Heart & Lung 48 (2019) 114-120

Contents lists available at ScienceDirect HEARTO)LUNG

Heart & Lung

journal homepage: www.heartandlung.com

Care of Patients With Acute And Critical Illness

ECG derived Cheyne—Stokes respiration and periodic breathing are associated N

Check for

with cardiorespiratory arrest in intensive care unit patients

Adelita Tinoco **, David W. Mortara ?, Xiao Hu ?, Cass Piper Sandoval ®, Michele M. Pelter *

@ University of California San Francisco, School of Nursing, San Francisco, CA, USA
b University of California San Francisco Medical Center, San Francisco, CA, USA

ARTICLE INFO ABSTRACT
Article history: Background: Cheyne-Stokes respiration and periodic breathing (CSRPB) have not been studied sufficiently in
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the intensive care unit setting (ICU).

Objectives: To determine whether CSRPB is associated with adverse outcomes in ICU patients.

Methods: The ICU group was divided into quartiles by CSRPB (86 patients in quartile 1 had the least CSRPB
and 85 patients in quartile 4 had the most CSRPB). Adverse outcomes (emergent intubation, cardiorespira-
tory arrest, inpatient mortality and the composite of all) were compared between patients with most CSRPB
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cally ill patients.

(quartile 4) and those with least CSRPB (quartile 1).

Results: ICU patients in quartile 4 had a higher proportion of cardiorespiratory arrests (5% versus 0%,
(p=.042), and more adverse events over all (19% versus 8%, p=.041) as compared to patients in quartile 1.
Conclusions: CSRPB can be measured in the ICU and it’s severity is associated with adverse outcomes in criti-

© 2018 Elsevier Inc. All rights reserved.

Introduction

Cheyne—Stokes respiration (CSR) and periodic breathing (PB) have
been associated with heart failure,'® acute coronary syndrome,”'°
arrhythmias,'""!? cardioverter-defibrillator therapy in response to
ventricular tachycardia,'’ stroke,'>~'® increased stroke severity,'®
and death.!*#~6817 Both CSR and PB are forms of central sleep apnea
associated with change ventilation and loss of ventilatory drive.
Homeostasis is usually maintained when carbon dioxide and oxygen
levels in the blood are balanced through the process of ventilation.
However, in heart failure patients, CSR and PB are observed when
there is increased chemosensitivity due to high heart and lung pres-
sures, low carbon dioxide and oxygen stores in the body, and delayed
circulatory time.'®'® CSR and PB are regular cycles of breathing with
a crescendo-decrescendo pattern. CSR is characterized by cycles of
hyperpnea, hypopnea and apnea,'® while PB is characterized by
cycles of hyperpnea and hypopnea.'®

CSR and PB may result in frequent arousal from sleep and surges
in sympathetic nervous system activity, which when coupled with
hypoxia may lead to arrhythmias.'® However, few studies have exam-
ined CSR and PB in the intensive care unit (ICU). Richards et al, found
a 34% prevalence of CSR and PB in patients admitted to the ICU with
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acute cardiovascular illness,'? while Van et al, showed an 82% preva-
lence in patients admitted with heart failure.® Given the limited stud-
ies examining CSR and PB in the ICU, which have been linked to
adverse outcomes in outpatient populations with chronic disease,
warrants the study of CSR and PB in the ICU and whether these
breathing patterns are associated with adverse outcomes.

Patients in the ICU are at highest risk for deterioration and death,
making recognition of physiological changes of paramount impor-
tance. In 2007, the National Patient Safety Agency reported that 11%
of in-hospital deaths were the result of unrecognized patient deterio-
ration.”® Furthermore, in 2014, after reviewing 73 sentinel events,
The Joint Commission Office of Quality and Safety found that inade-
quate patient assessment contributed to 48 (66%) of these patient
deaths.?! While the importance of monitoring and recognizing critical
illness have been described,?” a solution has not been achieved, with
ICU mortality rates at 5.6% and hospital mortality at 8.7%.2>

Although clinicians utilize bedside physiologic monitors to detect
and quantify dynamic vital sign and electrocardiographic (ECG)
changes, ICU patients are still at high risk for adverse respiratory events.
Importantly, these events may go unrecognized since detailed respira-
tory assessment (e.g., rate, depth) is typically assessed visually and rep-
resents only a “snapshot” of time.* Hence, respiratory patterns
associated with CSR and PB, which require a longer and more focused
observation and assessment, could be missed altogether. Recognizing
CSR and PB might help clinicians characterize and gauge chronic illness.
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Fig. 1. ECG derived respiration from mean QRS variation. Respiration over 1 min. Top figure: Myogram derived respiration. Bottom figure: ECG derived respiration from mean QRS

amplitude variation.

