Acute and Critical Care

Acute and Critical Care 2021 May 36(2):109-117
https://doi.org/10.4266/acc.2020.01095
| pISSN 2586-6052 | eISSN 2586-6060

Analysis of avoidable cardiopulmonary resuscitation
incidents with a part-time rapid response system in
place
Jun Yeun Cho1, Dong Seon Lee2, Yun Young Choi2, Jong Sun Park3, Young-Jae Cho3, Ho Il Yoon3,
Jae Ho Lee3, Choon-Taek Lee3, Yeon Joo Lee3
1

Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Chungbuk National University Hospital, Cheongju; 2Interdepartment of
Critical Care Medicine, Seoul National University Bundang Hospital, Seongnam; 3Division of Pulmonary and Critical Care Medicine, Department of Internal
Medicine, Seoul National University Bundang Hospital, Seongnam, Korea

Background: Although a rapid response system (RRS) can reduce the incidence of cardiopulmonary resuscitation (CPR) in general wards, avoidable CPR cases still occur. This study aimed
to investigate the incidence and causes of avoidable CPR.
Methods: We retrospectively reviewed the medical records of all adult patients who received
CPR between April 2013 and March 2016 (35 months) at a tertiary teaching hospital where a
part-time RRS was introduced in October 2012. Four experts reviewed all of the CPR cases
and determined whether each event was avoidable.
Results: A total of 192 CPR cases were identified, and the incidence of CPR was 0.190 per
1,000 patient admissions. Of these, 56 (29.2%) were considered potentially avoidable, with
the most common cause being doctor error (n = 32, 57.1%), followed by delayed do-not-resuscitate (DNR) placement (n = 12, 21.4%) and procedural complications (n = 5, 8.9%). The
percentage of avoidable CPR was significantly lower in the RRS operating time group than in
the RRS non-operating time group (20.7% vs. 35.5%; P = 0.026). Among 44 avoidable CPR
events (excluding cases related to DNR issues), the rapid response team intervened in only
three cases (6.8%), and most of the avoidable CPR cases (65.9%) occurred during the non-operating time.
Conclusions: A significant number of avoidable CPR events occurred with a well-functioning,
part-time RRS in place. However, RRS operation does appear to lower the occurrence of avoidable CPR. Thus, it is necessary to extend RRS operation time and modify RRS activation criteria. Moreover, policy and cultural changes are needed prior to implementing a full-time RRS.
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INTRODUCTION
Cardiopulmonary arrest is a catastrophic event that is associated with an increased risk of organ failure as well as high levels of morbidity, mortality, and added costs [1-3]. Research has
shown that a significant proportion of in-hospital cardiopulmonary arrests (IHCAs) were
preventable before the event, as signs of premature aggravation were found [4,5]. Therefore,
the rapid response system (RRS) was introduced to identify and stabilize “at-risk” patients at
an early stage, prior to arrest [6,7].
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The RRS has been reported to reduce the incidence of cardiopulmonary resuscitation (CPR), particularly in general
wards [8,9]. However, it does not prevent the occurrence of
CPR entirely, as not all CPR cases that occur under RRS monitoring are preventable. A previous U.S. study conducted at a
university-affiliated tertiary care hospital with a well-established, full-time RRS, however, reported that 18% of 104 IHCAs were “avoidable” [10]. These cases were sufficiently preventable and should not have occurred. In order for the RRS
to become a more effective safety system, specific needs and
concerns must be addressed to reduce the occurrence of
“avoidable” CPR cases. Our institution has a well-functioning,
part-time RRS that was introduced 6 years ago [11]. In this
study, we analyzed the incidence and causes of avoidable
CPR cases that occurred under a part-time RRS. We will discuss strategies to ensure that safety monitoring systems are
ideal.

KEY MESSAGES
■ We investigated the incidence and causes of avoidable
cardiopulmonary resuscitation (CPR) while a part-time
rapid response system (RRS) was in place.
■ A
 significant number of avoidable CPR events occurred.
■ I t is necessary to extend RRS operation time and modify
RRS activation criteria.

symptoms [12].

Definition of Avoidable CPR

This study was performed in accordance with the amended
Declaration of Helsinki. The Institutional Review Board of the
Seoul National University Bundang Hospital where the research was performed approved the study protocol (IRB No.
B-1611-372-103) and waived the requirement for informed
consent due to the retrospective study design.

