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Objective: To study the incidence, outcome and potentially avoidable causes of inpatient cardiopulmonary
arrests in a hospital with a “‘mature’”” rapid response system (RRS).

Design: Retrospective observational study of all cardiopulmonary arrest events in 2005.

Setting: University of Pittsburgh Medical Center Presbyterian Hospital, a 730-bed academic, urban, tertiary
care adult hospital in the USA.

Interventions: None.

Results: During the calendar year 2005, the 16th year since the establishment of a medical emergency team
(MET)/RRS, the MET was activated 1942 times; 111 of these events were cardiopulmonary arrest events
(3.26 arrest events/1000 patient admissions), and 1831 were non-arrest patient crisis events (53.8 crisis
events/ 1000 patient admissions). A review of the 104 index cardiopulmonary arrest events revealed that 26
(25%) patients survived to discharge. Event survival decreased as the intensity of patient monitoring
decreased (83% in intensive care units, 69% in monitored, and 36% in unmonitored units; p=0.002), but the
rate of subsequent inhospital death was higher in the more intensely monitored settings (60%, 38%, 23%,
respectively; p=0.022). Nineteen (18%) arrests were deemed to be “potentially avoidable’””. Avoidable
arrests were classified as: failure to adhere to established hospital patient care guideline or policy;
inadequate monitoring or surveillance; or delays in dealing with patient needs including delay in MET/RRS
activation.

Conclusions: In spite of the high crisis event rate and a low rate of cardiac arrests, potentially avoidable
cardiopu|monqry arrests still occurred. According to the present study more curdiopu|monqry arrest events
might be avoided by better adherence to hospital patient care policies, by closer monitoring on floors and by
preventing delays in addressing deterioration in patient condition.

cardiopulmonary arrest have been linked to several

factors—witnessing of arrest, early initiation of resuscita-
tion, return of cardiac function within 20 min, young age,'
patient monitoring® > and time of day.” Nevertheless, rates of
survival to discharge after an adult inhospital cardiopulmonary
arrest remain poor,*® and, prevention of cardiopulmonary
arrests remains the best strategy to decrease inhospital patient
mortality.

Medical emergency team (MET)/rapid response systems
(RRS) have been proposed as a strategy to better anticipate
and thus prevent inhospital cardiopulmonary arrests.”” Since
up to 80% of cardiopulmonary arrest events are preceded by
prolonged periods of physiological and clinical instability,'* "
intervening early during this period in the form of a MET/RRS
crisis call should, at least in theory, help in preventing some
cardiopulmonary arrests. In practice, there is evidence for''
and against this hypothesis."”” More research is needed to
further understand the role of a MET/RRS in the prevention of
cardiopulmonary arrests. Recent reports have stated that
facilitating additional MET/RRS crisis calls might help in
avoiding some cardiopulmonary arrests.'”® ' But inefficient
crisis detection” ** and delays in activating a MET/RRS
response’’ have been cited as problems that could minimise
the benefit of a MET/RRS intervention.

Several questions still remain unanswered. It is not known
whether, and to what extent, a well-established and ““mature”
RRS (having all four components: an “afferent” component
(crisis detection), an “efferent”” component (the crisis response
teams, physician or nurse led), an ‘“‘evaluative or process
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improvement” component, and an ““administrative” compo-
nent) can eliminate “potentially avoidable”” cardiopulmonary
arrests in an inpatient setting.” If avoidable cardiopulmonary
arrests continue to occur despite widespread use of the MET/
RRS, then what are the patient and event characteristics of
those events, and more importantly, what strategies can be
adopted to eliminate the avoidable events? With respect to the
latter, are more MET/RRS calls needed or are other strategies
required?

This investigation aimed to study the incidence, outcome and
potentially avoidable causes of inpatient cardiopulmonary
arrests in a hospital with a “mature” RRS.

METHODS

This project was approved by the Quality Improvement Review
Committee, in accordance with the Patient Safety Committee
and the Total Quality Council. Our organisation requires
approval by these entities for quality improvement projects.

Setting

The University of Pittsburgh Medical Center Presbyterian
Hospital Pittsburgh, Pennsylvania, USA, is an adult, 730-bed
tertiary care hospital. It has 160 intensive care beds, 330
monitored beds and 240 unmonitored beds. The RRS was
established in 1989 but use remained low for many years due to
cultural barriers in the workplace and lack of standardisation.
After objective activation criteria were outlined and implemented

Abbreviations: CCM, critical care medicine; ICU, intensive care unit; MET,
medical emergency team; RRS, rapid response system
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hospital-wide in December 2000, MET activation markedly
increased.'® *!

