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Objective: The objective of this study was to determine if the white blood cell count can predict severity 
of injury in blunt trauma victims. 

Methods: This was a retrospective study comparing two groups of blunt trauma victims by severity 
of injury, one with significant injury and one without significant injury, and comparing their initial WBC 
in the emergency department (ED). We also examined if WBC correlates with degree of injury using 
Injury Severity Score (ISS) in both groups combined. Further, we examined the WBC as a predictor of 
serious injury. 

Results: Our study showed a difference in mean WBC between the two groups that was statistically 
significant (p<0.001). A positive relationship between ISS and WBC was found, although the association 
was weak (correlation coefficient = 0.369). While the WBC had moderate discriminatory capability for 
serious injury, it could not, in isolation, reliably rule in or out serious injury. Nevertheless, this study 
supports using WBC on presentation to the ED as an adjunct for making disposition decisions. 

Conclusion: A significant elevation in WBC in a blunt trauma patient, even with minimal initial signs of 
severe injury, should heighten suspicion for occult injury.
[WestJEM. 2008;9:81-85.]

INTRODUCTION 
Identifying significant injury in the trauma patient remains 

a difficult task. Having early markers of injury may help the 
clinician prevent serious decompensation of patients and thus 
improve their outcome and hasten their disposition. We set out 
to determine if WBC can aid physical exam, history, and other 
tests in detecting severe injury in blunt trauma victims. 

Leukocytosis in trauma/stress is due to neutrophilia, 
caused by neutrophil margination, and not due to increased 
marrow production or release of immature cells or bands. The 
phenomenon is short-lived, lasting only minutes to hours.1 In 
theory, patients with significant injury should have a higher 
degree of leukocytosis compared to patients with minor injuries. 
Since the CBC is one of the first tests obtained from trauma 
patients in the emergency department (ED), WBC level could 
serve as an easy-to-obtain marker for serious injury. 

METHODS
The study was conducted at Kern Medical Center, a 

metropolitan county teaching hospital, Level II trauma center 
with approximately 50,000 yearly ED visits, and 2,400 trauma 
activations per year. The hospital is the only trauma center in 
Kern County, California, serving a population of approximately 
800,000. This study was a retrospective analysis. Initial patient 
identification utilized the hospital  trauma database. Entry 
criteria included all ED patients treated for blunt trauma, whether 
admitted or discharged from the ED, between January 1, 2003 
and July 31, 2004. Exclusion criteria were non-blunt trauma 
(such as penetrating trauma or burn victims), or lack of white 
blood cell count determination on admission. Medical records 
for all entered patients were retrieved and examined by a single 
research assistant. Accuracy was reviewed by a 100 percent 
review of all charts and data by the principal investigator for the 
data outlined below. Standard definitions and criteria were used to 
obtain the data. IRB approval was obtained for this study. 

Data collected included WBC on admission, patient 
age, sex, race, co-morbid conditions, prescription medication 
use, drug/alcohol intoxication, presenting Injury Severity 
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specifications outlined above, such as patients with non-emergent 
extremity fractures, as well as all patients that may have been 
admitted for observation who did not develop significant injuries. 

A one-tailed design was selected, since prior reports have 
not shown trauma to be a cause of lowered, only elevated, 
white counts. Assuming an alpha error of 0.05, a beta error 
of 0.20, a standard deviation of 5,000 WBC and a detectable 
effect size of 1500 WBC/mm3, 137 patients per group would 
be required. Evaluation of whether a significant difference 
between groups existed was determined by assessing WBC as a 
predictor of serious injury and carried out using receiver operator 
characteristic (ROC) analysis. Continuous data were summarized 
as mean ± one standard deviation, and were compared using the 
student’s t-test. Categorical data were compared using the chi-
square test. Statistical significance was set at an alpha error of 0.05. 

Outcome among patients discharged home from the ED was 
assessed by review of the entire patient’s medical record, which 
include all patient visits. Records were reviewed for each study 
participant. If patients were followed up in trauma clinic or other 
specialty clinic visits, the clinic visit was available for review in 
medical records.

