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Abstract

Background

Dyspnea (breathing discomfort) can be as powerfully aversive as pain, yet is not routinely
assessed and documented in the clinical environment. Routine identification and documen-
tation of dyspnea is the first step to improved symptom management and it may also identify
patients at risk of negative clinical outcomes.

Objective

To estimate the prevalence of dyspnea and of dyspnea-associated risk among hospitalized
patients.

Design

Two pilot prospective cohort studies.

Setting

Single academic medical center.

Patients

Consecutive patients admitted to four inpatient units: cardiology, hematology/oncology,
medicine, and bariatric surgery.

Measurements

In Study 1, nurses documented current and recent patient-reported dyspnea at the time of
the Initial Patient Assessment in 581 inpatients. In Study 2, nurses documented current dys-
pnea at least once every nursing shift in 367 patients. We describe the prevalence of bur-
densome dyspnea, and compare it to pain. We also compared dyspnea ratings with a

PLOS ONE | DOI:10.1371/journal.pone.0152601

April 12,2016 1/11


http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0152601&domain=pdf
http://creativecommons.org/licenses/by/4.0/
https://www.ninr.nih.gov/

@'PLOS ‘ ONE

Prevalence and Predictive Value of Dyspnea Ratings in Hospitalized Patients: Pilot Studies

and analysis, decision to publish, or preparation of
the manuscript.

Competing Interests: The authors have declared
that no competing interests exist.

composite of adverse outcomes: 1) receipt of care from the hospital’s rapid response sys-
tem, 2) transfer to the intensive care unit, or 3) death in hospital. We defined burdensome
dyspnea as a rating of 4 or more on a 10-point scale.

Results

Prevalence of burdensome current dyspnea upon admission (Study 1) was 13% (77 of 581,
95% Cl 11%-16%). Prevalence of burdensome dyspnea at some time during the hospitali-
zation (Study 2) was 16% (57 of 367, 95% CI 12%-20%). Dyspnea was associated with
higher odds of a negative outcome.

Conclusions

In two pilot studies, we identified a significant symptom burden of dyspnea in hospitalized
patients. Patients reporting dyspnea may benefit from a more careful focus on symptom
management and may represent a population at greater risk for negative outcomes.

Introduction

Dyspnea-a subjective experience of breathing discomfort[1]-causes significant and memorable
fear and anxiety among patients.[2-4] Patients’ comments about the experience of severe dys-
pnea are illuminating, and may be associated with a sense of impending doom or death. [4] We
are attuned to dyspnea perhaps because it also functions as a critically important warning sys-
tem for many different organ systems in peril in the body. Dyspnea is experienced by patients
with difficulties with oxygen transport (e.g. heart failure, emphysema, pulmonary embolism,
and anemia), with metabolic dysfunction (e.g. lactic acidosis), high pulmonary vascular pres-
sures (e.g., congestive heart failure), and increased work of breathing (e.g., increased airway
resistance and hyperinflation from asthma and COPD). Given the prevalence of many medical
conditions that cause dyspnea, the burden for the hospitalized patient of this powerfully aver-
sive symptom may be significant. Previous authors have reported that about half of the sickest
patients experience significant dyspnea [5,6], but the true prevalence and intensity of dyspnea
in the broader hospitalized population is unknown.

Given the severity of the emotional response to breathing discomfort, dyspnea, like pain,
ought to be assessed, documented, and managed [7]. Most people can provide reliable quanti-
tative reports of internal sensations and symptoms, as has been demonstrated with evaluation
and management of pain. [8-11] As with pain, the first response to dyspnea is to address the
underlying condition, but direct symptom management is possible and often necessary. How-
ever, designing patient-centered approaches to identify and respond to dyspnea necessitate a
true understanding of the burden of this symptom among hospitalized patients.[2,3]

Further, dyspnea has the potential to serve as a predictor of adverse clinical outcome. Sev-
eral studies have shown dyspnea to be a good predictor of morbidity and mortality in specific
populations, often serving as a better predictor than items usually considered 'gold standards'
for assessing severity of specific diseases.[12-19] For example, dyspnea outperformed FEV, as
a predictor of 5-year mortality in chronic obstructive pulmonary disease (COPD) patients [16]
and outperformed angina during exercise stress testing in predicting cardiac death[20]. Dys-
pnea is also an important warning sign for patients with non-cardiopulmonary processes.
While nausea, pain, loss of appetite and fatigue are hallmark symptoms of many types of GI
disease, dyspnea was a stronger predictor of mortality than GI symptoms in esophageal and
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gastric cancer patients in two separate studies.[21,22] Dyspnea, included as part of a large, mul-
ticomponent score, predicted hospitalization of older primary care patients.[23] In addition to
patients carrying diagnoses associated with dyspnea, all hospitalized patients are at risk of
events likely to cause dyspnea, such as hospital acquired pneumonia, pulmonary emboli, and
myocardial infarction following surgery or prolonged immobilization. We therefore hypothe-
sized that patients’ reported dyspnea ratings would serve as an easily obtained warning of clini-
cal decline in a wide spectrum of hospitalized patients.

