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Abstract

Background—Patients suffering in-hospital cardiac arrest often show signs of physiological 

deterioration before the event. The purpose of this study was to determine the prevalence of 

abnormal vital signs 1–4 hours before cardiac arrest, and to evaluate the association between these 

vital sign abnormalities and inhospital mortality.

Methods—We included adults from the Get With the Guidelines® - Resuscitation registry with 

an in-hospital cardiac arrest. We used two a priori definitions for vital signs: abnormal (heart rate 

(HR) ≤ 60 or ≥ 100 min−1, respiratory rate (RR) ≤ 10 or > 20 min−1 and systolic blood pressure 

(SBP) ≤ 90 mm Hg) and severely abnormal (HR ≤ 50 or ≥ 130 min−1, RR ≤ 8 or ≥ 30 min−1 and 
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SBP ≤80 mm Hg). We evaluated the association between the number of abnormal vital signs and 

in-hospital mortality using a multivariable logistic regression model.

Results—7,851 patients were included. Individual vital signs were associated with in-hospital 

mortality. The majority of patients (59.4%) had at least one abnormal vital sign 1–4 hours before 

the arrest and 13.4% had at least one severely abnormal sign. We found a step-wise increase in 

mortality with increasing number of abnormal vital signs within the abnormal (odds ratio (OR) 

1.53 (CI: 1.42 – 1.64) and severely abnormal groups (OR 1.62 [CI: 1.38 – 1.90]). This remained in 

multivariable analysis (abnormal: OR 1.38 [CI: 1.28 – 1.48], and severely abnormal: OR 1.40 [CI: 

1.18 – 1.65]).

Conclusion—Abnormal vital signs are prevalent 1–4 hours before in-hospital cardiac arrest on 

hospital wards. Inhospital mortality increases with increasing number of pre-arrest abnormal vital 

signs as well as increased severity of vital sign derangements.
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1. Introduction

Over 200,000 adult in-hospital cardiac arrests (IHCA) occur in the United States yearly.[1, 

2] Mortality remains high, with 22–23% surviving to hospital discharge,[1] and early 

identification of patients at risk for deterioration is crucial.[3, 4] Multiple intra-event factors 

have been associated with cardiac arrest mortality.[5]–[6] However, the impact of pre-event 

abnormalities on post-event outcomes has not been examined previously in a large cohort.

Several small studies have shown that abnormal vital signs before IHCA are common[7–11] 

and predictive of progression to cardiac arrest.[12, 13] Retrospective expert reviews have 

found that 18–66% of cardiac arrests may be preventable.[14, 15] Common reasons for 

preventability in one study included not acting on clinical signs prior to the event and 

“inappropriate” area of treatment such as a general ward when an intensive care unit setting 

was warranted.[14] These investigations led to the widespread use of rapid response teams 

as a means of preventing progression to cardiac arrest on hospital wards by optimizing early 

treatment.[16] Previous studies in out-of-hospital[17, 18] and inhospital cardiac arrest[19] 

have shown that pre-arrest factors (such as abnormal vital signs) may be associated with 

post-event outcome. However, neither the prevalence of abnormal vital signs prior to in-

hospital cardiac arrest nor their association with post-event survival has been examined 

previously in a large multicenter cohort.

The present study aimed to characterize the prevalence of abnormal vital signs 1–4 hours 

before a treated cardiac arrest using a large national registry database, and to evaluate the 

association between these vital sign abnormalities and in-hospital mortality.
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2. Methods

Study design

We conducted a post-hoc analysis of prospectively collected data from a large United States 

registry of IHCA.

Data Source

Data were collected from the Get With the Guidelines® - Resuscitation (GWTG-R) registry, 

a national American Heart Association (AHA) sponsored quality improvement IHCA 

registry. Details of data collection and reliability have been described previously.[20] 

Patients were excluded if they had prior do-not-resuscitate orders or cardiopulmonary 

resuscitation events beginning outside of the hospital.