The MET response is led by a critical care medicine (CCM)
faculty member, and the rest of the team is composed of a CCM
fellow, two intensive care unit (ICU) nurses, and two
respiratory therapists.” It can be activated by anyone (staff,
patient or family) and anywhere in the hospital, 24 h a day and
7 days a week.”

Data collection and event analysis

We used the hospital’s code database to identify all inpatient
cardiopulmonary arrests during the year 2005. The code
database is a log of all cardiopulmonary arrests (referred to as
condition A in the hospital) and crisis calls (referred to as
condition C).* Each time a condition A or C call is made, the
telephone operator records the following event variables: date,
time, location, call type and patient identifiers. This informa-
tion is then entered into an electronic database. The Hospital
Code Review Committee (comprising the medical director, a
senior CCM faculty member, a CCM fellow, a patient safety
fellow, and a nursing unit director) reviews all cardiopulmon-
ary arrest events, and a convenience sample (about 40%) of
crisis events. For the present project, a physician (SG) reviewed
the medical records of all patients suspected to have had a
cardiopulmonary arrest to extract relevant information, and
presented each event to the review committee. Discussions
were focused on the clinical events which preceded the event,
whether the arrest was a true cardiopulmonary arrest, whether
the arrest was ““predictable”, whether the arrest was ““poten-
tially avoidable”, and if there were possible prevention
strategies. Decisions about “predictability” and ‘‘potential
avoidability” (defined below) were based on consensus among
one nurse and four physician members of the code review team.
For patients experiencing multiple arrests during their hospital
stay, only the first cardiopulmonary arrest event and resuscita-
tion were considered for analysis. Neurological outcome was
measured by applying the Cerebral Performance Category scale
to the extracted medical record data.”

Definitions

Cardiopulmonary arrest

An event was determined to be a true cardiopulmonary arrest if
monitoring data showed presence of a non-perfusing rhythm
(eg, asystole or ventricular fibrillation) or the responding team
had documented that the patient was unresponsive, pulseless
and apnoeic.

Monitoring

At our institution and elsewhere, patient monitoring is defined
by both the level of technology used and the personnel who
must therefore be present to maintain that level of surveillance.
In terms of technology, we considered a patient to be
“monitored” when continuous pulse oximetry or continuous
ECG monitoring or both were being used at the time of arrest
event. In terms of surveillance by hospital staff, an unmoni-
tored unit usually has a nurse to patient ratio of 1:6 and a
monitored unit has a nurse to patient ratio of 1:4. All ICU
patients are multimodality monitored (eg, pulse oximetry, ECG,
blood pressure), nurse to patient ratio is 1:2, and a board-
certified intensivist is in the hospital at all times.

Predictability

Events were termed ““predictable” if the patient chart indicated
objective or clear evidence of patient deterioration in the 6-h
period before the arrest event.
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Potential avoidability

Events were termed “potentially avoidable” if one or more of
the following was noted in the time leading up to the arrest
event and, if avoided, might have either prevented the arrest or
changed the arrest outcome. The code review team determined
this during the detailed review of the event.

® Failure to adhere to established hospital patient care policy.
For example, an eligible inpatient not on prophylaxis for
deep vein thrombosis/pulmonary embolism whose crisis
event was due to a pulmonary embolus.

® Delay in dealing with patient needs or calling for help,
including an at least 20-min delay in activating a MET/RRS
response, when any one or more of the objective MET
activation criteria were observed.

® Inadequate monitoring (devices) and/or surveillance (per-
sonnel). For example, a patient with known symptomatic
arrhythmias not on cardiac monitor or vital sign checks
ordered for a patient but which are not documented in
accordance with the order.

® Procedure/surgical complication coincident to cardiopul-
monary arrest.

Statistical analysis

We used SPSS (version 14) to analyse the data. The ¥ test was
used to compare proportion of predictable and avoidable arrest
events, as well as outcomes across the three unit settings—
unmonitored, monitored and ICUs. All p values are two-tailed
and those <0.05 were considered significant.

RESULTS

Our MET/RRS was activated 1942 times between 1 January and
31 December 2005. Of these MET calls, 111 were cardiopul-
monary arrest events (3.26 arrest events/1000 patient admis-
sions) and 1831 were crisis events (53.8 crisis events/1000
patient admissions). The 111 arrest events occurred in 104
patients. For patients who had more than one arrest (n=7),
only the first cardiac arrest event was considered for analysis.
Table 1 shows the patient and arrest event characteristics. There
were 22 arrests (1.97 arrests/1000 patient admissions) in the
unmonitored settings, 52 in monitored settings (3.38 arrests/
1000 patient admissions), and 30 in ICU settings (4.02 arrests/
1000 patient admissions) (table 1). There was a trend toward
increasing “‘predictability” and decreasing ‘‘potential avoid-
ability” as the level of patient monitoring increased, but in both
cases it was not significant (table 2).

