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Abstract

Background: This study was undertaken to provide up-to-date survival data for
Canadian adult in-patients following attempted resuscitation from cardiac or res-
piratory arrest. We hope that objective data might encourage more meaningful
dialogue between physicians, patients and their families regarding resuscitation
wishes.

Methods: We reviewed all records of adult cardiopulmonary arrest that occurred
between Jan. 1, 1997, and Jan. 31, 1999, at the 3 main teaching hospitals in Ed-
monton. We then abstracted data from the full inpatient medical records to de-
scribe patient characteristics, type of arrest and survival details. The family
physicians of survivors were contacted to confirm the outcomes. We included
only adults admitted to hospital but not to a critical care bed.

Results: There were 247 arrests during the study period; 143 (57.9%) were wit-
nessed, and 104 (42.1%) were unwitnessed). Of the patients whose arrests were
witnessed, 48.3% (95% confidence interval [Cl] 39.8%—-56.8%) were able to be
resuscitated, 22.4% (95% Cl 15.8%-30.1%) survived to hospital discharge, and
18.9% (95% Cl 12.8%-26.3%) were able to return home. Survival was highest
after primary respiratory arrest and lowest after pulseless electrical activity or
asystole. Of the patients with unwitnessed arrests, 21.2% (95% Cl 13.8%-—
30.3%) were able to be resuscitated, but only 1 patient (1.0% [95% Cl
0.0%-5.2%]) survived to hospital discharge and was able to return home. This
patient survived an unwitnessed respiratory arrest. No patient who had an un-
witnessed cardiac arrest survived to discharge. Most of the respiratory arrests
were witnessed (93.1%), and most of the pulseless electrical activity or asystole
arrests were unwitnessed (54.6%). We did not find age or sex to be independent
predictors of survival. However, the risk of not returning home was higher
among patients whose arrest occurred between 2301 and 0700 than among
those whose arrest was between 0701 and 1500 (adjusted OR 3.2, 95% ClI
1.0-10.1). Survival was significantly decreased after pulseless ventricular tachy-
cardia or ventricular fibrillation arrest (adjusted OR 4.2, 95% Cl 1.4-12.5) and
even more so after pulseless electrical activity or asystole arrest (adjusted OR
21.0, 95% Cl 6.2-71.7) than after respiratory arrest.

Interpretation: Overall, survival following cardiopulmonary resuscitation in hospi-
tal does not appear to have changed markedly in 40 years. The type of arrest is
highly predictive of survival, whereas age and sex are not.

peutic advances on the one hand, and an aging population and a presum-

ably sicker inpatient population on the other, may mean that old survival

data are no longer reliable. This study was therefore undertaken to provide up-to-

date survival data for the Canadian adult in-hospital population following at-
tempted resuscitation from cardiac or respiratory arrest.

Accurate resuscitation rates are necessary in an era of increased debate regarding

end-of-life directives and evidence-based treatment. Also, despite considerably dif-

C ardiopulmonary resuscitation (CPR) was first described in 1960." Thera-
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ferent models of health care delivery, Canadians currently
rely on data that is overwhelmingly from the United States.
Objective data can be used to educate hospital staff, to help
them from being overly fatalistic and therefore reluctant to
participate in “codes” or overly optimistic and likely to
blame themselves in the event of death.

Many studies have been performed to determine the ef-
tectiveness of CPR. However, there is still disagreement re-
garding absolute survival rates, and although it is generally
accepted that patients with witnessed arrests are more likely
to survive, there are surprisingly few studies that directly
compare the outcomes of unwitnessed and witnessed ar-
rests. Debate also continues regarding whether advanced
age is associated with an adverse outcome. Furthermore,
several American studies in the 1990s showed improved
survival following resuscitation when compared with sur-
vival in previous decades. However, these studies involved
patients who typically were continuously monitored and
admitted for acute coronary syndromes™ and who were,
according to the authors of one study, “highly selected
when compared with patients who [had] received CPR in
previous years.” It is therefore unclear whether these re-
sults can be extrapolated to the general in-hospital popula-
tion in Canada. Overall, it is unclear whether resuscitation
rates have changed significantly despite 40 years of thera-
peutic advances.

