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BACKGROUND: When deciding whether mechanical ventilation is indicated, physicians integrate
their findings on physical examination in a gestalt known as respiratory distress. Despite its im-
portance, this gestalt is poorly understood. This study aims to describe the association between the
rating of the severity of respiratory distress and vital signs, severity of illness, use of mechanical
ventilation, and death. A prospective observational study with 1,134 consecutive subjects with
uncertain triage evaluated by a critical care consult team was carried out in a public inner city
teaching hospital. METHODS: After the initial evaluation of each patient, a critical care physician
rated the level of respiratory distress. We recorded vital signs, diagnosis, and laboratory results and
calculated the Acute Physiology and Chronic Health Evaluation (APACHE) II score. We recorded
if mechanical ventilation was initiated by 72 h and if the patient died during the hospitalization.
RESULTS: The most common diagnoses were respiratory illnesses. Higher distress levels were
associated with higher breathing frequency (20, 22, 27, and 30 breaths/min, P < .001) and heart rate
(96, 101, 109, and 116 beats/min, P < .001) and lower SpO2

(97, 95, 93, and 92%, P < .001). These
variables explain only a small portion of the variance of distress. Distress correlated weakly with the
APACHE II score (r � 0.22, P � .001). Blood pressure, temperature, Glasgow coma scale score, and
laboratory data were unrelated to the levels of distress. However, higher levels of distress correlated
with intubation rates (5, 13, 27, and 41%, P < .001). The area under the receiver operating
characteristic curve for respiratory distress predicting intubation (0.72) was larger than that for
breathing frequency (0.65). Distress was an independent predictor of intubation but not of death.
CONCLUSIONS: A physician’s rating of respiratory distress is independently predictive of intu-
bation in 72 h. Vital signs explain only a small proportion of variance in distress; the other
observations contributing to a physician’s rating of distress must be determined. Key words: respi-
ratory distress; artificial respiration; observation; triage; physical examination. [Respir Care
2014;59(9):1–•. © 2014 Daedalus Enterprises]

Introduction

The most common reason to initiate mechanical venti-
lation is to reduce a patient’s work of breathing.1 Because
it is difficult to measure and interpret the work of breath-

ing at the bedside, physicians search for physical signs that
indicate an increase in the work of breathing and integrate
them into the gestalt commonly known as respiratory dis-
tress.1,2
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Campbell3 developed a tool to measure respiratory dis-
tress in dying patients. It is comprised of breathing fre-
quency, heart rate, restlessness, accessory muscle use,
grunting, nasal flaring, and the look of fear. It was vali-
dated against dyspnea during exercise in patients with end-
stage lung disease. This procedure was reasonable because
the relation between the work of breathing and dyspnea is
established.4,5 However, this tool is not used to assess
acutely ill patients, and physicians continue to rely on a
gestalt to rate respiratory distress. The observations that
contribute to this rating are unknown.

Textbooks mention 15 signs associated with increased
work of breathing. They provide sparse information on
detecting these signs and give no guidance on using them
in determining the need for mechanical ventilation.6

The definitions of respiratory distress used in clinical
trials are not useful for clinicians. These definitions re-
quire continuous monitoring, describe distress when it is
severe enough to require ventilator support and not lower
levels, consider distress present when any of up to 10
conditions are met, and frequently include respiratory dis-
tress as one of these conditions.7-11 The reports of clinical
trials rarely report how frequently the conditions were
checked, which of them were met, or whether gestalt played
any role.

Considering the gap in the understanding of respiratory
distress, this study aimed to describe some of its clinical
correlates. Specifically, this study sought to determine the
association between the rating of the severity of respira-
tory distress and vital signs, severity of illness, and out-
comes.

Methods

Design

This was a prospective exploratory study performed at a
public hospital in a large metropolitan area. The institu-
tional review board of the John H. Stroger, Jr. Hospital of
Cook County approved the study (03-184) and waived
signed informed consent. This allowed us to include all
subjects who needed triaging, therefore reflecting real ex-
perience.