We undertook two pilot studies in which dyspnea ratings were obtained from patients by
nursing staff in medical-surgical units. These studies provide the first estimates of prevalence
of dyspnea and of association of dyspnea with in-hospital risk in a broad-spectrum sample of
hospitalized patients; they also provide information on implementation of routine dyspnea
assessment among inpatients, and guidance for the design of future studies, particularly to clar-
ify whether dyspnea may be used to predict impending patient clinical deterioration.

Methods

These studies, based on clinical data, were approved by the Institutional Review Board of Beth
Israel Deaconess Medical Center, Boston, Massachusetts, and a waiver of informed consent
was granted.

Data Collection, Study Populations, and Patient Characteristics

These two pilot studies were conducted approximately one year apart, and included inpatients
admitted to four units in our institution: cardiology, hematology/oncology, general medicine,
and bariatric surgery. The four units were selected based on interest among unit nursing lead-
ers and on patient populations that represented a spectrum of hospital admissions. Before the
first study, nurses on these units received training about dyspnea.[24]

Study 1 - Assessment of Dyspnea on Admission (N =581). As part of routine care,
nurses at our institution perform an initial assessment of the patient’s functional status, burden
of disease, baseline symptoms and signs, and cognitive and mental status during the first nurs-
ing shift following admission to the hospital. This is documented electronically. During a six-
week pilot period between February and March 2012, nurses on the four inpatient units were
asked to also complete a paper-based dyspnea assessment in addition to their routine initial
assessment. This dyspnea assessment had two components: (1) an evaluation of the patient’s
current “breathing discomfort” on a 0 to 10 scale with the patient at rest and (2) an evaluation
of activity-related “shortness of breath” in the past day using the Medical Research Council
(MRC) Breathlessness scale. [25] The MRC asks patients to identify which of five grades of
activity causes shortness of breath, ranging from strenuous exercise to undressing. We
extended this scale (eMRC) to include eating or talking (grade 6) and rest (grade 7). The proce-
dures used are described elsewhere. [24]

Of the 1,028 consecutive patients admitted to the four units, 595 had a completed current
dyspnea assessment, a compliance rate comparable to published pain assessment studies [26].
Of these patients, 581 patients were admitted as inpatients (14 patients admitted with observa-
tion status were excluded, as outcome data were not available). 500 of the 581 inpatients also
provided data about recent exertional dyspnea.

Study 2 - Assessment of Dyspnea Each Nursing Shift (N = 367). In April 2013, nurses at
our institution began assessing dyspnea on all inpatients at least once per nursing shift. This
was documented as a bundled assessment (pain, dyspnea, agitation/sedation, and fall risk) in
the hand-written vital signs flowsheet for each patient. For dyspnea, patients were asked to rate
their current “breathing discomfort” on the same 0 to 10 scale used in Study 1. We extracted
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data for the four-week period following the start of these new assessments. During this period,
367 inpatients were admitted to the four units included in our study (an additional 121 patients
admitted for observation were excluded). Study staff transcribed dyspnea measurements, con-
current pain assessments, and the associated vital signs for all flowsheets scanned and available
for analysis for 2,440 patient-days. Data were missing for two primary reasons: 1) flowsheets
were missing from the scanned record or data had been recorded on a prior version of the flow-
sheet form that had no space for dyspnea ratings (82 patient-days missing); or 2) dyspnea mea-
surements were not recorded by the nurses for at least one day on 153 patients.

Dyspnea Prevalence Measures

We considered a patient’s breathing discomfort rating of 4 or greater to be “burdensome dys-
pnea”. This a priori cut-off was based on prior proposals from the palliative care literature that
a rating of < 3/10 is a benchmark for successful dyspnea or pain treatment.[27] For recent
activity-related dyspnea, we grouped grades 1&2 (vigorous exercise), grades 3&#4 (light exer-
cise), and grades 5-7 (at rest or performing minimal activities of daily living (ADL)).

For both populations, we extracted patient demographics, comorbidities defined using Elix-
hauser’s method [28], and severity of illness defined using LAPS2[29] from the electronic
health record of participants.

Adverse Outcome Measures

The primary outcome in both cohorts was a composite outcome representing major clinical
decompensation, defined as 1) receiving care from the hospital’s rapid response system, 2)
being transferred to the ICU, or 3) dying in the hospital. This was treated as a binary variable: i.
e., adverse event or no adverse event. Individuals who had more than one event (e.g., both the
activation of the rapid response system and a transfer to the intensive care unit) were thus
counted as having only one adverse outcome. Because there were relatively few adverse out-
comes, we grouped dyspnea ratings for analysis using the cutoff point for burdensome dyspnea.
Our institution’s rapid response system has been described elsewhere.[30] Explicit parameters
are established for mandatory activation of the emergency response using physiological vari-
ables or nursing concern. Dyspnea was not one of the parameters currently used to activate
rapid response.[30,31]

Secondary descriptive outcomes evaluated included total length of stay, intensive-care-unit
length of stay, 30-day readmission to same hospital, and total hospital charges.

