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Just One Drop: The Significance of a Single Hypotensive Blood
Pressure Reading During Trauma Resuscitations

Mark J. Seamon, MD, Cristina Feather, MD, Brian P. Smith, MD, Heather Kulp, MPH,
John P. Gaughan, PhD, and Amy J. Goldberg, MD

Background: Single, isolated hypotensive blood pressure (BP) measure-
ments frequently are ignored or considered “erroneous.” Although their
clinical significance remains unknown, we hypothesized that single, isolated
hypotensive BP readings during trauma resuscitations signify the presence of
severe injuries that often warrant immediate intervention.

Methods: A prospective observational study was performed on all trauma
patients admitted from June 2008 to January 2009. Patients with a single
systolic blood pressure (SBP) reading <110 mm Hg during their trauma
resuscitation were evaluated, and demographics, hemodynamics, resuscita-
tion (fluids, blood products, and duration), injuries, and operative or endo-
vascular management were analyzed. Single and multiple variable logistic
regression analyses were performed. Cutpoint analysis of the entire range of
lowest single SBP measurements determined which SBP value best predicted
the need for immediate therapeutic intervention.

Results: Patients (n = 145) were predominantly male (77.2%) but age
(mean, 35.1 £ 15.3 years) and injury mechanisms varied (penetrating,
46.2%; blunt, 53.8%). Cutpoint analysis determined that a single SBP
reading <105 mm Hg best predicted the need for immediate therapeutic
intervention. Although 38.1% patients with isolated SBP <105 mm Hg
measurements underwent immediate therapeutic operative or endovascular
procedures, only 10.4% (p < 0.001) with isolated SBP =105 mm Hg
required these procedures. Patients were 12.4 times (confidence interval:
2.6-59.2; p = 0.002) more likely to undergo immediate therapeutic inter-
vention than those with a single SBP =105 mm Hg.

Conclusions: Single, isolated hypotensive BP measurements during trauma
resuscitations should not be ignored or dismissed. Instead, our results suggest
that a single SBP reading <105 mm Hg is associated with severe injuries that
often require immediate operative or endovascular treatment and surgical
intensive care unit admission.
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dvanced Trauma Life Support teaches that hemorrhagic

shock is not clinically evident until tachycardia and
narrowed pulse pressure develops during a 15% to 30% blood
volume, class II hemorrhage.! Hypotension becomes clini-
cally apparent during class III hemorrhage when >1,500 mL
of blood, or 30% of circulating blood volume, is lost.!
Despite this well-established classification scheme, tachycar-
dia in trauma patients may be an unreliable indicator of
injury,?® and persistent hypotension is often a late manifes-
tation of shock that becomes evident once end-organ damage
has already begun in the decompensated shock state.!0-13

However, brief episodes of hypotension may be an
early indication of impending shock. Transient hypotension
during prehospital care or in the surgical intensive care unit
(ICU) has been reported and determined to be predictive of
both severe injury and poor outcome.'4-2! Despite these
reports, single, isolated hypotensive blood pressure (BP)
measurements during trauma resuscitations are often ignored
or considered “erroneous.”

Although their significance remains unknown, we hy-
pothesized that a single, isolated hypotensive BP reading
during trauma resuscitations indicates the presence of severe
injuries that warrant immediate operation. Our primary study
objective was to prove that these single, isolated hypotensive
BP measurements should not be dismissed but instead should
alert the clinician to the presence of injuries that require
immediate operative or endovascular treatment. To this end,
we also sought to determine a single hypotensive BP “cut-
point” value; measurements below which indicate the greatest
likelihood of immediate therapeutic intervention.

METHODS

After Institutional Review Board approval, a prospec-
tive observational study was performed on all trauma patients
admitted from June 2008 through January 2009 at Temple
University Hospital. All patients with a single systolic BP
(SBP) reading <110 mm Hg during their initial trauma
resuscitation were evaluated. Patients between 18 years and
88 years, regardless of injury mechanism, were eligible.
Patients who were transferred from outside hospitals, injured
>2 hours before emergency department (ED) arrival, man-
aged initially by ED staff, or who had only isolated prehos-
pital hypotension were excluded. Also excluded were the
patients with two or greater SBP measurements <90 mm Hg
during their initial trauma resuscitation. Patients with a single
SBP reading <90 mm Hg but with other measurements

The Journal of TRAUMA® Injury, Infection, and Critical Care + Volume 68, Number 6, June 2010 1289

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



Seamon et al.

