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Introduction: Arterial blood gas and serum lactate (ABG / SL) values have been shown to be

markers for occult shock and poor outcome following blunt trauma. However, the utility of ABG / SL
in blunt trauma patients who also receive computed tomographies (CT) of the chest, abdomen, and
pelvis (CT C&A) remains unknown.

Methods: A chart review was performed of all adult blunt trauma patients who received both CT
C&A and ABG / SL upon presentation to our emergency department (ED) between January 1, 2007
and December 31, 2007. These patients (n=360) were identified from our institutional trauma registry
database. Patients were divided into subgroups based upon whether they had a positive or negative
ED evaluation for traumatic injury requiring hospitalization or immediate operative management. The
expected course for patients with negative ED evaluations regardless of ABG / SL was discharge
home. The primary outcome measure was the proportion of patients with a negative ED evaluation
and an abnormal ABG or SL that were admitted to the hospital.

Results: 2.9% of patients with a negative ED evaluation and abnormal ABG or SL were admitted. Of
these, none were found to have any post-traumatic sequalae.

Conclusion: We found that abnormal ABG / SL results do not change management or discharge
disposition in patients without clinical or radiographic evidence of traumatic injury on CT C&A.
Among patients who receive CT C&A, the routine measurement of arterial blood gas and lactate may
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be an unnecessary source of additional cost, patient discomfort, and delay in care.

INTRODUCTION

Arterial blood gas (ABG) and serum lactate (SL)
abnormalities have both been identified as markers for occult
malperfusion and poor outcome following blunt traumatic
injury.' This has led some authors to advocate the use
of arterial blood gas with serum lactate (ABG / SL) as a
screening tool for occult injury in all patients sustaining blunt
trauma.* Our institutional protocol requires that ABG / SL
be obtained on all Level I or Level II blunt trauma patients
presenting to the resuscitation bay. However, cross-sectional
computed tomography (CT) of the chest, abdomen and pelvis
(CT C&A) is also obtained on many of these patients. It

remains unclear whether or not ABG / SL adds any predictive
or prognostic value in the detection of clinically-significant
occult injury when early CT C&A is also obtained.

Routine laboratory testing in blunt trauma patients has
been dramatically reduced over the past decade.® Studies
have shown that the routine use of chemistry panels, amylase,
and coagulation studies are of limited clinical value in the
evaluation of blunt trauma patients, and merely add to overall
hospital resource use.® Among those blunt trauma patients
who also receive CT C&A imaging, routine ABG / SL testing
may also be an unnecessary source of additional cost, patient
discomfort, and delay in care. This study sought to determine
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whether abnormal ABG / SL values change the emergency
department (ED) disposition of patients who also receive an
early CT of the chest, abdomen and pelvis.

METHODS

All Level I or Level II adult blunt trauma patients
presenting to the ED resuscitation bay between January 1,
2007, and December 31, 2007, were identified from the
institutional trauma registry. We considered patients > 16
years of age adults for the purposes of this study. Exclusion
criteria included the absence of an ABG or serum lactate level,
the absence of complete CT C&A imaging while in the ED,
concomitant penetrating trauma, transfer to or from another
institution prior to hospital admission, or patients who left
prior to completion of service.

The criteria for Level I and Level II trauma triage at our
institution are shown in Figure 1. There is some discretion
with regards to Level II triage criteria and some of these
patients, as well as Level 3 trauma patients, are not seen in the
resuscitation bay. Patients who are not seen in the resuscitation
bay do not receive the same routine laboratory studies and
therefore were not included in this study.

We developed a data abstraction tool to collect
information, and instructed a research assistant on using
the tool. All data were collected by the study authors and a
single research assistant. This tool collected demographic
data (age and gender), initial ABG and lactate values, results
of all CT studies, mechanism and types of traumatic injuries,
ED complications, and final disposition from the ED for all
patients. Patients who were admitted to the clinical decision
unit (CDU) for observation < 23 hrs were considered to be
hospital admissions for the purposes of this study, as they
were not discharged home.

An abnormal ABG was defined as a pH of less than
7.35 or greater than 7.45, or a base deficit (BD) of <-6. An
abnormal lactate was defined as a serum lactate level > 1.8
mmol/L, which is the upper limit of normal at our institution.