Statistical Analysis of Association with Adverse Outcome. Our primary unit of analysis
was the hospital admission. We report prevalence of burdensome dyspnea (ratings of 4 of 10 or
greater). Unadjusted associations of patient characteristics and clinical variables were exam-
ined in both studies using Student’s t-test, chi-squared, or Fisher’s exact tests, as appropriate.

To estimate the predictive value of dyspnea at the start of the hospitalization or during hos-
pitalization, we estimated the odds of any adverse event when associated with a dyspnea
rating > 4.

All analyses were conducted using SAS (version 9.3, Cary, NC).

Results
Dyspnea Prevalence

In Study 1, 13% (77/581, 95% CI 11%-16%) of patients reported burdensome levels of current
dyspnea at the time of initial nursing assessment. This compares to 32% reporting pain, with 6%
of the patients suffering both pain and dyspnea at burdensome levels. See Fig 1 upper panel.
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‘DYSPNEA NOW' - INITIAL PATIENT ASSESSMENT - STUDY 1

32% Pain 2 4 13% Dyspnea 2 4

6% Dyspnea & Pain = 4

‘DYSPNEA NOW' - EVER 2 4 DURING HOSPITAL STAY - STUDY 2
33% Pain 2 4

16% Dyspnea = 4

7% Dyspnea & Pain = 4

Fig 1. Prevalence of patients experiencing burdensome dyspnea and pain at the time of initial patient
assessment (Study 1) and at any time during the hospital stay (Study 2).

doi:10.1371/journal.pone.0152601.g001

Among the 500 patients who also completed the eMRC scale in Study 1, nearly half experi-
enced dyspnea with ordinary activities in the past day: 116 (23.8%) were short of breath when
walking on the level at their own pace and 111 (22.8%) were short of breath during minimal
activities of daily living (ADL).

In Study 2, 16% (57/367, 95% CI 12%-20%) of patients rated dyspnea as 4 or greater at some
point in their hospitalization. This compares to 33% reporting pain, with 7% of the patients
suffering both pain and dyspnea at burdensome levels. See Fig 1 lower panel. This indicates
that dyspnea increased during hospitalization in many patients, because only 3% (12/367, 95%
CI 1-5%) of patients in this study reported burdensome dyspnea at the time of the first shift
assessment. Some patients in Study 2 experienced persistent dyspnea while hospitalized: 17
rated dyspnea > 4 on two consecutive shifts and 9 rated dyspnea > 4 on three consecutive
shifts. Table 1 identifies clinical and demographic characteristics associated with higher dys-
pnea ratings.

Patients exhibited a range of time courses of reported dyspnea. Three example patterns are
presented in Fig 2. Patient 1 reports a significant amount of dyspnea on arrival and continues
to intermittently report dyspnea throughout his/her stay; Patient 2 arrives at the hospital with
moderate dyspnea, which improves halfway through his/her hospitalization; and Patient 3 has
a single episode of significant dyspnea much later in the hospitalization. Each of these three
patients had a length of stay more than 8 days, but each has different dyspnea at the outset and
different patterns of dyspnea throughout their stays.

Association of Dyspnea with Adverse Outcomes

Study 1—Outcomes associated with Dyspnea on Admission. Of the 581 inpatients
included in Study 1, 9 (1.6%) died, 26 (4.5%) were transferred to the intensive care unit, and 53
(9.1%) required activation of the medical emergency response team (Table 1).

Dyspnea prior to admission was significantly associated with adverse outcome. Patients
reporting dyspnea during minimal ADL (eMRC grades 5-7) had 2.5 times the odds of
experiencing a serious adverse event as those reporting dyspnea only when walking uphill or
strenuously exercising (17% vs. 8%, odds ratio 2.4, 95% CI 1.2-4.7, p = 0.02) (Fig 3).
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Table 1. Univariate associations with first dyspnea score (both cohorts) and worst dyspnea score (second cohort), dichotomized into <4 and > =
4. Confidence intervals calculated using Wald confidence limits for binomial proportions.