The Journal of TRAUMA® Injury, Infection, and Critical Care *

Volume 68, Number 6, June 2010

between 90 mm Hg and 110 mm Hg were included in the
study to allow a cutpoint analysis to determine which single
SBP cutpoint value was most associated with the need for
urgent operation. The final study population comprised 145
patients.

All patients with a single SBP measurement <105 mm
Hg during their initial trauma resuscitation were categorized
as “<105 mm Hg,” regardless of other 105 mm Hg to 110
mm Hg measurements. Furthermore, all patients with at least
one SBP measurement within the 105 mm Hg to 110 mm Hg
range but no measurement <105 mm Hg during their initial
trauma resuscitation were categorized as “=105 mm Hg,”
regardless of the number of SBP readings within these limits.

Admission data analyzed included demographics, anti-
hypertensive medications, intoxication, injury mechanism,
prehospital hemodynamics and resuscitation, Injury Severity
Score (ISS), Glasgow Coma Scale score, and serum lactate.
Alcohol intoxication was defined by a blood alcohol level
>80 mg/dL. On admission, trauma resuscitation parameters
including lowest SBP, total number of BP measurements, and
total initial trauma resuscitation time were analyzed. Resus-
citation time was defined as the elapsed time beginning with
the trauma team activation and ending with the completion of
computed tomography studies after the initial trauma resus-
citation. The initial BP was manually obtained within 10
minutes of arrival to the ED. The remainder of recorded BPs
were automatically measured (Duracheck blood pressure
cuffs [Zefon International, Ocala, FL] with Datascope Pass-
port 2 bedside monitors [Datascope, Mahwah, NJ]) for a
minimum of every 5 minutes for the first 15 minutes, then
every 15 minutes for the first hour, and then hourly thereafter.
All BPs were documented on the trauma flow sheet by the
trauma nurse. On a daily basis, data from trauma flow sheets
were then transferred to the study database.

Hemodynamics and resuscitation with blood products
or intravenous fluids during this time period were recorded
and analyzed. All SBP measurements <90, 100, and 110 mm
Hg and all heart rates >100, 110, and 120 bpm were cate-
gorized and assessed. Outcomes including immediate opera-
tive or endovascular procedures, operative resuscitation, ICU
admission, hospital length of stay (LOS), and survival were
analyzed. “Immediate” procedures were defined as any oper-
ating room procedure, excluding operative repair of soft
tissue lacerations, performed immediately after the initial
trauma resuscitation period. Procedures performed in the
operating theater later, after the “immediate” period, were
defined as additional operative procedures. Operative proce-
dures were considered nontherapeutic if no intervention or
repair was required during the surgical procedure (e.g., small
and nonbleeding liver laceration). Endovascular procedures
were defined as nontherapeutic when contrast angiography
without angiographic embolization was performed.

The primary study endpoint was a need for immedi-
ate therapeutic intervention. Means are accompanied by
standard deviations. Categorical and continuous variables
were analyzed using Fisher’s Exact Test and Student’s 7
test, respectively. Single and multiple variable logistic
regression analyses were used to determine predictors of
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the primary study endpoint. Significant univariate predic-
tors were included in a multiple logistic regression model
to determine independent/adjusted predictors. A cutpoint
analysis of the entire range of lowest single SBP measure-
ments was then performed to determine which SBP best
predicted the need for immediate operation. Locally
weighted regression was used to determine inflection
points in the relationship of lowest SBP measurement to
immediate operative intervention based on the Pearson
residuals. Based on observed inflection points, several
cutpoints for the lowest SBP measurement were chosen.
These were substituted into the multivariate model and
tested for the best fit based on —2 log likelihood values. A
p value =0.05 was considered statistically significant.
Data were analyzed using SAS V9.1.3 (SAS Institute,
Cary, NC).

RESULTS

Although 4.8% of study patients (n = 145) were
hypotensive during prehospital care, 30.3% had isolated SBP
measurements <90 mm Hg during the initial trauma resus-
citation. The mean lowest SBP was 97.0 mm Hg * 12.0 mm
Hg (mean * standard deviation) during a mean of 6.8 = 2.4
BP measurements per patient. Overall, patients commonly
underwent immediate operative or endovascular intervention
(33.8%) and required ICU admission (44.8%) although hos-
pital survival was favorable (97.9%).

