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Abstract
Introduction Arterial blood gas (ABG) sampling is routinely performed in major trauma patients to assess the severity of 
hemorrhagic shock. Compared to venous blood gas (VBG), ABG is an additional procedure with risks of hematoma and pain. 
We aim to determine if pH, base deficit (BD), and lactate from VBG and ABG in trauma patients are clinically equivalent. 
If proven, the need for ABG and its associated risks can be eliminated.
Methods This prospective observational study was conducted in the Emergency Department of National University Hospital, 
Singapore, between February and October 2016. We correlated paired ABG and VBG results in adult trauma patients. VBG 
and ABG were obtained within 10 min and processed within 5 min using a point-of-care blood gas analyzer. Bland–Altman 
plot analysis was used to evaluate the agreement between peripheral VBG and ABG in terms of pH, base deficit and lactate.
Results There were 102 patients included, with a median age of 34 (interquartile range 28–46) years and male predominance 
(90.2%). Majority of patients sustained blunt trauma (96.1%), and had injuries of Tier 1 and Tier 2 severity (60/102, 58.8%). 
Bland–Altman plot analyses demonstrated that only 72.6% of venous pH and 76.5% of venous BD lie within the pre-defined 
clinically acceptable limits of agreement, whereas 96.0% of venous lactate was within these limits.
Conclusion Venous and arterial pH and BD are not within clinically acceptable limits of agreement, and ABG should be 
obtained for accurate acid–base status. However, venous lactate may be an acceptable substitute for arterial lactate.

Keywords Trauma · Arterial blood gas · Venous blood gas · Base deficit · Lactate

Introduction

Trauma is one of the leading causes of mortality and mor-
bidity, accounting for 9% of global mortality [1]. Among 
patients with trauma, hemorrhagic shock is the second lead-
ing cause of death after traumatic brain injury, responsible 

for 40% of deaths [2]. Delay in detection and management 
of hemorrhagic shock can lead to tissue hypoperfusion with 
resultant end-organ failure and eventual death.

Aside from assessment of hemodynamics, clinical signs 
and symptoms, arterial blood gas (ABG) sampling is rou-
tinely performed in patients with polytrauma to determine 
the severity of hemorrhagic shock. Initial arterial base deficit 
(BD), pH and lactate have been shown to be objective and 
predictive biomarkers for serious injury and tissue hypop-
erfusion [3–5]. In our local context, placement of an arterial 
line is not routinely done upon arrival of a trauma patient in 
the emergency department (ED). Obtaining an ABG sam-
ple is therefore an additional procedure in the busy trauma 
resuscitation and is associated with increased morbidity to 
patients by subjecting them to risks of bleeding, hematoma, 
thrombosis and pain [6, 7]. This is in contrast to venous 
blood sampling, which can be easily drawn simultaneously 
during intravenous cannulation for vascular access to admin-
ister fluids and parenteral medications in trauma resusci-
tation. Furthermore, ABG sampling can be a challenging 
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procedure in hypotensive patients, and exposes healthcare 
workers to the additional hazard of needlestick injuries, 
especially in combative and confused patients. The ability to 
eliminate the need for ABG sampling would eradicate these 
associated risks, both to patients and healthcare workers.

Previous studies have shown that venous blood gas 
(VBG) is suitable to replace ABG in conditions like dia-
betic ketoacidosis [8]. However, there have been limited 
studies in the trauma population with no general consen-
sus. Arnold and colleagues concluded that venous BD is 
acceptable to assess trauma patients’ initial metabolic status 
[9] whereas Rudkin and colleagues demonstrated that ABG 
samples should still be obtained if accurate acid–base status 
is required [10]. Although both studies had similar inclu-
sion criteria comprising patients attending the ED with sig-
nificant mechanism of trauma requiring ABG sampling for 
evaluation, Rudkin and colleagues compared ABG and VBG 
samples taken up to 1 h apart [10]. Changes in acid–base 
status with time and after institution of resuscitative meas-
ures may have contributed to the non-equivalent results. On 
the other hand, Arnold and colleagues’ study only evaluated 
the agreement between BD in VBG and ABG without other 
parameters of the blood gases.

