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A B S T R A C T

Background: Congestion is a common cause of symptoms in heart failure (HF). Yet, intrathoracic impedance,
an objective marker of cardiopulmonary congestion, has not been examined in relation to HF symptoms.
Objective: To determine whether device-detected cardiopulmonary congestion is a predictor of physical and
psychological symptoms and health-related quality of life (HRQOL) in adults with HF over 3 months.
Methods: Multivariate generalized linear modeling was used to quantify the association of cardiopulmonary
congestion (Optivol

�
Index exceeding 60 V threshold) with HRQOL (12-item Kansas City Cardiomyopathy

Questionnaire) and both physical symptoms (Functional Assessment of Chronic Illness Therapy-Fatigue
Scale; HF Somatic Perception Scale Dyspnea and Early & Subtle Symptoms subscales) and affective symptoms
(9-item Patient Health Questionnaire; 6-item Patient-Reported Outcomes Measurement Information System
Anxiety Scale).
Results: The mean age of the sample (n = 49) was 62 years old, 39% were women, and 63% had NYHA class III/
IV HF. Participants who experienced threshold crossings in the previous 90 days reported on average, 130%
higher dyspnea (p = 0.017; confidence interval (CI) 10.2%, 437%), 40% higher early & subtle symptoms
(p = 0.029; CI 3.4%, 89.7%), 106% higher depressive symptoms (p = 0.003; CI 19.1%, 257%) and 40% higher anxi-
ety (p = 0.028; CI 3.7%, 89.1%). Threshold crossings in the previous 90 days were also significantly associated
with a clinically meaningful decrease in HRQOL (b =¡16.16§ 6.32; p = 0.01).
Conclusions: Intrathoracic impedance measured with the Optivol Index can provide additional information
regarding the patient experience of hallmark physical and psychological HF symptoms and HRQOL over
3 months.

© 2018 Elsevier Inc. All rights reserved.
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Introduction

Heart failure (HF) is a distressing cardiovascular syndrome that is
continuing to increase in prevalence in the US. Currently, 6.5 million
Americans are diagnosed with HF and that number is projected to
increase by 46% by 2030.1 In spite of recent improvements in medical
management and technological advances in the treatment of HF,
patients with HF continue to experience poor quality of life due to
distressing symptoms such as dyspnea, fatigue, depression and anx-
iety,2�4 and HF remains the leading cause of hospital admission for
older adults.

Cardiopulmonary congestion resulting from fluid overload and
elevated pressures in the heart is a common cause of symptoms and
it is a primary reason for HF hospitalization.5�7 Remote monitoring of
pulmonary congestion has been introduced into implantable defibril-
lator/pacemakers that many patients with HF receive. This device-
detected congestion has been associated with increased HF events
and worse mortality.8,9 One area of study that has received little
attention with this technology is the association between device-
detected cardiopulmonary congestion and patients’ experience of
physical and psychological symptoms. Patient-reported physical and
psychological symptoms in HF are key drivers for healthcare utiliza-
tion and quality of life.6,10,11 However, patients are often limited in
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their ability to recognize and respond to symptoms (i.e. self-care
management).12,13 These limitations include 1) difficulty in identify-
ing the symptoms as related to HF especially in the presence of multi-
ple co-morbidities,14 2) symptoms that are subtle and difficult to
detect15 and 3) late recognition of symptoms.12

Further complicating the identification of symptoms for patients
and clinicians is a dearth of objective markers of heart function
related to patient HF symptoms.16�20 For patients, daily weights are
poorly associated with clinical deterioration21 and for clinicians few
hemodynamic indicators of HF are related to symptoms.16 In a recent
study, Lee et al.22 describes multiple groups with differing profiles of
hemodynamic-symptoms mismatch. One group of HF patients expe-
rienced very poor hemodynamics with only moderate levels of physi-
cal and psychological symptom burden and exhibited an increased
clinical event risk compared to patients whose hemodynamics and
symptoms were congruent. This study, along with evidence of patient
difficulty identifying and managing symptoms, highlights the need to
find better methods to monitor physical and psychological symptoms
both as an indicator of progressing HF and as a means to improve
patient-reported outcomes such as symptoms and HRQOL. The pur-
pose of this study is to determine whether device-detected cardiopul-
monary congestion over 3 months is a predictor of physical and
psychological symptoms and health-related quality of life (HRQOL) in
adults with HF. A better understanding of how an objective measure
of worsening HF is associated with symptoms and HRQOL may
enhance more patient-specific interventions; reducing costly read-
mission and improving quality of life.

