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Unexpected cardiac arrest in the
neurosurgical ward
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Department of Neurosurgery, Chung-Ang University Hospital, Seoul, Korea

Objective: This study aimed to identify possible predictors of unexpected cardi-
ac arrest (CA) in the neurosurgical ward.

Methods: A retrospective review of 24 patients who experienced unexpected CA
between January 2012 and March 2022 was conducted. Data on demographics,
diagnoses, comorbidities, CA timing, pre-CA vital signs, transfer interval from in-
tensive care unit (ICU) to ward, cardiac rhythm, neurological outcomes, and
probable causes were collected. We excluded patients who died in the ICU and
those with a do-not-resuscitate order.

Results: The average age was 70.3 years. Vascular diseases and head traumas were
common diagnoses. About 70.8% of arrests occurred during on-call time and
62.5% took place on weekends. The mean interval between ICU transfer and CA
was 13.8+29.7 days, with 54.2% occurring within 4 days and 83.3% within 14
days. Pulseless electrical activity was the most frequent initial cardiac rhythm
when CA occurred. Respiratory issues were the leading cause of CA (54.2%), and
91.7% of patients had poor neurological outcomes. Within 48 hours before CA,
the average value of the lowest arterial oxygen saturation significantly deteriorated
from 95.8£2.9% to 90.1£11.4%.

Conclusion: Unexpected CA often occurred on weekends and during night duty.
Half of the cases took place within 4 days and over 80% within 2 weeks of trans-
terring from the ICU to the ward, with respiratory problems being the main
cause. Greater attention should be given to patients’ breathing patterns during
night shifts and weekends, especially within the first 2 weeks after patients leave
the ICU.

KEY WORDS: Heart arrest, Hospital mortality, Neurosurgery, Cardiopulmo-
nary resuscitation, Respiration

INTRODUCTION

In-hospital cardiac arrest (CA) is defined as a situation in admitted patients
where there is a loss of circulation prompting resuscitation with chest compres-
sions, defibrillation, or both [1]. CA is an occasional situation encountered while
treating neurosurgery patients and the outcome is very poor [2] The occurrence
rate of in-hospital CA in Korea is 2.46 per 1,000 admissions and is increasing [3].
In a review from 2007, survival varied from 0% to 42% between studies [4].

CA in the ward, which rapidly worsens the patient’s prognosis, is often herald-
ed by abnormal signs hours before the event. Physiologic track and trigger sys-
tems, also known as early warning scores (EWS), are used to monitor patients in

the acute phase who are at risk of developing CA, as deterioration in vital signs
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often precedes the event by 48-72 hours [5,6]. Although these
systems have displayed efficacy in triaging deteriorating patients
in emergency departments, critical care unit settings, and general
postoperative patients, there is a question of whether EWS stan-
dards can be applied to neurosurgical patients [7]. Neurosurgical
patients have special features such as a declined baseline neuro-
logic state and respiratory drive, and a high risk of various medical
complications [8,9] such that CA is a frequent condition in neu-
rosurgical care (1.82-5.08/1,000 patients) [1,6,10]. Nevertheless,
there is a paucity of report in this area. These rare studies have in-
cluded do-not-resuscitate (DNR) patients and expected CA pa-
tients which they could not prevent worsening even in the best
treatment [7,11,12]. In this retrospective cohort study, we investi-
gated the distribution of unexpected CAs in general neurosurgical
wards and tried to identify CA-related factors, including vital
signs, that may be considered to proactively screen for high-risk
patients. In addition, we examined whether these factors could be

adjusted to prevent CA.

MATERIALS AND METHODS

Patients

We reviewed all patients who experienced unexpected CA
during their admission in general neurosurgical wards at the
Chung-ang University Hospital in Seoul, Republic of Korea, be-
tween January 2012 and March 2022. Each event of cardiopulmo-
nary resuscitation (CPR) in the hospital was thoroughly docu-
mented and could be readily extracted from our medical record
system. We excluded patients who were predicted to expire due to
severe increased intracranial pressure, patients who had CA after
being moved to the intensive care unit (ICU) in anticipation of

worsening of the condition, and patients with a DNR order.

Ethical statement

All data were anonymized, and the study was approved by the In-
stitutional Review Board (IRB) of Chung-Ang University Hospital
and performed in compliance with ethical guidelines. All data were
anonymized, and the study was approved by the institutional re-
view board of our institution and performed in compliance with the
ethical guidelines (IRB approval no. 2301-021-19454).