The aim of this study is to determine if pH, BD and lac-
tate from ABG and peripheral VBG in trauma patients are 
clinically equivalent. We defined clinical equivalence as 
within a threshold of ± 0.05 units for pH, ± 2 units for BD 
and ± 1.5 mmol/L for lactate in VBG and ABG samples 
taken within 10 min of one another.

Methods

Study design and participants

The Agreement between arterial and venous blood Gases in 
trauma REsuscitation in Emergency department (AGREE) 
study is a prospective observational study, conducted 
between February and October 2016, in the ED of the 
National University Hospital, a tertiary trauma center in Sin-
gapore. The study was conducted and reported according to 
the STROBE (Strengthening the Reporting of Observational 
Studies in Epidemiology) guidelines [11].

Adult trauma patients aged 21 years and above, seen 
in the immediate [Patient Acuity Category (PAC) 1] and 
intermediate (PAC 2) acuity areas, who require an ABG for 
clinical evaluation based on treating emergency physician’s 
assessment, were recruited into the study. Once the attend-
ing physician decided that an ABG is required, a VBG was 
obtained at the same setting as peripheral venous cannula-
tion within 10 min of the ABG. Patients with ABG and VBG 
done more than 10 min apart were excluded.

Triage and scoring systems

Patient acuity categories are assigned based on initial 
assessment of clinical conditions, vital signs and prior-
itisation of patients by a triage nurse or physician upon 
arrival to the ED. PAC 1 are very serious cases such as 
major trauma with cardiac arrest or shock that require 
immediate attention. These patients have either suffered 
cardiovascular collapse or are imminently in danger of col-
lapse. PAC 2 are patients who cannot move on their own 
and are in distress. They are usually haemodynamically 
stable, but still require early attention due to the severity 
of symptoms to prevent deterioration.

The Injury Severity Score (ISS) is calculated based on 
summation of the squares of injury scores in the top three 
most severely injured body parts, namely head and neck, 
face, chest, abdomen, extremity or other external areas 
[12]. An ISS of 16 and above indicates Tier 1, 9–15 is clas-
sified as Tier 2 and an ISS of less than 9 constitutes Tier 3. 
The higher the ISS, the higher the likelihood of mortality.

Study setting and population

The National University Hospital is a tertiary trauma 
center with on-site 24-h trauma specialist coverage, cater-
ing for an average of 300 Tier 1, 500–600 Tier 2 and close 
to 30,000 Tier 3 patients annually. Board-certified emer-
gency physicians are on duty every shift 24 h a day, 7 days 
a week. Evaluation of PAC 1 and PAC 2 trauma patients 
are supervised and overseen by emergency physicians.

Evaluation of trauma patients is based on recommended 
guidelines from the Advanced Trauma Life Support Pro-
gram. The need for an ABG as part of clinical evaluation 
is decided by emergency physicians after assessment of the 
individual patient. ABG sampling is routinely obtained in 
patients presenting with trauma for those with significant 
mechanism of injury such as penetrating injury, falling 
from more than standing height, motor vehicle accident 
with passenger ejection, fatality in same vehicle, involving 
a pedestrian, or hemodynamic instability.

Study protocol

Patients were recruited into the study if ABG was clini-
cally indicated as per assessment by an emergency phy-
sician. ABG and VBG sampling were performed within 
10 min apart and analyzed using the i-STAT handheld 
blood gas analyzer (Abbott Point of Care Inc., Prince-
ton, NJ) within 5 min of blood draw [9, 10]. Samples that 
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exceeded the time limits of collection or i-STAT analysis 
were excluded from the final analysis.

Informed consent was obtained from patients who have 
mental capacity before study recruitment. For patients who 
were unable to provide consent, we obtained waiver of con-
sent at time of enrolment with delayed informed consent 
after the patient regained mental capacity. The study pro-
tocol was approved by the Domain Specific Review Board, 
National Healthcare Group, Singapore (DSRB 2015/00904).

