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Introduction: Triage of patients is critical to patient safety, yet no clear information exists as to the
utility of initial vital signs in identifying critically ill older emergency department (ED) patients. The
objective of this study is to evaluate a set of initial vital sign thresholds as predictors of severe illness
and injury among older adults presenting to the ED.

Methods: We reviewed all visits by patients aged 75 and older seen during 2007 at an academic
ED serving a large community of older adults. Patients’ charts were abstracted for demographic
and clinical information including vital signs, via automated electronic methods. We used bivariate
analysis to investigate the relationship between vital sign abnormalities and severe illness or injury,
defined as intensive care unit (ICU) admission or ED death. In addition, we calculated likelihood
ratios for normal and abnormal vital signs in predicting severe illness or injury.

Results: 4,873 visits by patients aged 75 and above were made to the ED during 2007, and of
these 3,848 had a complete set of triage vital signs. For these elderly patients, the sensitivity and
specificity of an abnormal vital sign taken at triage for predicting death or admission to an ICU
were 73% (66,81) and 50% (48,52) respectively (positive likelihood ratio 1.47 (1.30,1.60); negative
likelihood ratio 0.54 (0.30,0.60).

Conclusion: Emergency provider assessment and triage scores that rely primarily on initial vital signs are
likely to miss a substantial portion of critically ill older adults. [West J Emerg Med. 2013;14(5):453—460.]

INTRODUCTION may go unrecognized at the time of their triage,® and that
Accurate triage of older adults in the emergency the Emergency Severity Index (ESI) triage instrument may
department (ED) is important both because of the high not be adequately calibrated for use in older adults.* Under-
frequency of life-threatening illness in this population and the  triage of patients may result in failure to implement critically
attendant need for resource-intensive care provided to these important care and may lead to an increase in adverse
patients.'” Existing evidence suggests that elderly patients are  outcomes; conversely, over-triage may result in inappropriate
frequently under-triaged,** that serious medical conditions resource use and the diversion of care from other patients in
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more need.’ Triage, itself, has been recognized as critical to
patient safety and experts in the field of emergency medicine
have called for the development of a research agenda for its
systematic study,” as well as identified high yield research
opportunities for future investigation in this area.®

The clinical assessment of patients in the ED is based
in part upon the measurement and interpretation of initial
vital signs. Emergency providers and nurses may use vital
signs as markers of the presence of severe illness, upgrading
triage designations and directing more immediate attention to
those patients with abnormal vital signs.’ For older patients
in particular, the ability of vital signs to indicate the severity
of a patient’s illness has not been conclusively demonstrated,
as some studies have suggested that vital signs may not
accurately reflect the severity of dehydration or pneumonia
in elderly patients,'®!! while other work has suggested that
blood pressure changes on standing may reliably indicate
dehydration in older adults.'” To our knowledge, however,
no research performed to date has evaluated the relationship
between initial triage vital signs and the presence of severe
disease among elderly patients presenting to the ED.
Therefore, we examined among elderly adults the relationship
between initial vital signs taken at the time of triage and the
presence of severe illness or injury, defined as death in the ED
or admission from the ED to an intensive care unit (ICU).

METHODS
Study Design

We conducted a retrospective study of consecutive ED
visits by patients aged 75 and older during a 1-year period in
order to evaluate the association between initial triage vital
sign abnormalities and severe illness and injury. The selection
of this age cohort was made so as to parallel the oldest age
cohort analyzed in the National Hospital Ambulatory Medical
Care Survey." The institutional review board of the University
of North Carolina approved this study with a waiver of
informed consent.

Study Setting and Population

The site of this study was the University of North
Carolina Hospitals ED (Chapel Hill, NC), a tertiary-care,
Level 1 trauma center serving rural and urban populations
with 61,200 ED visits in 2007.

Selection of Subjects

The electronic charts of all patients aged 75 and above
presenting to the study ED from January 1, 2007 to December
31, 2007 were selected for inclusion in the study.