RESULTS
A total of 279 blunt trauma patient records were reviewed. 

Of these, 142 were found to have significant injury and 
137 did not have significant injury. Of those patients with 
significant injury, seven were dead on arrival or died in the 
ED, 127 were admitted to the hospital (44 via the operating 
room), seven were transferred to another institution, and one 
was discharged home after observation. Of those without 

0

10

20

30

40

50

60

70

80

0 5 10 15 20 25 30 35 40 45 50

WBC

ISS

No Sig Injury
Sig Injur
Linear Regress

ISS = 0.6932 * WBC + 4.0934
Correlation Coeff = 0.369

Normal

Santucci et al 							       Leukocytosis in Blunt Trauma

Score (ISS), disposition, and time elapsed between injury and 
WBC blood draw. Co-morbid conditions that might affect the 
degree of leukocytosis were recorded, including pregnancy, 
chronic infection, diabetes, cardiovascular disease, pulmonary 
disease, cancer, liver disease, pancytopenia on presentation, 
and immunologic diseases. Prescription drug use such as 
steroids, immuno-suppressants, lithium, beta agonists, as well 
as recreational drug use and drug toxicology results, including 
methamphetamine, cocaine, opiates, benzodiazepines, and 
alcohol, were also recorded. 

Patients were divided into two groups by severity, one 
with significant injury and one without significant injury. 
Significant injury was defined as any of the following injuries: 
all intra-abdominal and intracranial injuries, spinal and skull 
fractures, pelvic diastasis, pulmonary contusions, hemothorax, 
pneumothorax, flail chest, and bronchial tree, great vessel or 
major arterial injuries. These injuries were documented in the 
medical records either on admission, via radiologic or operative 
reports, during the hospital course, or on discharge diagnosis. 
Also included in the significant injury group were all patients 
with associated symptoms of hypotension (systolic blood 
pressure equal to or less than 90 mmHg) on arrival in the ED, 
death, requirement of transfusion, or operative management 
within the initial 24 hours following injury. Patients requiring 
operative management within 24 hours included injuries such as 
severe degloving injuries, pelvic fractures, severe facial injuries, 
bronchial tree lacerations, arterial injuries, open extremity 
fractures, open joint injuries, urogenital injuries requiring surgery. 

The non-significant injury group included all remaining 
patients with minor injuries not meeting the significant injury 

Figure 1.  White Blood Count (WBC) vs. Injury Severity Score (ISS)
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significant injury, 85 were admitted and 52 were discharged 
home.	

Confounding variables were compared and occurred with 
similar frequency in the two groups with some exceptions 
(Table 1). Pulmonary co-morbidities were more frequent in 
the non-injury group (8% vs. 2%); prescription medication 
use was more common in the significant injury group (7.7% 
vs. 1.5%) and positive benzodiazepine screens were seen 
more often in patients with significant injury (11% vs. 0%). 
The mean WBC for the significant injury group was 16,900 

± 7,590. Mean WBC for the non-significant injury group was 
11,050 ± 4,560. The difference in WBC values between the 
two groups was statistically significant (Student’s t=7.77, 
p<0.001). 

In order to examine the relationship between admission 
WBC and Injury Severity Score (ISS) we combined groups 
(Figure 1). Although a positive relationship between ISS and 
WBC was found (ISS = 0.69 x WBC + 4.1) the association 
was weak (correlation coefficient = 0.369).

We next examined the admission WBC as a predictor of 

Table 1. Confounding Variables

Significant Injury (142) Non-Significant Injury (137)
Number Percent 95% Conf Interval Number Percent 95% Conf Interval