Overall, 26 patients survived to discharge (table 1). Table 3
shows the immediate and short-term survival after cardiopul-
monary arrest events in each of the three different unit settings.
The rate of immediate survival after the arrest decreased as the
level of patient monitoring decreased from ICUs to monitored
units to unmonitored units (83%, 69% and 36.4%, respectively;
¥ =12.93, p=0.002) but the rate of subsequent death in
hospital was higher in the more intensely monitored settings
(60%, 38% and 23% respectively; ¥* = 7.62, p = 0.022) (table 3).
Of the 18 ICU patients who survived the arrest, the 11 (61%)
who died while still in hospital did so within 24 h of the event,
whereas only 5/20 (25%) in the monitored units and 2/5 (40%)
in unmonitored units died within 24 h of the event. Survival to
discharge in the three settings did not differ significantly (23%,
31% and 13.6%, respectively; > = 2.48, p = 0.289) (table 3). Of
26 patients who survived to discharge, 24 (92%) had good
neurological outcome (Cerebral Performance Category 1 or 2, or
no change from baseline neurological status). Fourteen (54%)
patients were transferred to a subacute rehabilitation facility or
a nursing home, eight (31%) patients were transferred to a
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Table 1 Characteristics of patients and the
cardiopulmonary arrest events (n=104) included in the
study

Variable Observed value

64.76 (17.2), 18-93

Age (years), mean (SD), range
Gender, n (%)
Male 56 (54)
Female 48 (46)
First observed rhythm, n (%)

Ventricular tachycardia/ventricular fibrillation 24 (23)
Pulseless electrical activity 14 (13.5)
Asystole 42 (40.5)
Unknown 24 (23)
Setting, n (%)
Unmonitored 22 (21)
Monitored 52 (50)
Intensive care 30 (29)
Primary service, n (%)
General internal medicine 25 (24)
Cardiology 17 (16.3)
Cardiothoracic surgery 13 (12.5)
Neurosurgery 13 (12.5)
General surgery 6(5.8)
Intensive care medicine 5(4.8)
Other medical service* 14 (13.5)
Other surgical servicet 11 (10.6)
Outcome, n (%)
Died during event 35(33.7)
Survived event, died within 24 h 18 (17.3)
Survived event, died within 30 days 23 (22.1)
Survived event, died after 30 days 2(1.9)
Survived to discharge 26 (25)

*Geriatric medicine, pulmonary medicine, neurology, gastroenterology,
haematology-oncology, physical medicine and rehabilitation.
tTrauma surgery, oto|aryngo|ogy, gostrointesiinql surgery, ircnspk}nt

surgery.

long-term acute care facility, and four (15%) patients went
home (all of whom had arrested on a monitored unit).

Nineteen (18%) cardiopulmonary arrests were considered to
be “potentially avoidable”. The three most common reasons for
avoidability were: failure to implement established hospital
guideline or policy; inadequate patient monitoring and/or
surveillance; and delays in dealing with patient needs or
initiating MET call (table 4). However, there were several
idiosyncratic characteristics of each of these events and we have
therefore listed patient and event characteristics for each of the
potentially avoidable cardiopulmonary arrests in table 4.

In all, 21 (20%) patients had an arrest within 24 h of hospital
admission; 12 (57%) of these arrests were in an ICU, 8 (38%)
were in a monitored setting, and 1 (5%) patient had no
continuous monitoring. In none of cases was failure to place a
do not resuscitate (DNR) and /or do not intubate (DNI) order
the reason for the cardiopulmonary arrest call being made.

DISCUSSION

Our overall event rate of cardiopulmonary arrests (3.26 arrests/
1000 patient admissions) is lower than those reported from
other academic tertiary care hospitals," '* and lower than our
previously reported rate of 5.4 arrests/1000 admissions.'® The
decline in the rate of arrests is due, in part, to improvements in
the RRS at our institution: improved knowledge of the objective
criteria for MET/RRS activation; better adherence to policy to
call the team; and fewer delays to treatment in crisis
situations.' *' We have attempted to detect critical physiologi-
cal deterioration in every patient before a cardiopulmonary
arrest occurs, and to bring a team of responders headed by a
CCM faculty member to the bedside to match resources to
patient needs. The present review was designed to identify
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Table 2 Cardiopulmonary arrest event “/predictability””
and “potential avoidability’” as a function of intensity of
patient monitoring. Values are number (% of location total)