Study Protocol and Measurement

We obtained data from the ED’s computerized patient
record system (The T-System® EV, version 2.5, 2000-2005;
T-System Inc., Dallas, TX) and Webcis, the electronic medical
record system developed and used by the University of North

Carolina Hospitals. To avoid manual chart review and possible
disagreement among chart reviewers, data were abstracted
electronically' from the hospital medical record system to
the study database for the patients’ race, insurance status,

and vital signs while data were electronically abstracted

from the ED record system to the study database for each
patient’s age, sex, disposition (admitted to the hospital floor,
admitted to the ICU, transferred, discharged, or died), ESI
score and chief complaint. We defined severe illness or injury
as either admission to an ICU or death in the ED because
they are extreme and concrete outcomes that are unlikely

to be biased in a retrospective review. Vital signs are taken

at the time of triage by a nurse or if the patient is placed
directly into a bed by that patient’s nurse. In view of the

lack of a general consensus as to what constitutes a normal
set of vital signs, we defined normal vital signs as follows:
systolic blood pressure from 100 to 200 mm Hg, heart rate
from 60 to 100 beats/minute, respiratory rate from 8 to 20
breaths/minute, temperature from 36 to 38 degrees Celsius,
and oxygen saturation of 90% or above. These normal ranges
were selected to mirror the upper bounds for heart rate and
respiratory rate used in the ESI triage algorithm (version 4)."
The upper range for blood pressure reflects the boundary at
which the Emergency Medicine Cardiac Research Group
(EMCREG) has recommended beginning outpatient blood
pressure lowering therapy in asymptomatic ED patients. '
We added additional basement parameters to these vital

sign measurements and included boundaries for oxygen
saturation (irrespective of supplemental oxygen provision) and
temperature based on our clinical practice.

Data Analysis

In the primary analysis for elderly patients, we evaluated
the predictive value of initial triage vital signs in terms of the
sensitivity and specificity of the presence of any abnormal
vital sign for predicting severe illness. Because some patients
contributed multiple visits, the estimates of sensitivity,
specificity, and other performance parameters were obtained
by fitting statistical models appropriate for repeated binary
measures; specifically, we relied on generalized logistic-linear
models with subject-specific random effects. We performed
supportive auxiliary analyses to evaluate the robustness of
the primary results and conclusions to choice of statistical
methods and to evaluate the impact of including patients with
incomplete sets of vital signs. To evaluate whether missing
vital signs had a potential effect on our results, we performed
analyses for 5 groups of data each defined by the number of
vital signs that were missing: 1) those visits in which all 5
vital signs were recorded (3848 visits), 2) those visits with
0 or 1 vital sign missing (4702 visits), 3) those with 0 to
2 vital signs missing (4771 visits), 4) those visits with 0-3
missing (4779 visits), and 5) those visits with 0-4 missing
(4780 visits). In sensitivity analyses, we explored the impact
of subjects who had multiple visits, in particular to evaluate
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Table 1. Demographic and presenting characteristics of patients aged 75 and above.

Characteristic

Al visits (N=4873)

Visits with severe illness* Visits without severe

(N=244) illness* (N=4629)

Sex—no. (%)

Male 1909 (39.2) 96 (39.3) 1813 (39.1)

Female 2964 (60.8) 148 (60.7) 2816 (60.8)
Age—mean, yr 82.9 82.3 82.9
Race or ethnic group—no.(%)*

Black or African American 893 (18.3) 40 (16.4) 853 (18.4)
White 3452 (70.8) 182 (74.6) 3270 (70.6)

Hispanic or Latino 40 (0.8) 4 (1.6) 36 (0.8)
Asian 25 (0.5) 1(0.4) 24 (0.5)
American Indian/Alaska Native 3 (<0.1) 1(0.4) 2(0.0)

Unknown or not reported 460 (9.4) 16 (6.7) 444 (9.6)
Insurance status—no.(%)

Medicare 3857 (79.2) 189 (77.5) 3668 (79.2)

Medicaid 576 (11.8) 26 (10.7) 550 (11.9)
Initial vital signs—mean (N)

Systolic blood pressure—mmHg 143 (4707) 136 (202) 144 (4505)
Diastolic blood pressure—mmHg 74 (4703) 71 (202) 74 (4501)
Pulse—beats/min 81 (4771) 90 (209) 81 (4562)
Respiratory rate—breaths/min 19 (4748) 19 (206) 19 (4542)
Oxygen saturation—% 97 (4215) 96 (200) 97 (4015)
Temperature—°C 36.5 (4455) 36.4 (168) 36.5 (4287)
ESI leveF—mean 2.7 1.8 2.8

*Severe iliness or injury defined by occurrence of intensive care unit admission or death in the emergency department.