Subjects

We included all of the subjects evaluated by a critical
care team for possible admission to the medical ICU who
had not yet received mechanical ventilation, vasopressor
therapy, or any intervention that required admission to the
unit.12-15 We excluded patients with impending intubation
because the evaluating physician could have been post-
poning an inevitable intubation until circumstances were

optimal. This criterion allowed us to include subjects with
a wide range of diagnoses whose course was uncertain.

Procedure

The medical critical care team evaluated the subjects
either in the emergency department or on the medical wards.
A critical care physician completed a standardized form on
the first encounter. It included the level of respiratory
distress (none, slight, moderate, severe, and severe with
impending intubation), the Glasgow coma scale (GCS),
and a prediction (0–100%) of the likelihood of intubation
and of the likelihood of being alive at discharge.

The physicians were aware that the rating of respiratory
distress was intended to describe increased work of breath-
ing and should be based on the respiratory system exam
while being independent of laboratory data. To maintain
the knowledge and compliance of the physicians involved
in the study, the protocol was presented twice in divisional
meetings, and a research assistant reminded the physicians
every shift to complete a study form for every consultation
and answered any questions about data collection.

The vital signs (breathing frequency, heart rate, oxygen
saturation (SpO2

), mean arterial blood pressure, and tem-
perature) at the time of evaluation and the laboratory data
at presentation were collected from the medical record. To
determine the severity of illness, the APACHE II score
was calculated for all subjects because it requires only 12
variables that are usually available in most acutely ill pa-
tients.16 The subjects were followed until discharge from
the hospital to determine if they died and if mechanical
ventilation was instituted in the first 72 h after the con-
sultation.

QUICK LOOK

Current knowledge

The diagnosis of respiratory distress is commonly based
on physical examination by experienced clinicians and
is an important component of the decision to initiate
mechanical ventilation. The rating of the severity of
respiratory distress by physicians and the relationship
of that assessment to outcomes, the use of mechanical
ventilation, and death is not well known.

What this paper contributes to our knowledge

A physician’s rating of respiratory distress is indepen-
dently predictive of intubation within 72 h. Vital signs
explain only a small proportion of distress’s variance.
To understand respiratory distress further, the other ob-
servations contributing to a physician’s rating of it must
be determined.
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Analysis

For normally distributed variables, we used the t test to
compare 2 independent groups and analysis of variance to
compare 4 independent groups. For correlation, we calcu-
lated Spearman’s coefficient. For homogeneity, we used
the chi-square test. Dichotomous variables are reported as
percentages and were compared using the Marascuilo pro-
cedure.17 Mann-Whitney and Kruskal-Wallis tests were
used to compare variables not normally distributed. For
multiple comparisons, we used the Bonferroni correction.
To determine the proportion of the variance in the level of
distress explained by physiologic variables, we entered the
breathing frequency, heart rate, and SpO2

in an ordinal
logistic regression analysis to calculate the pseudo-R2.

To determine the accuracy of the level of distress in
predicting intubation, we calculated the area under the
receiver operating characteristic (ROC) curve and com-
pared it to that of other predictors.18 To determine if the
level of distress is an independent predictor of intubation,
we compared relevant variables between subjects who were
intubated and those who were not and entered the signif-
icant ones in a logistic regression model. We also used
logistic regression to determine if distress is an indepen-
dent predictor of mortality after correcting for intubation
and APACHE II scores. To rule out the possibility of
association by chance, we performed a falsification anal-
ysis that entailed determining if there is association be-
tween distress and non-respiratory variables. P values � .05
were considered significant. SPSS 16.0 (SPSS, Chicago,
Illinois) was used for analysis.

Results

The inclusion criteria was met in 1,134 subjects. Twelve
subjects were excluded because intubation was impending.
The subjects’ mean age was 51 � 17 y, and 58% were
men. Most were African American (54%) or white (23%).
Most consultations were in the emergency department
(65%), and the remainder were on the medical wards.
Eighteen critical care physicians evaluated subjects for the
study.

