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Abstract

Background and objective: It is unclear if physiologic measures are useful for assessing dyspnea. We examined
the association among the subjective rating of dyspnea according to patients with advanced cancer, caregivers
and nurses, and various physiologic measures.

Methods: We conducted a cross-sectional survey of patients with cancer hospitalized at MD Anderson Cancer
Center. We asked patients, caregivers, and nurses to assess the patients’ dyspnea at the time of study enrollment
independently using a numeric rating scale (0 =none, 10=worst). Edmonton Symptom Assessment Scale (ESAS)
ratings, causes of dyspnea, vitals, and Respiratory Distress Observation Scale [RDOS] ratings were collected.
Results: A total of 299 patients were enrolled in the study: average age 62 (range 20-98), female 47%, lung cancer
37%, and oxygen use 57%. The median RDOS rating was 2/16 (interquartile range 1-3) and the number of
potential causes was 3 (range 2—4), with pleural effusion (n=166, 56%), pneumonia (n=144, 48%), and lung
metastasis (n1=125, 42%) being the most common. The median intensity of patients’ dyspnea at the time of
assessment was 3 (interquartile range 0-6) for patients, 4 (interquartile range 1-6) for caregivers, and 2 (inter-
quartile range 0-3) for bedside nurses. Patients” expression of dyspnea correlated moderately with caregivers’
(r=0.68, p<0.001) and nurses’ (r=0.50, p<0.001) assessments, and weakly with RDOS (r=0.35, p<0.001), ox-
ygen level (r=0.32, p<0.001), and the number of potential causes (r=0.19, p=0.001). In multivariate analysis,
patients” dyspnea was only independently associated with ESAS dyspnea (p=0.002) and dyspnea as assessed by
caregivers (p <0.001).

Conclusion: Patients’ level of dyspnea was weakly associated with physiologic measures. Caregivers’ perception
may be a useful surrogate for dyspnea assessment.

Introduction Concurrent afferent signals to the thalamus and amygdala

may also lead to increased sympathetic drive and various

YSPNEA IS A SUBJECTIVE AWARENESS of having difficulty

breathing. It is one of the most common and most feared
symptoms among cancer patients, occurring in approxima-
tely 20% to 40% of patients at the time of diagnosis of ad-
vanced disease, and increases up to 70% in the last 6 weeks of
life.>?

The pathophysiology of dyspnea has not been clearly elu-
cidated, but is thought to be triggered by peripheral threats
such as hypoxemia and increased respiratory effort, which
activate various chemoreceptors, mechanoreceptors, barore-
ceptors, irritant receptors, and J receptors, ultimately resulting
in the perception of dyspnea in the somatosensory cortex.*”

physiologic changes such as tachycardia, tachypnea, acces-
sory muscle use, and paradoxical brea’ching.6

Dyspnea is one of the most under-researched symptoms.”
Few studies have examined whether pathophysiologic factors
and physical signs can reliably assess dyspnea in cancer pa-
tients, and even fewer have examined whether caregivers’
and nurses’ impressions accurately reflect cancer patients’
perception of dyspnea.”*!® A better understanding of the
correlates of dyspnea would provide insights into the patho-
physiology of this distressing symptom and allow us to better
assess it. In this cross-sectional study, we examined the as-
sociation between the subjective rating of dyspnea according
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to patients, caregivers and nurses, and various physiologic
measures.

Methods
Study setting and eligibility criteria

Between July 1, 2011 and February 2, 2012, we enrolled
patients with a diagnosis of advanced cancer (i.e., locally
advanced, metastatic, or recurrent disease) who were 18 years
of age or older, English speaking, and admitted to MD An-
derson Cancer Center (MDACC), a National Cancer Institute
designated comprehensive cancer center with more than 500
beds. Patients with delirium, pulmonary embolism, surgery
within the past week, mechanical ventilation, or hemody-
namic instability were excluded. As part of our enrichment
strategy to identify patients most likely to have dyspnea, we
screened all individuals newly initiated on supplemental ox-
ygen and/or bronchodilator treatments by respiratory ther-
apy while admitted, and received referrals from clinicians
from the Departments of Thoracic Medicine, General Internal
Medicine, and Palliative Care and Rehabilitation Medicine.
The Institutional Review Board approved this study. All
subjects who participated in this study provided verbal con-
sent prior to enrollment.