Materials and methods

This was a National-Institutes of Health-sponsored observational
study examining 3 months of device-detected cardiopulmonary con-
gestion data in 49 adult patients with symptomatic HF. Patients from
a HF clinic associated with an academic medical center in the Pacific
Northwest were identified by their cardiologist as having symptom-
atic HF (NYHA Class II-IV) and an Optivol

�
(Medtronic, Minneapolis)

enabled device. Between January 2017 and December 2017, identified
patients were approached at a pacemaker/ICD clinic visit by a mem-
ber of the research team not directly involved with HF care for partic-
ipation in the study. Additional inclusion criteria were the ability to
read 5th grade English or Spanish and be reachable by telephone.
Exclusion criteria included major surgical procedures or hospitaliza-
tion within 6 weeks which may interfere with impedance, a heart
transplant or implantation of ventricular assist device,
Fig. 1. Optivol
�
fluid index threshold crossings occur when Optivol

�
fluid index exceeds 60

precise number and duration of the threshold crossings were determined.
documentation of a major psychiatric illness or major and uncor-
rected hearing impairment. The study was approved by the medical
center institutional review board and all participants were provided
written and informed consent. At enrollment, the prior 3 months of
device data were downloaded and a questionnaire was completed
either during the visit or by mail per the participants’ preference. The
questionnaire collected data on demographic, socioeconomics and
information asking patients to evaluate their HF symptoms and
HRQOL over the past 3 months. In addition, an assessment of cogni-
tive function was administered at the time of enrollment. Clinical
information regarding the patient’s HF treatment and co-morbidities
were obtained from an in-depth review of the participants’ medical
record at the time of enrollment.

Measurement

Device-detected cardiopulmonary congestion

Cardiopulmonary congestion was quantified using data that is
already generated and stored in patients’ implanted Optivol

�
thera-

peutic devices. Devices send a high frequency, low amperage, alter-
nating current from the device generator to the right ventricular coil,
tip, or ring electrode to measure changes in electronic resistance.
Increasing congestion within the lungs results in a reduction in the
resistance/impedance to the electronic current.23,24 Average raw
daily impedance is quantified and stored in the device computer; raw
average daily impedance is calculated in an identical fashion among
all commercially-available Optivol

�
devices. Post-hoc, several metrics

of congestion are calculated including the Optivol
�
fluid index, which

represents day-to-day differences between impedance and a refer-
ence impedance threshold of 60 V days (Fig. 1). In our study as well
as others,25,26 an Optivol

�
Index exceeding the 60 V threshold consti-

tutes a “threshold crossing”, an indicator of a cardiopulmonary con-
gestion event. The data extracted from the devices included the
frequency and duration of all threshold crossings in the previous 3
months. Device data is collected beginning 34 days after implantation
as pocket healing interferes with impedance.

Physical symptoms

Fatigue was measured using the Functional Assessment of Chronic
Illness Therapy Fatigue Scale (FACIT-F v. 4).27 The FACIT-F assesses
patients’ tiredness, weakness, and difficulty conducting usual activi-
ties due to fatigue.27,28 Scores of the 13 items range from 0�52 with
V days. Threshold crossings are indications of a cardiopulmonary congestion event. The
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higher scores indicating more fatigue. The FACIT-F has excellent con-
cordant validity with the Piper fatigue scale (r = 0.83) and Profile of
Mood States fatigue scale (r = 0.77).29 The scale has also good reliabil-
ity and validity in adults.30