Sex
     Male 92 64.8% 0.563-0.726 83 60.6% 0.519-0.688
     Female 50 35.2% 0.274-0.437 54 39.4% 0.312-0.481
Race
     Caucasian 66 46.5% 0.381-0.550 66 48.2% 0.396-0.569
     Hispanic 57 40.1% 0.320-0.487 55 40.1% 0.319-0.489
     African American 10 7.0% 0.034-0.126 7 5.1% 0.021-0.102
     Asian 8 5.6% 0.025-0.108 6 4.4% 0.016-0.093
     Other 1 0.7% 0.000-0.039 3 2.2% 0.004-0.063
Age
     0-25 52 36.6% 0.287-0.451 60 43.8% 0.353-0.525
     25-50 61 43.0% 0.347-0.515 51 37.2% 0.291-0.459
     50-75 21 14.8% 0.094-0.217 21 15.3% 0.097-0.225
     >75 8 5.6% 0.025-0.108 5 3.6% 0.012-0.083
Co-Morbidity
     Diabetic 6 4.2% 0.016-0.090 6 4.4% 0.016-0.093
     Cardiac 3 2.1% 0.004-0.060 4 2.9% 0.008-0.073
     Pulmonary 3 2.1% 0.004-0.060 11 8.0% 0.041-0.139
     Modulating** 8 5.6% 0.025-0.108 4 2.9% 0.008-0.073
     Pregnancy 0 0.0% 0.000-0.026 2 1.5% 0.002-0.052
Meds
     Prescription meds 9 6.3% 0.029-0.117 9 6.6% 0.030-0.121
     Meds (unknown) 11 7.7% 0.039-0.134 2 1.5% 0.002-0.052
     Ethanol 26 18.3% 0.123-0.257 20 14.6% 0.091-0.216
     Amphetamines/cocaine 11 7.7% 0.039-0.134 15 10.9% 0.063-0.174
     Opiates 16 11.3% 0.066-0.177 10 7.3% 0.036-0.130
     Benzodiazepines 16 11.3% 0.066-0.177 0 0.0% 0.000-0.026
Time
     0-90 79 55.6% 0.471-0.640 81 59.1% 0.504-0.674
     90-180 45 31.7% 0.241-0.400 45 32.8% 0.251-0.414
     >180 10 7.0% 0.034-0.126 11 8.0% 0.041-0.139

* p-values calculated using Chi-square
** liver disease, AIDS, blood transfusion, ulcerative colitis, pancytopenia, Sjorgen’s S., mononucleosis, cancer. 
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serious injury. After ranking subjects in order of ascending 
WBC values, sensitivities and specificities were calculated for 
various cut-offs for WBC values. Among patients with WBC 
values at or above the cut-off level, those with serious injury 
were counted as true positives, those without serious injury 
as false positives. Among patients with WBC values below 
the cut-off, those with no serious injury were counted as true 
negatives, those with serious injury as false negatives (Table 
2). An ROC curve plot of the results of this analysis is shown 
in Figure 2. The area under the resulting ROC curve was 
0.743 (moderate discriminating power).

Santucci et al 							       Leukocytosis in Blunt Trauma

DISCUSSION 
Even among patients not sustaining significant injury, 

patients presenting to the ED following  blunt trauma tended to 
have elevated, or at least high normal, WBC values, suggesting 
that the stress of the trauma incident itself can result in marked 
demargination, even in the absence of major injury. It is clear 
from our sample that WBC levels falling within the normal 
range cannot be used to rule out major injury. While WBC 
alone cannot be used to effectively rule in or rule out serious 
injury, its moderate ability to discriminate between patients 
with and without serious injury suggests that it may contribute 

Table 2. Sensitivity and Specificity with Various WBC Cutoff Values

False Negative 
Cutoff* (000/mm3)

False Negative True Negative True Positive False Positive Sensitivity Specificity