The registry utilizes the Utstein-style template, standardized to facilitate uniform reporting 

across hospitals.[21, 22] Data integrity is ensured through rigorous certification of data entry 

personnel and data are evaluated for completeness and accuracy with standardized software.

[23] Pre-arrest vital signs were a mandatory field during our study period.

Study Population, Vital Signs and Outcomes

We included adult patients from acute-care hospitals that submitted clinical data to the 

GWTG-R registry between July 2007 and September 2010. We included only index events 

occurring on an inpatient ward. We included locations coded as “General Inpatient Area” 

and “Telemetry Unit or Step-Down Unit”. The GWTG-R registry collects up to four sets of 

vital signs taken in the 4 hours prior to the cardiac arrest. No detailed data on how the vital 

signs are recorded are provided but no rounding rules are provided to data abstractors. We 

excluded patients with missing data on survival or vital signs 1 – 4 hours before the arrest. 

We included only sets of vital signs with at least heart rate, respiratory rate and systolic 

blood pressure. If there was more than one set of vital signs within the 1 to 4 hour time 

period we used the set closest to 4 hours. This was done to avoid confounding by acute 

interventions performed by the rapid response team or including patients actively being 

moved to the intensive care unit, and to best assess the predictive nature of vital sign 

derangements, even when more temporally remote from the event.

We defined abnormal vital signs a priori based on standard clinical definitions and 

consensus within the author team: Heart rate ≤ 60 or ≥ 100 min−1, respiratory rate ≤ 10 or > 

20 min−1 and systolic blood pressure ≤ 90 mm Hg. We defined a subgroup of severely 

abnormal vital signs, based on consensus and previous studies related to rapid response 

teams.[24, 25], as follows: Heart rate ≤ 50 or ≥ 130 min−1, respiratory rate ≤ 8 or ≥ 30 min−1 

and systolic blood pressure ≤80 mm Hg.

Statistical Analyses

The study population was characterized using descriptive statistics. Categorical variables are 

reported as counts and frequencies, continuous variables as medians with 1st and 3rd 

quartiles due to non-normal distribution of the data. Categorical data were compared using 

the Chi-Square test, continuous data with the Wilcoxon Rank Sum test.
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First, we assessed the relationships between individual vital signs and mortality. We 

assumed these were non-linear and delineated pre-defined vital sign categories. We assessed 

the mortality within each category using descriptive statistics, then compared the different 

categories using univariate logistic regression where the reference category was that with the 

lowest mortality.

To assess the independent association between individual pre-arrest vital signs and mortality 

we applied a multivariable logistic regression model with generalized estimating equations 

with an exchangeable (compound symmetry) correlation matrix to account for within 

hospital clustering. The following pre-determined variables (see Table 1) were entered into 

the multivariable model: age, gender, race, illness category, pre-existing conditions, whether 

the arrest was monitored or witnessed, location, time of week, time of day, first documented 

pulseless rhythm, whether a hospital wide response was activated and year of arrest (with 

2007 as the reference). We included all three vital signs in the same model and also included 

the time from vital signs to loss of pulse.

We then conducted a univariate logistic regression analysis to assess the association between 

the number of abnormal vital signs before cardiac arrest and mortality. The number of 

abnormal vital signs was treated as a continuous variable (ranging from zero to three). We 

next applied a similar multivariable logistic regression model as outlined above and with the 

same co-variables to assess the independent association between the number of pre-cardiac 

arrest abnormal vital signs and mortality.