Methods

We collected demographic data including sex, age, admission
diagnoses, and comorbidities (hypertension, diabetes, cardiac ar-
rhythmia, chronic kidney disease, or liver disease). We gathered
the values related to CA, including the initial documented cardiac

rthythm when the CA occurred, duration of CPR, whether spon-
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taneous circulation was restored or not, day interval between the
onset of CA and the transfer out of the ICU, and presumptive eti-
ology of CA. To determine if there were remarkable abnormal vi-
tal signs that were not responded to appropriately before CA, we
retrospectively collected vital sign data from 48 hours before the
onset of CA and at the last scheduled check-up before CA. We di-
vided that data into units from 48 hours to 24 hours before the
onset of CA, 24 hours before the onset of CA and the last sched-
uled check-up. We extracted the worst value of each vital sign
(systolic blood pressure [SBP], pulse rate [PR], respiratory rate
[RR], body temperature [BT], saturation of percutaneous oxygen
[SpO,]) from each unit. We assembled laboratory findings before
CA including d-dimer, C-reactive protein (CRP), and arterial
blood gas analysis (ABGA). Patients’ specific conditions were
counted; life supporting devices such as nasogastric tubes, trache-
ostomies and brain catheters at the time of CA, conscious or not,
under sedation or not, and thromboembolism. The outcome of
patients after CPR was assigned by the Glasgow-Outcome-Scale
(GOS) at hospital discharge or at outpatient follow-up.

Statistical analysis

We used descriptive statistics for summarizing patients and CA
characteristics—mean (standard deviation) or median (inter-
quartile range) for continuous variables, and numbers (percent-
ages) for categorical variables. Comparisons of extracted values at
time intervals within each vital sign were analyzed using Fried-
manss test. All data were collected and tabulated in Microsoft Ex-
cel sheets (Microsoft Corporation) and data were analyzed using
the Statistical Package for Social Science version 25.0 for Win-
dows (SPSS; IBM Corp.).

RESULTS

During the observation period, 24 patients satisfied the inclu-
sion criteria. The patient characteristics are presented in Table 1.
The mean age of the patients was 70.3 +12.7 years old, and 11 pa-
tients were male, and 13 patients were female. The most common
admission diagnoses were cerebrovascular diseases in 11 patients
and head traumas in 10 patients. The most common comorbidities
were hypertension and diabetes mellitus (Table 1). Characteristics
of CA and resuscitation are displayed in Table 2. Initial cardiac
rhythms at the time of CA were almost exclusively non-shockable
(pulseless electrical activity in 12 patients and asystole in 11 pa-
tients). Mean CPR duration was 29.8 +26.3 minutes.

Mean day interval between the onset of CA and the transfer out
of the ICU was 13.8+29.7 days (Fig. 1). Median day interval be-
tween the CA and the move out date from the ICU was 2 days
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(range 1-12 days). CA occurred at night (7 pmto 7 am) oronthe  logic evaluations and caregiver and nurse statements. The most
weekend in 17 cases (70.8%) (Fig. 2). Presumptive causes of CA common cause of CA was acute upper airway obstruction in sev-
were determined by reviewing pre-CA laboratory findings, radio- ~ en out of 24 patients due to mucus plugs or vomiting material fol-
lowed by aspiration pneumonia (6/24) (Table 1). There were no
unexpected CAs due to neurological causes such as seizures or

Table 1. Demographic data
brain vascular events. The neurological consequences of CA after

Var|a.ble - - Value return of spontaneous circulation (ROSC) were serious. In fact,
Cardiac rhythm at the time of cardiac arrest
Pulseless electrical activity 12 (50.0) 13 cases (54.2%) sustained ROSC more than 20 minutes. Twen-
Asystole 11 (45.8)
Ventricular fibrillation 1(4.2)
CPR duration (min) 29.8+26.3 Table 2. Characteristics of cardiac arrest and resuscitation
Interval since transfer from the ICU (d) 13.8+29.7 Variable Value
Presumptive causes of cardiac arrest Age (yr) 70.3+12.7
Airway obstruction 7(29.2) Sex (male:female) 11:13
Aspiration 6 (25.0) Primary disease
Sepsis 3(12.5) Cerebrovascular disease 11 (45.8)
Myocardial infarction 1(4.2) Head trauma 10 (41.7)
Pulmonary embolism 1(4.2) Spine disease 3(12.5)
Unclear 6 (25.0) Underlying disease*
Post-CPR outcomes Hypertension 16 (66.7)
Death 16 (66.7) Diabetes 10 (41.7)
Vegetative state 6 (25.0) Chronic kidney disease 8(33.3)
Severely disabled 0 Arrhythmia 3(12.5)
Moderately disabled 2(8.3) Coronary heart disease 2(8.3)
Good recovery 0 Chronic liver disease 1(4.2)
Values are presented as number (%) or meantstandard deviation. Values are presented as meanzstandard deviation, ratio, or
CPR: cardiopulmonary resuscitation, ICU: intensive care unit. number (%). *Some patients had more than one comorbidity.
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Fig. 1. Days since transfer from the intensive care unit (ICU). The mean interval since transfer from the ICU was 13.8+29.7 days. Of
the total patients, 54.2% developed cardiac arrest within 4 days and 83.3% developed cardiac arrest within 14 days.
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Fig. 2. Day of the week and time of the day of cardiac arrest. Eleven out of 24 cardiac arrests occurred on Saturday and Sunday