Data collection

We collected baseline demographics including age, sex,
and cancer diagnosis. A study physician also systematically
reviewed the electronic chart including radiology report to
examine potential causes of dyspnea, including the presence
or absence of airway lesions, lung parenchymal metastases,
lymphangitic carcinomatosis, pleural effusion, tamponade,
pneumonia, pulmonary embolism, pulmonary fibrosis, heart
failure, chronic obstructive pulmonary disease (COPD), ane-
mia (hemoglobin <11g/L), metabolic acidosis, and other
causes. There is currently no specific cutoff defining what
level of hemoglobin is associated with dyspnea. A cutoff of
11g/L was chosen in this study because this level was asso-
ciated with decreased survival in a previous study.""

We asked patients to “indicate the level of your shortness of
breath now” using a validated, 11-point numeric rating scale
where 0 represents no dyspnea and 10 represents worst pos-
sible.'” We also asked the self-identified primary caregiver
and the bedside clinical nurse to “indicate the patient’s level of
shortness of breath now” using the same rating system. Pa-
tients, caregivers, and nurses each provided their assessment
independently in the absence of the other parties and without
knowledge of what answers the other parties provided. All
assessments were done within 5 minutes of each other. At the
time of study assessment, 135/299 (45%) caregivers and 216/
299 (72%) nurses were available, and all provided a response.

Patients also completed the Edmonton Symptom Assess-
ment Scale (ESAS), which measures 10 common symptoms in
the past 24 hours (pain, fatigue, nausea, depression, anxiety,
drowsiness, shortness of breath, appetite, sleep, and feeling of
well-being) using numeric rating scales ranging from 0 (no
symptom) to 10 (worst symptom).'® This questionnaire has
been validated in cancer patients.'***

Vital signs including heart rate, respiratory rate, oxygen
saturation, and supplemental oxygen level at the time of
study enrollment were collected. We also documented the
oxygen delivery device.
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We also collected physiologic changes associated with
dyspnea using the validated Respiratory Distress Observa-
tion Scale (RDOS).'® RDOS is an ordinal scale based on heart
rate, respiratory rate, accessory muscle use, paradoxical
breathing pattern, restlessness, grunting at end-expiration,
nasal flaring, and fearful facial display. Each variable is as-
signed a score between 0 and 2, with a total score of up to 16
points. Higher scores indicate more distress related to dys-
pnea. An earlier version codes tachycardia and tachypnea
based on the magnitude of increase from baseline; the newer
version only requires the absolute heart rate and respiratory
rate at the time of assessment.'® These assessments were
carried out by a research coordinator who has received 3 days
of training under the principal investigator and longitudi-
nal supervision to ensure the findings were consistent and
accurate.

Statistical analysis

We summarized the baseline demographics using de-
scriptive statistics, including means, medians, ranges, inter-
quartile range, and frequencies. Correlation among patients’,
caregivers’, and nurses’ rating of dyspnea and various phys-
iologic measures (number of potential causes, vitals, supple-
mental oxygen use, and RDOS) were examined using the
Spearman test, in which coefficients of 0-0.19, 0.2-0.39, 0.4-
0.59,0.6-0.79, and 0.8-1.0 indicate very weak, weak, moderate,
strong, and very strong correlations, respectively.

We used the Kappa statistic to examine inter-rater reli-
ability on the intensity of dyspnea for patient-caregiver dyads
and patient-nurse dyads. The Wilcoxon test was used to ex-
amine the differences in dyspnea ratings between patients’
and caregivers’ assessments, and also between those of pa-
tients and nurses.

We conducted nonparametric multivariate analysis to de-
termine factors associated with patient’s level of dyspnea at
the time of study. We ranked patient’s level of dyspnea at the
time of study and designated it as a dependent variable in a
linear regression model with backward selection. Variables
included in the model were patient’s age, sex, cancer (lung
versus no lung), number of potential causes, heart rate, re-
spiratory rate, oxygen saturation, supplemental oxygen level,
RDOS score, all 10 ESAS symptoms, caregivers’ rating, and
nurses’ rating. We repeated the above multivariate analysis
with ESAS dyspnea removed from the model.

The Statistical Package for the Social Sciences (SPSS version
16.0, SPSS Inc., Chicago, IL) software was used for statistical
analysis. A p value of <0.05 was considered significant.
For the purpose of this study, a correlation coefficient of —0.19
is considered as very weak, 0.2-0.39 as weak, 0.40-0.59
as moderate, 0.6-0.79 as strong and 0.8-1 as very strong
correlation.'”

Results
Patient characteristics

Among 529 patients approached for this study, 109 (21%)
were either delirious or already enrolled (Fig. 1). Four hun-
dred and twenty (79%) patients were eligible and 299 were
subsequently enrolled, resulting in a recruitment rate of 71%.