Sample size

Pre-defined clinically equivalent thresholds for pH, BD and 
lactate were set at − 0.05 to 0.05 units, − 2 to 2 units and 
− 1.5 to 1.5 mmol/L, respectively, based on previous studies 
[9, 10, 13–15]. VBG results have to lie within these pre-
defined thresholds when compared to ABG to be considered 
clinically equivalent. Postulating that there is a 100% agree-
ment and allowing a lower 95% confidence interval of 96% 
(error of 4%), 100 patients will be required. To allow for 
10% loss of patients due to missing data, we had planned to 
enroll 110 patients.

Statistical analysis

Results were analyzed using Stata 14 (StataCorp LP, Col-
lege Station, TX). Categorical variables [gender, ethnic-
ity, injury mechanism, tier of injury, areas of injuries sus-
tained, need for transfusion or intubation, presence of chest 
X-ray or focused assessment using sonography in trauma 
(FAST) abnormalities and disposition from ED] are reported 
in proportions and non-parametric data is presented as 
median with interquartile range (IQR). Statistical analyses 
to evaluate the agreement between peripheral VBG and 
ABG in terms of pH, BD and lactate were conducted using 
Bland–Altman plots.

For secondary analysis, unadjusted and adjusted linear 
regressions of the patients’ demographics, injury severity, 
clinical findings, interventions and site of arterial draw were 
performed to evaluate for possible predictors for values of 
arterial pH, BD and lactate.

Results

A total of 111 patients were recruited during the study 
period. However, 9 patients had exceeded the pre-set time 
limits and were thus excluded, leaving 102 patients for 
final analysis. The median age was 34 (IQR 28–46) years, 
with a predominance of males (90.2%) and blunt trauma 
(96.1%) as the main mechanism of injury (Table 1). Major-
ity of patients (60/102, 58.8%) sustained Tier 1 and Tier 2 

injuries; 12.8% of patients required endotracheal intuba-
tion and 11.8% received blood product transfusion in the 
ED (Table 1). There were 22.6% of patients (23/102) with 
tachycardia and 6.9% of patients (7/102) with hypotension 
at presentation (Table 1).

Table 1  Demographics, injury severity and outcomes

ED emergency department, FAST focused assessment using sonogra-
phy in trauma, HR heart rate, ISS injury severity score, SBP systolic 
blood pressure, T1 Tier 1, T2 Tier 2, T3 Tier 3
a Information available in 100 patients
b More than 1 area of injuries may be present in some patients

Number of 
patients (%)

Gender
 Male 92 (90.2)
 Female 10 (9.8)

Ethnic group
 Chinese 44 (43.1)
 Malay 28 (27.5)
 Indian 20 (19.6)
 Others 10 (9.8)

Injury mechanism
 Blunt 98 (96.1)
 Penetrating 3 (2.9)
 Others 1 (1.0)

Tier of injury
 T1 (ISS 16 and above) 29 (28.4)
 T2 (ISS 9–15) 31 (30.4)
 T3 (ISS less than 9) 42 (41.2)

Tachycardia (HR ≥ 100) 23 (22.6)
Hypotensive (SBP ≤ 90) 7 (6.9)
FASTa

 Negative 94 (94.0)
 Positive 6 (6.0)

Presence of hemothorax 4 (4.0)
Presence of pneumothorax 6 (6.1)
Intubated in ED 13 (12.8)
Need for blood products 12 (11.8)
ED disposition
 General ward 47 (46.1)
 High dependency 29 (28.4)
 Operating theatre 16 (15.7)
 Intensive care unit 9 (8.8)
 Discharged 1 (1.0)

Areas of  injuriesb

 Head and neck 37 (36.3)
 Face 27 (26.5)
 Chest 31 (30.4)
 Abdomen 21 (20.6)
 Extremity 47 (46.1)
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Agreement between ABG and VBG

Venous pH and BD were not clinically equivalent based on 
the pre-determined clinically acceptable threshold limits of 
− 0.05 to 0.05 units for pH and − 2 to 2 units for BD. For pH, 
only 72.6% of the values were within the clinically accept-
able limits while 76.5% of the values for BD lie within the 
threshold (Fig. 1).