For the multivariable analyses we included only patients with no missing data on any 

included covariates (91% of all patients). As a sensitivity analysis we performed all 

univariate analysis including only patients with full data. The results were similar to those 

performed with the full cohort, presented here. As a secondary sensitivity analysis we 

conducted all multivariable logistic regressions excluding variables occurring after the 

recording of the vital signs (whether the event was witnessed and monitored, the location of 

the arrest and the initial rhythm) that could theoretically be causally affected by the vital 

signs. The results were similar to the main analysis (changes in odds ratio (OR) point 

estimates between 0 and 13%) so are not reported here. We performed a sensitivity analysis 

such that if patients had more than one set of vital signs within the 1 to 4 hour time period 

we included the set closest to the 1 hour time point (as opposed to the 4 hour time point). 

Results were essentially identical to our primary analysis and are not presented here. As a 

post-hoc sensitivity analysis, we performed multiple imputations as described in the 

supplemental material.

All results from the logistic regressions are presented as OR with 95% confidence intervals 

(CI). Statistical analyses were conducted with the use of SAS software, version 9.3 (SAS 

Institute, Cary, NC, USA). All hypothesis tests were two-sided, with a significance level of 

p < 0.05.
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3. Results

Characteristics of the Study Population

There were 64,806 adult IHCA patients in the GWTG registry between July 2007 and 

September 2010. 7,851 patients from 300 hospitals met study criteria (see Figure 1). Median 

age was 72 years (quartiles: 59 – 81), 42% were female and 74% were white. Half (52%) of 

the arrests were in a ward setting with telemetry, 63% were witnessed and 97% elicited a 

hospital-wide response. Additional patient and arrest characteristics are reported in Table 1. 

Mortality was 78%. Median time from the included set of vital signs to arrest was 156 

minutes (quartiles: 110 – 199); 30% of included vital signs were between 1 and 2 hours prior 

to the cardiac arrest event, 33% between 2 and 3 hours, and 37% between 3 and 4 hours. 

There was no difference in the number of patients having at least one abnormal or severely 

abnormal vital sign between the three time periods. Median heart rate was 88 minute−1 

(quartiles: 74 – 103), median respiratory rate 20 minute−1 (18 – 22), and median systolic 

blood pressure 118 mm Hg (101 – 137). The distributions of the individual vital signs are 

shown in Supplemental Figure 1.

Individual Vital Signs and Mortality

The mortality associated with incremental values for heart rate, respiratory rate and systolic 

blood pressure are presented in Figure 2. For heart rate, mortality was lowest at 50–59 

min−1, with a step-wise increase with increasing heart rate. The lowest mortality was found 

with a blood pressure of 170 – 179 mm Hg with a step-wise increase in mortality with lower 

blood pressure.. The variability in mortality with various respiratory rates was not as 

profound as for the other two vital signs, although mortality was lowest in patients with a 

respiratory rate between 10 and 14. The results of the multivariable logistic regression for 

the individual vital signs in increments are shown in Supplemental Figure 2 and demonstrate 

a similar pattern.

Number of Abnormal Vital Signs and Mortality

59.4% of patients had at least one abnormal vital sign within 1 – 4 hours before cardiac 

arrest, and 13.4% had a least one severely abnormal vital sign. (Table 2) We found a step-

wise increase in mortality with increasing number of abnormal vital signs using both of our 

predefined categories.(Figure 3) In the abnormal category, the odds ratio for mortality was 

1.53 (CI: 1.42 – 1.64, p < 0.001) for each additional abnormal vital sign and this remained in 

multivariable analysis (adjusted OR 1.38 [CI: 1.28 – 1.48], p < 0.001). Results were similar 

in the severe category (OR 1.62 [CI: 1.38 – 1.90], p-value < 0.001), persisting in 

multivariable analysis (adjusted OR 1.40 [CI: 1.18 – 1.65], p < 0.001). Using multiple 

imputation techniques, we found similar results in multivariable analysis for both the 

abnormal (adjusted OR 1.42 [CI: 1.34 – 1.53], p < 0.001) and the severely abnormal 

category (adjusted OR 1.42 [CI: 1.22 – 1.67], p < 0.001). Patients with a cardiac arrest with 

an initial shockable rhythm were less likely to have at least one abnormal pre-arrest vital 

sign than patients with an initial non-shockable rhythm (abnormal: 51% vs. 61% and 

severely abnormal 10% vs. 14%, both p < 0.001). The number of abnormal (OR: 1.26 

[95%CI: 1.15 – 1.38], p < 0.001) and severely abnormal (OR: 1.24 [95%: 1.03 – 1.50], p = 