TRace or ethnic group as recorded in the patient’s chart.

*ESl is the emergency severity index score which has five levels; 1=most acute and 5=least acute

whether patients with more visits might be more likely to
have an incomplete set of vital signs. Finally, secondary
analyses were performed to characterize the predictive value
of each individual vital sign in elderly patients. All statistical
computations were performed using SAS System Software
(version 9.2, SAS Institute, Cary, NC).

RESULTS

During calendar year 2007, there were 4,873 visits
by 3,079 patients aged 75 and above to the study site ED.
Of these visits, 228 resulted in admission to an ICU while
16 patients died in the ED. Table 1 lists the characteristics
of these visits according to outcome of interest, including
demographic information, ESI triage score, and vital signs
taken at triage. A complete set of initial vital signs including
blood pressure, pulse, respiratory rate, temperature, and
oxygen saturation were available for 3,848 visits (79.0%),
although almost all patients had at least some vital signs
recorded. Pulse was recorded for 4,771 visits (97.9%),
complete blood pressure readings were available for 4,703
visits (96.5%), respiratory rate for 4748 visits (97.4%),

temperature for 4455 visits (91.4%), and oxygen saturation for

4215 visits (86.5%). The primary results were not sensitive to
incomplete recording of vital signs (Table 2).

The presence of any vital sign abnormality was associated
with severe illness or injury in elderly patients (odds ratio
[OR] 2.48, confidence interval [CI] 1.50-3.30). However, the
sensitivity (%) and specificity (%) of any abnormal vital sign
as a predictor of severe illness or injury were only 73 with CI
(66,81) and 50 with CI (48,52) respectively (Table 2.), based
on visits with complete vital sign data. Practically identical
sensitivities and specificities, 72 with CI (65,79) and 53 with
CI (51,55) respectively, were obtained for any vital sign
abnormalities when less than 4 of the vital signs were missing.
The estimate of serial correlation for repeated visits was
small (r=0.14 to 0.24 depending on model and completeness
of vital signs).

For the secondary analyses of the predictive value of
individual vital signs, Table 3 lists the odds ratios for a given
vital sign abnormality and its association with severe illness.
The following vital sign abnormalities were associated with
an increased risk of ED death or ICU admission: systolic
blood pressure <100 mm Hg, heart rate >100 beats/minute,
respiratory rate <8 breaths/minute or >20 breaths/minute, and
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Table 2. Vital signs for prediction of death or intensive care unit admission in patients aged 75 and above.

Oor1 0,1o0r2 0,1,20r3
Characteristic No vital signs missing vital sign vital signs vital signs
missing missing missing®
73.2% 72.1% 72.2% 72.2%
Sensitivity”
[65.5, 80.8] [65.2, 78.9] [65.4, 78.9] [65.4, 78.9]
50.0% 52.4% 52.6% 52.7%
Specificity
[48.0, 52.0] [50.5, 54.2] [50.8, 54.4] [50.8, 54.5]
4.6% 41% 4.5% 4.5%
Positive predictive value
[2.2,6.8] [1.9,6.3] [2.3,6.5] [2.3,6.6]
98.1% 98.4% 98.2% 98.2%
Negative predictive value
[97.0, 99.2] [97.3, 99.3] [97.2, 99.2] [97.2, 99.2]
1.47 1.51 1.52 1.53
Positive likelihood ratio
[ 1.30, 1.60] [1.30, 1.60] [1.30, 1.60] [1.30, 1.60]
0.54 0.53 0.53 0.53
Negative likelihood ratio
[ 0.30, 0.60] [ 0.40, 0.60] [ 0.40, 0.60] [ 0.40, 0.60]
2.48 2.60 2.61 2.61
Odds ratio
[ 1.50, 3.30] [1.70, 3.40] [1.70, 3.40] [1.70, 3.40]
2580 2980 3007 3011
Subjects included
(83.8%) (96.8%) (97.7%) (97.8%)
3848 4702 4771 4779
Visits included
(79.0%) (96.5%) (97.9%) (98.1%)
Visits excluded 1025 171 102 94