Conversely, venous lactate was found to be clinically 
equivalent based on the pre-determined threshold limits of 
− 1.5 to 1.5 mmol/L where 96.0% of the values were within 
this acceptable range (Fig. 1).

Secondary analysis

Simple linear regression analyses of variables that may affect 
the outcomes of arterial pH, BD and lactate was performed 
(Table 2). None of the variables were significantly associated 
with arterial pH upon adjusted linear regression. However, 
heart rate was statistically significantly associated with both 
arterial BD and lactate (Table 3). After stepwise selection 
(p < 0.10), GCS was found to be significantly associated with 
arterial pH; and  SpO2 significantly associated with arterial 

BD. Additional variables that predict lactate were need for 
intubation in ED, injury severity score, injury mechanism 
and systolic blood pressure (Table 4).

Discussion

Timely and successful resuscitation of the trauma patient 
with hemorrhagic shock is limited by the concept of the 
“golden hour”. The need to accurately and rapidly recognize 
tissue hypoperfusion from blood loss is of paramount impor-
tance. Undertaking fewer procedures with rapid turnaround 
time to results would greatly aid to achieve this goal. Our 
study aims to address this issue by studying the agreement 
between VBG and ABG using a bedside handheld blood gas 
analyzer, with the objective of eliminating an extra blood-
draw procedure and to allow availability of blood gas results 
within minutes. We have demonstrated that venous pH and 
BD were not clinically equivalent to arterial pH and BD 
based on our pre-defined clinically acceptable thresholds. 
However, venous lactate was found to be clinically equiva-
lent within an acceptable range.

Fig. 1  Bland–Altman plots of pH, base deficit and lactate. Top left: 
Bland–Altman plot of difference between venous and arterial pH (y 
axis) against average of venous and arterial pH (x axis). top right: 
Bland–Altman plot of difference between venous and arterial base 
deficit (BD) (y axis) against average of venous and arterial BD (x 

axis). Bottom: Bland–Altman plot of difference between venous and 
arterial lactate (y axis) against average of venous and arterial lactate 
(x axis). Circle size is proportional to the number of observations for 
each data point. Green dotted lines indicate mean differences
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In patients with severe trauma, compromised perfusion 
may not translate to unstable vital signs due to peripheral 
vasoconstriction from compensatory mechanisms, particu-
larly in younger patients. Therefore, arterial BD and lactate 
function as objective indicators of shock, being well stud-
ied as markers for oxygen debt and have consistently shown 

to be predictors of mortality and severity of hemorrhage 
in patients with trauma [16, 17]. To detect occult hemor-
rhage and avoid potential delay in recognition of hemor-
rhagic shock from spuriously normal vital signs, the use 
of BD and lactate as surrogates for tissue hypoperfusion is 
therefore imperative in reducing morbidity and mortality 

Table 2  Simple linear regression analyses for arterial pH, base deficit and lactate

CI confidence interval, Coef. coefficient, ED emergency department, FAST focused assessment using sonography in trauma, GCS Glasgow coma 
score, GW general ward, HD high dependency, ICU intensive care unit, ISS injury severity score, OT operating theatre, Ref reference, SOFA 
sequential organ failure assessment, VBG venous blood gas

Variable pH Base deficit Lactate

Coef. 95% CI P value Coef. 95% CI P value Coef. 95% CI P value

Injury mechanism 0.060 0.534 0.014
 Blunt Ref Ref Ref
 Penetrating − 0.091 − 0.166 to − 0.015 0.019 − 2.082 − 5.754 to 1.591 0.263 2.811 0.907 to 4.714 0.004
 Others − 0.024 − 0.154 to 0.105 0.711 − 0.082 − 6.380 to 6.216 0.980 − 0.953 − 4.216 to 2.311 0.564