Given current limitations, clinicians need a better way to monitor respi-
ratory changes associated with CSR and PB, particularly given that these
breathing patterns are associated with arrhythmias and adverse events.

The current standard of care for patients in the ICU includes continu-
ous ECG monitoring, typically using 7 ECG leads, for detection of
arrhythmias, myocardial ischemia, and QT-interval lengthening.>
Although, research using continuous ECG data to measure respiration is
longstanding,”® monitoring and documentation of respirations via ECG
continues to be deficient®” due to lack of consensus in the measurement

technique and poor availability of electronic equipment capable of mea-
suring its presence.”® Our research group has been exploring the use of
continuous ECG data to measure respiration (Fig. 1) and CSRPB (Fig. 2)
in both community-based healthy participants and hospitalized
patients with suspected acute coronary syndrome (ACS).'° In our prior
work, using 12-lead ECG Holter data, we found that hospitalized telem-
etry unit patients with confirmed ACS had CSR episodes 6 times more
frequently and PB episodes 1.3 times more frequently than patients
with a non-ACS cardiac diagnosis (i.e. valvular heart disease, heart
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Fig. 2. Cheyne—Stokes Respiration Periodic Breathing derived from myogram and ECG. Cheyne Stokes Respiration Periodic Breathing over 5 min. Top figure:

a
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Myogram derived

Cheyne Stokes Respiration Periodic Breathing . Bottom figure: ECG derived Cheyne Stokes Respiration Periodic Breathing from mean QRS amplitude variation.
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failure, pericarditis, aortic dissection).'® In the current study, we expand
our research on this topic to the ICU setting.

This study was designed to address two research questions: 1) Do
ICU patients have a higher mean number of CSRPB episodes when
compared to healthy community-based participants?; 2) Are ICU
patients with higher rates of CSRPB more likely to have adverse out-
comes (i.e., cardiorespiratory arrest, emergent intubation, or in-hos-
pital mortality) when compared to patients with low rates of CSRPB?

Methods

Only a few studies have used the gold standard, polysomnography
(PSG), to investigate CSR or PB in hospitalized, critically ill patients.”!?
This is not surprising since PSG is expensive, not readily available, and
uncomfortable for patients to wear because this test requires numer-
ous electrodes and wires for electrocardiography, electroencephalogra-
phy, electromyography, and electrooculography.>® While there are a
number of commercially available devices capable of measuring the
Apnea Hypopnea Index,>° 3% which is often used to report CSR and PB,
these devices are costly and would require a critically ill patient to
wear yet another piece of equipment. In contrast, the algorithm that
we are testing in this study uses already available continuous ECG data
from the bedside monitors to derive CSRPB.

Study design. This is an observational study using ECG data from
two studies, one including a group of 461 ICU patients (Alarm Study
General Electric Study number 123.04-2012-GES-0003)*> and, the
second including a group of 100 healthy community-based partici-
pants (T32 NR007088, F31 NR015196).!° Both studies received Insti-
tutional Review Board approval, and the methods for these have
been described previously.'%3> A waiver of consent was granted for
the ICU group, which allowed inclusion of all consecutive patients
admitted to the ICU. A research nurse obtained written informed
consent from participants in the healthy community-based group.

