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Abstract

Introduction—Although rapid response systems (RRS) have been shown to decrease the

incidence of cardiac arrest (CA), there are no studies evaluating optimal staffing. We hypothesize

that there are no outcome differences between ICU physician and senior resident led events.

Methods—A retrospective study of the RRS database at a single, academic hospital was

performed from July 1, 2006 to May 31, 2010. Surgical patients and those in the ICU were

excluded. Daytime (D) was defined as 7 am–5 pm Monday through Friday, and weekends were

defined as 5 pm on Friday to 6:59 am on Monday. The nurse to patient ratio is constant during all

shifts. An ICU physician leads daytime events on weekdays whereas night/weekend (NW) events

are led by residents. NW events were compared against D events using chi square or Fischer’s

exact test. Significance was defined as p < 0.05.

Results—A total of 1404 events were reviewed with 534 (38%) D and 870 (62%) NW events.

Respiratory and staff concerns were more likely during NW compared to D (50% vs. 39% and

46% vs. 34%, p < 0.001, respectively). Following RRS activation, no difference was noted

between D and NW periods in the incidence of progression to CA, transfer to ICU, or hospital

mortality. Invasive procedures were more common in the NW period.

Conclusion—Resident-led RRS may have similar outcomes to attending intensivist led events.

Prospective studies are needed to determine the ideal team composition.
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1. Introduction

Rapid response systems (RRS) constitute a proactive system to improve patient safety. The

goal of these systems is to provide prompt evaluation and treatment of patients with
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physiologic deterioration, mainly in non-critical care areas of the hospital. Numerous reports

document a significant decrease in cardiac arrest volume following institution of these

systems.1–6 Such reports led to the Joint Commission requirement that all hospitals in the

United States and Canada have a system to improve recognition and response to changes in

a patient’s condition.7

The ideal RRS staffing model has yet to be determined resulting in highly variable resources

devoted to RRS implementation. Based on consensus definition, a medical emergency team

(MET) includes a clinician who is able to prescribe therapy.8 However, there are no studies

comparing outcomes when MET are led by attending physicians, residents or advanced

practitioners. There are significant cost and resource implications in mandating attending

physician coverage for all activations. It is possible that disruption of an attending

physician’s daily work flow may impede care being rendered to established acutely ill

patients or may decrease the number of billable encounters scheduled for the day. Thus,

demonstration that outcomes are equal between attending and resident led MET may have

significant implications in resource allocation.

The purpose of this study was to evaluate differences in outcomes between ICU attending

and senior resident physician led MET. We hypothesize that the routine addition of an

attending intensivist to all activations does not decrease the incidence of cardiac arrest or

ICU transfer following RRS activation.

2. Methods

The Hospital of the University of Pennsylvania implemented a MET in July 2006. When

responding to medical inpatients (i.e. patients not on a surgical service as defined below), an

ICU attending leads the team from 7 am to 5 pm on weekdays, whereas the team is led by a

senior resident (PGY 2–3) at night time and on weekends. An ICU attending is available by

telephone as needed during off hours. The team leader (intensivist or senior resident) makes

all final decisions regarding the care plan and the need for interventions or ICU transfer.

Neither the residents nor the intensivists received specific training in crisis or crew resource

management. Other members of the MET, irrespective of time and day, include a nurse–

coordinator, respiratory therapist, pharmacist, and the house officer responsible for the

patient. The MET members work with the bedside nurses to provide care for the patient. The

nurse-to-patient ratio on the wards remains constant at 1:4 throughout all shifts.

To assure uniformity of care, a cadre of 14 nurse coordinators is specifically trained in the

RRS protocols for management of various critical events, such as empiric antibiotic therapy

for presumed sepsis and mobilization of additional resources (e.g. airway team, cardiac

catheterization laboratory), and has oversight over the bed-flow process for the hospital. It

should be noted, however, that these nurses act as facilitators to the rapid response process

but do not usurp the role of the team leader. The nurse coordinators constitute a group of full

time nurses whose sole job is bed management, assessment of patients with risk factors for

acute change in physiologic status (e.g. rising oxygen need, hypoglycemic events,

significant co-morbidities), and response to MET events. These nurses all have extensive

ICU and/or Emergency Department experience and were further specifically trained using
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the Fundamentals of Critical Support Course provided by the Society of Critical Care

Medicine along with regular in-service meetings with the medical directors of the MET. In-

service sessions were used to educate nurses on treatment protocols and policies related to

the MET.