Dyspnea was measured with the 6-item dyspnea subscale of the
Heart Failure Somatic Perception Scale (HFSPS Dyspnea).31 The HFSPS
is rooted in the Theory of Unpleasant Symptoms which posits that
the patient’s physiology and multiple symptoms are important fac-
tors in the symptom experience.32 The HFSPS asks about how much
the participant was bothered by HF symptoms related to shortness of
breath or other breathing difficulties and provides six response
options ranging from 0 (not at all) to 5 (extremely bothersome). The
HFSPS dyspnea has excellent internal consistency (alpha = 0.89) con-
cordant validity with the KCCQ functional limitations scale (r = 0.53)
and independently predicts HF-related clinical events (per point
HR = 1.031, p = 0.031).32

Early and Subtle symptoms were measured with the 7-item early
and subtle subscale of the HFSPS (HFSPS E&S).32 The HFSPS asks about
how much the participant was bothered by HF symptoms that can
occur prior to more noticeable symptoms such as dyspnea and
fatigue. For example, the HFSPS E&S asks patients to rate how much
they were bothered by tight clothing, stomach ache, waking to uri-
nate and needing more rest during the day. The HFSPS E&S provides
six response options ranging from 0 (not at all) to 5 (extremely both-
ersome). The HFSPS E&S has good internal consistency (alpha = 0.75)
moderate concordant validity with the KCCQ functional limitations
scale (r = 0.39) and independently predicts HF-related clinical events
(per point HR = 1.030, p = 0.028).32

Psychological symptoms

Depressive symptoms were measured using the 9-item Patient
Health Questionnaire (PHQ9). The PHQ9 has 4 response options rang-
ing from 0 (not at all) to 3 (nearly every day).33 Higher scores (range
0�27) indicate more depression. The PHQ9 has been validated in the
HF population. The PHQ9 is 87% sensitive and 76% specific in detect-
ing depressive disorder in the general population.34

Symptoms of anxiety were measured with the 6-item patient
reported outcomes measurement information system (PROMIS) short
form anxiety scale. The PROMIS anxiety SF-6 asks respondents to rate
level of fear, anxiousness and worry with 5 response options of never,
rarely, sometimes, often, always (scale of 1¡5). A raw score is calcu-
lated by summing the 6-items with a range of 6�30. Raw scores corre-
spond to T-scores based on large nationally representative samples.35

Cognitive dysfunction

Cognitive dysfunction was measured with the Montreal Cognitive
Assessment (MoCA). The MoCA assesses a number of cognitive func-
tions including short-term verbal memory recall, visuospatial ability,
executive function, attention, concentration, working memory, lan-
guage, and orientation. The MoCA has been shown to be sensitive
and specific to mild cognitive function with a cut-off score of <26
and has been used in patients with HF.36,37 The MoCA was assessed in
person following the detailed instructions and no patients were
excluded from the study based on the MoCA score.

Health-related quality-of-life

Heart failure-specific health-related quality of life was measured
with the Kansas City Cardiomyopathy Questionnaire Short Version
(KCCQ-12). The KCCQ-12 is a 12-item Likert scale comprised of 4 sub-
scales; symptom frequency, physical and social function and quality-
of-life. Scores range from 0�100 with higher scores reflecting better
function. A KCCQ-12 summary score is created by calculating the
mean of the 4 sub-scores. The KCCQ-12 has excellent concordant
validity (0.93�0.99) with the original well-validated and reliable
item measure and good test-re-test reliability (0.76�0.92).38 The use
of the KCCQ-12 assess multiple aspects of HF-specific HRQOL (quality
of life, symptom frequency, physical and social function) that are not
measured with the physical symptom instruments.
Statistical procedure

Means, standard deviations, frequency, and percentages were used
to describe the sample using Stata/IC v14.2 (Texas). The Student’s t test,
Mann-Whitney U, analysis of variance (ANOVA), Kruskal-Wallis test,
Chi-square or Fischer’s exact tests were used to examine differences
between participants with no threshold crossings and those with vary-
ing frequency and duration of threshold crossings over the previous 3
months. Two different variables were created to describe the Optivol

�

threshold crossings in this study. One described the presence (or not) of
a threshold crossing in the previous 90 days and to paint a broader pic-
ture of the variability in congestion the second was a categorical vari-
able with one group having no days above threshold and the following
two groups split by the median days above the Optivol