We analyzed 2 patient subgroups. The first subgroup
consisted of those patients with a negative ED evaluation for
traumatic injury. By definition, these patients all had a CT
C&A demonstrating no acute traumatic injuries, normal CT
Head or Glasgow Coma Scale (GCS) of 15 and no clinical
concern for head injury, and no radiographic or clinical
evidence for any major traumatic injury requiring emergent
operative intervention or hospital admission. In short, these
patients had no traumatic sequelae identified that would
have required hospital admission or emergent operative
intervention.

The second subgroup consisted of those patients with a
positive ED evaluation for traumatic injury. Patients in this
group had either a CT C&A demonstrating significant acute
traumatic injuries, or some other radiographic or clinical
evidence of blunt traumatic injury requiring immediate
operative intervention or hospital admission. In short, these
patients would have required admission to the hospital for
traumatic injuries regardless of ABG / SL results. For the
purposes of this study, major injury was defined as blunt
traumatic injury requiring immediate operative intervention or
hospital admission.

The expected course for patients with a negative ED
evaluation in the absence of the information provided by an
ABG or serum lactate level would be discharge to home.
Patient charts were reviewed looking for evidence of a
change in expected management in both of these groups. The
primary outcome measure was the proportion of patients with
a negative ED evaluation and an abnormal arterial blood gas
and/or lactate that were subsequently admitted to the hospital.

Secondary outcomes included the proportion of overall
abnormal ABG / serum lactate results, and the proportion
of patients with an abnormal ABG or serum lactate and
a negative ED evaluation that subsequently sustained an
ED complication. ED complications were defined as ED
mortality, ED cardiac or respiratory arrest with successful
resuscitation, or significant hypotension requiring the

Trauma Level Il
A. Mechanism of injury

Trauma Level I:
1. Systolic BP <90

buttocks and perineum

7. Resuscitative blood transfusion
during transport

8. ED Senior Staff Physician Discretion

with significant impact.
. Fall > 10 feet

o

electrocution injury

Henry Ford Health System Trauma Criteria

2. Respiratory rate < 10 or > 30 1. High speed motor vehicle crash > 40 1. All penetrating injuries to the extremities

3. Glasgow coma score < 10 mph excluding those distal to the elbow and knee.

4. Intubation in the field or respiratory 2. Ejection 2. Flail chest or multiple rib fractures
compromise 3. Rollover 3. Pelvic fracture

5. Intubations prior to transfer from 4. Extrication 4. Two or more proximal long bone fractures
outside facilities 5. Death in same passenger compartment 5. Amputation proximal to wrist or ankle

6. GSW to head, neck, trunk, including 6. Pedestrian or bicycle or motorcycle 6. Focal neurologic deficit (paralysis, pain out of

crash with victim thrown, run-over or

. Burns: > 20% TBSA and any

Trauma Level ll:
B. Anatomic criteria

proportion, paresthesias, pallor, pulselessness)
. Pregnancy (>20 weeks)
. Extremes of age: < 10 yrs or > 65 yrs old

©

Figure 1. Trauma Criteria.

BP, blood pressure; GSW, gun shot wound; ED, emergency department; TBSA, total body surface area
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Table 1. Patient characteristics (positive vs. negative emergency
department [ED] evaluation).

Positive ED Negative ED
evaluation evaluation

185 (51.4%) 175 (48.6%)
185 (100.0%) 11 (6.3%)

P-value

Number of patients
Number admitted (%)

Males (%) 138 (74.6%) 128 (69.2%)

Mean age (years) 42.5 36.8 <0.001
Mean pH 7.37 741 <0.001
Mean carbon dioxide (PaCO,,

mmHg) 38.7 37.1 0.04
Mean oxygen (PaO,, mmHg) 152.4 143.0 0.28
Mean oxygen saturation (%) 96.5 96.6 0.88
Mean lactate (mmol/L) 2.91 2.04 <0.001
Mean base deficit -2.97 -1.06 <0.001

transfusion of blood products after the patient’s initial
resuscitation was completed.

RESULTS

We identified 464 adult blunt trauma patients from our
institutional trauma registry who presented to the ED resuscitation
bay between January 1, 2007, and December 31, 2007, . We
excluded 104 patients from the study due to absence of CT C&A
imaging (63 patients), transfer from or to another institution (28
patients), absence of either ABG or serum lactate value (6 patients),
inaccurate patient identifier information (6 patients), or patient
leaving prior to completion of service (1 patient).