Data collection

ICU Group. This group included 461 consecutive patients
>18 years old who were treated in one of five adult ICUs (cardiac,
neurological/neuro-surgical, medical-surgical) during March, 2013.
Patients were monitored with a Solar 8000i physiologic monitor as
part of their routine ICU care (version 5.4 software, GE Healthcare,
Milwaukee, WI) using a five skin electrode lead configuration, which
recorded 7 ECG leads (leads I, II, III, aVR, aVL, aVF and V). A sophisti-
cated research infrastructure was used to capture continuous ECG
data for off-line analysis.>® Briefly, continuous ECG data were cap-
tured, and then securely transferred using a specially developed
research system (CARESCAPE Gateway system, GE Healthcare, Mil-
waukee, WI) to an external server for off-line analysis (BedMaster,
Excel Medical Electronics, Inc, Jupiter, FL). The ECG data stored in the
BedMaster system is initially in flat file format. These files are then
converted into Extensible Markup Language (XML) format using Bed-
Master software, and then converted into binary files (AD Instru-
ments, Dunedin, New Zealand) for final analysis. Patient
demographic and clinical data were obtained from electronic medical
records (Epic software, Madison, WI).

Of the 461 ICU patients, 13 (2.8%) patients were excluded because
they had less than 4 h of continuous ECG data; thus limiting our abil-
ity to identify CSRPB episodes. In addition, 107 (23.2%) patients were
excluded because they were not breathing spontaneously (i.e., venti-
lator, bilevel positive airway pressure, continuous positive airway
pressure). The final ICU group included 341 (74%) patients from the
parent study.

Healthy group. This group included 100 community-based partic-
ipants >18 years old enrolled between March 2013 and June 2013.
Participants were carefully screened to ensure only “healthy” subjects

were included. Excluded were individuals with flu symptoms, chronic
illnesses (e.g., coronary heart disease, heart failure, heart transplanta-
tion, hypertension requiring medication, abnormal heart rhythm,
stroke, diabetes mellitus, chronic obstructive pulmonary disease,
asthma requiring inhaler use, sleep apnea, cancer with treatment in
the past 12 months, end-stage renal failure), or patients taking certain
medications (nitroglycerin, coumadin, pradaxa, beta blockers). Addi-
tionally, individuals responding affirmatively to two or more of the
Geisinger Health Tool criteria questions for sleep apnea were
excluded.>® Once consented, participants wore a H12+ Holter
recorder (Mortara Instrument Inc, Milwaukee, WI) for 24 h, with skin
electrodes placed in the Mason-Likar electrode configuration.>” While
all 12-ECG leads were recorded in the healthy group, only the seven
leads that matched the hospital ECG leads (I, II, III, aVR, aVL, aVF and
V) were used to derive CSRPB so that both the ICU and healthy
group's ECG leads matched.

ECG derived Cheyne—Stokes and periodic breathing analysis

To ensure ECG waveforms were of high quality, each patient's file
was carefully examined visually for excessive artifact or missing data.
For the ICU group we examined the ECG data using Lab Chart soft-
ware (version 7.2.1, AD Instruments), and H-Scribe software was
used for the healthy group (version 4.34, Mortara Instrument Inc, Mil-
waukee, WI).

Specially designed research software was used to derive CSRPB
(ECG Algorithm). A prior version of this software algorithm has been
used by our group and others.!%>® More recently, this algorithm was
compared by Grasso and colleagues to Polysomnography in a pro-
spective cohort of patients being screened for obstructive sleep
apnea.*®

The algorithm derives CSRPB episodes from continuously acquired
ECG data by examining beat to beat changes in the QRS complex that
occur when the heart shifts in the thorax during inhalation and are
associated with an increase in tidal volume. The ECG algorithm com-
putes mean square QRS amplitude variations in 15 s intervals (area
divided by width in /4 microvolts) and derives a mean QRS amplitude
waveform at a rate of one sample per second, which is then used to
measure changes in tidal volume and calculate CSRPB. Fig. 2 illus-
trates how the algorithm identifies CSRPB, defined as three consecu-
tive cycles of a crescendo-decrescendo breathing pattern lasting an
average of 180 s. Because continuous ECG recording length varied
between 4 and 24 h and started at varying hours of the day for each
patient, we divided the total number of CSRPB episodes by the total
number of hours of recorded ECG data; thus, creating an event rate
per patient of CSRPB per hour of recording, which was used in the
analysis.

