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Abstract

Background Cardiac arrest (CA) survivors experience continuous exposures to potential traumas though chronic cognitive,
physical and emotional sequelae and enduring somatic threats (ESTs) (i.e., recurring somatic traumatic reminders of the
event). Sources of ESTs can include the daily sensation of an implantable cardioverter defibrillator (ICD), ICD-delivered
shocks, pain from rescue compressions, fatigue, weakness, and changes in physical function. Mindfulness, defined as non-
judgmental present-moment awareness, is a teachable skill that might help CA survivors cope with ESTs. Here we describe
the severity of ESTs in a sample of long-term CA survivors and explore the cross-sectional relationship between mindfulness
and severity of ESTs.

Methods We analyzed survey data of long-term CA survivors who were members of the Sudden Cardiac Arrest Foundation
(collected 10—11/2020). We assessed ESTs using 4 cardiac threat items from the Anxiety Sensitivity Index-revised (items
range from 0 “very little” to 4 “very much”) which we summed to create a score reflecting total EST burden (range 0-16). We
assessed mindfulness using the Cognitive and Affective Mindfulness Scale-Revised. First, we summarized the distribution of
EST scores. Second, we used linear regression to describe the relationship between mindfulness and EST severity adjusting
for age, gender, time since arrest, COVID-19-related stress, and loss of income due to COVID.

Results We included 145 CA survivors (mean age: 51 years, 52% male, 93.8% white, mean time since arrest: 6 years, 24.1%
scored in the upper quarter of EST severity). Greater mindfulness (B: -30, p=0.002), older age (B: -0.30, p=0.01) and longer
time since CA (B: -0.23, p=0.005) were associated with lower EST severity. Male sex was also associated with greater EST
severity (B: 0.21, p=0.009).

Conclusion ESTs are common among CA survivors. Mindfulness may be a protective skill that CA survivors use to cope
with ESTs. Future psychosocial interventions for the CA population should consider using mindfulness as a core skill to
reduce ESTs.
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Introduction

Cardiac arrest (CA) is the abrupt cessation of the heart’s
mechanical activity and effective circulation (Tsao et
al., 2022). CA abolishes blood flow to the brain, causing
hypoxic-ischemic brain injury (Sekhon et al., 2017).

Patients who are resuscitated from CA and recover con-
sciousness (“CA survivors”) experience continuous expo-
sures to potential traumas throughout their recovery and
survivorship (Gamper et al., 2004; Presciutti et al., 2021,
2022a; Sawyer et al., 2020; Wilder Schaaf et al., 2013).
First, they must contend with sudden losses in cognitive and
physical abilities from brain injury, which often become
chronic problems (Harrod et al., 2021; Moulaert et al., 2009;
Sawyer et al., 2020; Presciutti et al., 2022a). Second, they
often do not expect to experience these sequelae and are
unprepared to manage them when they occur (Sawyer et
al., 2016, 2020; Presciutti et al., 2022a). Third, they expe-
rience recurring traumatic, somatic reminders of their CA,
i.e., enduring somatic threats (ESTs; see Edmondson, 2014).
ESTs serve as reminders of the vulnerability of one’s body
and mortality (Meli et al., 2019), which are two issues that
are particularly present in the CA population (Bremer et al.,
2019; Sawyer et al., 2020). Sources of post-CA ESTs can
include the daily sensation of an implantable cardioverter
defibrillator (ICD) in those who received ICDs, ICD-deliv-
ered shocks, pain from rescue compressions, fatigue, weak-
ness, changes in physical function, sensitivity to changes
in heart rate, cognitive changes, and any other threatening
somatic reminder of the CA event (Pedersen et al. 2005;
Presciutti et al. 2022a; Qintar et al. 2015; Rosman et al.,
2015; Sawyer et al., 2016; Sawyer et al., 2020). While CA
survivors have discussed experiences that are consistent
with the EST model (see Presciutti et al. 2022a), no studies
have quantified the severity of ESTs post-CA.

