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Abstract

Background: Systolic blood pressure is used extensively to triage trauma patients as stable or unstable,
contrary to Advanced Trauma Life Support recommendations. We hypothesized that systemic hypotension
is a late marker of shock.
Methods: The National Trauma Data Bank was queried (n � 115,830). Base deficit was used as a measure
of circulatory shock. Systolic blood pressure was correlated with the presence and the severity of
base-deficit derangement.
Results: Systolic blood pressure correlated poorly with base deficit (r � .28). There was wide variation
in systolic blood pressure within each base-deficit group. The mean and median systolic blood pressure did
not decrease to less than 90 mm Hg until the base deficit was worse than �20, with mortality reaching 65%.
Conclusions: We validated the Advanced Trauma Life Support principle that systemic hypotension is a
late marker of shock. A normal blood pressure should not deter aggressive evaluation and resuscitation of
trauma patients. © 2006 Excerpta Medica Inc. All rights reserved.
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emorrhage is the second leading cause of death in trauma
atients, exceeded only by deaths caused by traumatic brain
njuries [1,2]. If the shock state becomes severe, the survival
ate is less than 50%, which highlights the need for early
etection of occult hemorrhagic shock [3]. Several clinical
nd laboratory measures have been developed to detect the
resence of shock in critically injured patients [4–7]. Clin-
cal indicators include tachycardia, tachypnea, hypotension,
utaneous hypoperfusion, mental status alterations, and ol-
guria [8–11]. Laboratory indicators of shock include hy-
oxemia, lactate, systemic, and gastric mucosal acidosis,
nd base deficit [12–14].

Systolic blood pressure (SBP) is used extensively in
rehospital settings and emergency departments to classify
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rauma patients as hemodynamically stable or unstable. This
ccurs despite the Advanced Trauma Life Support (ATLS
f the American College of Surgeons—Committee on
rauma) long-standing principle that systemic hypotension

s a late sign of shock, and therefore is a late measure of
emodynamic instability [2]. ATLS defines 4 stages of
hock, based on the estimated percentage of blood volume
ost. Notably, it is not until patients reach class III, which
epresents a 30% to 40% loss of blood volume (�1,500 mL
n a 70-kg adult), that a measurable decrease in SBP is
xpected to occur [2].

The purpose of this study was to evaluate the ATLS
rinciple that hypotension is not a reliable indicator of
he presence of shock in a large national sample of
rauma patients. We hypothesized that systemic hypoten-
ion is a late sign of shock, and, hence, SBP should be
onsidered an unreliable means of detecting the presence

f shock.

ed.
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ethods
The National Trauma Data Bank (NTDB) of the Amer-

can College of Surgeons, the largest nationwide database of
rauma patients, with more than 400 participating trauma
enters and more than 1 million individual records, was
ueried (NTDB, version 4.0, 2004; N � 1,130,581). We
sed base deficit in the emergency department as a marker of
hock because it has been validated previously as a reliable
arker of shock severity in injured patients [11,14–16]. Base

eficit was measured in a small proportion of patients (n �
22,159; 11%). Patients with an emergency department
ase-deficit value between �10 and �30 were included
n � 117,686). The first SBP measured in the emergency
epartment was used to determine the presence or absence
f systemic hypotension, which was defined as SBP less
han 90 mm Hg. Patients with incomplete information on
BP were excluded. The final study population consisted of
15,830 patients.

We first validated base deficit as a marker of shock in the
tudy population. Logistic regression analysis showed that
ase deficit was an independent predictor of mortality after
ccounting for mechanism of injury; Injury Severity Score;
lasgow Coma Scale (GCS); SBP; age; presence of head,

hest, and abdominal injuries; comorbidities; and compli-
ations. These covariates were included in the model based
n their clinical relevance to the dependent variable (ie,
eath). A best-fit model was developed using forward and
ackward elimination techniques, and after considering all
ossible 2-way interaction terms. The final model contained
ase-deficit groups, SBP, GCS, mechanism of injury, and
-way interactions between age and GCS, Injury Severity
core and GCS, and SBP and GCS. The removal of addi-

ional terms, including base-deficit groups, resulted in a
orse fitting model. The final model was a good predictor of
ortality with a Hosmer-Lemeshow statistic of 5.75 (P .68),

nd 92% concordance between the observed and predicted
ortality. Patients were then stratified by severity of shock

y dividing the base-deficit level into 7 groups, based on the
agnitude of derangement (Table 1). The validity of base

eficit as a measure of shock was confirmed by the obser-
ation that mortality increased with worsening base deficit.