Systolic blood pressure 0.0005 0.000 to 0.001 0.037 0.031 0.008 to 0.055 0.010 − 0.018 − 0.031 to − 0.005 0.006
Heart rate − 0.0005 − 0.001 to 0.000 0.080 − 0.052 − 0.082 to − 0.023 0.001 0.035 0.019 to 0.050 < 0.001
SpO2 0.004 0.000 to 0.008 0.033 0.252 0.069 to 0.434 0.007 − 0.129 − 0.229 to − 0.029 0.012
GCS 0.010 0.005 to 0.015 < 0.001 0.223 − 0.016 to 0.462 0.067 − 0.258 − 0.378 to − 0.138 < 0.001
Hemothorax − 0.043 − 0.110 to 0.024 0.206 − 2.887 − 6.087 to 0.313 0.077 1.600 − 0.107 to 3.307 0.066
Intubated in ED − 0.060 − 0.097 to − 0.023 0.002 − 2.050 − 3.868 to − 0.232 0.028 2.006 1.087 to 2.925 < 0.001
Transfused in ED − 0.050 0.013 − 2.383 − 4.252 to − 0.514 0.013 1.705 0.725 to 2.686 0.001
ED disposition 0.018 0.105 0.002
 GW Ref Ref Ref
 HD − 0.011 − 0.040 to 0.019 0.483 − 0.453 − 1.900 to 0.994 0.536 − 0.003 − 0.754 to 0.748 0.993
 ICU − 0.027 − 0.073 to 0.019 0.248 − 1.326 − 3.556 to 0.903 0.241 1.604 0.460 to 2.749 0.006
 OT − 0.064 − 0.100 to − 0.027 0.001 − 2.347 − 4.121 to − 0.573 0.010 1.522 0.611 to 2.432 0.001
 Discharged − 0.024 − 0.151 to 0.103 0.710 − 2.660 − 8.853 to 3.533 0.396 0.178 − 3.001 to 3.357 0.912

ISS − 0.002 − 0.004 to − 0.001 0.002 − 0.077 − 0.143 to − 0.011 0.023 0.080 0.047 to 0.113 < 0.001
Total SOFA score − 0.016 − 0.023 to − 0.009 < 0.001 − 0.529 − 0.877 to − 0.181 0.003 0.399 0.220 to 0.578 < 0.001
Site of arterial blood 

draw
0.061 0.667 0.115

 Left radial Ref Ref Ref
 Right radial − 0.008 − 0.040 to 0.024 0.609 − 0.040 − 1.610 to 1.529 0.959 − 0.126 − 0.962 to 0.709 0.765
 Left femoral − 0.009 − 0.042 to 0.024 0.598 − 0.768 − 2.377 to 0.841 0.346 0.650 − 0.197 to 1.496 0.131
 Right femoral − 0.062 − 0.108 to − 0.017 0.007 − 1.010 − 3.222 to 1.203 0.367 1.084 − 0.080 to 2.247 0.068

Table 3  Adjusted linear 
regression results for arterial 
pH, base deficit and lactate

Overall P values for base deficit and lactate: 0.082 and < 0.001, respectively
*All variables entered into multiple linear regression model; only variables with significant P values shown

Variable Base deficit Lactate

Coef. 95% CI P value Coef. 95% CI P value

Gender
 Male Ref Ref
 Female − 1.885 − 4.056 to 0.287 0.088 0.113 − 0.917 to 1.143 0.827

Heart rate − 0.045 − 0.087 to − 0.002 0.039 0.032 0.012 to 0.052 0.002
SpO2 0.202 − 0.012 to 0.415 0.064 − 0.046 − 0.148 to 0.056 0.369
ISS 0.010 − 0.083 to 0.103 0.833 0.043 − 0.001 to 0.087 0.055



370 Y. Boon et al.

1 3

[18–22]. As such, rapid and accurate measures of BD and 
lactate are needed to ensure appropriate institution of resus-
citative measures. False-positive results for hemorrhagic 
shock would induce unnecessary blood products transfusion, 
which carries risk of blood-borne infections, anaphylaxis or 
more catastrophic complications such as transfusion-related 
acute lung injury (TRALI) [23]. On the other hand, false 
negative results may cause delayed definitive management 
such as radiological imaging and operative procedures.