The most common reason for consultation was a respi-
ratory illness (Table 1). Respiratory distress was not pres-
ent in 625 subjects (55.1%) and was slight in 297 subjects
(26.2%), moderate in 173 subjects (15.3%), and severe in
39 subjects (3.4%). Overall mortality was 10.7%. Mortal-
ity among the 137 subjects intubated within 72 h was
39.4%.

Relation to Variables at Presentation

Breathing frequency and heart rate increased with the
level of respiratory distress (Table 2). The breathing fre-

quency was significantly different between all levels of
respiratory distress (Bonferroni correction, P � .001). The
heart rate was significantly different between all levels of
respiratory distress (Bonferroni correction, P � .002) ex-
cept for the comparison between subjects with moderate
and severe distress (Bonferroni correction, P � .47).

The coefficients for the correlation between distress and
breathing frequency, heart rate, and SpO2

were 0.42, 0.25,
and �0.25 (all P values � .001). In ordinal logistic re-
gression, the breathing frequency, heart rate, and SpO2

were
independently associated with the level of distress
(P � .001), and the pseudo-R2 was 0.2.

The predicted likelihood of intubation (mean � SD of
22 � 23%, median 10% [interquartile range 5–30%]) cor-
related with the level of distress (r � 0.37, P � .001) and
increased significantly with each level (P � .001). The
APACHE II score (13 � 6) correlated with the level of
distress (r � 0.22, P � .001). Temperature, blood pres-
sure, GCS, and calcium and creatinine levels were similar
between all levels of respiratory distress (falsification anal-
ysis).

Prediction of Outcome

One-hundred thirty-seven (12.1%) patients were intu-
bated in 72 h. Use of mechanical ventilation (noninvasive
ventilation or invasive intubation) and mortality increased
as the level of distress increased (Table 3).

For predicting intubation, the area under the ROC curve
(Fig. 1) for the level of distress was higher than the area
for breathing frequency (0.72 vs 0.65, 2-tailed P � .009).
In the subgroup of subjects with a predicted likelihood of
intubation of � 10% (observed intubation rate of 4.7%),
the area under the ROC curve for distress was 0.62 � 0.06.

Fifteen of the involved physicians individually evalu-
ated at least 25 subjects. The areas under the ROC curves
for their individual ratings of distress were between 0.60

Table 1. Organ Dysfunction at the Time of Evaluation by the
Critical Care Team

Organ n (%)

Respiratory 277 (24.4)
Neurological 181 (16.0)
Gastrointestinal 143 (12.6)
Metabolic abnormality 100 (8.8)
Sepsis 77 (6.8)
Cardiovascular 75 (6.6)
Hematological 51 (4.5)
Renal 43 (3.8)
Two systems 138 (12.2)
More than two systems 47 (4.1)
Other 2 (0.2)
Total 1,134
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and 0.89 (all P values � .05) and were higher than their
corresponding individual areas for breathing frequency ex-
cept in 2 physicians.

At the time of consultation, the breathing frequency,
heart rate, prediction of intubation, and APACHE II score
were higher, and the arterial blood pressure, SpO2

, and
GCS score were lower in subjects who were later intu-
bated than in subjects who were not. Age, anion gap, and
concentrations of blood urea nitrogen, creatinine, hemo-
globin, and lactic acid were similar between the 2 groups
(Table 4). In logistic regression, the level of distress was
an independent predictor of intubation (Table 5). The area
under the ROC curve for the probability of intubation
based on the model was 0.80 (95% CI 0.76–0.84).

For predicting mortality, the areas under the ROC curves
for the level of distress and for the APACHE II score were
similar (0.64 and 0.68, P � .15). In a logistic regression
model that included the level of distress, intubation, and
the APACHE II score, the APACHE II score and intuba-

Table 2. Comparison of Variables as Presentation Between Groups of Distress

Variable
Level of Respiratory Distress

P
None Slight Moderate Severe

Breathing frequency, breaths/min 20 � 4 22 � 5 27 � 7 30 � 7 � .001*
Heart rate, beats/min 96 � 21 101 � 21 109 � 19 116 � 23 � .001*
SpO2