Patients with 1 visit 1846 ( 71.6%)
449 (17.4%)

167 (6.5%)

Patients with 2 visits
Patients with 3 visits

Patients with 4 visits 56 (2.2%)
Patients with 5+ visits 62 (2.4%)
Maximum visits 14 visits

2053 (68.9%)
523 (17.6%)
216 (7.2%)
101 ( 3.4%)
87 (2.9%)

17 visits

2062 (68.6%)
530 (17.6%)
219 (7.3%)
105 ( 3.5%)
91 (3.0%)

17 visits

2064 (68.5%)
531 (17.6%)
219 (7.3%)
106 ( 3.5%)
91 (3.0%)

17 visits

* Estimates with 95% confidence intervals were obtained by fitting a generalized logistic-link regression model with a subject-specific

random effect.

Tldentical results were obtained for “0, 1, 2, 3 or 4 vital signs missing.”

oxygen saturation <90%. Low temperatures were associated
with slightly increased odds of suffering a serious outcome;
however, temperature abnormalities in general were not
strongly predictive of serious injury or illness.

DISCUSSION

Our results demonstrate that a substantial portion of elderly
patients presenting to the ED with severe illness or injury have
normal initial vital signs. Secondarily, we find that not all initial
vital signs are equally useful for predicting severe illness or
injury. For example, hypotension, tachycardia, hypoxia, and
high or low respiratory rate were associated with increased
risk of ED death or ICU admission, whereas other initial vital
sign abnormalities were not. In total, however, the presence or
absence of one or more abnormal initial vital sign, as defined in
our study, is not a reliable marker for severe illness or injury in

the elderly patient. The positive and negative likelihood ratios
associated with any initial vital sign abnormality are not of
sufficient magnitude to accurately predict severe illness or death
in the ED.

A previous study of elderly patients in the ED of one
academic center has suggested that the ESI triage score, which
incorporates vital signs into its algorithm, accurately assesses
the risk of elderly patients for hospitalization, resource
use, and mortality.!” However, the ESI performed better at
predicting hospitalization in this original study'’ (AUC score
0.77) than it did when we examined it in our own academic
setting (AUC score 0.68).'® Neither algorithm, however,
provides sufficient accuracy to reliably predict individual
patient outcomes. Indeed, work from our center has suggested
that the ESI triage score may not be the best predictor of
admission to the hospital from the ED and that an algorithm
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Table 3. Odds ratios for the association of abnormal vital signs with severe illness or injury.

Condition Odds ratio [ 95% Cl] Included’
Low systolic blood pressure (<100 mmHg) versus normal SBP 4.53[2.50, 6.50] 96.5%
High systolic blood pressure (>200 mmHg) versus normal SBP 1.78 [ 0.60, 2.90] 96.5%
Any abnormal (low or high) systolic blood pressure versus normal SBP 3.59[2.20, 4.90] 96.5%
Low heart rate (<60 beats/min) versus normal HR 1.17[0.60, 1.70] 97.9%
High heart rate (>100 beats/min) versus normal HR 3.42[2.20, 4.60] 97.9%
Any abnormal (low or high) heart rate versus normal HR 2.7211.90, 3.50] 97.9%
Low respiratory rate (<8 breaths/min) versus normal RR? 384.0 [ -560, 1320] 97.4%
High respiratory rate (>20 breaths/min) versus normal RR 2.04 [1.30, 2.70] 97.4%
Any abnormal (low or high) respiratory rate versus normal RR 2.50[1.60, 3.30] 97.4%
Low temperature (<36°C) versus normal temperature 1.55[0.90, 2.20] 91.4%
High temperature (>38°C) versus normal temperature 0.95[0.00, 1.90] 91.4%
Any abnormal (low or high) temperature versus normal temperature 1.47[0.80, 2.00] 91.4%
Low oxygen saturation (<90%) versus normal oxygen saturation 3.49[1.50, 5.40] 86.3%
Normal oxygen saturation (90-100%) versus abnormal oxygen saturation 0.29[0.10, 0.40] 86.3%
Any abnormal vital sign versus all vital signs normal 2.481.50, 3.30] 79.0%

" Percent of visits included. Visit excluded if the vital sign was missing.

