342 (26.6)

 Amylase <220 U/L 1.193 (92.7) 108 (8.4)

Others     

 CKMB <5.2 µg/L 197 (15.3) 130 (10.1)

 Glucose 4.1–5.6 mmol/L 956 (74.3) 740 (57.5)

 Alcohol >0.1 ‰ 1.170 (90.9) 501 (38.9)

*Female reference: Hemoglobin 7.5–10 mmol/L; Hematocrit 0.35–0.45 L/L; Leukocytes 7.5–10.0 mmol/L; Creatinine 65–95 µmol/L; ALAT 
<34 U/L. MCV: Mean corpuscular volume; pH: Potential of hydrogen; pO2: Partial pressure of O2; O2-saturation: Blood oxygen saturation; 
INR: International normalized ratio; PT: Prothrombin time; aPTT: Activated partial thromboplastin time; ASAT: Aspartate transaminase; 
ALAT: Alanine transaminase; CKMB: Creatine kinase-mb.