To determine which isolated SBP value best predicted
the need for immediate operation, a cutpoint analysis of the
entire range of lowest single SBP measurements was per-
formed (Fig. 1, A and B). When several lowest single SBP
cutpoints were tested, an isolated SBP <105 mm Hg proved
to be the cutpoint SBP with best model fit and thus most
predictive of immediate operative intervention.

After this cutpoint value was established, patients were
compared on the basis of the lowest isolated SBP measure-
ment (<105 mm Hg vs. =105 mm Hg) in Table 1. Patients
with a single SBP <105 mm Hg reading during their initial
trauma resuscitation more often suffered penetrating injuries
(p = 0.025) with greater mean ISSs (p = 0.002) and had
lower mean admission and “lowest” BPs (p <0.001) despite
more aggressive administration of intravenous fluids (p =
0.004) in the ED than those with isolated SBP =105 mm Hg
measurements. Furthermore, patients with isolated SBP read-
ings <105 mm Hg were more likely to undergo immediate
therapeutic operative or endovascular procedures (Fig. 2; p <
0.001), more likely to require admission to the surgical ICU
(»p = 0.001), and had a prolonged hospital LOS (p = 0.009)
when compared with patients with single SBP measurements
=105 mm Hg.

Predictors of the primary study endpoint, need for
immediate therapeutic intervention, were assessed with single
and multiple variable logistic regression analyses (Table 2).
Parameters that independently influenced the need for imme-
diate therapeutic intervention included gunshot wound injury
mechanism, ISS, isolated SBP <105 mm Hg, and initial
resuscitation duration. Patients with an isolated SBP <105
mm Hg measurements were >12 times as likely to undergo
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Figure 1. Cutpoint analysis of the range of lowest isolated
SBP established the SBP value most predictive of the need
for immediate operation. Locally weighted regression was
used to determine inflection points in the lowest SBP mea-
surement to immediate operative intervention relationship
based on the Pearson residuals (A). Results of different low-
est SBP cutpoint values on fit of regression model; smallest
value indicates best fit (B).

immediate therapeutic operative or endovascular procedures
(odds ratio, 12.4; confidence interval, 2.6-59.2; p = 0.002)
than those with measurements SBP =105 mm Hg.

DISCUSSION

The most important finding of this prospective study of
patients with isolated hypotensive SBP measurements was
that a single SBP reading <105 mm Hg during trauma
resuscitations indicated severe injury. Patients with isolated
SBP <105 mm Hg measurements were ~12.4 times more
likely to require immediate therapeutic operative or endovas-
cular procedures than those with single SBP readings =105
mm Hg. These patients commonly required additional oper-
ative procedures (30%), surgical ICU admission (54%), and
prolonged hospital LOS (mean, 8.3 = 10.7 days). Our find-
ings suggest that isolated hypotensive SBP measurements
during an initial trauma resuscitation should not be ignored or
considered erroneous but should raise suspicion for severe
underlying injury.

© 2010 Lippincott Williams & Wilkins

TABLE 1. Demographics and Clinical Characteristics by
Lowest Isolated SBP Measurement

SBP <105 SBP =105

mm Hg mm Hg

Characteristic (n =97) (n = 48) P
Age (yr) 344 £ 152 366156 0413
Gender (male) 78 (80.4%) 34 (70.8%) 0.212
Antihypertension medications 6 (6.2%) 3 (6.3%) 1.000
Prehospital hypotension (<90 7 (7.2%) 0 0.039

mm Hg)

Prehospital IVF 21 (21.7%) 11(22.9%)  1.000

Prehospital IVF (mL) 423 =240 518 £ 371 0.389
Injury mechanism
Gunshot wound 37 (38.1%) 10 (20.8%)
Stab wound 18 (18.6%) 2 (4.2%)
Fall 17 (17.5%) 14 (29.2%)
Motor vehicle collision 9 (9.3%) 10 (20.8%)  0.025
Assault 9 (9.3%) 7 (14.6%)
Motorcycle collision 2 (2.1%) 2 (4.2%)
Pedestrian struck by automobile 5(5.2%) 3 (6.3%)
Injury severity score 124 =103 72 *+ 8.7 0.002
Admission HR (bpm) 98.5 =£23.2 100.3 =23.0 0.669