, % 97 � 1 95 � 1 93 � 1 92 � 1 � .001†
Likelihood of intubation, % (median �IQR�) 10 (3–20) 21 (5–30) 35 (20–60) 50 (40–80) � .001†
Mean arterial pressure, mm Hg 92 � 23 90 � 21 94 � 21 93 � 23 .3*
Temperature, °C 37.00 � 0.04 37.03 � 0.05 37.15 � 0.07 37.19 � 0.14 .2*
Calcium, mg/dL 8.6 � 1.1 8.4 � 0.9 8.5 � 1.1 8.4 � 0.6 .09*
Creatinine, mg/dL 2.2 � 2.9 2.2 � 3.2 2.1 � 3.0 1.6 � 2.6 .7*
GCS � 14, % 14.9 17.8 16.2 18.8 .65‡

All P values for the multiple comparisons were � .008 (the adjusted P value based on the Bonferroni correction) except for the comparison of the SpO2 between subjects with slight and moderate
distress (.11) and moderate and severe distress (.02) and the heart rate between subjects with moderate and severe distress.
* Comparison between means with analysis of variance
† Kruskal-Wallis test
‡ Comparison with chi-square test
IQR � interquartile range
GCS � Glasgow coma scale

Table 3. Outcomes Based on the Level of Distress

Level of Respiratory Distress

PNone
(n � 625)

Slight
(n � 297)

Moderate
(n � 173)

Severe
(n � 39)

Mortality, %* 6.4 14.1 17.3 23.1 � .001†
Intubation in 72 h,

%‡
5.4 13.1 27.7 41.0 � .001†

Use of NIV only,
%§

0.5 3.4 4.6 7.7 � .001†

Use of MV, %‡ 5.9 16.2 30.6 46.2 � .001†

* Comparisons were significant between subjects with no distress and those with mild or
moderate distress (P � .008).
† Comparison with chi-square test
‡ Comparisons were significant between all levels of distress (P � .008) except between
subjects with moderate distress and those with severe distress.
§ Individual comparisons between the levels of distress were insignificant (P � .06).
NIV � noninvasive ventilation
MV � mechanical ventilation (invasive intubation or NIV)

Fig. 1. Area under the receiver operating characteristic (ROC) curve
for predicting intubation within 72 h of evaluation. Respiratory dis-
tress (0.72 � 0.03, P � .001), likelihood of intubation by physician
(0.76 � 0.02, P � � .001), breathing frequency at the time of
evaluation (0.65 � 0.03, P � .001), and SpO2

at the time of eval-
uation (0.58 � 0.03, P � .004). The area under the ROC curve for
respiratory distress was significantly larger than that for all other
variables except the prediction of intubation.

RATING OF RESPIRATORY DISTRESS TO PREDICT INTUBATION

4 RESPIRATORY CARE • SEPTEMBER 2014 VOL 59 NO 9

RESPIRATORY CARE Paper in Press. Published on May 20, 2014 as DOI: 10.4187/respcare.02650

Copyright (C) 2014 Daedalus Enterprises ePub ahead of print papers have been peer-reviewed, accepted for publication, copy edited  
and proofread. However, this version may differ from the final published version in the online and print editions of RESPIRATORY CARE



tion were independent predictors of mortality (see Table
5).

Discussion

In this study, we described clinical correlates of the
level of respiratory distress rated by physicians on their
first encounter with acutely ill patients. Breathing fre-
quency, heart rate, and saturation were independently as-
sociated with respiratory distress. Distress independently
predicted intubation, but not death. These observations
might be axiomatic, but they have never been quantified.

Respiratory distress is a sign and must be distinguished
from dyspnea, which is a symptom. Both are a manifes-
tation of an increased work of breathing, and Campbell
et al19 reported that the correlation coefficient between
them is 0.4.