Three hundred sixty adult blunt trauma resuscitation
patients met inclusion criteria. We found significant
differences in mean pH (p<0.001), mean partial pressure of
carbon dioxide (p=0.04), mean serum lactate level (p<0.001),
and mean base deficit (p<0.001) between groups. We found
no significant differences between groups in regards to mean

partial pressure of oxygen (p=0.28) or mean oxygen saturation
(p=0.88). Patients with a negative ED evaluation were
generally younger than patients with a positive ED evaluation
(mean age 38.8 years vs. 42.5 years, p<0.001). This data is
presented in Table 1.

Of these 360 patients, 175 (48.6%) had a negative ED
evaluation, and 185 (51.4%) had a positive ED evaluation. Of
the 175 patients with a negative ED evaluation, 104 (59.4%)
had an abnormal ABG or serum lactate level. Of the 185
patients with a positive ED evaluation, 46 (24.9%) had a
normal ABG and serum lactate level, although none were sent
home (Figure 2). The laboratory and disposition results for
patients with negative or positive ED evaluation are presented
in Tables 2-4. The types of major injury identified on CT for
all patients are presented in Table 5.

The sensitivity of an abnormal ABG or lactate level for
blunt traumatic injury identified on CT of the chest, abdomen,
and pelvis was 69.2%, with specificity of 43.5%. The positive
predictive value (PPV) was 34.1%, with negative predictive
value (NPV) of 76.9%. In identifying major blunt trauma injury,
abnormal ABG (base deficit or pH < 7.35 or > 7.45) alone was
found to have a sensitivity of 40.2%, and specificity of 79.8%
(PPV 45.7%, NPV 75.9%). Abnormal serum lactate alone was
associated with a sensitivity of 62.6%, and specificity of 50.6%
(PPV 34.9%, NPV 76.2%) for major injury identified on CT.

The sensitivity of an abnormal ABG or lactate level for
blunt traumatic injury requiring hospital admission was 73.2%,
with specificity of 39.2%. The PPV was 58.4%, NPV of 55.6%.
In predicting hospital admission, abnormal ABG (abnormal
base deficit or pH) alone was found to have a sensitivity of
44.3%, and specificity of 68.1% (PPV 61.9%, NPV 51.1%).
Abnormal serum lactate alone was associated with a sensitivity
of 59.8%, and specificity of 54.2% (PPV 60.4%, NPV 53.6%).
These results are presented in Table 6, including descriptive
statistics for various combinations of abnormal lab values.

Table 2. Abnormal arterial blood gas and serum lactate (ABG / SL) by emergency department (ED) evaluation.

Positive ED evaluation
(All were admitted)

Lab abnormality

Negative ED evaluation Total
(Number admitted, %) (Number admitted, %)

Alkalosis only (AL) 10 16 (1, 6.3 %) 26 (11, 42.3%)
Alkalosis + Lactate (A+L) 7 12 (0) 19 (7, 36.8%)
Acidosis only (AC) 10 10 (0) 20 (10, 50.0%)
Acidosis + Base deficit (AC+BD) 2 0 2 (2,100.0%)
Acidosis + Lactate (AC+L) 17 11 (0) 28 (17, 60.7%)
Base deficit only (BD) 3 0 3 (3, 100.0%)
Base deficit + Lactate (BD+L) 4 1(0) 5 (4, 80.0%)
Lactate only (L) 56 49 (1, 2.0%) 105 (57, 54.3%)
All abnormal (ALL) 31 5(1,20.0%) 36 (32, 88.9%)
Any abnormal (ANY) 139 104 (3, 2.9%) 243 (142, 58.4%)
All normal (NL) 46 71 (5, 7.0%) 117 (51, 43.6%)

Total

185 (100.0%)

175 (11, 6.3%)

360 (196, 54.4%)
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Table 3. Percent of patients with abnormal arterial blood gas and serum lactate (ABG / SL) by disposition from emergency department.

Disposition Number patients Abnormal ABG (%)  Abnormal lactate (%) Abnormal ABG or lactate (%)
Admitted 194 (53.9%) 86 (44.3%) 116 (59.8%) 142 (73.2%)
Cbu 16 (4.4%) 3(18.8%) 6 (37.5%) 6 (37.5%)
Floor 46 (12.8%) 13 (28.2%) 21 (45.7%) 28 (60.9%)
ICU 87 (24.2%) 50 (57.5%) 60 (69.0%) 72 (82.8%)
OR 45 (12.5%) 20 (44.4%) 29 (64.4%) 36 (80.0%)
Discharged 166 (46.1%) 53 (31.9%) 76 (45.8%) 101 (60.8%)
Total 360 (100.0%) 139 (38.6%) 192 (53.3%) 243 (67.5%)

CDU, critical descision unit; ICU, intensive care unit; OR, operating room

Table 4. Arterial blood gas and serum lactate (ABG / SL) results by finding of major injury on computed tomography (CT).