Anyone may activate the team, including non-clinical hospital personnel and families/

visitors. Formal activation criteria that are distributed to all hospital staff are listed in Table

1. For the purposes of this study, neurologic triggers for MET activation were defined as:

mental status change, loss of consciousness, seizure, suspected stroke, and acute agitation.

Cardiovascular triggers were defined as: bradycardia, tachycardia, chest pain, hypotension,

and severe hypertension. Respiratory triggers for team activation were defined as:

tachypnea, dyspnea, and hypoxemia.

After obtaining IRB approval, we performed a retrospective analysis of our prospectively

maintained RRS database. We analyzed RRS activations from July 1, 2006 to May 31, 2010.

RRS activations for visitors, outpatients, ICU patients, and patients on the surgical services

(defined as general, cardiothoracic, vascular, otorhinolaryngology, plastics, urology,

orthopedic, and neurological surgery and obstetrics/gynecology) were excluded. Surgical

service patients were excluded because the team leader during nights and weekends can

variably include a surgical ICU fellow or attending. Based on our MET staffing model, night

was defined as 5:00 pm to 7:00 am and day was defined as 7:01 am to 4:59 pm, while

weekends were defined as between 5 pm on Friday to 6:59 am on Monday morning. For the

purpose of analysis, night and weekend (NW) activations were compared as a combined

cohort against day (D) RRS activations. To ensure that variables were independent, in

patients for whom more than one MET was triggered, all but the final MET were censored

from analysis.

The data analyzed included patient demographics, the trigger for RRS activation,

intervention(s) rendered by the MET, incidence of cardiac arrest following evaluation by the

MET, disposition following activation, and survival to hospital discharge. More than one

MET trigger may have been present for any single activation. Chi square or Fisher’s exact

test (when fewer than 5 observations were present in any cell) was used to compare groups.

Odds ratios (OR) and 95% confidence intervals (CI) were generated using the ‘Risk’

function in SPSS statistical software. Two tailed significance was set at p < 0.05. To assess

for the impact of MET trigger and MET timing (D vs. NW) on in-hospital mortality, a

multivariable logistic regression model was constructed. All data analyses were performed

with SPSS Version 19.0 (IBM SPSS Statistics, Chicago, IL, http://www.spss.com).

3. Results

During the study period, there were a total of 139,182 patients admitted to our institution;

80,741 (58%) were medical admissions. There were 1642 RRS activations in 1404 patients

and 523 cardiac arrest events during this time period. Thirty eight percent of RRS

activations and 43% of cardiac arrest cases occurred during the D period. The distribution of

rapid response events throughout a 24 h period is depicted in Fig. 1.
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Triggers for MET activation varied by time period (Table 2). Respiratory concerns were

significantly more likely to trigger RRS activation during the NW period than the D period

(51% NW vs. 40% D, p < 0.001), while neurologic concerns were less likely to trigger

METs during the NW period (42% NW vs. 48% D, p = 0.04). The incidence of

cardiovascular triggers did not differ significantly between the two time periods (56% NW

vs. 53% D period, p = 0.38). Beyond specific physiologic triggers, staff concern in the

absence of other ‘hard’ triggers was more likely to trigger RRS activation during the NW

period (4% NW vs. 2% D, p < 0.07) (Table 3).

To assess for the impact of MET trigger and timing on mortality, we constructed a

multivariable logistic regression model. While Respiratory (OR 1.77, 95% CI 1.37–2.29),

Cardiac (OR 1.40, 95% CI 1.09–1.81), Neurologic (OR 1.42, 95% CI 1.09–1.84) triggers

were all associated with increased in-hospital mortality, Staff-alone triggering (OR 1.13

95% CI 0.48–2.70) and Day vs. NW timing (OR 0.26, 95% CI 0.68–1.11) were not

significant.