Pilot Study 1—lInitial Patient

Pilot Study 2 —Every Shift Assessment

Assessment
Current dyspnea, first shift p- Worst dyspnea, any shift (95% p-value Current dyspnea, first p-value
(95% Cl) value Cl) shift (95% CI)
<4 >=4 <4 >=4 <4 >=4
N 504 77 310 57 353 12
Combined 11% (8- 17% (9-25%) 0.1~ 15% (11-19%) 33% (21— 0.0008% 17% (14— 25% (1- 0.45*
outcome (%) 13%) 46%) 21%) 50%)
% female 46 (42-51) 53 (42—64) 0.26" 47 (42-53) 56 (43-69) 0.237 48 (43-54) 66 (40-93) 0.217
mean age 62 (60-63) 63 (59-66) 0.55** 62(60-64) 68 (64-71) 0.017** 3 (61-65) 63 (52-74) 0.99%*
% nonwhite 23 (19-26) 35 (24-46) 0.027 44 (39-50) 44 (31-57) 0.977 44 (39-49) 50 (22-78) 0.68"
CHF 6 (13-19) 34 (23-44) 0.002/ 17 (13-21) 40 (28-53) <0.0001 0 (16-25) 33 (7-60) 0.28*
Valve disease 6 (4-8) 10 (4-17) 0.197 7 (4-10) 2 (0-5) 0.22* 6 (3-8) 8 (0—24) 0.53*
Pulmonary 5 (3-6) 12 (5-19) 0.03* 4 (2-6) 16 (6—25) 0.003* 5 (3-8) 25 (1-50) 0.03*
circulation
Paralysis 1(0-2) 4 (0-8) 0.08* 1 (0-3) 2 (0-9) 0.58* 1(0-2) 8 (0-24) 0.15*
Other 5 (3-7) 8 (2-14) 0.27/ 7 (4-10) 13 (4-21) 0.19* 8 (5-10) 17 (0-38) 0.25%
neurologic
disease
COPD 14 (11-18) 29 (18-39) 0.002/ 14 (10-18) 30 (18—42) 0.004* 16 (12-20) 33 (7-60) 0.12*
DM 23 (20-27) 18 (10-27) 0.317 18 (14-22) 21 (10-32) 0.54/ 18 (14-22) 17 (0-38) 1*
DM with 5(3-7) 10 (4-17) 0.06* 7 (4-10) 5 (0-11) 1* 7 (4-9) 0 (0-0) 1*
compli-cations
Hypo- 12 (9-14) 4 (6-22) 0.487 11 (8-15) 9 (1-16) 0.6/ 1(8-14) 8 (0-24) 1*
thyroidism
Renal failure 15 (12-18) 29 (18-39) 0.003» 14 (10-18) 26 (15-38) 0.02* 16 (12-20) 17 (0-38) 1*
Obesity 7 (5-9) 5 (0-10) 0.537 12 (9-16) 9 (1-16) 0.47 12 (9-16) 0 (0-0) 0.37*
Chronic blood 1(0-1) 3 (0-6) 0.05* 2 (0-3) 0 (0-0) 1* 1(0-3) 0 (0-0) 1*
loss
Alcohol abuse 3 (2-5) 8 (2-14) 0.06* 4 (2-6) 4 (0-8) 1* 4 (2-6) 8 (0-24) 0.40*
Drug abuse 2 (1-3) 3 (0-6) 0.66* 1(0-3) 9 (1-16) 0.006* 2(1-4) 17 (0-38) 0.04*
Psychotic 3 (1-4) 4 (0-8) 0.72% 3 (1-5) 2 (0-5) 1* 3 (1-5) 0 (0-0) 1*
illness
Depression 16 (13-19) 14 (6-22) 0.75" 15(11-19) 12 (4-21) 0.69* 15 (11-19) 8 (0-24) 1*
Chronic hyper- 61 (56-65) 58 (47-69) 0.73" 59 (53-64) 61 (49-74) 0.68" 58 (63-64) 75 (51-100) 0.25"
tension
% emergent 88 (85-91) 100 (100- 0.001A 89 (86-93) 96 (92-100) 0.097 90 (87-93) 100 0.61*
100)
LAPS2 score 31 (29-34) 41 (35-47)  0.002** 30 (27-32) 42 (36-48) 0.0003** 31 (29-33) 47 (34-59) 0.03**
LOS 3.3(3.0-3.6) 4.5(3.0-6.2) 0.13** 4.6 (4.2-5.1) 8.1 (6.2-9.9) <0.0005** 5.2 (4.7-5.6) 5.3 (2.1— 0.94**
8.4)
ICU LOS <0.2 (0.05- <0.2 (0-0.85) 0.33** 0.23 (.13-.33) 0.82 (17— 0.08** <0.5 (.19- 0 (0-0) <0.0001**
0.26) 1.5) A7)
Total charges 23,633 26,658 0.57%* 26,015 (22,764— 43,586 0.01** 29,075 19,451 0.33**
%) (21,318- (16,241— 29,266) (30,744— (25,549- (7,844—
25,949) 37,076) 56,428) 32602) 31,059)

% readmitted 6 (7-12) 9 (3-16) i 28 (23-33) 30 (18-42) 0.8 30 (23-33) 42 (14-70) 0.33*
at 30 days
P-values marked with * indicate differences evaluated using Fisher's Exact test, A indicate chi-sq. tests, and ** indicate Student’s t-test
doi:10.1371/journal.pone.0152601.t001
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8 1 Patient 1

Patient 2

Patient 3

DYSPNEA NOW RATING
(10 Point Scale ‘None’ to ‘Unbearable’)

1 II.') 20 3|0

NURSING SHIFT

Fig 2. Three example patterns of dyspnea recorded once per nursing shift. Patient 1 presented with a
dyspnea score of 8, Patient 2 with a score of 5 and Patient 3 with a score of 1. All of these patients had a
length of stay more than 8 days, longer than average. (Study 2)

doi:10.1371/journal.pone.0152601.g002

Post-hoc descriptive analysis showed that patients with higher exertional dyspnea also had
significantly longer average hospital stays (4.4 days versus 2.9 days, p = 0.01) and tended to
have much longer ICU stays (24 days per 100 admissions versus 7 days per 100 admissions, not
statistically significant p = 0.26). There was little difference in average total charges ($22,298
versus $22,572, p = 0.94) or risk of readmission at 30 days (13% versus 10%, p = 0.50).