Admission SBP (mm Hg) 100.7 =242 121.8 = 17.3 <0.001

Admission DBP (mm Hg) 66.3 £ 157 752 *134 0.001
Admission pulse pressure (mm Hg) 43.8 £ 174 47.0 =158 0.294
Admission GCS 141 =25 134 =38 0.247
Admission lactate (mmol/L) 57438 4.0 *42 0.036
Resuscitation HR >110 bpm 36 (37.1%) 15(31.3%)  0.649
Resuscitation HR >120 bpm 23 (23.7%) 13 (27.1%)  0.662
Lowest resuscitation SBP (mm Hg) 91.1 £ 10.5 1089 =14 <0.001
Resuscitation SBP <90 mm Hg 44 (45.4%) 0 <0.001
Number of recorded BP 69 =25 6.8 =22 0.816
measurements
Total initial resuscitation time (min) 52.9 £29.5 553 *23.0 0.584
ED blood transfusion 11 (11.3%) 1(2.1%) 0.105
ED IVF (mL) 1494 = 955 1003 = 868 0.003

Immediate procedure
Immediate procedure type

43 (443%) 6 (12.5%) <0.001

Abdominal 19 (19.6%) 4 (8.3%) 0.095
Thoracic 10 (10.3%) 1(2.1%) 0.101
Neck 4 (4.1%) 0 0.302
Vascular 10 (10.3%) 2 (4.2%) 0.338
Orthopedic 3 (3.1%) 1(2.1%) 1.000
Endovascular 5(5.2%) 0 0.171
Nontherapeutic operative procedures 4/40 (10.0%) 1/6 (16.7%)  0.520
Nontherapeutic endovascular 3/5 (60.0%) NA NA
procedures
Operative EBL (mL) 935 £ 1438 560 + 428 0.217
Operative IVF (mL) 4474 = 3028 3710 = 1396  0.352
Operative blood transfusion 16 (16.5%) 3(6.3%) 0.117
Additional OR during hospitalization 29 (29.9%) 8 (16.7%)  0.106
Surgical intensive care unit admission 52 (53.6%) 12 (25.0%)  0.001
Hospital length of stay (d) 83107 42=*75 0.009

Hospital survival 94 (96.9%) 48 (100%)  0.551

SD, standard deviation; mm Hg, millimeters of mercury; IVF, intravenous fluids;
HR, heart rate; bpm, beats per minute; DBP, diastolic blood pressure; GCS, Glasgow
coma scale score; EBL, estimated blood loss; OR, operating room procedure; NA, not
applicable.

Values are represented as n (%) or mean = SD.

Demographics, clinical characteristics, and outcomes were compared with respect
to lowest isolated SBP (<105 vs. =105 mm Hg).
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Figure 2. Patients with isolated SBP <105 mm Hg mea-
surements more often underwent immediate therapeutic
operative or endovascular procedures than those with single
SBP =105 mm Hg readings.

TABLE 2. Predictors of Immediate Therapeutic Intervention
Univariate Analysis Multivariate Analysis

Parameter OR 95% CI1 )/ OR 95% CI )/
Age (yr) 0.98 0.96, 1.01 0.188
Gunshot wound 8.84 3.93,19.92 <0.001 8.00 2.70, 23.69 <0.001
Stab wound 1.39 0.51,3.76  0.523
Fall 0.13 0.03,0.56  0.007
Motor vehicle 0.42 0.16, 1.52 0.185

collision
Prehospital 2.94 0.58,14.93 0.194

hypotension

(<90 mm Hg)

Injury severity score 1.05 1.01, 1.08 0.013

Admission GCS 1.03 0.90, 1.17 0.674

Admission SBP 0.98 0.96, 0.99 0.020
(mm Hg)

Admission DBP 0.97 0.94, 0.99 0.020
(mm Hg)

Resuscitation HR 0.96 0.76, 1.20 0.701
>120 bpm

Lowest resuscitation 0.96 0.94, 0.99 0.014
SBP (mm Hg)

Resuscitation SBP 2.93 1.26, 6.82
<105 mm Hg

Total initial 0.95 0.93,0.97
resuscitation
time (min)

ED blood transfusion 1.00 1.00, 1.003  0.029

ED IVF (mL) 1.00 1.00, 1.001  0.234

1.07 1.02, 1.12 0.003

0.012 12.36 2.58,59.23  0.002

<0.001 0.94 0.92,0.96 <0.001

OR, odds ratio; CI, confidence interval; mm Hg, millimeters of mercury; GCS,
Glasgow coma scale score; DBP, diastolic blood pressure; HR, heart rate; bpm, beats
per minute; IVF, intravenous fluids.