Sleep data from progress notes was not collected. To evaluate if
there were differences in CSRPB experience during the day versus the
night, we analyzed the average number of CSRPB per hour in patients
who were continuously monitored for at least 4 h between 12:00 am
and 4:00 am, and in those who were not continuously monitored
between 12:00 am and 4:00 am. Additionally, to measure if supple-
mental oxygen or opioid intake had an effect in CSRPB per hour we
analyzed these variables comparing ICU patients who received sup-
plemental oxygen or opioids during the period of recording to ICU
patients who did not receive supplemental oxygen or opioids. To
determine if body mass index (BMI) and a history of obstructive sleep
apnea had effect on CSRPB, we analyzed the association between BMI
and history of sleep apnea and CSRPB in both the healthy and ICU
patients. Lastly, we examined CSRPB per hour in all ICU patients and
then by discharge diagnosis (cardiovascular, neurological/neuro-
surgical, medical surgical).
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ICU outcomes

Adverse outcomes were identified through a detailed review of
the electronic medical record and included: cardiorespiratory arrest;
emergent intubation; and in-hospital mortality. A researcher
reviewed procedure notes, flowsheets, medication administration
records, clinician's progress notes and clinician's discharge notes for
every patient. Cardiorespiratory arrest was defined as patients requir-
ing cardiopulmonary resuscitation, defibrillation and/or advanced
cardiac life support medications. Emergent intubation was defined as
patients requiring endotracheal intubation followed by mechanical
ventilation. In hospital mortality was defined as all-cause mortality
during a patient's hospital stay. For patients who suffered multiple
adverse outcomes, the first adverse outcome was selected for analy-
sis. A composite variable was created for each patient with an adverse
outcome (cardiorespiratory arrest, emergent intubation, in-hospital
mortality), patients who suffered multiple adverse outcomes were
only counted once in the analysis. ICU length of stay was determined
from the electronic medical record by subtracting the patient's dis-
charge date and time from the patient's admission date and time.

Statistical analysis

Statistical analyses were conducted using Stata Release 14 (Stata-
Corp, TX, USA). Continuous data are reported as means =+ standard
deviations (SD) and categorical data as proportions. To compare con-
tinuous demographic and clinical data between the ICU versus the
healthy group, Student's t-tests were used for normally distributed
data, and the non-parametric Wilcoxon rank-sum test for non-
normally distributed data. Pearson chi-square tests were used to
compare categorical variables (i.e., demographics, clinical data, and
adverse outcomes) between ICU versus healthy participants. Because
the CSRPB data were not normally distributed among the ICU patient
group, comparisons were examined by quartile. It was hypothesized
that the frequency of CSRPB in the healthy group would not be differ-
ent from ICU patients in the lower quartile; hence, a chi-square test
was used for this comparison (healthy versus lower quartile ICU). A
chi-square test was also used to test for a difference in adverse out-
comes between ICU patients in the lower versus upper quartile. To
assess for external validity, the Kruskal Wallis non-parametric test
was used to compare CSRPB per hour by ICU setting (cardiac, neuro-
logical/neuro-surgical, medical-surgical). A p-value <0.05 was con-
sidered statistically significant.

Results

A total of 341 patients were in the ICU group, and 100 individu-
als made up the healthy group. The ICU patient group had more
males (52% versus 35%, <0.01), were older (59 years versus 34 years,
p < 0.001), and had a higher BMI (28 versus 25, p < 0.001) when com-
pared to the healthy group. The groups were different when compared
by race, which was attributed to a large number of ICU patients with
an ‘unknown race’ designation (ICU = 13%, Healthy = 0%, p = 0.001).

Of the 341 ICU patients, 286 (84%) had at least one CSRPB episode,
and 97 (97%) of the 100 healthy participants had at least one CSRPB
episode. The mean hourly rate of CSRPB was not different when com-
paring ICU patients to healthy participants (0.39 versus 0.18,
p = 0.85). However, the range of CSRPB was broad, 0—6 for the ICU
group versus 0—0.51 for healthy participants.

Because the distribution of CSRPB in the ICU patient group was so
varied, the group was divided into four quartiles for further analysis.
Quartile 1 included 86 patients with a mean hourly CSRPB rate of
0.02; quartile 2 included 85 patients with a mean hourly CSRPB rate
of 0.09; quartile 3 included 85 patients with a mean hourly CSRBP

rate of 0.23; and quartile 4 included 85 patients with a mean hourly
CSRPB of 1.19.