The purpose of our study was to answer this question:
“If an adult is admitted to a Canadian non-critical care bed
and suffers a cardiac or respiratory arrest, how likely is the
patient to survive to initial resuscitation and to hospital dis-
charge, and what are the chances of returning to live at
home versus receiving assisted living or long-term care?”
We also wished to determine whether survival rates dif-
fered significantly according to age, sex, type of arrest, time
of arrest or whether the arrest was witnessed or not. We
hope that objective data will encourage meaningful dia-
logue between physicians, patients and their families.

Methods

The main teaching hospitals in Edmonton are the University
of Alberta Hospital, the Royal Alexandra Hospital and The Grey
Nuns’ Hospital. Combined they provide over 1000 active care
beds for adults in addition to intensive care units, coronary care
units and resuscitation teams. Whenever the overhead paging
system is activated to alert hospital staff of a cardiac or respira-
tory arrest, an arrest record is generated. All inpatients who have
a pulse after resuscitation are subsequently transferred to a criti-
cal care unit.

We examined all records of cardiac or respiratory arrest from
the 3 hospitals that occurred between Jan. 1, 1997, and Jan. 31,
1999. We then retrieved the full inpatient medical records and
abstracted data regarding patient characteristics, type of arrest and
survival details. We included only patients who had a “true arrest”
(defined as requiring one or more of manual CPR, intubation or
defibrillation). For patients with more than one arrest, we in-
cluded only the first episode.

We excluded patients already admitted to a “critical care unit”
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(defined as having continuous monitoring, one-on-one nursing or
ventilators). We also excluded patients in emergency departments
or operating suites, those admitted by a pediatrician, those for
whom complete medical records could not be found and visitors
to the hospital. We used the arrest type recorded upon arrival by
the code team because the presence of people with certified train-
ing in advanced cardiac life support should have allowed for accu-
rate identification and full resuscitation. We determined whether
an arrest was witnessed or not by reviewing both the arrest record
and the medical chart.

We defined initial resuscitation as the presence of a pulse fol-
lowing CPR. Patients with a pulse following CPR were recorded
as being “able to be resuscitated.” We further reviewed the full
medical record to ascertain whether the patient died in hospital or
survived to be discharged and, if discharged, whether the patient
was discharged home or to an assisted-living facility or nursing
home. We chose a 3-month period to allow for recovery and re-
habilitation. We made the distinction between survival to dis-
charge and being discharged home in order to assess the likeli-
hood of a patient’s health deteriorating so much after an arrest
that independence was lost. Survivors who had previously been
residents of an assisted-living facility were considered to have
been discharged home if they returned to a facility offering similar
assistance. If they returned to a facility offering increased assis-
tance we included them in the group unable to be discharged
home. We contacted the family physicians of all patients dis-
charged home or to an assisted-living facility in order to confirm
the outcomes.

We calculated crude survival proportions as the number of
patients surviving divided by the total population within each
specified stratum. We analyzed univariable associations between
hospital site and time of arrest, hospital site and survival after ar-
rest, sex and survival, and type of arrest and survival. We also ex-
amined whether survival varied significantly by type of cardiac
arrest (pulseless ventricular tacchycardia or ventricular fibrilla-
tion [pulseless VI/VF] versus pulseless electrical activity or asys-
tole [pulseless EA/ASY]). The Pearson x* test and 2-sided
Fisher’s exact test were used.’ The variables thought to be signifi-
cantly associated with survival after cardiac or respiratory arrest
were initially fit into a series of logistic regression models that
predicted initial survival after CPR, survival to discharge from
hospital and survival to discharge home.® These variables in-
cluded age, sex, time of arrest, type of arrest, whether the arrest
was witnessed or not and hospital location. We determined the
final logistic regression models by backward selection of the vari-
ables, maintaining those that were significant at a p value of 0.05
or less. We left age and sex in the final models as potential con-
founding variables, despite their lack of statistical significance,
given their inconsistent association with altered survival follow-
ing cardiac arrest in previous studies and the known association
between age and coronary mortality. We removed the variable
coding for witnessed versus unwitnessed arrest from the final lo-
gistic regression models because of its high degree of collinearity
with the variable coding for type of arrest. This implied that
most of the information influencing the prediction of survival
was carried by the type of arrest and that an unwitnessed arrest
was likely to be a terminal rhythm such as pulseless EA/ASY.
This is likely because of the natural deterioration of rhythm over
time experienced by dying patients. Comparisons were deemed
significant if they achieved a p value of 0.05 or less.