Single and multiple variable logistic regression analyses were used to determine
predictors of the primary study endpoint, need for immediate therapeutic intervention.

By analyzing the entire range of lowest SBP values, we
have determined that an isolated SBP <105 mm Hg mea-
surement was the cutpoint value most predictive of immedi-
ate operative intervention. This finding corroborates recent
work that has questioned whether hypotension is best defined
by a value of 110 mm Hg rather than 90 mm Hg.!°-13 Bruns
et al.'? sought to determine the association between prehos-
pital SBP and death, attempting to refine prehospital triage
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criteria. When patients were stratified by prehospital BP,
inhospital mortality increased dramatically when prehospital
SBP was <110 mm Hg. Eastridge et al.!' analyzed the
National Trauma Data Bank to find that with SBP values
below 110 mm Hg, nearly a 5% increase in mortality accom-
panied each 10 mm Hg decrease in admission SBP until a
maximum mortality rate was reached at 60 mm Hg. The
authors argued that the appearance of admission hypotension
does not mark the beginning of circulatory failure but rather
the beginning of physiologic decompensation. We have stud-
ied the effects that the depth of single, isolated hypotension
measurements during initial trauma resuscitations had on
clinical outcomes. Although a 105 mm Hg cutpoint value was
found to be most predictive, patients with SBP 105 mm Hg to
110 mm Hg readings were also evaluated in this report.
Patients with measurements within this SBP range required
immediate procedures (13%) and surgical ICU admission
(25%) although survival was universal (100%). By compar-
ison, 11.4% of all 1,608 trauma activations at Temple Hos-
pital were transported immediately to the operating room
from the trauma resuscitation area during this 7-month study
period.

To the best of our knowledge, no previous report has
attempted to describe the implications of single, isolated
hypotensive SBP measurements during trauma resuscitations.
The effects of transient, prehospital hypotension on outcomes
have been well documented.!0:11-14-20 Codner et al.'s found
that patients with prehospital hypotension and normal ED
BPs were often severely injured, requiring surgery or ICU
admission. Shapiro et al.2 correlated prehospital hypotension
in helicopter-transported trauma patients with normal ED BPs
to outcomes and reported that patients with prehospital hy-
potension were 2.9 times more likely to require chest or
abdominal surgery and 4.4 times as likely to die as those
without hypotension. In a prospective analysis of 1,067 pa-
tients, Lipsky et al.'® determined that patients with prehospi-
tal hypotension were more likely to undergo emergent ther-
apeutic operations and also more likely to die than those
without prehospital hypotension. Taken together, these stud-
ies indicate that reports of prehospital hypotension from
Emergency Medical Services should not be ignored or con-
sidered erroneous but instead signify severe injury often
requiring surgical repair or ICU admission.!%-11.14-20 A]-
though prehospital hypotension was infrequent in our study
population, we did find that single, isolated hypotensive BP
measurements during trauma resuscitations often indicate the
presence of severe injuries that warrant immediate surgery or
ICU admission.

Others have compared outcomes in patients with prehos-
pital hypotension to those with either admission or sustained
hypotension in the ED.!¢-17-2223 Franklin et al.'® analyzed 791
patients with prehospital hypotension defined by SBP <90 mm
Hg to find a strong correlation between postinjury hypotension
and need for operative intervention. Although 52% of patients
who were hypotensive during both prehospital and ED care
required an urgent operation, those who were either hypotensive
in the field or ED still underwent emergent operation 45% and
47% of the time, respectively. In a large retrospective review of
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19,409 patients, Arbabi et al.?> compared prehospital SBP to ED
SBP. When the authors stratified SBP by severity, only 60% of
field and ED SBP were in the same category. ED BP proved to
be a better predictor of outcome compared with field BP.
Although these reports have offered convincing evidence that
the presence of either prehospital or ED hypotension adversely
affects outcomes,!¢-17-22.23 we have correlated the depth of iso-
lated hypotensive readings to outcome—need for an immediate
operation. Because of a different study focus, single hypotensive
measurements during trauma resuscitations, and the infrequency
of prehospital hypotension in our study population, we were
unable to correlate prehospital and ED values.