0.03) vital signs was independently associated with a nonshockable initial rhythm in 
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multivariable analysis. In the 5000 (63.7%) patients with ROSC, pre-arrest abnormal (OR: 

1.39 [95%: 1.29 – 1.51]. p < 0.001) and severely abnormal (OR: 1.46 [95%: 1.22 – 1.74]. p 

< 0.001) vital signs were still associated with increased odds of mortality.

Patients with no Documented Vital Signs

Many patients (9,640) were excluded from our primary analysis as they lacked a full set of 

documented vital signs within 1 to 4 hours before the cardiac arrest. A comparison of 

baseline and arrest characteristics between those patients and those included in our analysis 

appears in Supplemental Table 1. The statistically significant differences between the groups 

were most likely related to the large sample size as the standardized differences between 

groups were very small (i.e. < 0.10) in most cases. Notably, patients with recorded vital 

signs had higher prevalence of pre-existing cardiac conditions and were more likely to have 

their cardiac arrest on a ward with telemetry and during the daytime hours between Monday 

and Friday. The two groups had similar prevalence of non-cardiac pre-existing conditions. 

Mortality was slightly higher in those excluded based on missing vital signs (79% vs. 78%, 

p = 0.02).

4. Discussion

Utilizing a large national registry we are the first to report that vital signs preceding IHCA 

are independently associated with in-hospital mortality in a “dose-response” fashion. This 

relationship persists after adjustment for multiple potential confounders. We found a high 

prevalence of abnormal vital signs preceding cardiac arrest on the wards. The number of 

pre-arrest abnormal vital signs was associated with a step-wise increase in in-hospital 

mortality using two different categories based on the degree of abnormality.

Several previous studies have investigated the prevalence of abnormal vital signs and their 

association with progression to cardiac arrest,[7–9, 12, 13] and have found a high prevalence 

of abnormal vital signs in the hours preceding IHCA.[7–9] Our study confirms this in a 

large, multicenter cohort. Some previous studies have found substantially higher incidence 

of pre-cardiac arrest abnormalities then the current study.[7, 10, 19] The current study 

however only included patients on inpatient wards (as compared to also including the 

emergency department and ICU), used a narrow time interval (1 – 4 hours prior to the 

cardiac arrest), and only included abnormalities in three vital signs.

Studies with control groups (i.e. hospitalized patients without a cardiac arrest) generally 

show that the presence of abnormal vital signs is associated with progression to cardiac 

arrest.[12, 13] We, however, analyzed patients who develop cardiac arrest and evaluated the 

association of preceding vital signs with post-event mortality, similar to a few previous 

smaller studies.[17–19] Our findings indicate that vital signs prior to arrest are associated 

with mortality after the event in what appears to be a “dose-dependent” fashion. For 

example, systolic blood pressure < 80 mm Hg is associated with the highest mortality 

whereas higher blood pressures are associated with lower mortality. This suggests not only 

that a patient who is severely hypotensive (< 80 mm Hg) prior to the event could have worse 

outcome, but also that either “relative hypotension” may be harmful in some patients or that 

higher blood pressures are somehow protective. We found the opposite relationship between 
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heart rate and mortality, with lower heart rate being associated with better outcome. The 

relationship between respiratory rate and mortality was not as robust, which could be due to 

the inherent subjectivity of this vital sign as respiratory rate is still generally observed and 

calculated by the clinical team rather than by automated devices. This may introduce some 

imprecision in the measurement.