A comparison between the lower quartile (quartile 1) ICU group
and the healthy group is shown in Table 1. ICU patients in quartile 1
were older (54 years versus 34 years, p < 0.001), had a higher body
mass index (28 versus 25, p = 0.02), and a lower mean hourly CSRPB
count than the healthy group (0.02 versus 0.18, p < 0.001).

The proportion of ICU patients receiving supplemental oxygen,
opioid treatment, or a history of obstructive sleep apnea or heart fail-
ure was not significantly different between quartile 1 and quartile 4
(Table 2). Body Mass Index was not associated to CSRPB per hour in
the ICU group (rs = 0.08, p = 0.18). Based on these results, we did not
control for supplemental oxygen therapy, opioid administration, his-
tory of sleep apnea, history of heart failure or BMI in subsequent sta-
tistical analyses.

We also examined our data by time of day. Time of recording, day
versus night, did not have a significant effect on CSRPB per hour. And
282 (83%) patients who were monitored between 12:00 am and
4:00 am had 0.41 CSRPB/hr while 59 (17%) patients who were not mon-
itored between 12:00 am and 4:00 am had 0.26 CSRPB/hr (p = 0.17).

To examine whether CSRPB were associated with adverse out-
comes we compared ICU patients in quartile 4 to ICU patients in quar-
tile 1. Patients in quartile 4 were older (63 years versus 54 years,
p = 0.001) and had a higher mean hourly rate of CSRPB (1.19 versus
0.02, p < 0.001) as compared to ICU patients in quartile 1 (Table 1).
Patients in quartile 4 were also more likely to have a history of hyper-
tension (61% versus 40%, p < 0.01), or a cardiovascular discharge diag-
nosis (25% versus 11%, p = 0.014) than patients in quartile 1.

Table 2 displays adverse outcomes among the ICU group by quar-
tiles. ICU patients in quartile 4 had a higher proportion of cardiorespi-
ratory arrests (5% versus 0%, p = 0.042), and more adverse events over
all (composite any adverse event 19% versus 8%, p = 0.041) as com-
pared to patients in quartile 1.

Examining CSRPB per hour by patient's discharge diagnosis
showed that the 55 (16%) patients with a cardiovascular discharge
diagnosis had the highest average CSRPB per hour (0.61 + 0.91), fol-
lowed by the 112 (33%) patients with a neurological/neurosurgical
discharge diagnosis (0.40 + 0.71), followed by the 174 (51%) patients
with a medical-surgical diagnosis (0.31 £ 0.67; p = 0.015). Dunn's
post-hoc analysis showed significance when comparing CSRPB per
hour in patients with a cardiovascular discharge diagnosis versus
patients with a medical surgical-diagnosis (p = 0.002); but not when
comparing a cardiovascular diagnosis versus neurological/neurosur-
gical diagnosis (p = 0.026), which was just above the significance level
for the Dunn's post-hoc test a p-value of 0.025 (alpha/2).

We then decided to look more closely at the average CSRPB for
patients in quartile 4 based on cardiovascular, neurological/neurosur-
gical, and medical-surgical discharge diagnosis. Although not statisti-
cally significant, we found the same trend, with the 21(25%) patients
with cardiovascular discharge diagnosis having the highest number of
CSRPB per hour (1.36 + 1.1), followed by the 28 (33%) patients with a
neurological/neurosurgical discharge diagnosis (1.24 + 1.02), and then
the 36 (42%) patients with a medical-surgical discharge diagnosis
(1.05 £+ 1.2) (p = 0.15). Additionally, patients in quartile 4 had an even
distribution of overall adverse events by discharge diagnosis: 4/21
(19%) patients with cardiovascular discharge diagnosis, 5/28 (18%)
patients with neurological/neurosurgical discharge diagnosis, and 7/36
(19%) patients with a medical-surgical discharge diagnosis (p = 0.99).