nights.

ty-two patients (91.7%) died or remained in a vegetative state and
only two patients (8.3%) recovered to GOS 4 (moderately dis-
abled). None of them achieved GOS S (good recovery) (Table 1).

We reviewed the vital signs, measured between 24 and 48 hours
before CA, within 24 hours before CA, and at the last scheduled
check-up, and collected the most abnormal values within each
time interval (Table 3). The last scheduled check-ups of vital
signs were 167.8 + 128.4 minutes before CA. The average values
of SBP, PR and BT were not significantly different during the time
passage before CA. The worst arterial oxygen saturations (SpO,)
were 95.8+2.9% between 24 hours and 48 hours before CA,
90.1+11.4% before 24 hours and 90.8 £2.9% at the last sched-
uled check-up. The arterial oxygen saturation was significantly de-
teriorated (p=0.041). The RR appeared to become more rapid;
however, there were missing values (approximately 50%) which
were not directly measured. In the last laboratory examinations,
no noticeable abnormal values were present except CRP, which at
a high concentration of 61.4 +64.25 mg/L. ABGA was also not
remarkable. Among the patient specific conditions, unconscious
patients were 11/24, patients with a nasogastric tube were 18/24,
patients with a tracheal airway were 11/24 and the patients with a
brain catheter were 2/24. Identified pulmonary or deep vein
thrombosis was present in 7/24 patients and only one patient was
under sedation (Table 3).

DISCUSSION

To our knowledge, this is the first study of CA in a general neu-

rosurgical ward that excluded patients who were predicted to ex-
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pire and patients with an acknowledged DNR.

Causes of unexpected cardiac arrest in a general
neurosurgical ward

In our study, respiratory issues emerged as the predominant eti-
ologies (54.2%) of unexpected CA in the general neurosurgical
ward, with sepsis following at 12.5%. Incidences of CA of cardiac
origin were infrequent, with myocardial infarction accounting for
only 4.2% and arrhythmia being entirely absent. Furthermore, we
did not observe any cases of neurologically originated CA, such as
those caused by rebleeding or seizures. In a previous study, Rabin-
stein et al. [2] reported that respiratory problems were the most
common cause of CA (36%), and cardiac origins accounted for a
high percentage of cases (30%) in patients in neurocritical care
units. Similarly, Leloup et al. [13] realized that cardiac origin was
a significant factor in in-ICU CA, with circulatory failure describ-
ing 50% of cases and respiratory failure accounting for 35%. Con-
sidering the results of this study, respiratory failure was considered
to be the most important factor for CA on general wards, unlike
for CAin the ICU.

Previous studies on EWS reported that hypothermia below
35 °C, severe hypotension (SBP <90 mmHg), tachypnea, and
tachycardia were associated with mortality [S]. In our study, we
did not observe significant changes in BP, BT, or HR before the
occurrence of CA. However, a significant decrease in oxygen satu-
ration (SpO, <95) was observed within 24 hours of the CA. Al-
though we noted an increasing trend in RR, the limited availabili-
ty of RR data in our hospital database precluded us from deter-

mining statistical significance for this parameter. Given that respira-
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Table 3. Pre-CA conditions