2Low respiratory rates were recorded in 9 patients.

for prediction of admission in elderly patients depends on vital
signs only to a small degree.'® Further investigation has also
suggested that the ESI scoring system does not adequately
identify those patients 75 years of age and older who are in
need of an immediate life-saving intervention.*

Although our study is the first, to our knowledge, to
examine the ability of abnormal initial vital signs taken at
ED triage to predict severe illness or injury in the elderly, it
adds to the substantial literature that has called into question
the reliability or usefulness of vital sign measurements in
clinical practice, either due to problems in the reproducibility
of readings or due to their failure to predict dire clinical
outcomes. Previous studies have challenged the ability
of respiratory rate to predict respiratory failure '*?° and
highlighted the substantial dependency of respiratory rate
measurement on provider technique.'*?! Moreover, in the
ED, considerable interobserver variability exists in the
measurement of vital signs, with measurement by sequential
observers differing as little as 10 to 15% for heart rate and
as much as 35% for respiratory rate.” Finally, beyond all of
these valid concerns, it has been noted that changes in anatomy
and physiology associated with aging may affect the expected
physiological response to injury or illness in older adults. It is
not known, however, at this time how initial vital signs perform
as predictors of severe illness in younger cohorts of patients.

In sum, given the challenges of appropriately triaging
older adults in the ED, the problems inherent in vital sign

measurement, and the central role that triage vital signs play
in the initial assessment of patients by emergency providers,
our work suggests that there may be some value to the
development of alternative indicators of life-threatening
disease in older patients upon which more accurate triage
can be based. While functional status has been shown to be
associated with prognosis in some cancer treatments,* these
types of assessments are not easily performed in the busy
ED environment given current resources and are probably
not sufficient for identifying patients with life-threatening
conditions. When treating older adults with certain diseases,
condition-specific assessment scales have been developed that
predict severity of illness, of which the Pneumonia Severity
Index (PSI) is one prominent example;* however emergency
physicians frequently do not follow its recommendations for a
variety of reasons.?®

Future tools for geriatric triage may include
biomarkers,*”3° but the challenges of identifying a single
biomarker or a panel of biomarkers to accurately predict
grave outcomes in older adults presenting to the ED with
undiagnosed illness are challenging.’! Therefore, it seems,
at least for the present, prudent to consider redesigning the
triage of elderly patients so that physicians will have earlier
contact with these patients in the course of their ED visit, as
has been suggested previously.’>3* Though the effect of such a
redesign upon mortality or morbidity in this population of older
adults has yet to be evaluated, its further study is warranted.
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LIMITATIONS

Our work was limited in that it was collected from one
study site, which may constrain the generalizability of its
results. It does provide, however, an analysis of all patients
aged 75 and above who were seen at our ED in a complete
calendar year.

In this study, we have directly investigated only the
relationship between initial vital signs and subsequent dire
outcomes. Our results relate to the potential under-triage of
older adults only in so much that vital signs are an important
component of many triage schemes and under-triage is a
concern in the care of older ED patients.*

Our study relied on retrospective data, rather than data
collected prospectively from a cohort. We based our analyses,
however, on the hard endpoints of death and admission to an
ICU, 2 outcomes that we believe are likely to be free of bias and
that have been used previously in the trauma literature among
older adults.* For these reasons, we submit that it is unlikely
that a prospective approach would yield substantially different
results. The presence of a “Do Not Resuscitate” order (DNR)
was not included in our analysis, as a DNR order in our hospital
does not preclude the admission of a patient to our hospital’s
ICU and only influences medical “efforts at cardiopulmonary
resuscitation” and “does not affect other medically indicated”
acute care.’® However, it should be acknowledged that the care
of patients receiving palliative services may influence the life-
saving care that is received in the ED.