The term “avoidable” was assigned to a case when all four experts agreed that the event was potentially avoidable and was
defined if at least one of the following was noted during the 48
hours preceding the event and was considerably related to
CPRs [10,13]: (1) delayed ( > 2 hours) or inadequate response
from the assigned doctor to abnormal signs or symptoms, (2)
procedural complication potentially responsible for the event,
(3) delay ( > 20 minutes) by the assigned nurse in calling the
doctor, (4) medication-related event (e.g., overdose or inappropriate use of medication), (5) do-not-resuscitate (DNR) issue (i.e., no documented DNR order in place until the event,
despite verbal DNR orders or discussions of DNR status with
the patient’s family), and (6) other causes closely associated
with the event (e.g., other unexpected or unintentional episodes which led to the CPR).

Patients and Settings

Part-Time RRS Screening and Non-screening Unit

We conducted this retrospective study at a 1,300-bed tertiary
care, university-affiliated hospital. The hospital includes a
general ward (1,172 beds), intermediate units (62 beds), and
five intensive care units (ICUs; medical, surgical, neurosurgical, neonatal, and emergency). We used the RRS registry to
identify IHCAs between April 2013 and March 2016 (35
months). Adult patients ( > 18 years of age) who experienced
cardiopulmonary arrest in either a general ward or an intermediate unit were included in the study. Events occurring in
the ICUs, emergency department, pediatric ward, or operating room were excluded. Four experts (two intensivists and
two rapid response team nurses) separately reviewed all CPR
cases in a partly blinded manner (the event date and place
were blinded), specifically focusing on whether the event was
avoidable. A cardiopulmonary arrest was defined as an event
in which cardiac compressions were attempted to restore
spontaneous circulation, with cessation of spontaneous circulation confirmed or suspected according to any signs or

The RRS was introduced in our hospital in October 2012 and
has been used on a part-time basis. The system operates between 7 am and 10 pm on weekdays and between 7 am and
12 pm on Saturdays. There are two ways to activate the RRS:
via a direct call or via the electronic medical record (EMR)
screening system. Our RRS is activated in most cases by the
RRS screening system (over 90% of cases), while < 10% of RRS
cases are activated via direct calls [14]. The screening system
has 10 triggering criteria. If an abnormal value (based on predefined criteria) is recorded in the EMR, this is automatically
detected by our screening system, and an alert is transferred
to the RRS nurses. Then RRS nurses will attend the patient for
a primary check, and if further work-up and specific interventions are required, they notify the RRS physicians [14].
The RRS screens all hospital wards except for intermediate
units (non-screening units). An intermediate unit is characterized by nearly continuous monitoring or a level of monitoring comparable to intensive nursing (the nurse-to-patient ra-

MATERIALS AND METHODS
Research Ethics
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tio is 1:4 in an intermediate unit vs. 1:6 in a general ward). This
unit is used for patients with severe conditions who require
more frequent care and monitoring than patients in the general ward, but who have fewer care and monitoring requirements than patients in the ICU. As patients who are in the intermediate units are already closely monitored, the RRS can
only be activated via a direct call in an emergency. Routine
RRS screening is not performed on the intermediate units
(RRS non-screening units). The detailed characteristics of the
RRS are summarized in Supplementary Table 1.

Data Collection
The following data for patients undergoing CPR were ob-

tained from the medical records: demographic information,
comorbidities, date on which CPR was performed, return of
spontaneous circulation, and hospital survival rates. The
Charlson comorbidity index and cardiac arrest risk triage
score were calculated, with higher scores indicating a higher
possibility of cardiac arrest [15].

Statistical Analysis
Data for continuous and categorical variables are represented
as mean ( ± standard deviation) and number (percentage), respectively. Comparisons between groups were conducted using a Student t-test for continuous variables and Pearson’s
chi-square test for categorical variables. The linear-by-linear

Table 1. Baseline characteristics, causes, and outcomes of patients with in-hospital cardiopulmonary arrest
Variable

RRS non-operating time (n=110)

RRS operating time (n=82)

P-value

Age (yr)

71 ± 13

67 ± 15

0.085

Sex (male:female)

68:42

51:31

0.958

Satisfied activating criteria

48 (43.6)

41 (50.0)

0.382

Affiliated department, internal medicine

79 (71.8)