One previous report is similar in concept to this report.
Although the study focused on a different resuscitation phase,
Zenati et al.?! prospectively reviewed all trauma patients
admitted to the surgical ICU for >48 hours and correlated
their lowest systolic BP and duration of hypotensive episodes
<90 mm Hg to outcomes. Brief hypotension (<10 minutes)
in the ICU significantly impacted outcomes. Although out-
comes were associated with the depth and duration of ICU
hypotension, both ICU LOS and mortality were increased in
patients with only brief episodes of hypotension in the ICU.

We have analyzed several other potential outcome
predictors in addition to isolated trauma resuscitation hypo-
tension. Although gunshot wound injury was related to the
need for immediate therapeutic intervention, presenting phys-
iology, namely single SBP <105 mm Hg readings, proved to
be an independent clinical outcome predictor regardless of
the causative injury mechanism. The presence of tachycardia
was unrelated to outcomes, supporting previous reports
which have described tachycardia as an inaccurate injury
predictor in trauma patients. Although the need for immediate
therapeutic operative or endovascular intervention was the
primary study endpoint, hospital survival was also assessed.
Ninety-seven percent of patients with single SBP <105 mm
Hg measurements survived despite often requiring immediate
operative intervention, surgical ICU admission, and pro-
longed hospital LOS. One explanation for this favorable
survival rate is that these isolated hypotensive measurements
are early indicators of severe injury. Although further study is
warranted, timely, aggressive operative or endovascular in-
tervention and close hemodynamic monitoring in a surgical
ICU likely are responsible for the favorable survival in this
injured population.

We acknowledge our study limitations. By using pa-
tients with 105 mm Hg to 110 mm Hg SBP readings as a
comparison group instead of normotensive patients, the sig-
nificance of isolated hypotensive measurements may be un-
derestimated in this report. Patients with brain and spinal cord
injuries were included in this investigation and may poten-
tially confound our analysis. Prehospital data such as resus-
citation volumes were incomplete in some cases. BP was
automatically measured after the initial manual measurement.
As automated measurements become less reliable with more
profound hypotension, this method of measurement may have
introduced a potential study bias.?#—2# Vital signs were man-
ually recorded by a trauma nurse at 15-minute intervals, a

© 2010 Lippincott Williams & Wilkins

documentation method which may add another potential for
bias if vital signs were selectively recorded.

In conclusion, single, isolated hypotensive BP measure-
ments during trauma resuscitations should not be considered
erroneous or dismissed. Instead, our results suggest that a single
SBP <105 mm Hg measurement indicates the presence of
severe injuries that often require immediate operative or endo-
vascular treatment. Given the prevalence of injury in this patient
population, our data further implies that early trauma team
activation, aggressive utilization of diagnostic adjuncts, and
close monitoring in a surgical ICU would benefit all patients
with isolated SBP measurements <105 mm Hg.
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DISCUSSION

Dr. Tammy R. Kopelman (Phoenix, Arizona): I would
like to thank the association for the privilege of discussing this
well written and well presented article by Doctor Seamon and
his colleagues.

The authors present a prospective observational study
of 145 patients presenting to their trauma center with a
systolic blood pressure less than 110, of which 34 percent had
a single isolated systolic blood pressure measurement of less
than 90.

This subgroup of patients were notably more often the
victim of penetrating injury as well as more likely to undergo
a larger resuscitation of both blood products and crystalloids
when compared to their normal tensive counterparts.

The focus of the article revolved around this group of
patients being more likely to undergo immediate operative or
endovascular intervention, leading the authors to conclude
that a single hypotensive measurement should not be ignored
or though of as erroneous but rather should raise suspicion for
severe underlying injury.

Regarding the methodology of data generation the
authors stated in their protocol that blood pressure measure-
ments were obtained within ten minutes of arrival then every
five, then every fifteen and then hourly thereafter.

These measurements were automated using a commer-
cially available product and recorded by the nurse into the
medical record.

In my experience it’s not uncommon for an isolated,
unexpected systolic reading that is low to be immediately
repeated, especially in the face of a palpable distal pulse and
lack of tachycardia.

You note in your manuscript that the trauma nurses
were blinded to their role in this study so how can you be
certain that all BP readings were included even if immediate
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repeats were normal tensive? Do you not believe it would
have been better to have un-blinded the nurses to the study
going on?

In addition, the authors defined immediate operative
intervention as any operative procedure performed immedi-
ately following the initial resuscitation and did not distinguish
between therapeutic versus unnecessary.

Overall, while 51 patients went to the OR or endovas-
cular suite 16 percent of these cases were non-therapeutic.