The finding that small differences in pre-event vital signs may impact outcome after cardiac 

arrest has important implications for quality improvement as well as tracking the 

epidemiology of cardiac arrest outcomes. There has been a decrease in mortality from 

cardiac arrest over the past decade.[26] Numerous potential reasons have been suggested, 

including event-related factors such as quality of cardiopulmonary resuscitation and post-

event interventions. Our findings suggest that future studies should also consider pre-event 

physiological variables as potential influences on outcomes, as cardiac arrest that is truly 

sudden (i.e., no pre-event vital sign abnormalities) is associated with better overall survival 

than cardiac arrest preceded by physiologic perturbations.

While rapid response teams are being implemented across the United States and other 

countries, the optimal methods for detecting a deteriorating patient remain unknown.[16, 27] 

As summarized in a recent review article[16] many hospitals in the United Kingdom use the 

Modified/National Early Warning System,[28, 29] an additive score combining various vital 

signs and mental status. A number of American[25, 30] and Australian[24] hospitals use the 

presence of any single abnormality as a trigger for activation of the team. As illustrated in 

Figure 3 we found that the presence of “severely abnormal” vital signs resulted in a 

relatively minor increase in mortality compared to “abnormal” signs., There was, however, 

an incremental increase in mortality with increasing numbers of abnormal vital signs such 

that patients with three abnormal vital signs had more than 20% higher mortality than those 

with zero abnormal vital signs. While these results are not directly applicable to the 

activation of rapid response teams they do raise the hypothesis that the cumulative number 

of abnormal vital signs has a stronger association with mortality than any individual vital 

sign. Our results are comparable to those reported by Bleyer et al. who, in a single-center 

study, investigated the association between abnormal vital signs and mortality in a large 

group of undifferentiated patients on in-hospital wards.[31] Though vital sign definitions 

and study populations differ substantially between the two studies, Bleyer also found an 

increase in mortality with an increasing number of abnormal vital signs.[31] Although the 

mortality in the Bleyer study was much lower overall than in the present study due to our 

focus on patients with IHCA as opposed to the general ward population, the difference in 

mortality with increasing number of abnormal vital signs was similar, suggesting there is a 

strong association between abnormal vital signs and in-hospital mortality which was also 

seen in a study by Smith et al.[32]

5. Limitations

The findings should be interpreted in the context of the study design. Despite the thorough 

training and certification processes of the GWTG-R registry, there may be slight 

discrepancies in data reporting across sites. We accounted for any systematic difference 

between hospitals by using generalized estimating equations in our logistic regression which 
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accounts for within hospital clustering. Participation in the GWTG-R registry is voluntary 

and thus raises the potential for selection bias and lack of generalizability to hospitals not 

participating in the reporting. Whether the results are generalizable to settings outside the 

United States where practice patterns may differ remains unknown. Misclassification of vital 

signs may have occurred in bedside data recording or transcription. However, we consider it 

likely that such misclassification would be non-differential (i.e. not related to the outcome) 

and would therefore generally result in bias towards the null.

We excluded a large group of patients based on missing vital signs. Although pre-arrest vital 

signs was a required data field during our study period we cannot be certain as to whether 

these data were missing due to not being documented by the clinical team or because of 

omissions by data abstractors. Although the differences between those with and without 

missing vital signs reached statistical significance for some variables, the absolute 

differences between the groups were very low (standardized difference < 0.1) except for a 

few variables (location and monitored status, see supplemental material). We do not have 

data on the activation of rapid response teams or any response by the patient’s clinical team 

to the abnormal vital signs. However, we do know that this patient population remained on 

the ward (as compared to being transferred to the ICU) indicating that there might have been 

an opportunity for earlier intervention prior to the cardiac arrest event if the vital signs could 

serve as an early warning of impending deterioration.