Mindfulness can be defined as non-judgmental present-
moment awareness (Kabat-Zinn, 2003). Mindfulness is a
teachable skill that could be taught to CA survivors to cope
with ESTs. ESTs invasively distract survivors from the
present moment by way of threatening bodily reminders
of the CA (Edmondson et al., 2018). Practicing mindful-
ness, instead, may serve to reorient survivors to the pres-
ent moment. Indeed, in a previous analysis of the present
sample, greater mindfulness was associated with lower
emotional distress (Presciutti et al., 2022b). The relation-
ship between mindfulness and ESTs post-CA, however, has
not yet been explored.

The objective of this study was two-fold: first, to describe
the severity of ESTs in a sample of long-term CA survivors
(i.e., > l-year post-CA), and second, to test the hypothesis
that greater mindfulness is cross-sectionally associated with
lower EST severity in long-term CA survivors.

Methods

We analyzed follow-up survey data from long-term CA
survivors who were members of the Sudden Cardiac Arrest
Foundation (SCAF). The SCAF is a non-profit organiza-
tion that offers an online support group for CA survivors
and their families. Because the onset of the COVID-19
pandemic occurred after baseline administration but before
follow-up, we included COVID-19-related stress questions
in our follow-up survey. We also included measures captur-
ing ESTs and mindfulness during follow-up data collection
to identify future intervention targets. The primary variables
in this analysis were thus only collected at follow-up and
not available at baseline assessment.

We sent follow-up survey invitations via email to par-
ticipants with full baseline data (collected 10-11/2019;
N=169); 145 survivors provided sufficient data for the
present analysis (collected 10—11/2020). We developed and
deployed surveys using REDCap, a secure data capture
software. Further details on the original and follow-up sur-
vey can be found at Presciutti et al. (2020, 2022b). Our
study was approved by the Colorado Multiple Institutional
Review Board.

Measures
Survivor characteristics

In general, we opted to utilize brief measures to minimize
survey fatigue. At baseline, participants reported the follow-
ing characteristics: age at CA, sex, income (later categorized
as low: < $50,000, medium: $50,000-99,999, and high: >
$100,000), race, months since initial CA, comorbidities at
the time of the CA (which were then used to calculate the
Charlson Comorbidity Index [Charlson et al., 1987]), provi-
sion of targeted temperature management, and CA location
(out-of-hospital vs. in-hospital).

We assessed functional independence at both timepoints
via the Lawton Instrumental Activities of Daily Living scale
(Lawton & Brody, 1969), which we used to dichotomize
participants as functionally independent (8) or dependent
(< 8). Additionally, survivors reported on presence of ongo-
ing daily memory problems at both timepoints.

At follow-up we included a 5-point Likert scale rat-
ing of COVID-19-related stress: “On a scale from 1 to 5,
how much stress have you experienced as a result of the
COVID-19 pandemic; 1 =No stress, 5 =An extreme amount
of stress.” We also queried participants if they had experi-
enced a loss of income due to COVID-19 (both items cre-
ated by the first author).
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Enduring somatic threats

We assessed ongoing ESTs through the 4 cardiac threat
items from the Anxiety Sensitivity Index-revised (Peterson
& Reiss, 1993): “It scares me when my heart beats rapidly,”
“When my chest feels tight, I get scared that I won’t be able
to breathe properly,” “When I notice my heart skipping a
beat, I worry that there is something seriously wrong with
me,” and “When I feel pain in my chest, I worry that I’'m
going to have a heart attack or arrest.” We added “or arrest”
to the fourth item. Item ratings ranged from 0 “very little” to
4 “very much.” We summed the four items to create a total
EST score (range 0-16). Our approach to measuring ESTs
is consistent with a previous study that examined ESTs in
acute coronary syndrome patients (Meli et al., 2019).

Mindfulness

We assessed mindfulness using the Cognitive and Affec-
tive Mindfulness Scale-Revised (CAMS-R) (Feldman et
al., 2007). The CAMS-R is a 12-item scale (range 12—48);
items were summed for a total mindfulness score. Higher
scores reflect a greater tendency to live and act mindfully.
The CAMS-R has been used as a correlate of adjustment
(Feldman et al., 2007), in this case, adjustment to CA sur-
vivorship. The CAMS-R has been used in various clinical
populations, including neurocritical care (Choi et al., 2018;
Meyers et al., 2020; Shaffer et al., 2016; Vranceanu et al.,
2020), chronic pain (Greenberg et al., 2020), and neurofi-
bromatosis (Mace et al., 2021) and has been validated in
people living with HIV in Myanmar (Huang et al., 2021).