The 13% of patients with current dyspnea >4 (at rest) at the time of Initial Patient Assess-
ment tended to be at increased risk of experiencing a serious adverse event (17% vs. 11%, odds
ratio 1.73; 95% CI 0.89-3.35, not statistically significant in this pilot sample p = 0.1) (Fig 3).

Pilot Study 1 Pilot Study 2
IPA COHORT Q-SHIFT COHORT
E 40% A 40%
g P=452
Wl 20% -+ P=.10 T 20% I
5 0% : 0% 4 , .
) DYSPNEA DYSPNEA DYSPNEA DYSPNEA
% NOW < 4 NOW 2 4 1st SHIFT <4  1st SHIFT 2 4
<
“5 40% - P=016 40% - ]
x r o A 1 P=.001 l
Rl P=.582
X 20% ]  peoss [ o20%4
oy [ I T
0% 0%

DYSPNEA DYSPNEA DYSPNEA A‘E\mﬁ(’g& Eé;i;”f*:
eMRC 1-2 eMRC 3-4 eMRC 5-7 =

Fig 3. Univariable comparisons of risk of combined negative outcome related to measurements of
dyspnea. Panel A—Pilot Study 1: (a) measurements of current dyspnea on admission and (b) measurements
of exertional dyspnea prior to admission; Panel B—Pilot Study 2: (a) measurements of current dyspnea during
first nursing shift and (b) measurements of any elevated dyspnea throughout the hospitalization. Error bars
represent 95% confidence intervals calculated using Wald confidence limits for binomial proportions; tests of
difference were performed using chi-squared tests with the exception of Pilot Study 2, upper right panel,
which used Fisher’s exact test given small cell sizes.

doi:10.1371/journal.pone.0152601.g003
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Patients with current dyspnea >4 at the time of initial patient assessment trended towards
worse outcomes by several other measures analyzed post-hoc, but these differences were not
significant. They had longer average length of stay (4.5 days versus 3.3 days, p = 0.14) and lon-
ger average intensive care unit length of stay (39 days per 100 admissions versus 16 days per
100 admissions, p = 0.33). There was little meaningful difference in average total charges
($25,983 versus $23,160, p = 0.59) and likelihood of readmission at 30 days (13% versus 13%,
p=1.0).

Study 2—Outcomes associated with Dyspnea Each Nursing Shift. Of the 367 inpatients
in Study 2, 4 (1%) died, 35 (10%) were transferred to the ICU, and 44 (12%) required the assis-
tance of the medical emergency response team (Table 1).

The 12 patients in Study 2 who rated current dyspnea >4 during the first shift had about
60% more adverse outcomes, about the same fractional increase as patients who rated current
dyspnea >4 at initial assessment in Study 1; however, the correlation in the smaller Study 2
sample was not significant (odds ratio 1.58, 95% CI 0.41-5.99, p = 0.50).

Serious adverse events during hospitalization were strongly associated with dyspnea
rating > 4/10 at any time during the stay rose (odds ratio 2.85, 95% CI 1.51-5.37, p = 0.0009).
The time resolution of the study design did not allow us to reliably determine whether the
increase in dyspnea preceded the adverse event in many cases.

Discussion
Dyspnea Prevalence

A large percentage of Study 1 patients reported significant dyspnea related to exertion prior to
admission, and 13% reported active, burdensome dyspnea at the time of initial nursing assess-
ment on admission. We found that 16% of the Study 2 inpatient population experienced dys-
pnea above the benchmark at some time during their hospital stay. In many of these patients
the discomfort persisted for more than one nursing shift. Thus, burdensome dyspnea was
nearly half as common as burdensome pain (Fig 1), and represents a substantial problem for
symptom management.

Association of dyspnea with Adverse Outcomes

Exertional dyspnea shortly before admission predicted adverse events in hospital in Study 1,
and there was a trend toward more adverse events in patients with dyspnea at the time of
admission to the unit. These findings from Study 1 suggest that dyspnea assessment may be a
simple and economical way to improve risk prediction. The associations of outcome with dys-
pnea in Study 2 cannot, however, be interpreted as predictions because the temporal relation-
ship between dyspnea and adverse event is not clear. In a number of cases, rapid response team
activation preceded the first routine documented increase in dyspnea; because nurses were not
required to document the time of onset of dyspnea, the actual time relationship is not known.
This study utilizes data at the outset of systematic dyspnea documentation in our hospital; as
familiarity and awareness increase nurses may exercise the option of recording dyspnea at any
time to document time of dyspnea onset.