CT chest CT abdomen / pelvis
Negative Positive p-value Negative Positive p-value
Number of patients 276 84 306 54
Mean lactate (mmol/L) 2.36 2.90 0.03 2.36 3.18 0.01
Mean base deficit 1.63 3.41 < 0.001 1.73 3.75 < 0.001
All normal (%) 98 (35.5 %) 19 (22.6 %) 108 (35.3 %) 9 (16.7 %)

Any abnormal (%) 178 (64.5%) 65 (77.4 %)

198 (64.7 %) 45 (83.3 %)

Table 5. Major injuries identified on computed tomography (CT) of
the chest, abdomen, and pelvis.

Number (%) with
Number (%) of abnormal
Type of injury all major injuries ABG/SL
CT chest
Hemothorax 12 (5.8%) 12 (100.0 %)

Hemomediastinum
Multiple rib fractures/
flail chest
Pericardial effusion
Pneumothorax /
Pneumomediastinum
Pulmonary artery
laceration
Pulmonary contusion

50 (24.3%) 36 (72.0 %)

1(0.5%)
26 (12.6%)

1 (100.0 %)
24 (92.3 %)
2 (1.0%) 1(50.0 %)

31 (15.0%) 24 (77.4 %)

Transected aorta 1(0.5%) 1(100.0 %)
CT abdomen / pelvis
Adrenal hematoma 2 (1.0%) 2 (100.0 %)
Bladder rupture 2 (1.0%) 2 (100.0 %)
Diaphragmatic rupture 1(0.5%) 0 (0.0 %)
Free fluid in abdomen 9 (4.4%) 8 (88.9 %)
Free fluid in pelvis 9 (4.4%) 8 (88.9 %)
Gastric / bowel injury 7 (3.4%) 6 (85.7 %)
Kidney laceration 3 (1.5%) 3 (100.0 %)
Liver laceration / 12 (5.8%) 10 (83.3 %)
contusion
Pancreatic injury 1(0.5%) 1 (100.0 %)
Pelvic fracture 23 (11.2%) 17 (73.9 %)
Pneumoperitoneum 3 (1.5%) 3 (100.0 %)
Soft tissue hematoma 3 (1.5%) 2 (66.7 %)
Splenic laceration 8 (3.9%) 8 (100.0 %)

Total 206 (100.0%) 169 (82.0 %)

We found only 3 cases among the 360 patients included
in our analysis that appeared to have a change in disposition
from the ED due to abnormal ABG / SL values. The first
of these patients was a 51-year-old male involved in a
motor vehicle collision (MVC) who was admitted to the
inpatient medical floor for known Atrial Fibrillation with
Rapid Ventricular Response with an arterial pH 7.52 but
otherwise normal ABG / SL. The second patient was a
33-year-old female involved in an MVC who was admitted
for observation in the Clinical Decision Unit (CDU) for
persistent abdominal pain with a lactate 2.4 mmol/L and
discharged the following morning. The third patient was a
16-year-old male involved in an assault who was admitted
to the CDU for an unexplained elevated lactate level (12.5
mmol/L) and base deficit of 9. He was also discharged home
the following morning. All 3 patients had negative laboratory
and radiographic evaluations in the ED with the exception of
the ABG / SL. None of these 3 patients were found to have
any post-traumatic sequelae during the time that they were
monitored in the hospital.

Table 6. Abnormal laboratory values associated with hospital
admission.

Abnormal lab value Sensitivity Specificity PPV NPV

Lactate (L) 59.8 % 54.2 % 60.4 % 53.6 %
ABG (pH or BD) 44.3 % 68.1 % 61.9% 51.1%
ALL (pH +BD +L) 16.5 % 97.6 % 88.9 % 50.0 %
ANY (pHorBDorL) 732% 39.2% 58.4 % 55.6 %

PPV, positive predictive value; NPV, negative predictive value
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Home 101 pts
(97.1%)
Abnormal ABG/SL
104 pts (59.6%)
Admitted 3 pts

Negative ED (2.9%)

evaluation 175

pts (48.6%) Home 65 pts

(91.2%)
Normal ABG/SL
71 pts (40.4%)
Admitted & pts

(8.8%)
360 Patients

Home 0 pts (0%)

Abnormal ABG/5L
139 pts (75.1%)
Admitted 139 pts

Positve ED (100%)

evaluation 185
pts (51.4%)

Home O pts (0%)
Normal ABG/SL
46 pts (24.9%)

Admitted 46 pts

(100%)

Figure 2. Study results.