The Health Research Ethics Board (Biomedical Panel) at the
University of Alberta approved our study protocol.



Results

There were 299 records of in-hospital cardiac or respi-
ratory arrest during the study period. Of these, we ex-
cluded 45 because no CPR, intubation or defibrillation
was required and 7 because the full medical charts were
incomplete or illegible. This left 247 arrests (Table 1).
Asystole was the most frequent single arrest type (in
37.2% of cases), and pulseless EA was the second most
frequent (in 24.3%).

Of the 143 patients whose arrest was witnessed, 48.3 %
(95% confidence interval [CI] 39.8%-56.8%) were able
to be resuscitated, 22.4% (95% CI 15.8%-30.1%) sur-
vived to hospital discharge, and 18.9% (CI 12.8%-26.3%)
were discharged home (Table 2). Survival to all 3 stages
was highest among patients with witnessed primary respi-
ratory arrests (p < 0.001). After subtracting respiratory
arrests from all witnessed arrests, we found that survival
was lower at all stages after witnessed cardiac arrests than
after all arrests combined. Of the subtypes of cardiac ar-
rest, pulseless EA/ASY had the lowest survival of the wit-
nessed arrest types, with 36.2% (95% CI 25.0%-48.7%)
of the patients able to be resuscitated and 7.2% (95% CI
2.4%-16.1%, p < 0.001) surviving to discharge as well as
to home.

Of the 104 patients whose arrest was not witnessed,
21.2% (95% CI 13.8%-30.3%) were able to be resusci-
tated, but only 1 patient (1.0% [95% CI 0.0%-5.2%]) sur-
vived to discharge (Table 2). This survivor suffered an un-
witnessed respiratory arrest, and estimates are that this
arrest was missed by less than 2 minutes. Initial resuscita-
tion was successful for 20.6% of the patients with an unwit-
nessed cardiac arrest, 42.1% of those with an unwitnessed
pulseless VI/VF arrest and 15.7% of those with an unwit-
nessed pulseless EA/ASY arrest; however, none of these pa-
tients survived to discharge.

Opverall, 36.8% of the patients were able to be resusci-
tated, 13.4% survived to hospital discharge and 11.3%
were discharged home. Of the 33 patients who survived to
discharge, all but 5 were able to return home. However,
this means that 15.2% of those discharged experienced a
significant enough decrease in function after their arrest
that they were no longer deemed able to fully care for
themselves.

We found no significant association between either age
or sex and outcome (Table 3). Likewise, no association was
seen between hospital site and the patient’s initial resuscita-
tion (p = 0.10), survival to hospital discharge (p = 0.89) or
ability to be discharged home (p = 0.73). There was also no
clear association between hospital site and time of cardiac
arrest (p = 0.84). We observed a statistically significant inde-
pendent association between type of arrest and survival to
discharge home after adjusting for age, sex and time of ini-
tial resuscitation. The association was strongest between
pulseless EA/ASY arrest (v. respiratory arrest) and not being
able to return home (adjusted odds ratio [OR] 21.0, 95% CI
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6.2-71.7, p < 0.001). Similarly, a weaker but statistically sig-
nificant association was observed between pulseless VI/VF
arrest (v. respiratory arrest) and not being able to return
home (adjusted OR 4.2, 95% CI 1.4-12.5, p < 0.01).

We also found that the time of arrest was an indepen-
dent predictor of survival to discharge home, but not of
survival to the other 2 survival stages. Patients resuscitated
between 2301 and 0700 were at a significantly higher risk
of not being discharged home than were those resuscitated
between 0701 and 1500 (adjusted OR 3.2, 95% CI
1.0-10.1, p = 0.045) after adjusting for age, sex and type of
arrest. In addition, arrests during the 2301-0700 period
were more likely than arrests during the 1501-2300 period
to be unwitnessed (52.0% v. 39.3%).