While ED death and ICU admission are relatively
uncommon events in our study, these are proximal outcomes
with very little ascertainment bias that are more likely to be
related to initial vital signs and severity of illness than other
considered outcomes, such as death during hospitalization or
admission to a telemetry bed. Further, the low prevalence of
the outcomes in the study should not affect the performance
characteristics of the test in question (vital signs), as these
test characteristics will remain independent of disease
prevalence in this case where disease status has been strictly
dichotomized and is not believed subject to misclassification
bias.”” The relatively low number of events of interest,
however, will be reflected in the precision of our estimates, as
seen in our reported confidence intervals and p-values. Finally,
to avoid the bias that is inherent in manual chart abstraction,
we abstracted numerical values of vital signs contained in the
electronic medical record by computer.

The available retrospective computerized records did not
provide information about the several potential reasons for
incomplete recording of initial vital signs. We acknowledge
the potential confounding of our analysis due to the lack of
a complete set of vital signs in nearly 20% of our sample.
However, our sensitivity analyses indicate that the predictive
accuracy of an initial set of vital signs in predicting dire
outcomes was robustly invariant to the number of missing
vital signs. It is also unlikely that 100% of patients presenting
to an ED will either receive or need a full set of vital signs.

We assume that failure to record initial vital signs may occur
by chance due to logistical or administrative errors unrelated
to the patient’s condition. This cause of missing data does

not induce any selection biases when visits with missing vital
signs are omitted from statistical analysis. We conjecture that
initial vital signs will tend to be missing for visits in which
the patient is obviously extremely ill or perhaps obviously
well. Omission of such visits from statistical analysis, due to
missing initial vital signs, may indeed induce selection bias by
under-representation of those clearly in need of urgent medical
care. We note, however, that for the elderly patient who is not
breathing, the triage conclusion is already obvious and use of
vital signs for predicting whether the patient may be seriously
ill would be pointless. In sum, we conjecture that the patients
who are in a position to benefit from vital sign triage will tend
to have complete initial vital sign data. It would follow that
the analyses using only the visits with complete initial vital
sign data would be unbiased for making inferences about the
visits of interest.

Our results are specific to our choices for what constitutes
an abnormal initial vital sign. As there is little literature from
which to base the assignation of “cut-offs” for individual
vital signs, especially in older patients, we used the upper
boundaries for heart rate and respiratory rates used with the
ESI scoring (Version 4)'5 and chose other boundaries for
other initial vital signs based upon the medical literature for
hypertension, temperature, and oxygen saturation in healthy
adults and our clinical practice. It is possible that an alternate
choice for values of abnormal initial vital signs would have
yielded slightly different numerical results in our analysis;
however, more lenient “cut-off” values are likely to increase
the sensitivity at the expense of specificity. Our analyses
also do not account for patients’ medications, supplemental
oxygen, or the presence of pacemakers that may influence
patients’ vital signs. Further, we do not stratify our results by
the patient’s chief complaint or presenting illness, as this was
not a pre-specified analysis agreed upon by our research group
and the low number of outcomes of interest precludes this type
of sub-group analysis.

Finally, our purpose in this work was to examine the
predictive value of a reasonable set of initial vital signs criteria
and not to develop the most useful set of vital sign parameters
to assess clinical outcomes, since regression analysis has
indicated that vital signs used even as continuous variables by
themselves are poorly predictive of hospitalization in elderly
adults.'® Further, although we recognize that clinicians may
have multiple sets of vital signs as well as other clinical data
available to them when they assess a patient, emergency
providers and nurses frequently use initial triage vital signs to
determine the initial resources provided to a patient’ early on
in their ED course.

CONCLUSION
Our work demonstrates that initial vital sign abnormalities,
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while associated with increased risks of severe illness or

injury, are neither sensitive nor specific for these outcomes

in elderly patients presenting to the ED and do not produce
positive or negative likelihood ratios of sufficient magnitude

to shape clinical decision making. Thus, triage systems and
clinical assessments that rely heavily upon initial vital sign
abnormalities for the evaluation of disease severity are likely

to be incorrect in many cases. As a result of the high rates of
cognitive impairment**-? and incomplete information in older
adults, ¥ the potential for adverse outcome due to under-triage
is probably greatest in this population. Further studies are
needed to discover if modifications to the definitions of normal
vital signs or the use of alternative indicators of disease severity
can substantially strengthen the initial ED triage and clinical
assessment of this vulnerable population.
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410 West 10" Street, Suite 2000, Indianapolis, IN 46032. Email:
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