Critique

Our two studies have several weaknesses. First, these were pilot studies designed to provide ini-
tial information on prevalence, and provide information on which to base further studies of
dyspnea and associated risk, as well as investigate the feasibility of routine dyspnea evaluation
in hospital wards (units). Because the number of adverse outcomes is low, these pilot studies
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are only powered to detect very strong associations of dyspnea with negative outcomes.
Although both studies involved hundreds of patients, there were only a few dozen adverse
events; based on these results, we project that a study would require approximately 1,000
patients to be powered to meaningfully detect a difference using binary categories, and corre-
spondingly more to define a continuous relationship and to account for confounding factors.
Second, one of the a priori adverse outcomes, summoning the rapid response team, may not be
entirely independent of the dyspnea education effort that accompanied institution of routine
measurement, as increased awareness of dyspnea may contribute to the nurse’s decision to
summon the team (a good thing for patients, but one that confounds interpretation). Third,
dichotomizing dyspnea at >4 for risk assessment is somewhat arbitrary, and larger data sets
would allow dyspnea to be treated as a continuous variable or to investigate temporal patterns
of dyspnea as predictors of adverse events.

Our study also has several strengths. First, this is the first prevalence information of its kind
and provides new information about a common but aversive symptom for hospitalized
patients. Second, despite the modest size of the individual study populations, the suggestion
that dyspnea is a strong risk predictor is strengthened by the fact that in these 2 independent
cohorts dyspnea during the first shift was associated with nearly the same odds of poor out-
come (1.58 and 1.73). Pooling of the two studies, adding the 12 patients reporting dyspnea now
>4 during the first shift in Study 2 to the 77 patients reporting dyspnea now >4 in the initial
assessment in Study 1, with a binary covariate for study assignment, did not result in statisti-
cally significant confidence intervals (OR 1.90, 95% CI 0.94-3.07). Dyspnea during the admis-
sion shift is a ‘snapshot’ of patients with differing admission and treatment histories—some
have been in the ED undergoing treatment for many hours, some have just arrived. Third,
nursing adherence rate (percent of required assessments documented) for the Initial Patient
Assessment conducted by nurses in the first pilot was 63%, and in the second longitudinal proj-
ect, was 86% (nurses recorded an average of 1.86 dyspnea ratings each day; the average shift
length in these units is 11.4 hours, thus 2.15 shifts per day). Similar studies of adherence to
pain documentation show adherence rates of 63-83%.[32-35] The difference in adherence
rates between our 2 studies likely reflects the challenges with integrating dyspnea assessment
into nursing workflow using different methods.

Conclusion

While our two pilot studies are modest in scope, this is the first report of routine quantitative
dyspnea assessment and associated risk in general hospitalized patients. We found that a signif-
icant number of patients experience burdensome dyspnea during their hospital stay. We also
found that nurses reliably performed routine dyspnea assessments on inpatients. We found
good evidence that dyspnea assessment may be a useful tool to evaluate risk of adverse event.
Routine documentation of patients’ ratings of dyspnea has the potential to drive improved
symptom management interventions, better care, and better resource allocation.

Acknowledgments

The authors are very grateful to Dora Huang, Victoria Molina, Lillye Anderson, Heather Bern-
stein, Tori Hatch, and Danielle Leone for data collection and problem solving; Robert W. Lan-
sing, Richard M. Schwartzstein, and Carl O’Donnell for valuable input on study design,
conduct, and analysis; Barbara Donovan, Jenny Barsamian, Donna Williams, and Kerry Carne-
vale for educating and leading nurses in the four pilot units; the Lois E. Silverman Department
of Nursing for enabling and supporting this project; and the pilot unit nurses for their enthusi-
astic participation.

PLOS ONE | DOI:10.1371/journal.pone.0152601 April 12,2016 9/11



@' PLOS ‘ ONE

Prevalence and Predictive Value of Dyspnea Ratings in Hospitalized Patients: Pilot Studies

Author Contributions

Conceived and designed the experiments: JPS KB MDH RBB. Performed the experiments: JPS
KB RBB. Analyzed the data: JPS KB MDH RBB. Wrote the paper: JPS KB MDH RBB.

References

1.

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

Parshall MB, Carle AC, Ice U, Taylor R, Powers J (2012) Validation of a three-factor measurement
model of dyspnea in hospitalized adults with heart failure. Heart Lung 41: 44-56. doi: 10.1016/j.hrtIng.
2011.05.003 PMID: 21794918

O'Driscoll M, Corner J, Bailey C (1999) The experience of breathlessness in lung cancer. Eur J Cancer
Care (Engl) 8:37—-43.

Thomas JR, von Gunten CF (2002) Clinical management of dyspnoea. Lancet Oncol 3: 223-228.
PMID: 12067684

Shih FJ, Chu SH (1999) Comparisons of American-Chinese and Taiwanese patients' perceptions of
dyspnea and helpful nursing actions during the intensive care unit transition from cardiac surgery.
Heart Lung 28: 41-54. PMID: 9915930

Schmidt M, Banzett RB, Raux M, Morelot-Panzini C, Dangers L, et al. (2014) Unrecognized suffering in
the ICU: addressing dyspnea in mechanically ventilated patients. Intensive Care Med 40: 1-10.