Table 1: Characteristics of patients who received
cardiopulmonary resuscitation (CPR) following
cardiac or respiratory arrest*

No. (and %)
of patients
Characteristic n=247
Survival stage
Able to be resuscitated 91 (36.8)
Survived to hospital discharge 33 (13.4)
Able to be discharged home 28 (11.3)
Age, yr
<50 46 (18.6)
51-60 25 (10.1)
61-70 58 (23.5)
71-80 72 (29.1)
> 80 42 (17.0)
Unknown 4 (1.6)
Sex
Male 154 (62.3)
Female 93 (37.7)
Arrest witnessed
Yes 143 (57.9)
No 104 (42.1)
Time of arrest
0701-1500 88 (35.6)
1501-2300 61(24.7)
2301-0700 98 (39.7)
Type of arrest
Respiratory 29 (11.7)
Cardiac 218 (88.3)
Asystole 92 (37.2)
Pulseless electrical activity 60 (24.3)
Ventricular fibrillation 41 (16.6)
Pulseless ventricular tachycardia 25 (10.1)
Hospital site
Grey Nuns’ 27 (10.9)
Royal Alexandra 70 (28.3)
University of Alberta 150 (60.7)

*The data represent adult non-critical care inpatients who required
resuscitation between Jan. 1, 1997, and Jan. 31, 1999, at the 3 main
teaching hospitals in Edmonton.
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Interpretation

Among all the witnessed arrests, close to 1 in 2 patients
were able to be resuscitated, 1 in 3 survived to 24 hours
(data not shown), 1 in 4 survived to discharge, and 1 in 5
were able to return home (Table 2). Of all the discharged
patients, about 1 in 7 did not return home because of de-
creased function following the arrest. The discrepancy be-
tween initial resuscitation and likelihood of recovering in-
dependence emphasizes the need to discuss both when
deciding upon resuscitation wishes. The particularly low
survival following pulseless EA/ASY arrests and unwit-
nessed arrests also illustrates the need to consider these
eventualities separately. Although 1 in 5 patients with an
unwitnessed cardiac arrest were initially resuscitated, none
of them survived to discharge. However, the degree of
collinearity between whether an arrest was witnessed and
the type of arrest indicates that both parameters are effec-
tively measuring a similar construct, namely the degree of
“irreversibility” of the arrest, with pulseless EA/ASY being
the most refractory to attempted treatment.

Our survival data do not differ greatly from those in
American and Canadian studies from the 1960s to 1980s.”"*
In the 1990s, however, 3 American studies reported sur-
vival to discharge that was 2-3 times greater than our re-
sults.”* This difference may be because those patients typi-
cally had witnessed arrests and had single-organ cardiac
disease, rather than cardiac arrest in addition to non-car-
diac illness.* Our study may be a more accurate prediction
of survival in the general hospital population. If so, survival
has not improved in 40 years.

Our results showed no significant association between
age and outcome. The combined results of previous studies
have not conclusively found a relation between age and
outcome.”**!"¢ Consistent with findings from other stud-
ies,"" our results did not show a statistically significant ef-
fect of sex on survival (Table 3). Overall, there are insuffi-
cient data to recommend refusal of resuscitation on the
basis of age or sex. This study confirms that the type of ar-
rest has a far stronger influence on outcome.

Although some researchers have argued that resuscita-
tion is not beneficial for cardiac arrest patients,”* our data

show that this is not the case for patients who have primary
respiratory arrests. The belief that this is due to stopping
an arrest in its earlier stage before full cardiorespiratory
collapse occurs is supported by our finding that 93% of the
respiratory arrests were witnessed, as compared with only
45% of the pulseless EA/ASY arrests. Regardless, for some
patients, it may be appropriate to discuss offering ventila-
tory support alone instead of full CPR.

In our study, patients who had a cardiac arrest, particu-
larly those who had a pulseless EA/ASY arrest, were signifi-
cantly less likely to survive than were patients who had a
primary respiratory arrest (p < 0.001). The low survival rate
after pulseless EA/ASY is consistent with the findings of
many studies,”**" including the 3 from the 1990s that
showed encouraging survival rates after other types of ar-
rests.”™ If we assume that pulseless EA/ASY is typically a
terminal arrest, then survival following asystole may never
be significantly improved upon.

Several large trials have reported an early morning peak
and late night nadir for out-of-hospital arrests.””* The data
have been less clear for in-hospital arrests, where circadian
influences may be lessened. However, we observed signifi-
cantly higher odds of not being able to return home for pa-
tients whose arrest occurred between 2301 and 0700, and
there were more unwitnessed and pulseless EA/ASY arrests
during this period. Typically, the greatest proportion of ar-
rests in hospital occur when the least number of staff are
available who might otherwise be able to witness an arrest
during its early, potentially salvageable period.