57 (69.5)

0.728

Charlson comorbidity index

3.0 ± 2.3

3.2 ± 2.4

0.477

a

Initial rhythm

Ventricular fibrillation or ventricular tachycardia
Pulseless electrical activity
Asystole
Undocumented
Cardiac arrest risk triage scoreb

0.877
13 (11.8)

11 (13.4)

7 (6.4)

2 (2.4)

18 (16.4)

14 (17.1)

72 (65.5)

55 (67.1)

23.4 ± 12.4

22.4 ± 12.8

Cause of arrest

0.738

Respiratory

43 (39.1)

33 (40.2)

Hypovolemia

19 (17.3)

15 (18.3)

Cardiac

17 (15.5)

13 (15.9)

Sepsis

5 (4.5)

6 (7.3)

Metabolic

3 (2.7)

3 (3.7)

Central nerve system

4 (3.6)

2 (2.4)

Aortic disease

1 (0.9)

1 (1.2)

Drug toxicity

2 (1.8)

0

Unknown

0.613

16 (14.5)

9 (11.0)

Return of spontaneous circulation

66 (60.0)

54 (65.9)

0.407

Intensive care unit

57 (51.8)

53 (64.6)

0.076

Hospital survival

22 (20.0)

27 (32.9)

0.042

39 (35.5)

17 (20.7)

0.026

Hospital course

Avoidable CPR

Values are presented as mean ± standard deviation or number (%).			
RRS: rapid response system; CPR: cardiopulmonary resuscitation.
a
Documented heart rhythm within 1 hour of cardiopulmonary resuscitation; bCalculated based on vital signs recorded for 48 hours before the event.
Higher scores indicate a higher possibility of cardiac arrest.
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association test was used to test for trends in a table that was
larger than two-by-two. The IBM SPSS ver. 22.0 (IBM Corp.,
Armonk, NY, USA) was used for statistical analyses. The P-values < 0.05 were considered statistically significant.

RESULTS
During the study period (35 months), a total of 192 CPRs (145
in the general ward and 47 in the intermediate unit) were
identified (Figure 1). Differences in the characteristics of patients with IHCA during RRS operating times compared to
during RRS non-operating times are described in detail in Table 1. There were no significant differences in age (mean, 71
vs. 67 years), Charlson comorbidity index (mean, 3.0 vs. 3.2),
cardiac arrest risk triage score (mean, 23.4 vs. 22.4), or IHCA
causes between the RRS non-operating time group and the
RRS operating time group. Hospital survival rate was significantly higher in the RRS operating time group than in the RRS
non-operating time group (32.9% vs. 20.0%, P = 0.042). The
percentage of cases classified as avoidable CPR was significantly lower in the RRS operating time group than in the RRS
non-operating time group (20.7% vs. 35.5%, P = 0.026).

The four experts agreed that CPR was potentially avoidable
in 56 cases (29.2%) (Table 2). The most common causes were
doctor error (n = 32, 57.1%), followed by a DNR issue (n = 12,
21.4%) and procedural complications (n = 5, 8.9%). However,
there was no significant difference in the causes of avoidable
CPR between the RRS operating and non-operating times
(P = 0.504). Details of precipitating factors for CPR and the associated potential errors are summarized in Table 3. Among
the avoidable CPR cases, except for cases with a DNR issue,
three cases in which CPR occurred despite prior RRS examination and intervention were identified.

DISCUSSION
In the present study, 29.2% (56/192) of CPR cases were considered potentially avoidable, corresponding to an average of
1.6 cases per month. The rate of avoidable CPR cases was significantly lower during RRS operating times than during nonoperating times. Although implementation of the RRS did not
eliminate all avoidable CPRs, these findings suggest that RRS
operation can reduce the rate of avoidable CPR. Among 44
avoidable CPR cases (excluding DNR issue-related cases),

In-hospital cardiopulmonary arrest
(n=192)
General ward
(n=145)

Intermediate unit
(n=47)

Operating time
(n=59)

Non-operating time
(n=86)

Operating time
(n=23)

Non-operating time
(n=24)

Avoidable CPR
(n=12)

Avoidable CPR
(n=30)

Avoidable CPR
(n=5)

Avoidable CPR
(n=9)

Figure 1. Distribution of cardiopulmonary resuscitation (CPR) cases according to rapid response system monitoring and operating times.
Table 2. Causes of potentially avoidable CPR cases
Variablea
Doctor error
Procedural complication
Nurse error