Discussion

The results of this study revealed that 84% of ICU patients had at
least one episode of CSRPB, which is in line with the 82% prevalence
reported by Van, who also used a rate of >1 CSRPB episode to mea-
sure prevalence.” In contrast, the prevalence of CSRPB was higher
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Demographic and clinical characteristics for healthy, Q1 and Q4 patients with a p-value comparison shown in the last two columns as labeled

Variable Healthy Q1 Q4 Healthy vs Q1 p-values Q1 vs Q4 p-values
Number 100 86 85

Age, mean (+SD) 34(10) 55(19) 63 (16) <0.001 0.001°
BMI, kg/m?, mean (£SD) 25(3.6) 28(7.9) 28(6.5) 0.02 0.42°
CSRPB/hr, mean (+ SD) 0.18 (0.09) 0.02 (0.02) 1.19(1.12) <0.001 <0.001*
CSRPB/hr, range 0-0.51 0-0.06 0.34-6 NA NA
Supplemental oxygen NA 59 (69) 58 (68) NA 0.96"
Opioid intake NA 61(71) 60(71) NA 0.55°

H Obstructive Sleep Apnea, n (%) NA 10(12) 7(8) NA 0.46"

H Heart failure, n (%) NA 6(7) 12 (14) NA 0.13°

H Myocardial infarction, n (%) NA 2(2) 3(4) NA 0.64"¢
H Atrial fibrillation, n (%) NA 7(8) 8(9) NA 0.77°

H Hypertension, n (%) NA 34 (40) 52(61) NA <0.01°
H Coronary artery disease, n (%) NA 8(9) 15(18) NA 0.11°

H Pulmonary hypertension, n (%) NA 2(2) 3(4) NA 0.64"¢
H Stroke, n (%) NA 11(13) 15(18) NA 0.38°
Cardiovascular discharge diagnosis, n (%) NA 9(11) 21(25) NA 0.014°
Neurological/Neurosurgical, discharge diagnosis, n (%) NA 26 (30) 28 (33) NA NSP
Medical-Surgical, discharge diagnosis, n (%) NA 51(59) 36(42) NA 0.024°

Wilcoxon rank-sum test=a, Chi-square test=b, Fisher exact test=c. BMI=body mass index; CSRPB=Cheyne—Stokes Respiration Periodic Breathing; H=History; hr=hour;

ICU = Intensive Care Unit; Q = Quartile; n = Number; SD = Standard Deviation.

than Richards et al, who found that 34% of patients spent a minimum
of 0.1 min in CSR.'? These two very different prevalence rates are
likely explained by the different measurement units used (i.e., CSRPB
episodes/hours versus minutes spent in CSR) and the fact that the
algorithm used in our study combines both Cheyne—Stokes and Peri-
odic Breathing.

Remarkably, healthy participants experienced more CSRPB than
ICU patients in quartile 1. It is possible that ICU patients in quartile 1
experienced fewer CSRPB than the healthy participants because they
were receiving oxygen, which has been found to reduce CSR*’; or
because they were receiving opioids, which has been found to lower
the drive to breathe.”!

To our knowledge, this appears to be the first study to report an
association between CSRPB, measured from bedside monitoring ECG
data, and inpatient adverse outcomes among ICU patients. Specifi-
cally, ICU patients who experience higher rates of CSRPB (quartile 4)
experienced a higher rate of cardiorespiratory arrests and a compos-
ite variable of any adverse outcome when compared to ICU patients
with low rates of CSRPB (quartile 1). While not statistically different,
there was a trend for a higher rate of mortality among patients in the
fourth CSRPB quartile group. Additionally, ICU patients in the fourth
CSRPB quartile had longer length of ICU admission as compared to
ICU patients in quartile 1.

Not surprisingly, when analyzing the entire sample of 341 ICU
patients we found a trend showing that patients with a cardiovascu-
lar discharge diagnosis had a higher rate of CSRPB. In these patients, a
high CSRPB rate may be a consequence of poor ventricular function.
Altogether, heart and lung congestion, increased peripheral barore-
ceptor chemosensitivity, decreased carbon dioxide and oxygen stores,
and delayed circulatory time, may perpetuate cycles of over-ventila-
tion (hyperpnea) in response to low levels of carbon dioxide in the
blood and under-ventilation (hypopnea) in response to low levels of

Table 2

carbon dioxide in the blood.'® Patients with a high CSRPB rate experi-
ence more surges of sympathetic nervous system activity during
hyperpnea and arousal. The combination of increased sympathetic
nervous system activity, hypoxia and acute illness may potentiate
arrhythmias and adverse outcomes.'”