Even though VBG has been found to be equivalent to 
ABG with high degrees of correlation and agreement in 
evaluating acidosis in other conditions such as diabetic 
ketoacidosis, the same cannot be concluded for trauma 
resuscitation [13, 24–27]. There is currently no consensus 
with regard to the accuracy of VBG in trauma as existing 
literature on trauma populations comparing venous and arte-
rial pH and BD produced conflicting results [9, 10, 25]. Our 
study results are congruent with some of the previous stud-
ies, which showed that VBG could not replace ABG in the 
evaluation of trauma patients [10, 25]. This adds to exist-
ing evidence that ABG should still be obtained for accurate 
acid–base evaluation in resuscitation of trauma patients.

Although traditionally arterial BD has been widely 
accepted as a reliable early indicator of the magnitude of 
volume deficit which predicts transfusion requirements and 
mortality in trauma patients [3, 28], its value can be con-
founded by a number of factors such as alcohol intoxication, 

hypoalbuminemia, hypothermia and hypocapnea [29–32]. 
Other studies have suggested that initial lactate may be 
more relevant and a stronger index of blood loss as well 
as predictor of transfusion requirements and mortality [4, 
5, 33]. Comparing lactate and BD in a cohort of trauma 
and surgical patients in an intensive care unit, Martin and 
colleagues found that lactate level predicts mortality and 
longer length of inpatient stay even in normal levels of BD 
[34]. In contrast, an increase in BD in the setting of a normal 
lactate level did not have any predictive value on mortality 
or clinical trajectory [34]. Of importance, BD is a calculated 
value based on partial pressures of carbon dioxide, pH, and 
serum bicarbonate, and represents the amount of buffer ani-
ons required to be added to normalize the pH [35]. Generally 
in the acute setting, the assumption for an increase in BD is 
attributed to lactate acidosis. However, this may not always 
be reflective of the underlying cause as there are other causes 
of metabolic acidosis such as uremia and ketonemia that can 
also result in elevated base deficit. Studies in trauma patients 
admitted to the surgical ICU have indeed shown that correla-
tion between BD and levels of lactate is weak [5].

Furthermore, pH and BD are affected by regional mix-
ing effects and likely reflect early changes, while lactate is 
more representative of gradual changes of hypoperfusion 
over time [34]. Hence, pH and BD from venous samples 
comprising blood from regional perfusion may vary from 
arterial blood that originates from the left ventricular out-
flow tract. With ongoing volume loss in traumatic shock, the 
perfusion states in such patients may change more rapidly 
with time. In the Bland–Altman plots of this study, differ-
ences in values between arterial and venous pH, BD and 
lactate were more evident among the sicker patients (lower 
pH and BD, higher lactate values). With larger discrepancies 
seen in the critically ill, we further demonstrated that VBG 
should not be used as a substitute for ABG in such situations.

Additionally from our study results, lactate appears to be 
better correlated with a greater number of important clinical 
variables in trauma and perhaps a better biomarker. From 
regression analyses, tachycardia resulted in a greater BD 
while a higher systolic blood pressure and peripheral oxygen 
saturation  (SpO2) predicted a lower BD. Comparatively for 
lactate, increase in injury severity quantified by the Injury 
Severity Score, the need for intubation in ED, having a pen-
etrating mechanism of injury and tachycardia predicted a 
higher lactate level whilst higher systolic blood pressure 
translated to a lower lactate level. If further evidence could 
support replacing BD with lactate in evaluation of trauma 
patients, given the good agreement between venous and arte-
rial lactate levels shown by our study, venous lactate alone 
may be used as an objective biomarker to predict hemor-
rhagic shock in trauma, thereby reducing additional costs 
and complications through obviating the need for ABG. Fur-
ther prospective studies would be required to confirm this.