RRS operating time (n=17)

RRS non-operating time (n=39)

Total

10 (58.8)

22 (56.4)

32 (57.1)

4 (23.5)

1 (2.6)

5 (8.9)

3 (7.7)

3 (5.4)

0

Medication error

1 (5.9)

2 (5.1)

3 (5.4)

Do-not-resuscitate issue

2 (11.8)

10 (25.6)

12 (21.4)

1 (2.6)

1 (1.8)

Other error

0

Values are presented as number (%).			
CPR: cardiopulmonary resuscitation; RRS: rapid response system. 			
a
There was no significant difference in the causes of avoidable CPR between the RRS operating and non-operating times (P=0.504).
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Pulmonary edema

Pneumonia

Hematochezia

Respiratory failure

Blood asphyxia

Hyperkalemia

Variceal bleeding

Pleural effusion

Myocardial infarction

Pneumonia

Tachyarrhythmia

Hematochezia

Respiratory failure

Hypovolemia

Hypovolemia

Respiratory failure

Aspiration

Septic shock

Respiratory failure

Pulmonary edema

Asthma

Pulmonary edema

Respiratory failure

Pneumonia

Pleural effusion

Respiratory failure

Hematemesis

Hematochezia

Pneumonia

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Precipitating factor

1

Doctor error (n=32)

Patient
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Delayed intubation

Delayed radiologic interventionist call

Delayed endoscopic interventionist call

Delayed intubation

Delayed therapeutic thoracentesis

Delayed intubation

Delayed intubation

Delayed intubation

Delayed intubation

Delayed hemodialysis

Delayed intubation

Delayed administration of antibiotics

Delayed oxygen supplementation

Delayed intubation

Delayed diagnosis

Excessive volume reduction during hemodialysis

Misdiagnosis

Delayed radiologic interventionist call

Delayed administration of anti-arrhythmic agent

Delayed intubation

Misdiagnosis

Delayed therapeutic thoracentesis

Delayed endoscopic interventionist call

Delayed hemodialysis

Delayed intubation

Delayed intubation

Delayed embolization

Inappropriate antibiotics

Delayed administration of diuretics

Potential error

Table 3. Descriptions of precipitating factors for cardiopulmonary resuscitation and related potential errorsa

No

Yes

Yes

Yes

Yes

Yes

No

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

Yes

Yes

General
ward

No

No

Yes

No

No

No

No

Yes

Yes

No

No

Yes

No

No

No

Yes

No

No

No

Yes

No

Yes

No

Yes

No

No

No

No

No

RRS operating
time
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No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

RRS
activation

(Continued to the next page)

Yes

No

Yes

Yes

No

Yes

Yes

Yes

No

Yes

Yes

No

Yes

Yes

Yes

No

Yes

No

Yes

Yes

No

No

Yes

No

Yes

Yes

Yes

Yes

Yes

Satisfied
activation criteria
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Renal failure

Respiratory failure

31

32
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Septic shock

Respiratory failure

34

35

Blood asphyxia

Respiratory failure

Respiratory failure

Shock

37

38

39

40

Water aspiration from a medical device

No

Yes

No

No

Yes

Yes

No

Yes

No

No

Yes

Yes

No

Yes

Yes

No

No

No

No

Yes

Yes

RRS operating
time

No

No

Yes

No

No

No

No

Yes

No

No

Yes

Yes

Yes

Yes

No

Satisfied
activation criteria

No

No

No

No

No

No

No

Yes

No

No

No

No

No

Yes

No

RRS
activation

RRS: rapid response system.						
a
Do-not-resuscitate (DNR) issue-related events were excluded from this table. One potential error due to DNR issues is delayed documentation in written form. Patients with DNR issues all died, and
cardiopulmonary resuscitation was stopped at the request of their families; b,c,dThese cases occurred despite RRS activation and intervention; eAspiration of a large amount of water occurred through
the ventilator circuit when a patient was transferred from an intensive care unit to a general ward.