Table 1 illustrates the patient characteristics. One hundred
and ten (37%) patients had lung malignancies. Pneumonia,
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FIG. 1. Study flow diagram.

pleural effusion, and lung parenchymal metastasis were
commonly found. More than half were receiving supple-
mental oxygen. ESAS scores revealed significant symptom
burden among these hospitalized patients, with an average
dyspnea level of 5 (interquartile range 3-8) within the last 24
hours. The median number of potential causes of dyspnea
was 3 (interquartile range 2—4).

Correlation among patients’ self-reported dyspnea
and physiologic measures

The median RDOS was 2 (interquartile range 1-3) (Table 2).
We found that higher heart rate, supplemental oxygen
use, and RDOS score correlated weakly with patients” dys-
pnea at the time of assessment (Table 3). In contrast, respira-
tory rate and oxygen saturation did not have any significant
correlation.

Correlation among patients’ self-reported dyspnea
and ESAS symptoms

As shown in Table 3, patients” dyspnea level at the time of
assessment correlated strongly with ESAS dyspnea, moder-
ately with sleep and well-being, and weakly with pain, fa-
tigue, depression, anxiety, drowsiness, and anorexia.

Correlation among patients’ self-reported dyspnea
and caregivers’ and nurses’ ratings

The median level of dyspnea at the time of the study en-
rollment as perceived by patients was 3 (interquartile range 0—
6). The patient’s dyspnea level was overestimated by care-
givers (median 4, interquartile range 1-6) and underestimated
by nurses (median 2, interquartile range 0-3). The rating of
dyspnea correlated strongly between patients and caregivers,
and moderately between patients and nurses (Table 4).
Caregivers overestimated dyspnea compared with patients,
albeit this was not statistically significant (p=0.06). Nurses
underrated dyspnea compared with patients (p <0.001).

The inter-rater agreement was 0.23 (p<0.001, n=135) for
patient-caregiver dyads, and 0.09 (p<0.001, n=216) for
patient-nurse dyads. Eighty-three of one hundred and thirty-
five (62%) and 106/135 (79%) of the patient-caregiver dyads
were within 1 and 2 points of each other, respectively. For the

patient-nurse dyads, 102/216 (47%) were within 1 point and
137/216 (63%) were within 2 points.

In multivariate analysis incorporating caregiver and nurse
assessments, ESAS symptoms, and physiologic measures, we
found that ESAS dyspnea (p=0.002) and dyspnea as assessed
by caregivers (p <0.001) were independently associated with
patients” dyspnea at the time of assessment, with an R? of 0.53.
With ESAS dyspnea removed from the model, dyspnea as
assessed by caregivers (p<0.001) remains significant inde-
pendent of RDOS (p=0.02), ESAS pain (p=0.03), and ESAS
sleep (p=0.03), with an R? of 0.50.

Discussion

In this study of hospitalized cancer patients, we found that
patients” expression of dyspnea was strongly associated with
caregivers’ assessment and patients” own ESAS dyspnea le-
vel, moderately with various ESAS symptoms, and weakly
with physiologic measures such as heart rate, RDOS, and
supplemental oxygen level. Our findings suggest that physi-
ologic measures cannot be used to assess patients’ subjec-
tive rating, which by definition is the gold standard for
dyspnea assessment. Further research is needed to determine
if caregivers’ perception could be a surrogate for dyspnea
assessment.

The main assessment in this study is a validated numeric
rating scale assessing cancer patients’ self-reported dyspnea
at the time of study,'” and is distinct from ESAS dyspnea,
which measures patients” average level of dyspnea over the
past 24 hours. By assessing patients’ self-reported dyspnea,
we were able to determine its association with other physio-
logic variables collected at the same time. Interestingly, ESAS
dyspnea was higher compared with dyspnea at the time of
assessment (median 5 versus 3). This is likely because ESAS
dyspnea incorporates both dyspnea at rest and during exer-
tion, whereas dyspnea at the time of study captures this
symptom when patients were resting.