�
Index thresh-

old. Given some of the symptom and HRQOL variables were modestly
skewed, both parametric and non-parametric tests were used to evalu-
ate the differences between the frequency and duration of threshold
crossings. Since the levels of significance between the parametric and
non-parametric tests were similar, the parametric tests (t tests and
ANOVA) were used to describe the differences in symptoms and HRQOL
as a function of threshold crossings. Hedge’s g was calculated to deter-
mine effect sizes between the presence or duration of threshold cross-
ing and symptoms and HRQOL. Generalized linear modeling using
either a gamma or normal distribution, depending on the shape of these
data, was used to quantify the association of cardiopulmonary conges-
tion (Optivol

�
Index exceeding 60 V threshold) with HRQOL and physi-

cal and psychological symptoms. The log likelihood and AIC were used
to compare models with lower values indicative of better fit. A
p-value< 0.05 was considered significant. For HRQOL models, estimates
are in units of the KCCQ summary score. In order to facilitate compari-
sons across symptoms, the relative difference in symptoms are reported
for differing levels of the presence and duration of threshold crossings.
The relative differences are reported as a percentage increase or
decrease in the symptom score compared to the referent (0 threshold
crossings and 0 days above threshold). Post-hoc calculations of observed
statistical power exceeded 80% for HRQOL and depressive symptom
models. Observed statistical power was 32%, 48% and 67% respectively
for fatigue, dyspnea and anxiety models.

In order to avoid oversaturation of multivariate models due to small
sample sizes, a limited number of covariates were identified using an
empirical/theoretical approach. Covariates significantly different
between those with threshold crossing and none (empirical) as well as
variables shown by others to be significantly associated with HRQOL or
symptoms from the literature were included to adjust the analyses. Spe-
cifically, NYHA class11,39 for HRQOL models and comorbidities40,41 for
symptom models were used as the theoretical covariates. New York
Heart Association class was not used as a covariate in the symptom
models to avoid overlap in symptoms assessed with NYHA class and
symptoms measured in the current study (fatigue and dyspnea).
Results

Participants in the study were on average 62§ 13.5 years old, pre-
dominantly white (86%), and married or living with their partners
(63%) (Table 1). Women comprised 39% of the sample. Most partici-
pants had moderate to severe functional limitation due to HF (63%
NYHA III/IV) and a non-ischemic HF etiology (80%).



Table 1
Characteristics of the sample

Threshold (TH) crossings

Sample (n = 49) +TH crossing (n = 22) ¡TH crossing(n = 27) p value

Age (in years) 62.4§ 13.5 63.0§ 13.1 62.0§ 14.0 0.801
Female 19 (38.8) 10 (45.5) 9 (33.3) 0.386
Caucasian 42 (85.7) 20 (90.9) 22 (81.5) 0.624
Educational status

High School or less 15 (30.6) 6 (27.3) 9 (33.3) 0.659
Financial status

More than enough 8 (17.4) 3 (13.6) 5 (18.5) 0.429
Marital status

Married or living with partner 31 (63.3) 14 (63.6) 17 (63.0) 0.961
Charlson co-morbidity category

low (score of 1 or 2) 27 (55.1) 9 (40.9) 18 (66.7)
medium (score of 3 or 4) 17 (34.7) 10 (45.5) 7 (25.9)
high (score of 5 or more) 5 (10.2) 3 (13.6) 2 (7.4) 0.174

BMI 30.9§ 6.7 31.0§ 5.6 30.8§ 7.6 0.914
MOCA 25.8§ 2.3 25.5§ 2.6 26.0§ 2.2 0.473
Heart failure characteristics:
NYHA III/IV 31 (63.3) 15 (68.2) 16 (59.2) 0.519
Ejection Fraction % 33.8§ 14.2 29.4§ 14.1 37.4§ 13.4 0.048
LVID 5.8§ 1.2 5.9§ 1.1 5.8§ 1.3 0.856
Primary etiology

Ischemic 10 (20.4) 7 (31.8) 3 (11.1) 0.090
Systolic BP 113.6§ 15.3 112.9§ 13.9 114.2§ 16.6 0.763
Aldosterone antagonist 28 (57.1) 11 (50.0) 17 (63.0) 0.362
Diuretic 39 (79.6) 19 (86.4) 20 (74.1) 0.288
ACE/ARB 43 (87.8) 17 (77.3) 26 (96.3) 0.077
Beta blocker 46 (93.9) 20 (90.9) 26 (96.3) 0.581
Hemoglobin 90.013.3§ 2.0 13.5§ 1.8 13.1§ 2.1 0.722
Serum sodium 138.0§ 3.1 138.5§ 3.0 137.5§ 3.2 0.143
Years with HF