Of the 175 patients with negative ED evaluations, 6
were admitted to the hospital despite normal ABG / SL
values. One of these patients was admitted to the intensive
care unit for a new diagnosis of atrial fibrillation, and 5 were
admitted to the CDU for observation. Three of the 5 CDU
patients were admitted for pain control, one was admitted
for an elevated amylase level that normalized the following
day, and 1 patient was observed for <23 hours following
infiltration of CT intravenous contrast. There were no ED
complications identified in patients with a negative ED
evaluation.

DISCUSSION

Arterial blood gases and serum lactate levels have been
shown to be appropriate laboratory studies in the evaluation
of select blunt trauma patients, especially those patients who
have sustained significant traumatic injury. The utility of
serial blood gases and lactate levels in assessing the adequacy
of fluid resuscitation in blunt trauma patients has been well
studied and is strongly supported by the current trauma
and critical care literature.”® Table 4 also demonstrates that
patients in this study with major injury identified on CT
generally have statistically-higher mean lactate levels and
mean base deficits than patients in this study without major
injury. However, in this study, the mean base deficit for
patients with major injury identified on CT was still within
normal limits for healthy individuals, and the mean serum
lactate for uninjured patients was elevated above normal limits
at our institution. This data suggests that ABG / SL levels are
of limited value in detecting clinically-significant occult injury
among patients with a normal CT evaluation of the chest,
abdomen, and pelvis following blunt trauma.

CT has been shown to reliably identify major traumatic
injury following blunt trauma.”'* ABG / SL levels can also
play an important role in defining fluid resuscitation endpoints
and evaluating the degree of post-traumatic malperfusion

when followed over time. However, our data suggests that
abnormal ABG / SL results do not alter discharge disposition
or identify ED complications in those blunt trauma patients
who also receive extensive CT early in their resuscitation.
In this patient population, a thorough physical examination,
appropriate CT, and other radiographic studies were
adequate to identify injuries ultimately requiring immediate
management or hospital admission. Based on these results,
routine ABG / SL measurements should not be used as
screening tests to identify occult injury in adult blunt trauma
patients who undergo CT C&A.

Routine ABG / SL testing may not add any diagnostic
value to a patient’s ED evaluation, but is associated with
additional costs to the patient, potential complications, and
the misappropriation of already limited ED resources. The
laboratory cost of an ABG / SL level at our institution is
$216, which represents a cumulative cost of $77,760 for all
360 patients included in this analysis. Besides this additional
cost, cannulation of the radial artery for sampling also carries
the risk of certain complications, including bleeding, median
nerve injury, pseudoaneurysm formation, and radial artery
thrombosis."!

Based upon these results, we hope to defer ABG / SL
testing on all patients who will be receiving early CT C&A at
our institution until CT results are known, unless the patient is
deemed clinically unstable or is expected to require hospital
admission independent of CT findings. We believe that these
changes to our institutional blunt trauma protocol will save
our patients this unnecessary expense, while improving their
risk profile without compromising the quality of the care
provided in the ED.

LIMITATIONS

We faced the standard limitations of a retrospective
study. However, these were mitigated by the fact that the
trauma registry data is collected prospectively and the data
points are readily found in the registry. The main limitation
in this analysis was the inability to eliminate practice
variation due to the retrospective nature of the study. The
institutional trauma protocol requires that ABG / SL levels
be obtained on all blunt trauma patients presenting to the
resuscitation room. In reality, there was some variability
in the frequency of ABG and lactate collection and this
may have affected the results. We also did not evaluate
how ABG / SL results may have affected intravenous fluid
administration or other treatments provided in the ED.
Lastly, the lack of complete follow up of discharged patients
is a limitation of their true final outcome.

CONCLUSION

Abnormal arterial blood gas or serum lactate levels do not
change the ED disposition of adult blunt trauma patients who
also receive an early CT of the chest, abdomen and pelvis. The
routine use of ABG / SL on these patients is not warranted.
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