Statistical analysis

We summarized participant characteristics and outcomes
using descriptive statistics. In the absence of established
clinical cut-offs of the EST score, we presented partici-
pant characteristics based on each quartile of the EST score
(range 0-16): first (bottom) quarter (0-3), second quar-
ter (4-7), third quartile (8-11) and fourth (upper) quartile
(12-16).

We used linear regression to describe the relationship
between the CAMS-R and the EST score (continuous vari-
able) after adjusting for covariates. We took a data driven
approach to covariate selection by including those with
unadjusted associations with the EST score significant at a
level of p < 0.10. We explored these unadjusted associations
between all participant characteristics reported and EST
score for possible inclusion as covariates. We recognize that
the final model selected will need to be validated in future
studies.

@ Springer

Results

We included 145 CA survivors (mean age: 51 years, 52%
male, 93.8% self-identified as white, mean time since arrest:
6 years). Full details on survivor characteristics are pre-
sented in Table 1. The distribution of EST scores was as
follows: first (lower) quarter (0-3): 27.6%, second quarter
(4-7): 27.6%, third quarter (8—11): 20.6%, fourth (upper)
quarter (12—16): 24.1%.

Results of our adjusted regression are presented in
Table 2. Greater mindfulness was associated with lower
EST severity (B: -0.30, p=0.002). Older age (B: -0.30,
p=0.01) and greater time since the CA (-0.23, p=0.005)
were also associated with lower EST severity. Male sex was
associated with greater EST severity (B: 0.21, p=0.009).
Our model explained 39% of the variance in EST score.

Discussion

Our findings suggest that (1) ESTs are common post-CA
and (2) are inversely related to CA survivors’ levels of
mindfulness. Medical providers, including critical care pro-
viders and cardiologists, should be aware of the potential to
develop ESTs post-CA so that they can prepare survivors
and families accordingly during discharge planning and at
post-discharge follow-up.

Our study contributes to previous reports of CA survivors
that described experiences consistent with ESTs (Presciutti
etal.,2020a; Rosman etal., 2015; Sawyer etal., 2016). Here,
we provide quantitative support that a significant proportion
of CA survivors experience ongoing ESTs years after their
arrest. As these trauma cues are internal and recurring, they
may perpetuate emotional distress long after the initial CA.
Given this ongoing feedback loop, the experience of ESTs
may in part contribute to the high prevalence of emotional
distress post-CA (Gamper et al., 2004; Naber & Bullinger,
2018; Wilder Schaaf et al., 2013), though this would need
to be examined in a longitudinal design. Nevertheless, psy-
chosocial interventions for CA survivors should consider
targeting both emotional distress and ESTs early post-CA.

Given the inverse relationship between ESTs and mind-
fulness, future longitudinal study should examine if mind-
fulness is indeed protective of EST severity. Indeed, it is
possible that both constructs impact each other (e.g., greater
mindfulness may reduce the severity of ESTs AND experi-
encing less ESTs may make it easier to be more mindful).
Notably, however, previous interventions in ICD recipi-
ents that focused on mindfulness-based exercises were
efficacious in reducing anxiety and distress (Irvine et al.,
2011; Qintar et al., 2015). Still, identifying coping skills
to manage distress and enduring threats post-CA, such as