>7 years 24 (49.0) 15 (68.2) 10 (37.0) 0.030

Sample characteristics comparing those with a threshold crossing (+) to those with no threshold crossings in the previous 90 days (¡). Threshold crossing = exceeding the 60 V

Opitvol
�
Index threshold in the 3 months prior to study enrollment. Abbreviations: ACE/ARB - angiotensin converting enzyme inhibitor/angiotensin receptor blocker, BMI � body

mass index, HF - heart failure, LVID- left ventricular internal diameter MOCA �Montreal cognitive assessment, NYHA - New York heart association functional class.

Table 2
Unadjusted differences in HF symptoms and Health-related Quality-of-life (HRQOL) as a function of the presence and duration of TH-threshold

A . Presence of threshold crossing in previous 90 days

TH crossings Effect size

Sample (n = 49) + TH crossing (n = 22) ¡TH crossing(n = 27) p value Hedge’s g

Symptoms:
Fatigue 20.3§ 11.7 22.9§ 13.6 18.3§ 9.8 0.210 0.39
Dyspnea 7.4§ 6.7 9.4§ 7.5 6.0§ 5.7 0.102 0.51
Early/Subtle 13.3§ 5.8 14.7§ 6.6 12.1§ 4.8 0.140 0.44
Depressive 7.3§ 5.8 9.3§ 7.4 5.8§ 3.6 0.061 0.62
Anxiety 12.3§ 5.8 12.8§ 6.4 11.9§ 5.4 0.644 0.39
HRQOL (KCCQ summary score) 55.39§ 20.0 49.7§ 20.3 59.8§ 18.8 0.091 0.51

B. Duration of threshold crossings in previous 90 days

Duration of TH crossings Effect size

0 days (n = 27) 4¡22 days (n = 11) 23¡56 days (n = 11) p value Hedge’s g (0 vs 4�22 days) Hedge’s g (0 vs 23�56 days)

Symptoms:
Fatigue 18.3§ 9.8 25.4§ 13.25 20.4§ 14.1 0.270 0.64 0.18
Dyspnea 6.0§ 5.7 10.7§ 8.5 8.0§ 6.5 0.156 0.71 0.34
Early/Subtle 12.1§ 4.8 16.4§ 6.0 13.1§ 6.4 0.139 0.77 0.17
Depressive 5.8§ 3.6 9.8§ 8.4 8.8§ 6.7 0.119 0.74 0.64
Anxiety 11.9§ 5.4 14.7§ 7.6 10.8§ 4.5 0.292 0.45 0.21
HRQOL (KCCQ summary score) 59.8§ 18.8 43.9§ 20.5 54.4§ 19.7 0.114 0.81 0.28

Effect sizes in 2B show the mean comparisons between 0 days and 4�22 days above threshold and 0 days above threshold and 23�56 days above threshold. Threshold cross-
ing = exceeding the 60 V Opitvol

�
Index threshold in the 3 months prior to study enrollment. Abbreviations: KCCQ-Kansas City Cardiomyopathy Questionnaire, HF-heart failure,

HRQOL-health-related quality of life, TH-threshold crossing.
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Table 3
Generalized linear models of objective marker of cardiopulmonary congestion associ-
ated with health-related quality of life (KCCQ) in patients with HF

A. KCCQ summary score b§ Standard error p value

Threshold crossing ¡11.78§ 5.08 0.020
>7 years with HF 9.99§ 4.89 0.041
NYHA III/IV ¡23.92§ 5.09 <0.001
LVEF ¡0.11§ 0.19 0.539

B. KCCQ Summary Score b§ Standard error p value

<median days above threshold (4�22 days)1 ¡16.16§ 6.32 0.011
�median days above threshold (23�56 days)1 ¡7.90§ 6.05 0.193
>7 years with HF 9.32§ 4.90 0.057
NYHA III/IV ¡23.76§ 5.07 <0.001
LVEF ¡0.11§ 0.19 0.562