My question to the authors is, therefore, had you
performed your statistics using therapeutic intervention rather
than simply immediate intervention would your results have
differed in regards to penetrating injuries?

And, finally, it appears from your data that the longer one
stayed in the ED the more likely they were to go to the OR.

I did find it surprising that the initial resuscitative time
averaged almost an hour in the sub-group with an isolated
hypotensive episode despite the fact that 53 percent of the
patients went to the OR immediately. I wonder if the authors
can explain these findings.

In conclusion, I’d like to congratulate the authors and
again thank the association for the privilege of discussing
this article.

Dr. Mark J. Seamon (Philadelphia, Pennsylvania): The
first question regarding should we have un-blinded the nurses,
and repeated the blood pressure measurements, I think what we
were trying to do from this study from the get-go was really to
avoid that in the future.

I think what we want is to actually believe those
pressures. What we did do, we did realize that nurses may in
fact be selectively recording pressures and we mentioned that
as a study limitation. But in our opinion there was no way,
really, around that.

In terms of the therapeutic/non-therapeutic interven-
tions, the overall non-therapeutic operative rate was about 10
percent and the overall non-therapeutic OR and IR rate was
about 15 percent.

So if we only looked at patients undergoing immediate
operative procedures there was no difference in the therapeu-
tic or non-therapeutic rates. If we looked at patients only
undergoing endovascular procedures, once again, there was
no difference in the non-therapeutic or therapeutic rates.

And if we combined both of those modalities, again,
there is no difference in the non-therapeutic rates of both
combined IR and operative.

But, as I’ve shown in the presentation, patients in the
less than 90 group did undergo more therapeutic procedures,
statistically more therapeutic procedures, than the greater
than or equal to 90 group. And that is statistically significant.

Explain the time of resuscitation. So we defined the
initial resuscitation time probably a little differently.

This was defined as the moment the patient arrives into
the emergency department until either the patient is up into
the operating room after the initial resuscitation or until the
completion of all imaging, so that includes CT scan, x-rays,
etc cetera. So in that way I don’t think an average time of 50
minutes is that out of the ordinary.
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Dr. C. William Schwab (Philadelphia, Pennsylvania):
Mark, thanks very much for a nice paper and I want you to
know that I agree with this but, having said that, this reminds
me of the article that came out with John Holcomb in the
Army actually asking the question if a blood pressure under
110 systolic predicted the need for immediate operation and
transfusion. Perhaps it reflects on the deconditioning of the
urban warrior.

But let me also ask just a few questions. In the pene-
trating group did you try to analyze, though your numbers
were small, as to whether the pattern of injury and a lower
blood pressure just once predicted therapeutic laparotomy or
thoracotomy?

And then the second thing is because we practice in the
same town with the same kind of clientele I would ask you
why you didn’t do a little bit more sophisticated of a retro-
spective search and look at substance abuse and the presence
of substance and/or alcohol abuse as to whether that invali-
dated your findings. Thank you.

Dr. John R. Hall (Kingsport, Tennessee): 1 found it a
very interesting paper but I do have a question. Your data is
totally opposite from what the pediatric data shows: that the
initial pressure or low pressure means nothing as long as the
child is stable after resuscitation.

We have also found this with adults with liver and
spleen injuries. How many of your “interventions” in the
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abdomen were liver or spleen injuries that probably could
have been watched and not needed an intervention at all? And
how many of your data were in children?

Dr. Thomas M. Scalea (Baltimore, Maryland): You
described this as a prospective observational study. I assume
that means that you had somebody in the Emergency Depart-
ment 24-hours a day to collect this data as the clinicians
certainly could not be doing it. If the nurses were really
blinded, who did they think that person was?

Dr. Mark J. Seamon (Philadelphia, Pennsylvania):
Yes, to answer Doctor Schwab’s question first, were the
patterns of injury and blood pressures correlating, we did
stratify by different injury types. We did not, however, go
back and look at individual pressures, blood pressures for
those injury patterns, however.

In terms of substance abuse, yes, we actually, we did
look at that along with anti-hypertensives. Each group had about
a 30 to 40 percent abuse rate of either alcohol or elicit drugs.
And very few patients actually came in anti-hypertensive, at
least by their report.

How many had liver and spleen injuries, I don’t have
that exact data here. This was an adult-only study, though,
from Ages 18 to 88 years of age.

And how did we collect the data. We had someone
available about 16 hours a day. The other 8 hours were
collected after that, after that shift. And I believe that was it.
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