Location of arrest

Unmonitored Monitored

units units ICUs %2, p value*
Predictable arrest events 4 (18) 17 (33) 14 (47) 4.65,0.098
Potentially avoidable 6 (27) 10(20) 3(9) 2.6,0.272

arrest events

*Test for comparison of proportion of predictable and potentially avoidable
arrests across the three unit seftings.

potentially avoidable arrests and study the reasons for avoid-
ability. This has not been studied before in a MET/RRS setting.
Our data show that our goal of eliminating all avoidable
cardiopulmonary arrests has not been reached. Nearly half of
all arrests occurred in a monitored setting (table 1). The
“predictability” of arrests seemed to increase, and “potential
avoidability” tended to decrease as the level of patient
monitoring increased (from unmonitored units to monitored
units to ICUs), although this trend was not significant with the
small sample size (table 2). More patients who had an arrest on
monitored and intensive care units survived the initial event
(table 3). One could expect this because monitoring devices
(including continuous pulse oximetry and telemetry devices)
allow early detection of patient deterioration and alert
caregivers to the need for an immediate clinical response. The
higher rate of resuscitation in monitored settings, however, did
not lead to a higher survival to discharge, which was similar
across all three unit settings (table 3). In the ICU, most patients
(61%) who survived the event died within the next 24 h, but in
monitored units 25% died within the next 24 h. Many of the
patients on monitored units who survived the initial 24-h
period after an arrest succumbed later while still in hospital.
Arrests on unmonitored units presented a different story.
Nearly two-thirds of these patients did not survive the event
(table 3). The most likely explanation seems to be that
detection of the cardiopulmonary arrest state may be delayed
in patients who are not continuously monitored. A majority of
unmonitored patients had sustained an unwitnessed cardio-
pulmonary arrest and the unexpected collapse was discovered
by medical personnel during a routine visit to the patient room.
In particular, four patients (cases 14, 15, 17, 18; table 4) of six
(cases 14-19) whose arrest on an unmonitored unit was
deemed ““potentially avoidable”, might have benefited from a
more intense monitoring environment (table 4). However,
conclusions based on small numbers are, of course, speculative.
We found that 16.5 crisis MET calls were made for each
cardiopulmonary arrest call (53.8 MET “crisis” calls/1000

Table 3 Outcome after cardiopulmonary arrest as a
function of intensity of patient monitoring.

Location of arrest

Unmonitored Monitored

units units ICUs %2, p value*
Died during event 14 (63.6) 16 (31) 5(17) 12.93, 0.002
Survived event, 5(22.7) 20 (38) 18 (60) 7.62,0.022
died in hospital
Survived to 3(13.4) 16 (31) 7 (23) 2.48, 0.289
discharge
Total 22 (100) 52 (100) 30 (100)

Values are number (% of location total).
“Test for comparison of proportionate patient survival across the three unit
seftings.
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patient admissions vs 3.26 MET “arrest” calls/1000 patient
admissions). Despite the high crisis event to arrest ratio, we still
found that nearly 1 in 5 arrests was potentially avoidable. Of
the five patients who had potentially avoidable arrest and
survived to discharge, two patients (cases 4, 7; table 4) had
cardiopulmonary complications of procedures in specialised
interventional suites—areas in which physiological monitoring
and critical care resources can be inadequate; two patients
(cases 8, 12) had potentially avoidable respiratory obstructions;
and one patient (case 13) was transferred for testing after
pulmonary resection to an inhospital outpatient sleep labora-
tory. In these five cases, the MET response was life saving. None
of the other 14 patients with “potentially avoidable” arrests
survived to discharge. Six patients (cases 14-19; 43%) were in
unmonitored beds yet four patients (cases 14, 15, 17, 18) had
medical indications for being in a monitored setting; care
providers in two others(cases 16, 19) deviated from accepted
practice for prophylactic anticoagulation for deep vein throm-
bosis/pulmonary embolus. Eight of the patients who did not
survive their arrest (cases 1, 2, 3, 5, 6, 9-11) were in monitored
and intensive care units. One of these (case 1) was in the
process of death determination using neurological criteria and
had a cardiopulmonary arrest during apnoea testing. Three
patients (cases 2, 10, 11) were in monitored settings and met
our criteria for initiating a MET response, but there was delay in
activating a MET response ranging from 20 min to an hour.
Three others (cases 3, 5, 9) had a deviation from a well-defined
plan of treatment prior to the arrest: one patient (case 3) with
an automatic implantable cardioverter defibrillator (AICD) in
place did not have the AICD reset after an operation and had
ventricular tachycardia arrest; another patient (case 5) with
history of drug misuse was found locked in the bathroom in
asystolic arrest; a third patient (case 9) had a myocardial
infarction and had a pulseless electrical activity (PEA) arrest
while waiting to go to the cardiac catheterisation laboratory.
The last patient in this group (case 6) had bleeding from a
recently placed coronary artery bypass graft, arrested in the
ICU, and had to be taken back to the operating room for
surgical repair.