Our study reveals that vital signs had limited correlation
with patients” expression of dyspnea. In addition, the number
of potential causes of dyspnea and supplemental oxygen level
only had a weak association. Previous studies in patients with
asthma and COPD revealed poor correlation between dys-
pnea and spirometric measures.'®'? Bruera and colleagues
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TABLE 1. BASELINE CHARACTERISTICS OF 299 PATIENTS
WITH ADVANCED CANCER
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TABLE 2. PHYSIOLOGIC MEASURES OF DYSPNEA IN 299
PATIENTS WITH ADVANCED CANCER

Characteristics N (%)? Characteristics N (%)a
Age, average (range) 62 (20-98)  Vitals, median (interquartile range)
Female sex 141 (47) Heart rate/minute 88 (77-100)
Cancer diagnosis Respiratory rate /minute 20 (18-20)
Breast 32 (11) Oximetry, % . 96 (95-98)
Gastrointestinal 43 (14) Supplemental oxygen level, L/minute 2 (0-3)
Genitourinary 33 (11) Oxygen device
Gynecologic 14 (5) None 129 (43)
Head and neck 15 (5) Nasal cannula 152 (51)
Hematologic 25 (8) Nonrebreather mask 6 (2)
Other 27 (9) Vapotherm 11 4)
Respiratory 110 (37) Others 1(0.3)
Edmonton Symptom Assessment Scale, median Respiratory Distress Observation Scale
(interquartile range) Heart rate
Pain 5 (2-7) <90/minute 164 (55)
Fatigue 6 (5-8) 90-109 /minute 97 (32)
Nausea 0 (0-3) >110/minute 38 (13)
Depression 0 (0-5) Respiratory rate
Anxiety 3 (0-6) <18/minute 108 (36)
Drowsiness 5 (3-7) 19-30/minute 189 (63)
Appetite 5 (4-8) >30/minute 2 (1)
Well-being 5 (3-7) Restlessness
Shortness of breath 5 (3-8) None 246 (82)
Sleep 5 (3-7) Occasional, slight movements 50 (17)
Potential causes of dyspnea® Frequent movements 3(1)
Airway lesion 24 (8) Paradoxical breathing pattern 0 (0)
Lung parenchymal metastasis 125 (42) Accessory muscle use
Lymphangitic carcinomatosis 25 (8) None 271 (91)
Pulmonary embolism 12 (4) Slight rise 28 (9)
Pneumonia 145 (48) Pror_lounced rise 0 (0)
Pleural effusion 166 (56) Grunting gt end-expiration 31
Heart failure 8 (3) Nasal flaring 3 (D)
Tamponade 2 (1) Look of fear
Anemia (<11g/L) 232 (78) None _ 237 (79)
Metabolic acidosis 3(1) Eyes wide open, facial muscles tense, 61 (21)
Atelectasis 121 (41) brow furrowed, mouth open,
Pericardial effusion 26 (9) teeth togethe.zr ] )
Chronic obstructive pulmonary disease 29 (10) Total score, median (interquartile range) 2(1-3)
Pneumothorax 7 (2) a . .
Pulmonary fibrosis 7 ) Unless otherwise specified.
Others 9 (3)
Total number of potential causes, median 3 (2-4)

(interquartile range)

“Unless otherwise specified.
PBased on clinical chart review by a physician, including blood
work and radiology reports.

also found limited association between dyspnea and various
physiologic measures such as maximal inspiratory pressure,
peak flow, and oxygen saturation.” Our current study builds
on the previous work and examines an additional set of
physiologic variables (e.g., RDOS) as well as caregivers” and
nurses’ perception.

The RDOS is a behavioral instrument that assesses respi-
ratory distress based on several physical signs, and is pro-
posed as an assessment of dyspnea in patients who are unable
to report the symptom themselves due to delirium and/or
drowsiness.”” It was initially validated with a group of pa-
tients undergoing pulmonary rehabilitation, and compared
with healthy volunteers and patients with postoperative

pain.*! Several items in the RDOS, such as extent of accessory
muscle use and look of fear, are dependent on the assessors’
experience and judgment. A previous study of six patients
with COPD showed that accessory muscle use was associated
with high dyspnea level.?? In this study, we found only weak
correlation between RDOS and self-reported dyspnea, which
is consistent with the results of the previous validation study
(r=0.39, p=0.001).*'

We found correlation and some agreement between care-
givers’ and patients” assessment of dyspnea. Caregivers’ im-
pression remained significant in multivariate analysis,
suggesting that caregivers may potentially be good surrogates
for patients who have difficulties with self-report. Indeed,
several studies have found that caregivers provide reasonable
proxy for patients’ syrnpton1s.23'24 Because caregivers often
overrate symptoms,” further research is needed to identify
ways to decrease the discrepancy between patient and care-
giver assessment.?® Furthermore, caregivers’ assessment of
dyspnea in delirious or nonresponsive patients remains to be
studied.
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TABLE 3. ASSOCIATION AMONG DYSPNEA LEVEL
ASs PERCEIVED BY PATIENTS, ESAS SymrToMsS,
AND PHYSTI0LOGIC MEASURES (N=299)
Spearman
Correlation
Variables N Coefficient P value