The relationship between severity of shock and SBP was
easured using 2 approaches. First, the mean and median
BP was measured within each shock group. Second, the
orrelation between SBP and base deficit was measured
sing the Pearson correlation coefficient. The results are
resented as the mean � SD, medians with interquartile

able 1
ortality, mean, and median systolic blood pressure stratified by base-de

ase deficit N

roup Value

10.0 to 0.0 42,198
�.1 to �5.0 47,124

�5.1 to �10.0 18,313
�10.1 to �15.0 5131
�15.1 to �20.0 1907
�20.1 to �25.0 811

�25.1 to �30.0 346 71
anges, and Pearson r. A P value of less than .05 was
onsidered significant for all statistical analyses. SPSS
SPSS Inc., Chicago, IL) and SAS (SAS, Inc. Cary, NC)
ere used for all statistical analyses.

esults
In the study population, 64% of patients were 15 to 44

ears of age, 71% were male, 82% sustained a blunt injury,
nd 74% were treated at a level 1 trauma center. The mean
CS was 12 � 5, the Injury Severity Score was 16 � 13,

nd the base deficit was �2 � 5. The overall mortality rate
as 10%, with a mean length of stay of 9 � 15 days.
ystemic hypotension was noted in 7,910 patients (7%).
ompared with patients with a higher SBP, hypotensive
atients had a significantly higher mortality rate (37% vs.
%, P � .001), a higher rate of penetrating injuries (26% vs.
5%, P � .001), a higher incidence of complications (26%
s. 14%, P � .001), more comorbidities (42% vs. 25%, P �
001), more chest injuries (47% vs. 33%, P � .001), more
bdominal injuries (36% vs. 20%, P � .001), a lower GCS
9 � 5 vs. 12 � 4, P � .001), higher Injury Severity Score
26 � 17 vs. 15 � 12, P � .001), and worse base deficit
�8 � 8 vs. �2 � 5, P � .001). There was a negligible
ifference in the incidence of head injury (41% vs. 40%,
� .05).
Emergency department SBP correlated poorly with base

eficit. The Pearson correlation coefficient, although statis-
ically significant at a P value of .01 or less, was very low
r � .28), indicating that the correlation between SBP and
everity of shock was very poor. Wide variations in SBP
ere found within each base-deficit group (Fig. 1). SBP
ecreased progressively with worsening base deficit, but the
ean and median values did not decrease to less than 90
m Hg until base deficit was worse than �20, with mor-

ality approaching 65% (Table 1).

omments
This study shows that systemic hypotension in trauma

atients does not occur until the degree of shock is pro-
ound, and, hence, is an unreliable means of detecting clin-
cally significant shock. This study validates the long-stand-
ng ATLS principle that hypotension is a late marker of
hock in a large national sample of trauma patients. Al-
hough the relationship between systemic hypotension and
utcome is well documented, few studies have shown the
agnitude of shock and degree of anaerobic metabolism

ups

olic blood pressure, mm Hg Mortality, %

n � SD Median (25%–75%)

� 29 137 (120–153) 6
� 28 133 (118–150) 7
� 31 124 (104–142) 15
� 38 111 (90–135) 33
� 47 100 (76–129) 52
� 54 90 (53–120) 65
ficit gro

Syst

Mea

137
134
123
111

98
84
� 55 78 (0–112) 66
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hat must be present before systemic hypotension is likely to
ccur [1,3].

SBP is probably the most commonly used vital sign for
he triage of injured patients. A SBP of less than 90 mm Hg
s accepted widely as an indicator of the need for emergent
nterventions [17,18]. For example, the revised trauma score
oes not assign points for SBP status until the value de-
reases to less than 90 mm Hg [19]. Several practice guide-
ines such as prehospital Emergency Medical Service and
rauma activation protocols use systemic hypotension as an
ndicator of hemodynamic instability. However, although
ur data suggest that the presence of hypotension is an
minous prognostic sign that requires a rapid response, in
any patients, a significant degree of shock may be present

ong before the SBP decreases to less than 90 mm Hg.
As a corollary, SBP measurements higher than 90 mm Hg