Estimates are in units of the KCCQ summary score. Higher values indicate better
HRQOL. An empirical and theoretical approach was used to identify model covariates
for adjusted analysis. Empirical covariates were shown to be significantly different
between those with and without threshold crossings (years of HF and LVEF) in the cur-
rent study. The theoretical covariate was NYHA class, which has been shown by others
to be consistently associated with HRQOL in HF. Threshold crossing = exceeding the
60 V Optivol

�
Index threshold in the 3 months prior to study enrollment. Abbrevia-

tions: HF-heart failure, KCCQ-Kansas City Cardiomyopathy Questionnaire, LVEF = left
ventricular ejection fraction, NYHA-New York Heart Association.
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A slight majority (55%) of the sample did not have a threshold
crossing in the previous three months from enrollment. Having� one
threshold crossing in the previous three months was significantly
associated with lower ejection fraction and longer duration of HF
(Table 1). There were no statistically significant diffeernces in physi-
cal and psychological symtpoms comparing patients with and with-
out threshold crossings (Table 2A), or among patients with 0, 4�22 or
23�56 days above threshold (Table 2B) in the previous 90 days.

In multivariate models, the presence of at least one threshold
crossing and a duration of 4�22 days above threshold were associ-
ated with worse HRQOL (Table 3). Adjusted multivariate models of
physical and psychological symptoms showed that dyspnea, early &
subtle, depressive and anxiety symptoms were significantly worse
for those who experienced threshold crossings or had threshold
crossings between 4 and 22 days (Table 4). Only depressive symp-
toms were also significantly worse for participants with threshold
crossing of 23 days or more.

Discussion

In this prospective observational study of 49 patients with symp-
tomatic HF and Optivol

�
-enabled pacemarker/ICDs, we found that the
Table 4
Generalized linear models of an objective marker of cardiopulmonary congestion associated

A. HF symptoms Fatigue Relative Dyspnea Relative
difference (95% CI) difference (95% CI)

Threshold crossing +34.7% (¡6.0%, 93.1%) +130% * (15.8%, 356%)

B. HF symptoms Fatigue Relative Dyspnea Relative
difference (95% CI) difference (95% CI)

<median days above
threshold (4�22 days)

+47.3% (¡1.8%, 121%) +143% * (10.2%, 437%)

�median days above
threshold (23�56 days)

+15.3% (¡28.0%, 84.6%) +114% (¡6.60%, 390%)

In order to facilitate comparisons across symptoms, the relative difference in symptoms are r
ative differences are reported as a percentage increase or decrease in the symptom score c
identify model covariates for adjusted analysis. Empirical covariates were shown to be signi
LVEF) in the current study. The theoretical covariate was co-morbidities, which has been
ing = exceeding the 60 V Optivol

�
Index threshold in the 3 months prior to study enrollme

LVEF = left ventricular ejection fraction, NYHA-New York Heart Association.
* <0.05,
** �0.01.
presence and duration of a device-detected cardiopulmonary congestion
event in the previous 3 months was associated with higher physical and
psychological symptom burden and worse HRQOL. Highlighting the
need to better understand objective indicators of HF symptoms, a recent
study by Riegel et al.42 showed that the perception of fluid retention in
44% of patients with symptomatic HF did not match objective measures
of fluid congestion with the Optivol

�
Index. The results of our study, on

the other hand, with a larger sample shows a strong relationship
(Hedge’s g as high as 0.82) between both physical and psychological
symptoms and threshold crossings of the Optivol

�
Index. This study

adds to our understanding of HF symptomology by identifying an objec-
tive measure of HF pathophysiology associated with worse hallmark HF
symptoms and HRQOL. Furthermore, our study suggests monitoring of
intrathoracic impedance may be a valuable tool in addressing symptom
burden and quality of life in patients with symptomatic HF.