In terms of RRS interventions (Table 4), patients who experienced a daytime event were

more likely to undergo a stat echocardiogram (3% D vs. < 1% NW, p = 0.01) than those

who underwent RRS activation at night. RRS activations in the D period were less likely to

receive diuretic therapy (5% D vs. 8% NW, p = 0.03), bronchodilators (2% D vs. 7% NW, p

< 0.001), supplemental oxygen (62% D vs. 69% NW, p = 0.01), or undergo chest

radiography (29% D vs. 40% NW, p < 0.001) compared to those that occurred in the NW

period. These findings persisted even after controlling for the increased likelihood of

respiratory triggers for RRS activation at night. Invasive procedures were also more

common during the NW period, with more patients likely to undergo central line placement

(12% D vs. 18% NW, p = 0.002), peripheral line placement (33% D vs. 38% NW, p = 0.07),

and indwelling urinary catheter placement (3% D vs. 5% NW, p = 0.05). The percentage of

patients undergoing intubation was not different between the two time periods (9% D vs.

11%NW, p = 0.36) nor was the rate of ICU transfer following MET activation (57% D vs.

57% NW, p = 0.82). All other bedside interventions were similar between the two groups.

Progression to cardiopulmonary arrest following RRS activation was not significantly

different between the two periods (1.8% D vs. 2.4% NW, p = 0.4). Additionally, death

during a RRS event was distinctly rare and did not differ significantly between the two

groups (0.2% D vs. 0.8% NW, p = 0.81). Beyond the immediate results of the RRS

activation, we found that unadjusted in-hospital mortality did not differ between D and NW

periods (27% D vs. 26% NW, p = 0.64).

4. Discussion

Rapid response systems were introduced in the mid-90s after reports that cardiac arrest in

hospitalized patients is preceded by slowly progressing signs of worsening physiologic

status and that the incidence of in-hospital cardiac arrest may decrease if these signs are

identified and rapidly intervened upon.9–11 Since then, groups including the Institute for

Healthcare Improvement and the Joint Commission have led efforts that culminated in the

wide adoption of RRS across the United States, Canada, and some European countries.
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However, despite this wide adoption, RRS have not been shown to impact on overall

mortality. Thus, debate still continues regarding proper resource allocation for and the utility

of these teams in different settings.12

Our system lends itself to study because the MET physician configuration changes at fixed

time points whereas the nurse-to-patient ratio and non-physician staffing of the MET

remains constant. This provides an opportunity to assess the impact of routine intensivist

presence relative to a senior resident on outcomes following RRS activation. Because many

centers, including ours, utilize an attending physician to respond to RRS events, use of this

resource for all activations may have collateral detriment – delaying evaluation and

management by of established critically ill patients by faculty.

Our data clearly demonstrate similar outcomes for daytime events, led by attending-level

intensivists, and night/weekend events, led by residents. The incidence of progression to

cardiac arrest following RRS activation is too small to reliably assess for this endpoint given

the current sample size, but the rates of intubation, ICU transfer, and in-hospital mortality

were similar between the two arms. This suggests that attending physicians may be able to

assume a more advisory role with residents leading the team in most instances. If so, this

may permit an escalation model in which intensivists are consulted to specifically render

critical care or negotiate triage for selected populations. However, this finding warrants

prospective validation. Furthermore, this finding may be due to the select group of nurse

coordinators who are specifically trained in detecting and responding to deteriorating

patients on the wards, are familiar with resuscitation protocols, and know how to quickly

mobilize more resources as needed. Our study could not assess how often a resident

independently led the team versus how often the resident solicited advice from the nurse

coordinator.