For the current study we a priori decided to only include full sets of heart rate, systolic 

blood pressure and respiratory rate within one to four hours before the arrest and only 

include patients on wards. Heart rate, systolic blood pressure and respiratory rate were 

chosen since they are uniformly and consistently measured among hospitalized patients and 

previous studies have found associations between these measurements and development of 

cardiac arrest.[12, 13] Other vital signs (e.g. temperature or oxygen saturation) or 

combinations of vital signs (e.g. mean arterial pressure or shock index [heart rate/systolic 

blood pressure]) may have stronger associations with outcome. Further studies are warranted 

to clarify this. The categorization of vital signs into abnormal and severely abnormal was 

based on clinical judgment and decided a priori. However, this specific selection is still 

arbitrary and other categorizations may have yielded different results.

6. Conclusion

Abnormal vital signs are common within one to four hours before in-hospital cardiac arrest 

events on hospital wards. Our study demonstrates incremental increases of overall in-

hospital mortality with both increasing number of pre-arrest abnormal vital signs as well as 

increased severity of vital sign derangements.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Patient Inclusion/Exclusion Criteria
A total of 7,851 patient were included in the primary study cohort
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Figure 2. The Association Between Individual Vital Signs and Mortality – Univariate Analysis
The * indicates statistical significance compared to the reference group (marked with a #) 

defined as the group with the lowest mortality (50–59 min−1 for heart rate [A], 11–15 min−1 

for respiratory rate [B] and 170–179 mm Hg for systolic blood pressure [C]).
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Figure 3. The Association Between Number of Abnormal Vital Signs and Mortality
We found a step-wise increase in mortality with increasing number of abnormal vital signs 

using both of our predefined categories (abnormal: OR 1.53 (CI: 1.42 – 1.64) per increased 

abnormal vital sign, and severely abnormal: OR 1.62 [CI: 1.38 – 1.90] per increased 

abnormal vital sign). Error bars represent exact binomial 95% confidence intervals.
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Table 1

Characteristics of the Study Populationa

All Patients (n = 7,851)

Demographics

Age – median years (quartiles) 72 (59 – 81)

Sex (female) – no. (%) 3,298 (42)

Race – no. (%)

 White 5,573 (74)

 Black 1,695 (22)

 Other 277 (4)

Type of Admission – no. (%)

 Medical – non-cardiac 3,963 (51)

 Medical – cardiac 2,437 (31)

 Surgical – non-cardiac 1,029 (13)

 Surgical – cardiac 323 (4)

 Trauma 94 (1)

Pre-existing Conditions – no. (%)

Cardiac

 Arrhythmia 2,412 (31)

 History of MI 1,246 (16)

 MI this admission 877 (11)

 History of heart failure 1,852 (24)

 Heart failure this admission 1,540 (20)

Non-Cardiac

 Respiratory insufficiency 2,407 (31)

 Diabetes mellitus 2,762 (35)

 Renal insufficiency 2,635 (34)

 Metastatic/hematologic malignancy 1,206 (15)

 Hypotension/hypoperfusion 1,042 (13)

 Pneumonia 1,162 (15)

 Baseline depression in CNS function 848 (11)

 Metabolic/electrolyte abnormality 922 (12)

 Septicemia 1,010 (13)

 Acute CNS non-stroke event 504 (6)

 Hepatic insufficiency 497 (6)

 Acute stroke 312 (4)

 Major trauma 160 (2)

Arrest Characteristics – no. (%)

Location

 Floor without telemetry 3,735 (48)

 Floor with telemetry 4,116 (52)

Time of day (night [11:00pm – 6:59am]) 2,746 (35)
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All Patients (n = 7,851)

Time of week (Friday 11pm to Monday 7am) 2,473 (32)

Hospital wide cardiac arrest response activated 7,576 (97)

Monitored 5,618 (72)

Witnessed 4,980 (63)

First rhythm shockable (VT or VF) 1,208 (16)

a
MI indicates myocardial infarction, CNS: central nervous system, VT: ventricular tachycardia, and VF: ventricular fibrillation
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