Our outcome results are in congruence with work from other
research teams who found sleep apnea to be associated with myocar-
dial infarction,*>** unstable angina,*?> arrhythmias,'? acute decom-
pensated heart failure,” and more recently with a discharge diagnosis
of acute coronary syndrome.”'°

There was also a trend showing that patients with a neurological/
neurosurgical discharge diagnosis had more CSRPB per hour than
patients with a medical-surgical discharge diagnosis; which may be
the result of injury to the pons** or cerebellum®>“® and impact the
breathing center. Consequently, this study supports findings that
abnormal breathing patterns, namely CSRPB, are found in ICU
patients with a neurological discharge diagnosis.** *°

Lastly, overall adverse outcomes were evenly distributed among
patients with cardiovascular, neurological/neurosurgical and medical-
surgical diagnosis, suggesting that the higher rate of CSRPB is associated
with adverse events, regardless of discharge diagnosis disposition.

Limitations

Though efforts were made to reduce error and bias, certain limita-
tions still exist. A major limitation to this study is that although this
research software has been used previously to derive CSRPB,'%>8 it
has not been validated with the gold standard, polysomnography.
Additionally, the study included a small sample size of adverse out-
comes. The variable of interest, CSRPB, was not normally distributed
among the ICU group; hence, the data were distributed into quartiles
and analyzed as such. Furthermore, because we excluded patients on

Adverse events and length of stay for ICU patients by CSRPB quartile. The last column shows the comparison between ICU quartile 1 versus ICU quartile 4

Adverse event in ICU Q1 Q2 Q3 Q4 Q1 vs Q4 p-value

n 86 85 85 85

Emergent intubation, n (%) 4(5) 3(4) 7(8) 8(9) 0.222P

Cardiorespiratory arrest, n (%) 0(0) 2(2) 0(0) 4(5) 0.042*°

In hospital mortality, n (%) 6(7) 4(5) 0(0) 8(9) 0.56%

Composite all, n (%) 7(8) 6(7) 7(8) 16(19) 0.041°

ICU length of stay, in hours, mean (£SD) 90(135) 111 (245) 92(101) 128 (220) 0.031¢
Chi-square Test = a, Fisher exact test = b; Wilcoxon Rank = c. CSRPB = Cheyne—Stokes Respiration Periodic Breathing; ICU = Intensive Care Unit; Q = Quartile; n = Number.
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mechanical ventilation, the results cannot be generalized to critically
ill patients who are mechanically ventilated. We did not measure
sleep nor did we perform visual assessment to confirm the presence
of CSRPB, rather we used an ECG derived method. CSRPB may occur
during wake or sleep, which may influence outcomes, but cannot be
examined from our study. Short and fragmented sleep may also con-
tribute to negative outcomes; hence, whether this factor contributed
to adverse outcomes cannot be determined from this study. A history
of obstructive sleep apnea was determined only by medical record
review. Because obstructive sleep apnea is often undiagnosed it is
possible some of the patients had this disorder. It is not uncommon
for CSRPB and obstructive sleep apnea to co-occur; however, we
were not able to differentiate these variables in this study. Finally the
ICU data were obtained in an academic hospital setting, in patients
with high acuity, and thus, it may not be representative of ICU units
not matching this setting.

Conclusion

In summary, the measurement of CSRPB derived from already
available continuous ECG waveform data in ICU patients is feasible.
There is an association between the average rate of CSRPB, cardiopul-
monary arrest, and the composite of any adverse event. Patients with
higher average rates of CSRPB also have longer ICU length of stay.

Additional research using a larger sample size is needed to better
understand the predictive value of CSRPB in the ICU setting. The value
of using CSRPB for early detection of patient deterioration also war-
rants further examination, ideally with a prospective randomized
clinical trial to determine whether monitoring this new parameter
would lead to early identification of impending cardiopulmonary
arrest, which may lead to improved patient outcomes.
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