Journal of Behavioral Medicine (2023) 46:890-896 893

Table 1 Demographic and survivor characteristics

Demographics Total Sample Ist Qrtr EST 2nd Qrtr EST ~ 3rd Qrtr 4th Qrtr Scale
(N=145) (N=40) (N=40) EST EST Range
(N=30) (N=35)
Age at arrest, mean + SD? 51.3+11.5 54+10.9 51.7+104 52.8+10.5 459+13.2
Gender—Male, % (n) 52.4 (76) 35(14) 50 (20) 533 (16) 74.3(26)
Race, % (n)
-White 93.8 (136) 95 (38) 95 (38) 90 (27) 94.2 (33)
-Non-white 6.2(9) 52 52 10 (3) 5.8(2)
Income, % (n)
-Low (<$50,000) 13.8 (20) 7.5(@3) 15 (6) 133 (4) 20 (7)
-Medium ($50,000 - $99,999) 26.9 (39) 27.5(11) 30 (12) 20 (6) 28.6 (10)
-High (>$99,999) 56.5(82) 62.5 (25) 50 (20) 66.7 (20)  48.6(17)
-Did not disclose 2.8(4) 2.5(1) 5(2) 0(0) 2.8 (1)
Survivor Characteristics
Pre-arrest Charlson Comorbidity Index®, median (IQR®) 1 (0-2) 1 (0-2.5) 1(0-2) 1(0-2) 0(0-1.25) 0-37
Out-of-hospital arrest, % (n) 85.5(124) 90 (36) 87.5(35) 80 (24) 82.9 (29)
Targeted temperature management, % (n) 35.9(52) 32.5(13) 37.5 (15) 30 (9) 42.9 (15)
Implantable cardioverter-defibrillator placed, % (n) 63.4 (92) 62.5 (25) 57.5(23) 60 (18) 74.3 (26)
Discharge Disposition, % (n)
- Acute rehab/long-term acute care facility (>3 h of 34(5) 2.5(1) 2.5(1) 6.7 (2) 29()
therapy per day)
- Subacute rehab (1 h of therapy per day) 2.1(3) 5(2) 2.5(1) 0(0) 0(0)
- Home with in-home therapy 5.5(8) 0(0) 7.503) 10 (3) 5.72)
- Home with out-patient therapy 14.5 (21) 10 (4) 15 (6) 33.3(10) 29(1)
- Home without in-home or outpatient therapy 64.8 (94) 72.5(29) 55(22) 46.7 (14) 82.9(29)
- Unsure 9.6 (14) 10 (4) 17.5(7) 6.6 (2) 2.8(1)
Months since arrest, mean =+ SD, (IQR) 72.5+48.4 87.5+65.2 79.7+42 49.1+£43.5 67.1+40.6
(37.5-101.5) (37.5-129.75)  (43.75-118.75) (30.75— (40-93)
64.25)
COVID-19-related stress, mean + SD 2.8+1 24409 2.8+0.9 3+1.2 3+0.9 1-5
Loss of income due to COVID-19, % (n) 15.2 (22) 5) 20 (8) 13.3 (4) 22.9 (8)
Self-reported presence of daily memory problems, % (n)  46.9 (68) 22.509) 50 (20) 56.7(17)  62.9(22)
Functional dependence®, % (n) 15.9 (23) 12.5(5) 22.5(9) 20 (6) 8.6 (3)
Enduring somatic threat score’, mean + SD 7+4.9 1.1+£0.9 53x1.1 92+1.1 13.7+1.6 0-16
-First quarter (0-3), %, (n) 27.6 (40)
-Second quarter (4-7), % (n) 27.6 (40)
-Third quarter (8-11), % (n) 20.6 (30)
-Fourth quarter (12-16), % (n) 24.1 (35)
Enduring somatic threat score items, mean +SD 04
- “It scares me when my heart beats rapidly” 2+1.4 0.4+0.6 1.8+0.9 2.7+0.8 3.7+0.5
- “When my chest feels tight, I get scared that I won’t 1.5+1.3 0.1+0.3 0.9+0.7 1.9+0.8 3.1+0.9
be able to breath properly”
- “When I notice my heart skipping a beat, I worry that 1.8+1.4 04+0.5 14+1.1 25+1 33+1
there is something seriously wrong with me”
- “When [ feel pain in my chest, I worry that I’'m going 1.7+1.4 0.3+0.6 1.1+£0.7 22+09 3.6+0.6
to have a heart attack or arrest.”
Mindfulness score® mean, + SD 348+7.2 40.1+5.7 347+7.7 32.1+5.6 313+64 12-48
Note:

#Standard Deviation

"Based on Charlson Comorbidity Index (range 0-37). Higher scores = great comorbidity severity.

“Interquartile Range

9Based on 5-point Likert scale (range 1-5). Higher scores = greater COVID-19-related stress

°Functional dependence based on a Lawton Instrumental Activities of Daily Living score of <8.

fBased on enduring somatic threat severity score (scale range 0—16). Higher scores =more severe enduring somatic threat.