Data from the 3 hospitals in our study, which encompass
tertiary care, inner-city health care and community health
care, should provide survival rates generalizable to most
adult inpatients. However, all 3 hospitals have resuscitation
teams and resources that exceed those of rural hospitals.
Therefore, these results may represent a “best-case sce-
nario,” which re-emphasizes the need to discuss the reali-
ties of resuscitation. Other limitations of our study include
possible inaccuracies with charting and how competently
resuscitation was performed. To examine comorbidity
would require predefined standardized criteria, which are
not possible with a retrospective study. Chart review is also
an imperfect way to establish definitively whether arrests

Table 2: Survival following CPR, by type of arrest

Outcome; no. (and %) of patients

Total no. of patients

Resuscitated

Survived to discharge Returned home

Witnessed  Unwitnessed ~ Witnessed  Unwitnessed — Witnessed Unwitnessed Witnessed ~ Unwitnessed
Type of arrest arrest arrest arrest arrest arrest arrest arrest arrest
Respiratory 27 2 26 (96.3) 1(50.0) 15 (55.6) 1(50.0) 12 (44.4) 1 (50.0)
Cardiac 116 102 43 (37.1) 21 (20.6) 7 (14.7) 0 5(12.9) 0
Pulseless VT/VF 47 19 18 (38.3) 8(42.1) 12 (25.6) 0 10(21 .3) 0
Pulseless EA/ASY 69 83 25 (36.2) 3(15.7) 5 (7.2) 0 5 (7.2) 0
All 143 104 69 (48.3) 22 (21.2) 32 (22.4) 1 (1.0) 7 (18.9) 1 (1.0

Note: VT/VF = ventricular tachycardia or ventricular fibrillation, EA/ASY = electrical activity or asystole.
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Table 3: Predictors of failure to be discharged home following cardiac or

respiratory arrest

No. (and %)

Total no. of patients Adjusted OR
Variable of patients  discharged home  Crude OR (and 95% CI)
Age, yr
< 50 46 5(10.9) 1.0 1.0
51-60 25 6 (24.0) 0.4 0.5 (0.1-2.4)
61-70 58 9 (15.5) 0.7 0.8 (0.2-3.0)
71-80 72 (8.3) 1.3 1.5 (0.4-6.3)
>80 42 (2.4) 5.0 7.4 (0.7-75.3)
Sex
Female 93 (9.8) 1.0 1.0
Male 154 19 (12.3) 0.8 0.8 (0.3-2.1)
Type of arrest
Respiratory 29 13 (44.8) 1.0 1.0
Pulseless EA/ASY 152 (3.3) 239 21.0 (6.2-71.7)
Pulseless VT/VF 66 10 (15.2) 4.6 4.2 (1.4-12.5)
Arrest witnessed
Yes 143 27 (18.9) 1.0 -
No 104 (1.0) 24.0 -
Time of arrest
0701-1500 88 15 (17.0) 1.0 1.0
1501-2300 61 8 (13.1) 1.4 1.7 (0.6-4.8)
2301-0700 98 (5.1) 3.8 3.2 (1.0-10.1)
Hospital site
University of Alberta 150 16 (10.7) 1.0 1.0
Grey Nuns’ 27 4(14.8) 0.7 0.4 (0.3-0.5)
Royal Alexandra 70 8 (11.4) 0.9 0.9 (0.3-2.5)

Note: OR = odds ratio, Cl = confidence interval.

were unwitnessed. Despite these limitations, families must
still decide on the utility of resuscitation, and therefore
these crude survival data are important. Furthermore, our
results are intended as objective data to facilitate informed
dialogue rather than to dictate who should, or should not,
be resuscitated.

In an ingenious review of television medical dramas,
Diem and colleagues” found that the initial survival rate
following CPR was 75%, with 67% survival to discharge.
Except for respiratory arrests, these rates are 2-6 times
higher than those in any reported study. However, these
figures may represent public expectations. The onus is
therefore on physicians to discuss the reality and enquire
about the expectations of families.

Resuscitation was never originally recommended for all
patients,' and its goal should be to “reverse premature
death not prolong inevitable death.””* The current situation
is often to attempt CPR unless it is explicitly refused. Al-
though this may be due to increased patient autonomy or
litigation, it is inconsistent with an age of evidence-based
treatment and resource concerns. Given the complexity
and importance of resuscitation issues, vigorous debate and
study are essential.
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