Thus, the most common circumstances of avoidable arrests
that we found were sudden critical illness in under-monitored
patients, delays in initiating MET response for monitored
patients who met crisis criteria, and failure to follow best
practices in respiratory care or thromboembolism prophylaxis.
Delay in MET/RRS activation and failure to follow ‘“‘best
practices” can be dealt with by a rigorous programme of
continuing education for all staff. We have implemented a
programme called “The first five minutes” (F Tasota, personal
communication, 2007). This programme uses simulated patient
crisis scenarios to teach nursing staff how to recognise a crisis,
how to trigger the RRS and what to do while waiting for the
MET responders. We have and continue to provide simulation-
based training to all internal medicine, critical care, pulmonary
medicine, psychiatry and cardiology trainees on how to trigger
and participate in a patient crisis response.** The personnel and
device aspects of monitoring were not analysed separately as
part of this project, although we believe that doing so would be
a meritorious undertaking in another study. For example, a
focused audit of the impact of the quality and frequency of
nurse recording of patient vital sign information on crisis
detection would be interesting. The issue of whether expanded
patient monitoring using automated devices would further
reduce the incidence or consequences of true cardiopulmonary
arrests could also be separately studied. Unmonitored settings
are inadequately equipped to detect physiological deterioration,
but costs and potential benefits of universal inpatient monitor-
ing using automated devices have not been adequately studied.
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The improvement in immediate and short-term survival after
cardiopulmonary arrest in the present study supports the idea
that proper monitoring of high-risk patients in monitored and
intensive care units might prevent immediate adverse out-
comes.

Of 21 patients who had an arrest within 24 h of hospital
admission, 20 were in an appropriately monitored setting with
adequate resources and expertise at hand; the one patient who
arrested in an unmonitored setting had an arrest that was
deemed “unpredictable and unavoidable”. Thus, inappropriate
triage for new hospital admissions did not seem to be a problem
in this group of 104 patients. Failure to discuss end-of-life care
in a timely fashion has been suggested as a cause of potentially
avoidable cardiac arrests (D Jones, personal communication,
2006). However, this was not true for cases in our review. Local
culture will affect the types and frequency of potentially
avoidable cardiac arrests, and whereas some hospitals may
benefit from an initiative aimed at improving end-of-life care,
at our hospital and may be at some others, the benefit is
expected to be less.

Limitations of the study

The present study was a quality improvement project that
included a careful but retrospective chart review. Some
pertinent data may not have been recorded or were not
available in patient charts although this is unlikely. We
identified cardiac arrest events based on the caregivers’ call
for a cardiopulmonary arrest (condition A). It is possible that
some arrest events were misclassified as crisis (condition C)
events and not included in our analyses. However, in our
sampling of over 1000 crisis events during the same calendar
year, we found that only five arrest events were misclassified as
non-arrest crisis events. These five events have been included in
our analysis. It is also possible that at times when an inpatient
has a cardiopulmonary arrest the MET/RRS is not activated
because all the required expertise is already available at
bedside. This is more likely in the ICU; we have not previously
discovered a cardiac arrest outside the ICU that did not have
cither a condition C or A call. Therefore, we probably did not
“miss”” any cardiopulmonary arrests due to this factor. Lastly,
we acknowledge that the subjective judgment of experts was
used to categorise events as “‘predictable” and “potentially
avoidable”, and to determine reasons for avoidability. We
report these findings because they may stimulate discussion
regarding the limits of MET/RRS to eliminate avoidable
inhospital cardiopulmonary arrest events, and the need to use
other methods to accomplish the goal of avoiding all
preventable inhospital cardiopulmonary arrests.

CONCLUSIONS

Our “mature” RRS did not eliminate all the potentially
avoidable causes of inpatient cardiopulmonary arrests. We
found evidence to support the hypothesis that more frequent
inpatient monitoring, and improved caregiver adherence to
established guidelines (including timely MET/RRS activation
following patient deterioration), might either prevent or
improve the outcome of some cardiopulmonary arrests.
Additional MET/RRS calls might not prevent more cardiopul-
monary arrests.
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