o not reliably indicate hemodynamic stability. These find-
ngs can be explained at a physiologic level. In the event of
ypovolemia resulting from hemorrhage, physiologic com-
ensatory mechanisms such as increased systemic vascular
esistance and tachycardia are invoked to maintain perfu-
ion of the most vital organs at the expense of causing
schemia in others [9]. These intrinsic compensatory mech-
nisms may maintain blood pressure within the normal
ange, despite significant hemorrhage resulting in severe
naerobic metabolism. This is particularly true in trauma
atients because most of them are young, otherwise healthy
ndividuals who are able to maintain a normal blood pres-
ure until volume loss and concomitant reduction in organ
erfusion has become severe [20]. However, with continu-
ng hemorrhage, these homeostatic mechanisms begin to
ail and blood pressure decreases. If the depth and duration

ig. 1. This box-and-whiskers plot shows the median and interquartiles of
BP by base-deficit groups. Boxes represent the interquartile range de-
icted as the difference between the 75th and 25th percentiles. The line
ithin the box represents the median. The reference line is at a systolic
alue of 90.
f hypotension has been severe, the shock state may become
efractory to treatment, with only transient improvements in
lood pressure noted despite resuscitative efforts [21].

The most important implication of our findings is that
sing systemic hypotension as an indicator of adequate
irculation may delay urgently needed diagnostic and ther-
peutic interventions until the complications become se-
ere, or shock becomes refractory to treatment. The feasi-
ility and reliability of alternative means of detecting early
tages of shock, such as near-infrared spectroscopy, trans-
utaneous oxygen levels, and heart rate variability currently
re being explored, but have not yet been validated clini-
ally [22–25].

The study has a few potential limitations. The most
mportant limitation was that base deficit was reported in
nly 10% of patients in the database, resulting in a large
umber of exclusions. This suggests that base deficit was
easured selectively, probably in patients who were more

everely injured, and less likely to have occult hypoperfu-
ion. This should not significantly compromise the study
ecause if blood pressure was not a good predictor of shock
n more severely injured patients, it is unlikely to have better
linical usefulness in less severely injured ones. This study
lso was limited by the fact that only a single blood pressure
easurement was available in the database, and not serial
easurements. Early aggressive treatment of shock may

mprove perfusion rapidly, even though base deficit remains
bnormal. However, our objective was to measure the rela-
ionship between blood pressure and shock, and this study
learly shows that initial blood pressure is a random pre-
ictor of patients who have ongoing or recent significant
ystemic hypoperfusion. This objective could be achieved
dequately by looking at a single point in time, and does not
ecessarily require serial measurements. Another potential
imitation of our data is that the exact time of measurement
f blood pressure and base deficit are not known, although
oth were obtained in the emergency department. A signif-
cant delay between the time the blood pressure was mea-
ured and the time base deficit was obtained may alter the
elationship between the two. Finally, we used base deficit
s a measure of shock because several prior studies have
hown that it has an excellent correlation with hemorrhagic
hock and outcome [11]. However, base deficit may be
ltered by factors such as hypoventilation, poisoning, alco-
ol intoxication, and other causes of systemic acidosis.

In conclusion, despite these limitations, our study val-
dates the current ATLS principle that systemic hypoten-
ion is a late marker of shock, and should not be de-
ended on as a sole criterion for classifying patients as
table or unstable. Additional information, such as global
easurements of perfusion and signs of adequate end-

rgan perfusion, is needed before patients can be classi-
ed as being stable. Hence, a normal blood pressure
hould not deter aggressive evaluation and resuscitation
f trauma patients. Other, more-sensitive, measures of
hock are needed that can be used at the bedside nonin-
asively, rapidly, and repeatedly.
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iscussion
Frederick Moore, M.D. (Houston, TX): Failure to rec-

gnize the severity of shock is a common, sometimes fatal,
istake in the initial evaluation of trauma patients with

otentially life-threatening injuries. Most seasoned clini-
ians have learned this lesson the hard way. Therefore, it has
ecome a basic tenet in ATLS that systemic hypotension is not
n early sensitive indicator of shock. In the current study, the
uthors have used the very large NTDB of the American
ollege of Surgeons to test the hypothesis that systemic hypo-

ension is a late marker of shock. They have chosen Emer-
ency Department (ED) base deficit (BD) to be their index of
he severity of shock. They first show, as others have previ-
usly shown, that ED BD is an independent predictor of
ortality. Using admission SBP in the ED, they next show that