Our study also reveals interesting information regarding the profile and management of the

deteriorating patient stratified by day and time. Respiratory triggers and staff concerns were

more common during nights and weekends. This may be related to the effect of various

sedatives and/or pain medications on respiratory status, particularly in those with impaired

pulmonary function at baseline. Our study was not designed to better assess reasons

underlying this finding. Daytime use of urgent echocardiography was substantially higher

than night/weekend; likely due to the relative ease of obtaining this study during regular

working hours. The logistical barriers to obtaining this study at night may have resulted in

much less frequent use despite having an overall larger raw number of cardiac triggered

events after-hours. The finding that the daytime patients were less likely to receive diuretics,

bronchodilators, or supplemental oxygen likely stems from the preponderance of respiratory

events at night; however, additional potential explanations may exist. Residents may be

more likely to attempt urgent therapeutic interventions when presented with acute

deteriorations. The finding that invasive procedures were also more common in the NW

period supports this contention. This possibility may have implications regarding the

necessity of many procedures and therapies prescribed after-hours, and future studies should

examine the impact of specific interventions on ultimate outcome.
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This study has several important limitations. First, surgical patients were excluded and

therefore the findings may not apply to this cohort. Second, this is a retrospective analysis

and has the limitations inherent in this study design. Patient cases unfold over time and

drawing distinct time thresholds does not necessarily capture the impact of RRS behavior on

patient outcomes. The lack of difference may be related to sufficient training on the part of

the residents to address these patients’ needs, the protocol-driven care rendered by the nurse-

coordinators to address most critical events, small sample size, or an amalgam of these

factors. In addition, the database does not capture the time from the decision to transfer a

patient to the ICU and actual arrival or subsequent complications other than recurrent need

for RRS activation or death. Thus, there may be differences in outcomes subsequent to the

response, such as changes in goals of care, hospital acquired infection, organ dysfunction,

and ICU or hospital length of stay that were not captured. Moreover, there was no way to

reliably adjust for confounders that may have differed between the groups, and it is possible

that the two groups differ in acuity of illness or some other unmeasured aspects that may

have impacted the need for intervention or final outcome. Finally, the possibility of a type II

error exists, as the rate of mortality during a rapid response activation was low for both

groups.

5. Conclusion

While rapid response systems have been shown to improve the rates of serious adverse

events for hospitalized patients, the ideal composition of the responding team remains to be

identified. Our study found similar outcomes for teams led by attending intensivists and

senior residents when a uniform cadre of nurse coordinators is included in the responding

team. A resident-led MET in such a model may enable more efficient use of attending

physician time and resources. A prospective study is needed to determine optimal staffing

and resource allocation of RRS.
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Fig. 1.
Percentage of rapid response calls in each cohort.

Morris et al. Page 8

Resuscitation. Author manuscript; available in PMC 2014 May 29.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Morris et al. Page 9

Table 1

Criteria for rapid response activation.

Respiratory

  Rate < 8 or >32 breaths/min

  Oxygen saturation <85%

  Acute increase in oxygen need by 50%

  Dyspnea

Cardiac

  Rate < 40 or >140 beats/min

  Systolic blood pressure < 80 or >200 mmHg

  Diastolic blood pressure > 110 mmHg

  New onset chest pains

Neurologic

  Seizure

  Acute change in mental status

Miscellaneous

  Uncontrolled bleeding

  Inability to contact house-officer after 2 pages

  Nurse concern/discretion

  Physician concern/discretion
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Table 3

Associations between MET triggers, time of MET, and mortality.

OR 95% CI p

Respiratory trigger 1.77 1.37–2.29 0.01

Cardiac trigger 1.40 1.09–1.81 0.01

Neurologic trigger 1.42 1.09–1.84 0.01

Staff concern trigger 1.13 0.48–2.70 0.78

Night or weekend 0.87 0.68–1.11 0.26

Multivariable logistic regression model including MET triggers and timing of MET with mortality as the dependent variable. OR: Odds Ratio; 95%
CI: 95% Confidence Interval. Trigger predictors OR are referent to MET not having stated trigger; Night and Weekend OR referent to Daytime
activation.
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