44

Water asphyxiae

Fosphenytoin

Drug overdose

43

Benzodiazepine

Drug overdose

42

Hypnotic agent

Central venous catheter removal

Tracheal tube exchange

Tracheal tube exchange

Yes

No

Nasogastric tube placement

Yes

d

Yes

Yes

Yes

Yes

Yes

No

General
ward

Nasogastric tube placement

No routine vital sign for 6 hours

Delayed notification about hypotension

Delayed notification about cold extremities

Delayed intubation

Drug overdose

Other error (n=1)

c

Potential error

Delayed hemodialysis

Delayed diagnosis

41

Medication error (n=3)

Blood asphyxia

36

Procedural complication (n=5)

Hypovolemic shock

33

Nurse error (n=3)

Acute abdomen

Precipitating factor

30

Patient

Table 3. Continued
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only three cases (6.8%) were examined by the RRS team (Table 3). Most of the avoidable CPR cases (65.9%) occurred during the non-operating time. Moreover, only five out of 15
avoidable CPR cases that occurred during the operating time
met the RRS activating criteria. These findings indicate the
necessity of expanding RRS operation and modifying the RRS
activating criteria (e.g., introduction of serum electrolytes,
mentality and urine output criteria, and mitigation of SpO2
criteria).
Most avoidable CPR cases were related to doctor error.
There was no significant difference in the rate of doctor errors
between the RRS operating time and non-operating time.
These results imply that avoidable CPRs would not be completely prevented by the full-time RRS since doctor error accounts for a considerable portion. Preventing doctor errors is
of utmost importance. Whether or not a doctor makes an error depends on the specific doctor’s medical knowledge and
experience; therefore, continuous education for medical personnel is crucial.
Five CPR cases were potentially associated with procedural
complications. Cases that involve nasogastric tube placement
and tracheostomy tube exchange rarely occur and can be prevented if performed by experienced personnel [16,17]. Most
practitioners know that these procedures are relatively simple,
easy, and safe; thus, they are often performed carelessly. A rigorous educational program should be introduced to minimize
fatal complications by emphasizing the risks involved in simple procedures as well as those associated with more complex
techniques.
We identified 12 cases involving DNR issues in which discussions regarding end-of-life care or DNR status between
medical personnel and the families of patients were not documented prior to events. These patients eventually died after
resuscitation. Resuscitation in terminally ill patients is generally considered unfavorable and futile [18]. The RRS appeared
to contribute to the determination of CPR status [19-21]. Active and intensive discussion on admission between medical
personnel and the families of patients regarding end-of-life
care and CPR status is required for patients in whom resuscitation is likely to be futile.
This study has some potential limitations that should be
considered. Because of the retrospective study design, we
could not know the exact situation at the time of the CPR
event and could only rely on the clinical chart review. However, to minimize bias, we restricted the designation of avoidable CPR to cases where all four experts agreed after independently analyzing the data (while partially blinded, i.e., blinded
Acute and Critical Care 2021 May 36(2):109-117

to the event time and place). Second, since our results are derived from a single tertiary care, university-affiliated hospital,
it is unclear if our results are generalizable.
In conclusion, despite the low incidence of IHCA, a significant number of avoidable CPR cases occurred under a wellfunctioning, part-time RRS. However, RRS operation appears
to lower the occurrence of avoidable CPR. Thus, it is necessary
to extend the RRS operation time and modify RRS activating
criteria to reduce these truly preventable events. Moreover,
policy and cultural changes (e.g., proper and continuous education for medical personnel and early identification and
placement of the DNR order) should be addressed prior to expanding to full-time RRS.
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Supplementary Table 1. Characteristics of the rapid response system
Rapid response system
Implementation date

Oct 12

Activation system

Screening and/or calling
(1) Screening and call: general ward
(2) Only call: intermediate unit

Operating time

07:00–22:00 on weekdays
07:00–12:00 on Saturday

Team member

14 Multidisciplinary physicians
4 Nurses in the critical care department

Activating criteria

Systolic blood pressure <90 mm Hg
Heart rate <50/min or >140/min
Respiration rate <10/min or >30/min
Body temperature <36˚C or >39˚C
SpO2 <90%
Arterial blood pH <7.25
Arterial PaCO2 >50 mm Hg
Arterial PaO2 <55 mm Hg
Serum lactic acid >4 mmol/L
Serum TCO2 <15 mmol/L

SpO2: oxygen saturation measured by pulse oximetry; PaCO2: arterial
partial pressure of carbon dioxide; PaO2: arterial partial pressure of oxygen; TCO2: total carbon dioxide.
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