ystemic hypotension (defined by the cut-point of SBP �90
m Hg) does not correlate well with worsening BD. One study

imitation that the authors acknowledge is that BD was re-
orted in only 10% of database patients. In the discussion, they
rgue that this should not significantly compromise the study
ecause if blood pressure is not a good predictor of shock in
ore severely injured patients, it is unlikely to have better

linical utility in less severely injured ones. However, I would
ike to caution the authors. They are using BD as their surro-
ate for shock. BDs were most likely obtained because the
edside clinician felt the patients were high risk and, therefore,
D is more likely to be predictive of mortality. If the same data
ere available in all NTDB patients (ie, admission SBP, ED
D, and mortality), the results of this analysis would be much
ifferent. Another potential limitation (not acknowledged) is
hat many trauma centers use automated blood pressure ma-
hines. At the 2003 Western Trauma Association meeting, Jim
avis and associates from Fresno reported that automated
lood pressure (BP) determinations were consistently higher
han manual-cuff BP, particularly in hypotensive trauma
atients. Based on this report, we now mandate that a
anual-cuff blood pressure be obtained at the beginning

f all major trauma evaluations. I was quite surprised
ow resistant our ED nurses were to the implementation
f this as a standard of care. I suspect the use of auto-
ated BP machines is common practice in other trauma

enters and thus admission ED SBP data obtained from
TDB is not as accurate as one might assume. I have 3
uestions for the authors:

1. While you report that BD is an independent pre-
dictor of mortality, you do not present the results of
your logistic regression model. How did the odds
ratios for BD compare to that of the other predic-
tors? What was the area under the ROC curve for
BD predicting mortality?

2. Your basic tenet is that if clinicians solely rely upon
admission ED SBP to determine the severity of shock,
then unnecessary delays in the evaluations in treat-
ment will occur. In reality, the clinicians use other

information that is readily available. One factor is
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age. In logistic regression, you identified that age was
an independent predictor of mortality. What effect
does age have on the ability of SBP to predict base
deficit? I suspect that the optimal cut-point for SBP
prediction is age dependent.

3. Several years ago at this forum, David Partrick from
Denver reported that systemic hypotension was
common in children with severe head injury who
had no evidence of significant hemorrhage. The
following year, Walt Biffl, again from Denver, re-
ported the same phenomenon in adult trauma pa-
tients. Forty percent of your study patients had head
injuries (mean GCS � 12 � .5). The patients you
classified as being in shock had a significantly
lower GCS of 9 � .5. Were these GCS measured
when the patient was in shock or were they ob-
tained postresuscitation? Do you think that GCS is
a confounding variable in this dataset and, if so,
how did you control for it?

Ron Sing, M.D. (Charlotte, NC): We are concerned
bout the accuracy of base deficit. We have had problems
ith base deficit as the original base deficit isn’t always
ery negative and then, 30 minutes later, it is �10. For your
ractice, what are you doing to evaluate patients for shock?
hat clinical or laboratory evaluations are you using to

ake decisions on your patient resuscitations? l
Jennifer Parks, M.P.H.: In response to Dr. Moore’s
rst question, the odds ratios for our stratified base deficit

evels in the regression model were comparable to other
ariables in the model such as GCS, age, ISS, and first
ystolic blood pressure in only the less-severe base-deficit
evels. Once base deficit reached �10 or worse, the odds
atios corresponding with that level of derangement were
uch more impressive. The area under ROC curve was not

alculated. In response to Dr. Moore’s second question, we
id not examine the interaction between systolic blood pres-
ure and age. Some preliminary analysis of our data did not
eveal any significant differences in optimal cut-points for
BP by age. There may be other modifiers as well, such as
ender, comorbidities, mechanism of injury, etc. We are look-
ng at the data in more detail and plan to report it in a subse-
uent study. We utilized the first recorded GCS in the emer-
ency department. We did not study the relationship between
ead injury and shock. The potential confounding due to GCS
n mortality was controlled for through the use of regression
odeling. Finally, in response to Dr. Sing’s question, NTDB

nly records the first base deficit obtained in the emergency
epartment. The results of this study suggest that relying on
ystemic hypotension alone is inadequate. We use a combina-
ion of traditional markers of shock to monitor response to
esuscitation, including heart rate, blood pressure, base deficit,

actate levels, and invasive monitors.
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