6.0 5 9 137 128 0.965 0.066
6.5 9 13 133 124 0.937 0.095
7.0 13 27 129 110 0.908 0.197
7.5 15 34 127 103 0.894 0.248
8.0 18 39 124 98 0.873 0.285
8.5 19 49 123 88 0.866 0.358
9.0 23 53 119 84 0.838 0.387
9.5 24 65 118 72 0.831 0.474
10.0 25 72 117 65 0.824 0.526
10.5 27 78 115 59 0.810 0.569
11.0 30 82 112 55 0.789 0.599
11.5 34 84 108 53 0.761 0.613
12.0 40 89 102 48 0.718 0.650
12.5 43 93 99 44 0.697 0.679
13.0 46 95 96 42 0.676 0.693
13.5 47 97 95 40 0.669 0.708
14.0 53 102 89 35 0.627 0.745
14.5 62 107 80 30 0.563 0.781
15.0 64 110 78 27 0.549 0.803
15.5 69 113 73 24 0.514 0.825
16.0 72 114 70 23 0.493 0.832
16.5 72 116 70 21 0.493 0.847
17.0 79 120 63 17 0.444 0.876
17.5 83 124 59 13 0.415 0.905
18.0 87 125 55 12 0.387 0.912
18.5 88 128 54 9 0.380 0.934
19.0 90 129 52 8 0.366 0.942
19.5 92 129 50 8 0.352 0.942
20.0 94 130 48 7 0.338 0.949
25.0 122 136 20 1 0.141 0.993
30.0 135 137 7 0 0.049 1.000

*WBC values equal to or greater than that listed considered a positive test.
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meaningfully to the constellation of data used to make 
disposition decisions. Further study incorporating this variable 
into prediction models would clarify its value in this regard.

Past studies have either focused on subpopulations of blunt 
trauma patients, i.e., pediatric or head trauma patients, or studied 
several variables affecting WBC, and have shown mixed results. 
Review of the literature reveals several related studies:

Akköse et al2 performed a retrospective study evaluating 
713 blunt trauma patients showing that WBC was positively 
correlated with ISS. Chang et al3 prospectively studied 882 
patients admitted to a Level 1 trauma center evaluating admission 
WBC (only available for 786 patients) and GCS, race, injury 
mechanism, BP, and patients requiring early transfusion vs. no 
early transfusion, and found that only ISS greater than 15, GCS 
less than or equal to 8, and white race were associated with 
increases in white blood cell count. Harris et al4 retrospectively 
studied 46 patients after blunt abdominal trauma. They found 
that, in patients without obvious indications for invasive 
evaluation of the abdomen (e.g., peritoneal lavage, laparoscopy, 
laparotomy), leukocytosis was associated with intestinal injury.

Holmes et al5 retrospectively evaluated 1040 patients <15 
years of age with blunt traumatic injury admitted to Level 1 
trauma center and concluded that in children hospitalized for 
blunt torso trauma who are at moderate risk for intraabdominal 
injury, elevated WBC was associated with intra-abdominal injury.

Rovlias et al6 prospectively studied 624 patients with head injury 
and found patients with severe head injury had significantly higher 
WBC than those with moderate or minor injury. In severe head 
injury patients, WBC was also associated with unfavorable outcome.

Figure 2. WBC as a Predictor of Serious Injury
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 Figure 2.  WBC as a Predictor of Serious Injury

LIMITATIONS
Our study sample of all patients presenting to a trauma 

center included patients admitted and discharged from the 
ED. However, our trauma study population proved to be 
predominantly young (mostly under 50 years of age) and 
white/hispanic.

Retrospective analysis is always limited to available 
data within medical records. In order to more accurately 
apply results of this study to our typical patient population, 
we elected not to exclude patients with conditions that may 
affect the degree of leukocytosis, such as age, medical history, 
prescription medication use, or drug/alcohol intoxication. Some 
of these confounding variables may have skewed the results. 

Assessment of outcome was limited to patients seen 
at Kern Medical Center. It was assumed that patients with 
new or recurrent symptoms would return to their initial visit 
site at Kern Medical Center, the only trauma center in Kern 
County. However, any patients that may have left the county 
or returned to an outside hospital may have been missed. No 
follow-up calls to discharged patients were conducted.

CONCLUSION
The white blood cell count, taken in isolation, cannot be 

relied upon to rule in or rule out serious injury in blunt trauma 
patients. Nevertheless, this study supports using WBC on 
presentation to the ED as an adjunct for making disposition 
decisions. A significant elevation in WBC in a blunt trauma 
patient, even with minimal initial signs of severe injury, 
should heighten suspicion for occult injury.

Address for correspondence: Claudia Santucci, M.D., 320 Lincoln 
Street, Bakersfield, CA 93305, E-mail: fusillikopf@yahoo.com
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