Edmonton Symptom Assessment Scale

Pain 297 0.24 <0.001
Fatigue 299 032 <0.001
Nausea 299 0.07 0.26
Depression 297 032 <0.001
Anxiety 297 0.36  <0.001
Drowsiness 295 031 <0.001
Appetite 292 0.24 <0.001
Well-being 291 041 <0.001
Shortness of breath 297 0.69  <0.001
Sleep 294 044 <0.001
Number of potential causes 299 0.19 0.001
Heart rate 299 0.19 0.001
Respiratory rate 299 0.05 0.36
Oximetry 299  -0.07 0.20
Supplemental oxygen level 299 0.32  <0.001
Respiratory distress observation 299 035 <0.001

scale

Patient self-reported dyspnea at the time of study was as-
sociated with many other ESAS symptoms, including short-
ness of breath, sleep, well-being, pain, fatigue, depression,
anxiety, drowsiness and anorexia. Our findings are consistent
with various other studies in cancer and noncancer
patients.'”* ! This observation may partly be related to
elevated symptom expression as a result of confounders in
hospitalized patients (e.g., psychological distress), and high-
lights the interrelatedness between dyspnea and other
symptoms. The correlation between dyspnea and anxiety was
statistically significant but weak (r=0.36, p <0.001), which is
in line with the results from other studies by our group and
others, including Bruera et al. (r=0.31, p=0.0003),2 Reddy
et al. (r=0.32, p=0.008),”” Dudgeon et al. (r=0.26, p=0.03),*
and Chiu et al. (r=0.21, p<0.05)° using different methodolo-
gies in different cancer populations. Taken together, our re-
sults suggest that anxiety is an important but not the sole
contributor to this multidimensional construct of dyspnea.

HUI ET AL.

Our study has potential implications for both the definition
and assessment of dyspnea. Findings from this study are
consistent with the definition put forth by the American
Thoracic Society, in which dyspnea is defined as “a subjective
experience of breathing discomfort that consists of qualita-
tively distinct sensations that vary in intensity. The experience
derives from interactions among multiple physiological, psy-
chological, social, and environmental factors, and may induce
secondary physiological and behavioral responses.””?* The
lack of correlation between dyspnea and physiologic mea-
sures in this study further challenges other proposed defini-
tions that incorporate various physical signs, such as labored
breathing, into their description.”* Our study also highlights
the importance of patient-reported outcomes, although the
optimal questionnaire to assess dyspnea remains to be
determined.*>>*

This study has several limitations. First, we only in-
cluded hospitalized patients with advanced cancer, who
are likely to have a different symptom burden compared
with outpatients and those with noncancer diagnoses.
Second, we approached patients seen by respiratory ther-
apists or known to have dyspnea, which could bias our
study sample. Because the objective of this study is to
characterize the correlates of dyspnea rather than preva-
lence, we believe that an enriched population is justified.
Third, caregivers were not present for approximately half
of the assessments. Fourth, the Respiratory Distress Ob-
servation Scale was conducted by a research coordinator
rather than a physician or nurse. We have provided ex-
tensive training to ensure quality assessments. Fifth, we
recorded only the presence or absence of various potential
causes of dyspnea based on chart review, and could not
determine the extent to which each factor contributed to the
overall dyspnea expression. Further studies are needed to
characterize the etiology of dyspnea.

We conclude that physiologic measures cannot reliably
inform about cancer patients’ expression of dyspnea. At
this time, subjective assessments remain the gold standard
for assessing dyspnea. Caregivers’ impression may be a
potential proxy when patients are unable to rate their in-
tensity of dyspnea. Further research is necessary to better
characterize the major predictors of subjective dyspnea in
cancer patients.

TABLE 4. SPEARMAN CORRELATION AMONG THE RESPIRATORY DISTRESS OBSERVATION SCALE AND DYSPNEA
LEVEL As PERCEIVED BY PATIENTS, CAREGIVERS, AND BEDSIDE NURSES ASSESSMENT

Patient’s perception

Caregiver perception — Bedside nurse perception

Coefficient
P value
N

Coefficient
P value
N

Coefficient
P value
N

Coefficient
P value
N

Patient’s perception

Caregiver perception

Bedside nurse perception

Respiratory Distress Observation Scale

0.68 - -
<0.001

135

0.50 0.58 -
<0.001 <0.001

216 107

0.35 0.36 0.21
<0.001 <0.001 0.002

299 135 216
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