Intrathoracic impedance, quantified using the Opitvol Index, has
been used to detect fluid retention events in patients with HF.42

Although lower intrathoracic impedance (higher Optivol
�
Index) has

been associated with less engagement in HF self-care behaviors,
higher clinical event risk and mortality, our study demonstrated a sig-
nificant relationship between intrathoracic impedance and patient-
reported outcomes of physical and psychological HF symptoms and a
clinically meaningful difference in HRQOL.8,26 Thus, this is an impor-
tant finding in our understanding of symptom biology in HF. First,
physical symptoms such as dyspnea are the primary reasons patients
with HF seek care.6 Physical and psychological symptoms are also sig-
nificant drivers of HRQOL. Furthermore, patients often delay seeking
treatment for worsening symptoms due to difficulty in the detection
or interpretation of symptoms.15 Since the Optivol data can be
reviewed by providers prior to or during clinical visits, our data sug-
gests assessment of the Optivol

�
Index by clinicians may provide

additional information regarding underlying changes in physiology
that may portend worsening symptoms and allow for earlier detec-
tion and treatment of worsening HF, particularly in patients who may
struggle to detect or report their symptoms. In other words, remotely
reviewing trends in impedance data may earlier identify patients
experiencing worsening congestion and potentially worse symptoms.
Alternatively, reviewing impedance data as part of the HF clinic visit
may elucidate previous episodes of congestion and symptoms that
may provoke further discussion regarding symptoms burden and
patient self-management difficulties that may have gone unad-
dressed.

Second, our study suggests intrathoracic impedance may not be a
reliable indicator of fatigue in HF. Cardiopulmonary congestion
with patient-reported symptoms

Early/Subtle Relative Depressive Relative Anxiety Relative
difference (95% CI) difference (95% CI) difference (95% CI)

+25.0% (¡5.4%, 65.1%) +95.0% ** (25.9%, 202%) +20.0% (¡9.3%, 59.0%)

Early/Subtle Relative Depressive Relative Anxiety Relative
difference (95% CI) difference (95% CI) difference (95% CI)

+40.0% * (3.4%, 89.7%) +83.9% * (6.40%, 218%) +40.1% * (3.7%, 89.1%)

+10.2% (¡21.9%, 55.5%) +106% ** (19.1%, 257%) ¡1.0% (¡32.2%, 44.5%)

eported for differing levels of the presence and duration of threshold crossings. The rel-
ompared to 0 threshold crossings. An empirical and theoretical approach was used to
ficantly different between those with and without threshold crossings (years of HF and
shown by others to be associated with symptom perception in HF. Threshold cross-
nt. Abbreviations: HF-heart failure, KCCQ-Kansas City Cardiomyopathy Questionnaire,
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events in our sample were not significantly associated with the expe-
rience of fatigue. One explanation for the lack of association between
an objective measure of cardiopulmonary congestion and fatigue
may be that intrathoracic impedance is simply not particularly sensi-
tive to fatigue. Although the pathophysiology of fatigue has not been
fully elucidated, it is believed to stem from both physiological sources
(inflammation, muscle dysfunction and anemia) and from psycholog-
ical sources such as depression.43,44 For example, our data suggests
that fatigue may be more strongly associated with depression than
device-detected cardiopulmonary congestion as depression was
highly correlated with fatigue (data not shown). Cardiopulmonary
congestion, on the other hand, results from elevated pressures in the
heart and pulmonary system that often result in dyspnea.45 Addition-
ally, fatigue is a common and generalized symptom that may be less
HF-specific.46,47 Further research is needed to identify objective HF-
related measures associated with fatigue in patients with HF.

Third, an unexpected finding from our study was that patients
with the most severe marker of cardiopulmonary congestion (longest
duration of threshold crossings) did not report the worst physical or
psychological symptom burden or worst HRQOL. Although compari-
sons were not statistically significant at a p value of 0.05 (likely due
to small sample sizes and large standard deviations), based on sub-
stantial differences in effect sizes patients who experienced more
severe congestion (23�56 days above threshold) reported, on aver-
age, milder physical symptoms and anxiety and better HRQOL com-
pared to patients with less severe cardiopulmonary congestion
(4�22 days above threshold).