Table 4  Stepwise selection of variables

ED emergency department, GCS Glasgow Coma Score, SpO2 oxygen 
saturation
*Only variables with P < 0.10 retained

Variable Coefficient 95% CI P value

pH
 GCS 0.010 0.005 to 0.014 < 0.001
 Systolic blood pressure 0.0004 − 0.000 to 0.001 0.075

Base deficit
 SpO2 0.189 0.008 to 0.370 0.041
 Gender − 1.888 − 3.818 to 0.043 0.055
 Heart rate − 0.039 − 0.070 to − 0.009 0.012
 Systolic blood pressure 0.021 − 0.003 to 0.045 0.087

Lactate
 Intubated in ED 1.259 0.317 to 2.201 0.009
 Injury severity score 0.038 0.003 to 0.073 0.034
 Injury mechanism
  Blunt Reference
  Penetrating 1.930 0.297 to 3.563 0.021
  Others − 0.224 − 2.938 to 2.490 0.870

 Systolic blood pressure − 0.020 − 0.037 to − 0.003 0.025
 Diastolic blood pressure 0.021 − 0.004 to 0.045 0.096
 Heart rate 0.024 0.009 to 0.039 0.002
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We have combined the strengths of the previous studies 
using a handheld blood gas analyzer readily available in the 
ED and using Bland–Altman plots to analyze the agreement 
between the venous and arterial pH, BD and lactate rather 
than looking at correlation. As correlation simply measures 
the strength of the relation between two variables, there 
needs to be good agreement within clinically acceptable 
limits in order to replace one test with another. In addition, 
we evaluated both BD and lactate in trauma in the same set-
ting, which was also lacking in previous studies.

There are some limitations in our study. First, patients 
were recruited through convenience sampling due to lack of 
availability of study investigators in all shifts. Despite that, 
as our study outcomes involve evaluation of objective bio-
markers, convenience sampling is unlikely to have affected 
the study results. Second, we did not standardize the loca-
tion of venous and arterial blood draws, allowing periph-
eral blood draw from the radial artery or centrally from the 
femoral artery, and any peripheral vein where intravenous 
cannulation was performed. It would have been impractical 
to standardize the site of blood draw as any limb injuries 
sustained by the patients may preclude blood draw from the 
affected limb. Furthermore, our simple linear regression 
analysis did not show significant difference for the site of 
draw between the venous and arterial BD and lactate.

Third, we did not collect data on tourniquet time and 
hence, was unable to adjust for its effect. Fourth, as this was 
an observational study and the study team did not interfere 
with routine clinical care, the decision to perform an ABG 
was based on the discretion of the attending physician. How-
ever, all PAC 1 and PAC 2 trauma cases were managed by 
emergency physicians as per tenets of the Advanced Trauma 
Life Support Program.

Lastly, our pre-defined clinically important limits of 
agreement for lactate levels were based on limited studies on 
the trauma population [15] and more well-established cut-off 
values for mortality risk in sepsis [14]. Generally, a lactate 
level of less than 2.0 mmol/L indicates low mortality risk, 
2.0–3.9 mmol/L intermediate risk, and over 4.0 mmol/L car-
ries high risk of mortality in sepsis. Therefore, a difference 
in lactate level of 1.5 mmol/L transits a patient from one tier 
to the next, which provided our justification for selection of 
this limit. Further studies relating these risk stratification 
levels to outcomes in trauma patients would be required.

Conclusion

In conclusion, an ABG is required to evaluate pH and BD 
during the initial assessment of a trauma patient. On the con-
trary, venous lactate is clinically equivalent based on the pre-
determined threshold of − 1.5 to 1.5 mmol/L, and may thus 

be considered as a surrogate for arterial lactate in trauma. 
Further larger studies would be needed to confirm this.
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