Desbiens NA, Mueller-Rizner N, Connors AF, Wenger NS (1997) The relationship of nausea and dys-
pnea to pain in seriously ill patients. Pain 71: 149-156. PMID: 9211476

Parshall MB, Schwartzstein RM, Adams L, Banzett RB, Manning HL, et al. (2012) An official American
Thoracic Society statement: update on the mechanisms, assessment, and management of dyspnea.
Am J Respir Crit Care Med 185: 435-452. doi: 10.1164/rccm.201111-2042ST PMID: 22336677

Dorman S, Byrne A, Edwards A (2007) Which measurement scales should we use to measure breath-
lessness in palliative care? A systematic review. Palliative Medicine.

Downie WW, Leatham PA, Rhind VM, Wright V, Branco JA, et al. (1978) Studies with pain rating scales.
Ann Rheum Dis 37: 378-381. PMID: 686873

Meek PM, Lareau SC, Anderson D (2001) Memory for symptoms in COPD patients: how accurate are
their reports? Eur RespirJ 18:474—481. PMID: 11589344

Meek PM, Lareau SC, Hu J (2003) Are self-reports of breathing effort and breathing distress stable and
valid measures among persons with asthma, persons with COPD, and healthy persons? Heart Lung
32: 335-346. PMID: 14528191

Hardy JR, Turner R, Saunders M, A'Hern R (1994) Prediction of survival in a hospital-based continuing
care unit. Eur J Cancer 30A: 284-288. PMID: 7515631

Heyse-Moore LH, Ross V, Mullee MA (1991) How much of a problem is dyspnoea in advanced cancer?
Palliative Medicine 5: 20-26.

Maltoni M, Pirovano M, Scarpi E, Marinari M, Indelli M, et al. (1995) Prediction of survival of patients ter-
minally ill with cancer. Results of an Italian prospective multicentric study. Cancer 75: 2613-2622.
PMID: 7537625

Escalante CP, Martin CG, Elting LS, Cantor SB, Harle TS, et al. (1996) Dyspnea in cancer patients. Eti-
ology, resource utilization, and survival-implications in a managed care world. Cancer 78: 1314-1319.
PMID: 8826956

Nishimura K, Izumi T, Tsukino M, Oga T (2002) Dyspnea is a better predictor of 5-year survival than air-
way obstruction in patients with COPD. Chest 121: 1434-1440. PMID: 12006425

Onen ZP, Gulbay BE, Sen E, Yildiz OA, Saryal S, et al. (2007) Analysis of the factors related to mortality
in patients with bronchiectasis. Respir Med 101: 1390-1397. PMID: 17374480

Nishiyama O, Taniguchi H, Kondoh Y, Kimura T, Kato K, et al. (2010) A simple assessment of dys-
pnoea as a prognostic indicator in idiopathic pulmonary fibrosis. Eur RespirJ 36: 1067—1072. doi: 10.
1183/09031936.00152609 PMID: 20413545

Johnson SR, Whale CI, Hubbard RB, Lewis SA, Tattersfield AE (2004) Survival and disease progres-
sion in UK patients with lymphangioleiomyomatosis. Thorax 59: 800—-803. PMID: 15333859

Abidov A, Rozanski A, Hachamovitch R, Hayes SW, Aboul-Enein F, et al. (2005) Prognostic signifi-
cance of dyspnea in patients referred for cardiac stress testing. N Engl J Med 353: 1889—-1898. PMID:
16267320

Djarv T, Metcalfe C, Avery KN, Lagergren P, Blazeby JM (2010) Prognostic value of changes in health-
related quality of life scores during curative treatment for esophagogastric cancer. J Clin Oncol 28:
1666—1670. doi: 10.1200/JC0.2009.23.5143 PMID: 20194863

PLOS ONE | DOI:10.1371/journal.pone.0152601

April 12,2016 10/11


http://dx.doi.org/10.1016/j.hrtlng.2011.05.003
http://dx.doi.org/10.1016/j.hrtlng.2011.05.003
http://www.ncbi.nlm.nih.gov/pubmed/21794918
http://www.ncbi.nlm.nih.gov/pubmed/12067684
http://www.ncbi.nlm.nih.gov/pubmed/9915930
http://www.ncbi.nlm.nih.gov/pubmed/9211476
http://dx.doi.org/10.1164/rccm.201111-2042ST
http://www.ncbi.nlm.nih.gov/pubmed/22336677
http://www.ncbi.nlm.nih.gov/pubmed/686873
http://www.ncbi.nlm.nih.gov/pubmed/11589344
http://www.ncbi.nlm.nih.gov/pubmed/14528191
http://www.ncbi.nlm.nih.gov/pubmed/7515631
http://www.ncbi.nlm.nih.gov/pubmed/7537625
http://www.ncbi.nlm.nih.gov/pubmed/8826956
http://www.ncbi.nlm.nih.gov/pubmed/12006425
http://www.ncbi.nlm.nih.gov/pubmed/17374480
http://dx.doi.org/10.1183/09031936.00152609
http://dx.doi.org/10.1183/09031936.00152609
http://www.ncbi.nlm.nih.gov/pubmed/20413545
http://www.ncbi.nlm.nih.gov/pubmed/15333859
http://www.ncbi.nlm.nih.gov/pubmed/16267320
http://dx.doi.org/10.1200/JCO.2009.23.5143
http://www.ncbi.nlm.nih.gov/pubmed/20194863