This intriguing finding is consistent with two recent studies which
found a mismatch between objective metrics of HF pathophysiology
and subjectively-reported HF symptoms.22,42 Both studies showed
that there are substantial proportions of patients whose perception
of HF symptoms are discordant with objectively measured metrics of
HF pathophysiology including intrathoracic impedance.42 Of particu-
lar importance was the observation that those, with what Lee et al.
termed “symptom-hemodynamic mismatch”, were at higher risk for
adverse clinical events than those with concordant symptoms and
hemodynamics.22 Our study may reflect a similar mismatch between
an objective metric of worsening cardiopulmonary congestion and
patient-reported symptoms and HRQOL. One reason for the mismatch
may be related to response shift bias.48 Response shift bias may occur
as individuals learn to adapt and compensate for declines in physical
or psychological function that often occur in the trajectory of HF. As
function declines over time, people with HF may continually develop
a “new normal” from which they evaluate symptoms that eventually
results in a mismatch between the patient’s subjective interpretation
of symptoms and the worsening HF pathophysiology. Interestingly,
depressive symptoms were the only symptoms significantly associ-
ated with more severe congestion. This may reflect the high levels of
distress associated with depression and that more severe depressive
symptoms may be less amenable to a response shift bias. Simply put,
developing a “new normal” with depression may be difficult due to
the negative influence depression has on many aspects of a patient’s
life. Further research is needed to more clearly determine the causes,
characteristics and outcomes associated with symptom-hemody-
namic mismatch.

Finally, this study suggests the use of instruments that assess
patient-reported symptoms as a varied rather than homogenous
experience may enhance the research of symptom biology in HF. In
multiple previous studies, using predominantly single-item symp-
toms measures that narrowly define symptoms such as dyspnea and
fatigue (e.g. present or not) have shown little to no association
between metrics of cardiopulmonary function and subjectively-
reported HF metrics of symptoms and HRQOL.16,18,19 Since this study
is one of the first to show moderate to strong effect sizes, although
non-significant unadjusted findings, between an objectives metric of
cardiopulmonary congestions and patient-reported symptoms in HF,
it may offer insights into the study of HF symptomology that may
enhance future research. For example, the use of symptom measures
that assess physical symptoms in multiple ways may have enhanced
the ability of our study to detect significant associations. A number of
recent publications have shown significant relationship between
objective metrics of HF pathology and physical symptoms using mea-
surement tools that assess symptoms in multiple ways.49�51 The HF
symptom experience is heterogeneous52 and can be experienced dif-
ferently by differing patient populations.53 Single-item descriptions
of symptoms may capture a narrower range of the symptom experi-
ence making it more difficult to detect associations with physiologic
markers. In short, it may be useful in clinical practice and research for
the assessment of symptoms to reflect the differing ways in which
patients experience symptoms. The collection of patient-reported
data with instruments that capture a more diverse symptom experi-
ence may facilitate the identification of objective markers of HF that
may better predict burdensome and heterogeneous HF symptoms.

Strengths and limitations

Our study had several strengths. First, the study examined the
association of intrathoracic impedance with both physical and psy-
chological symptoms. The use of physical and psychological symp-
toms provides a more comprehensive understanding of the patient
symptom experience. Second, the use of generalized linear modeling
allowed non-normally distributed variables to be used without trans-
formation. Transforming non-normally distributed symptom varia-
bles would have made direct comparisons between symptoms
difficult in this study. In addition to strengths, there a number of limi-
tations to the study. The sample size was small, limiting the statistical
power in some models, the number of covariates and the ability to
detect significant smaller effects. Additionally, the sample had little
variation in self-reported race and the use of certain medications
such as beta-blockers and ACE/ARBs. This prevents our study from
making inferences about how these variables may have affected the
results. Finally, the sample was comprised predominantly of non-
ischemic, married, self-described white participants with more
severe functional limitations. These characteristics of the sample hin-
der the generalizability of the results to the general HF population.
Conclusion

Optivol
�
fluid index threshold crossings over 3 months were sig-

nificantly associated with physical and psychological HF symptoms
and HRQOL. Optivol

�
threshold crossings can provide additional

information regarding symptom burden and HRQOL that may
enhance clinical assessment of symptoms and facilitate earlier treat-
ment to improve patient outcomes. Additional research with larger
sample sizes and longitudinal designs are needed to further our
understanding of the association between intrathoracic impedance
and patient-reported outcomes.
Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.hrtlng.2018.12.003.
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