¢Based on Cognitive and Affective Mindfulness Scale-Revised (scale range 12—48). Higher scores = greater mindfulness.

@ Springer



894

Journal of Behavioral Medicine (2023) 46:890-896

Table 2 Associations with Enduring Somatic Threat Severity

Variable Enduring
Somatic
Threat®
B [95% CI]
(p-value)
Mindfulness® -0.30 [-0.50,
-0.12] (0.002)
Age at arrest -0.30 [-0.55,
-0.08] (0.01)
Male sex 0.21 [0.05,
0.37] (0.009)
Months since arrest -0.23 [-0.38,
-0.07] (0.005)
Ongoing experience of daily memory problems 0.09 [-0.08,
0.26] (0.30)
Pre-arrest comorbidity severity® 0.06 [-0.16,
0.28] (0.60)
COVID-19 stress 0.02 [-0.15,
0.19] (0.81)
Loss of income due to COVID-19 0.07 [-0.09,
0.22](0.41)
Total R 0.39

Note: All included variables had a significant unadjusted association
with the enduring somatic threat severity score at p <0.10.

# = Based on enduring somatic threat severity score (scale range
0-16). Higher scores =more severe enduring somatic threat.

= Based on Cognitive and Affective Mindfulness Scale-Revised
(scale range 12—48). Higher scores = greater mindfulness.

¢ = Based on Charlson Comorbidity Index (range 0-37). Higher
scores = great comorbidity severity.

4= Based on 5-point Likert scale (range 1-5). Higher scores = greater
COVID-19-related stress

mindfulness, is necessary to inform psychosocial interven-
tions for the CA population. Other coping skills, including
cognitive restructuring, problem solving, relaxation induc-
tion, and effectively utilizing social support have already
shown promise in ICD recipients, and should be considered
in future CA-specific interventions (Berg et al., 2020; Irvine
et al., 2011; Qintar et al., 2015). As more people are surviv-
ing CA now than ever before, it is critical to turn toward
addressing emotional distress in this population (Sawyer et
al., 2020).

The relationships between age, time since arrest, sex, and
EST severity also merit attention. Experiencing a CA may be
more surprising and traumatic for younger survivors, given
their lower likelihood of experiencing major medical events.
Consistent with this finding, a previous study of CA survi-
vors also showed that younger survivors were more likely
to experience cardiac-related anxiety (Rosman et al., 2015).
As survivors get older, and more time passes, their sensitiv-
ity to ESTs may wane, though this needs to be confirmed by
continued study. Curiously, there was a significant associa-
tion between male sex and greater EST severity, when com-
pared to females. This contrasts with other conditions with
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similar recovery trajectories including stroke (Morrison et
al., 2005) and ICD recipients (Spindler et al., 2009). This
finding may be related to the recruitment source such that
SCAF membership is opt-in and may attract survivors who
are more likely to endorse and/or experience emotional dis-
tress than those consecutively enrolled in a medical setting.

Limitations

Our study has limitations. First, our convenience sample
predominantly self-identified as white, experienced good
neurologic recovery, and were all SCAF members, which
limits the representativeness of our findings. Indeed, SCAF
members are likely more exposed to survivorship topics,
such as mindfulness and ESTs, than the average CA survi-
vor, and may have had an availability bias in their response
pattern to our study’s measures. Second, we did not collect
pharmacological or CA clinical characteristics typically
extracted from medical records, which both may have been
relevant for better understanding ESTs post-CA. To that
end, our model explained only 39% of the variance in ESTs,
suggesting a need to identify additional contributors to
post-CA ESTs. Third, in the absence of an established EST
measure, we instead utilized the four cardiac threat items
from Anxiety Sensitivity Index, following the method of a
previous study of EST in acute coronary syndrome patients
(Meli et al., 2019). Lastly, given that this study was cross-
sectional, we cannot discern the direction of the relationship
between mindfulness and EST severity. Future study should
examine the longitudinal relationship of mindfulness and
ESTs post-CA.

Conclusion

ESTs are common in a sample of long-term CA survivors.
Mindfulness may be a potential protective skill that CA sur-
vivors can use to cope with ESTs, though this must be con-
firmed in longitudinal study. Identifying effective coping
skills, like mindfulness, is necessary to inform interventions
for trauma and distress post-CA.
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