@' PLOS ‘ ONE

Prevalence and Predictive Value of Dyspnea Ratings in Hospitalized Patients: Pilot Studies

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Healy LA, Ryan AM, Moore J, Rowley S, Ravi N, et al. (2008) Health-related quality of life assessment
at presentation may predict complications and early relapse in patients with localized cancer of the
esophagus. Dis Esophagus 21:522-528. doi: 10.1111/].1442-2050.2008.00814.x PMID: 18430185

Sha MC, Callahan CM, Counsell SR, Westmoreland GR, Stump TE, et al. (2005) Physical symptoms
as a predictor of health care use and mortality among older adults. Am J Med 118: 301-306. PMID:
15745729

Baker K, Barsamian J, Leone D, Donovan BC, Williams D, et al. (2013) Routine dyspnea assessment
on unit admission. Am J Nurs 113: 42—49; quiz 50.

Fletcher C (1960) Standardised questionnaire on respiratory symptoms: a statement prepared and
approved by the MRC Committee on the Aetiology of Chronic Bronchitis (MRC breathlessness score).
BMJ 2: 1665.

Baker K, Barsamian J, Leone D, Donovan B, Williams D, et al. (2013) Routine Quantitative Assessment
of Dyspnea at the Time of Admission. American Journal of Nursing Pending.

Twaddle ML, Maxwell TL, Cassel JB, Liao S, Coyne PJ, et al. (2007) Palliative care benchmarks from
academic medical centers. J Palliat Med 10: 86-98. PMID: 17298257

Elixhauser A, Steiner C, Harris DR, Coffey RM (1998) Comorbidity measures for use with administrative
data. Med Care 36: 8-27. PMID: 9431328

Escobar GJ, Greene JD, Scheirer P, Gardner MN, Draper D, et al. (2008) Risk-adjusting hospital inpa-
tient mortality using automated inpatient, outpatient, and laboratory databases. Med Care 46: 232—
239. doi: 10.1097/MLR.0b013e3181589bb6 PMID: 18388836

Howell MD, Ngo L, Folcarelli P, Yang J, Mottley L, et al. (2012) Sustained effectiveness of a primary-
team-based rapid response system. Critical Care Medicine 40: 2562—-2568. doi: 10.1097/CCM.
0b013e318259007b PMID: 22732285

Bellomo R, Goldsmith D, Uchino S, Buckmaster J, Hart G, et al. (2004) Prospective controlled trial of
effect of medical emergency team on postoperative morbidity and mortality rates. Crit Care Med 32:
916-921. PMID: 15071378

Dalton JA, Carlson J, Blau W, Lindley C, Greer SM, et al. (2001) Documentation of pain assessment
and treatment: how are we doing? Pain Manag Nurs 2: 54—64. PMID: 11706771

de Rond M, de Wit R, van Dam F, van Campen B, den Hartog Y, et al. (1999) Daily pain assessment:
value for nurses and patients. J Adv Nurs 29: 436—444. PMID: 10197944

O'Connor M (2003) Pain management: improving documentation of assessment and intensity. J
Healthc Qual 25: 17-21; quiz 22.

Zhu LM, Stinson J, Palozzi L, Weingarten K, Hogan ME, et al. (2012) Improvements in pain outcomes
in a Canadian pediatric teaching hospital following implementation of a multifaceted knowledge transla-
tion initiative. Pain Res Manag 17: 173—-179. PMID: 22606682

PLOS ONE | DOI:10.1371/journal.pone.0152601

April 12,2016 11/11


http://dx.doi.org/10.1111/j.1442-2050.2008.00814.x
http://www.ncbi.nlm.nih.gov/pubmed/18430185
http://www.ncbi.nlm.nih.gov/pubmed/15745729
http://www.ncbi.nlm.nih.gov/pubmed/17298257
http://www.ncbi.nlm.nih.gov/pubmed/9431328
http://dx.doi.org/10.1097/MLR.0b013e3181589bb6
http://www.ncbi.nlm.nih.gov/pubmed/18388836
http://dx.doi.org/10.1097/CCM.0b013e318259007b
http://dx.doi.org/10.1097/CCM.0b013e318259007b
http://www.ncbi.nlm.nih.gov/pubmed/22732285
http://www.ncbi.nlm.nih.gov/pubmed/15071378
http://www.ncbi.nlm.nih.gov/pubmed/11706771
http://www.ncbi.nlm.nih.gov/pubmed/10197944
http://www.ncbi.nlm.nih.gov/pubmed/22606682