Variable Value
Pre-CA vital signs (V/S)
Worst* V/S between 24 hr and 48 hr
after CA
SBP (mmHg) 120.9+29.7
Pulse rate 91.1+18.0
Respiratory rate(missing 13 cases)’ 25.1+4.59
Body temperature (°C) 37.3+0.97
SpO, (%) 95.8+2.9
Worst* V/S within 24 hr after CA
SBP (mmHg) 113.1+30.8
Pulse rate 92.5+234
Respiratory rate (missing 14 cases)’ 274+3.9
Body temperature (°C) 37.3+£0.9
Sp0O, (%) 90.1+11.4
Last scheduled check-up V/S 1145+22.7
SBP (mmHg)
Pulse rate 83.7+23.6
Respiratory rate (missing 17 cases)’ 26.9+3.4
Body temperature (°C) 36.8+0.6
Sp0, (%) 90.8+2.9
Duration from last check-up of V/S to CA 167.8+128.4
(min)
Pre-CA laboratory conditions
WBC (10°/L) 10.0+5.43
Hb/Hct (g/dL/%) 10.0+1.89/30.4+£5.25
Platelet (10°/L) 220.2+125.3
D dimer (ug/mL) 2.6+1.86
CRP (mg/L) 61.4+64.25
ABGA
pH 74+0.10
PCO, 26.5+8.03
PO, 95.1+28.66
HCO, 24.1+6.12
Pre-CA specific conditions
Nasogastric tube 18
Unconscious (stupor and worse) 11
Tracheostomy 11
PTE/DVT 7
Brain catheter 2
Under sedation 1

Values are presented as meanzstandard deviation or number only.
CA: cardiac arrest, V/S: vital signs, SBP: systolic blood pressure,
WBC: white blood cell, Hb: hemoglobin, Hct: hematocrit, CRP:
C-reactive protein, ABGA: arterial blood gas analysis, PTE: pulmonary
thromboembolism, DVT: deep vein thrombosis. *Lowest SBP, slowest
pulse rate, rapidest respiration rate, highest body temperature, lowest
Sp0,. 'Missing: not measured.

tory problems were the main cause of CA in neurosurgery wards, it
is advisable to routinely monitor RR in these patients. However,

taking RR measurements for each patient manually can be a
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time-consuming task for nurses. It may be worthwhile to consider
utilizing mechanical monitors that can automatically display RR,
thus eliminating the need for nurses to manually take measure-

ments.

Most frequent time and day of cardiac arrest

In our study, we determined that 70.8% of CAs occurred at
night, 45.8% transpired on weekends, and 29.2% happened
during weekdays. Previous studies on CA in hospitals or in-ICU
settings also discovered that 29-33.5% occurred during weekdays,
whereas 39.5-67.4% occurred at night or on weekends [13,14].
One possible explanation for the higher incidence of CA during
the night or on weekends is that in patients with neurological
deficits, their respiratory drive and suction frequency simultane-
ously decrease during the night, which can increase the risk of re-
spiratory failure. Also, the frequency of medical staff rounds de-
creases at night and on weekends.

A high proportion of the patients experienced CA within a
short time frame from out of the ICU. Specifically, over half of the
patients (54.2%) experienced CA within 4 days of transfer, where-
as the majority of patients (83.3%) experienced CA within 2
weeks of transfer. These findings suggest that the period immedi-
ately following transfer from the ICU to general wards may be a
critical time for the occurrence of CA. Although no previous re-
searches specifically on CA following transfer from the ICU to
general wards have been published, the median interval between
ICU discharge and readmission was mostly seven days according
to previous studies on ICU readmission [15,16].

Our study has several limitations, including a small sample size
and a single-center study design. Nevertheless, these findings pro-
vide valuable insights into the causes and timing of CA in general
neurosurgical wards, which can help healthcare providers to iden-
tify and manage patients at risk of CA. Regular check-ups, close
monitoring, and timely interventions may reduce the incidence of
unexpected CA. Further studies are needed to confirm these find-
ings and to develop effective prevention and management strate-

gies for unexpected CA in general neurosurgical wards.

CONCLUSION

Unexpected CA in the general neurosurgical ward presents a
significant concern warranting further attention. Our study points
towards respiratory failure as the primary cause of CA, underlin-
ing the necessity for diligent RR monitoring at least three days
following ICU-to-ward transition. The occurrence of desaturation
was identified as a meaningful indicator for CA, necessitating

careful surveillance. Regular patient rounds, inclusive of week-
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ends and nights, are imperative. The frequency of suction should
be upheld or even increased during the night, counteracting re-
duced patient respiratory drive to prevent respiratory failure.

If conducting frequent rounds and suctions during nights and
weekends for all patients is challenging, due to human resource
constraints, we recommend close monitoring during the initial
three to 14 days following ICU-to-ward transfer to avert unex-
pected CA. While implementing close monitoring, patients ex-
hibiting significant sputum or desaturation events with SpO, lev-
els below 95 should receive suction frequently. To ensure this, it is
crucial to educate nursing staff and caregivers on the frequency
and appropriate technique for suctioning. In addition, we recom-
mend evaluating the necessity for additional testing and treatment

for these patients.
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