Respiratory distress was better than breathing frequency
in predicting mechanical ventilation. The odds ratio for
intubation in 72 h was 	3 in subjects with moderate or
severe distress. This is comparable to the odds of remain-
ing on the ventilator in patients whose dyspnea does not
improve after ventilator adjustment.20

Hypotension was not associated with distress but was
associated with intubation. We could not determine if it
led to lung or diaphragm injury, distress, and ultimately
intubation or if hypotension and distress were caused by
the patient’s illness.13,14

Breathing frequency, heart rate, and SpO2
explained only

a small part of the variability of distress. This suggests that

the physicians relied heavily on other observations such as
the subjects’ facial expressions and use of accessory mus-
cles.21

Although the areas under the ROC curves for the level
of respiratory distress and the APACHE II score in pre-
dicting death were similar, they correlated weakly. The
weak correlation might be spurious because of the large
sample size (less likely with P � .001) or could suggest
that respiratory distress is solely a measure of respiratory
dysfunction and explains only a portion of the APACHE II
score that incorporates dysfunction of other systems. A
strong correlation between distress and the APACHE II
score would have weakened our findings because it would
have meant that distress is a measure of the overall sever-
ity of illness and not of respiratory dysfunction only. In
fact, the APACHE II score correlated more with the phy-
sicians’ prediction of survival than with the physicians’
prediction of intubation (data not shown). In a parallel
manner, Schmidt et al20 observed that dyspnea during me-
chanical ventilation was unrelated to the severity of phys-
iologic derangements.

The first strength of our study is the sample. It included
a heterogeneous consecutive group of subjects on the med-
ical wards or in the emergency department whose condi-
tions warranted consulting a critical care team.22 Such a
sample increases the generalizability of our findings. We
also maximized the uncertainty of the triage by excluding
subjects whose intubation was imminent or who had any
other clear indication for admission to the ICU. This al-
lowed us to evaluate the rating of distress in a challenging
circumstance.

The second strength of our study is that we performed
falsification analysis. Finding an association between dis-
tress and an unrelated variable such as the calcium blood
level would weaken (or falsify) our main results because it
suggests that the main findings could be just chance. For-
tunately, we found no association between distress and
body temperature, blood pressure, GCS, and calcium and
creatinine levels.23 The third strength is that we included
19 subjects with intubation for every variable included in
the logistic regression analysis and that the model had a
good fit and an acceptable discrimination.

Our study has 4 limitations. First, the assessors were
sometimes involved in the care of the subjects beyond
triage. We attempted to correct for this bias by including
the physicians’ own prediction of the likelihood of intu-
bation. We assumed that this prediction corrects for the
implicit inclination or decision by the physician for intu-
bating a patient once conditions permitted (environment,
test results, further history, availability of supervision, etc).
In the subgroup of subjects with the lowest likelihood of
intubation, the ability of distress to predict intubation re-
mained significant but weak. Despite including the pre-
diction in the regression model, respiratory distress re-

Table 4. Comparison of Baseline Characteristics Between Subjects
Who Were and Were Not Intubated in 72 h

Intubated
Not

Intubated
P

Age, y 51 � 17 51 � 16 .6
Urea nitrogen, mg/dL 34 � 34 31 � 30 .4
Creatinine, mg/dL 2.2 � 2.9 2.2 � 2.9 .9
Lactic acid, mmol/L 3.6 � 2.7 3.3 � 2.7 .3
Anion gap 12 � 6 13 � 6 .3
Hemoglobin, g/dL 11.3 � 3.2 11.6 � 3.2 .2
GCS score 13.6 � 2.8 14.3 � 1.8 .001*
Mean arterial pressure, mm Hg 87 � 21 93 � 22 .004
Heart rate, beats/min 107 � 21 99 � 22 � .001
Breathing frequency, breaths/min 25 � 6 22 � 6 � .001
SpO2

, % (median �IQR�) 96 (92–99) 97 (95–99) .004*
Prediction of intubation,

% (median �IQR�)
40 (20–70) 10 (5–30) � .001*

APACHE II score (median �IQR�) 15 (10–20) 13 (9–17) � .001*

* Comparison was performed using the Mann-Whitney test. All other comparisons were
performed with the t test.
GCS � Glasgow coma scale
IQR � interquartile range
APACHE � Acute Physiology and Chronic Health Evaluation
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mained a significant predictor of intubation. The prediction
of intubation was poorly calibrated: the predicted likeli-
hood of intubation was 18 � 20% in subjects not intubated
(overestimation of intubation rate) and 44 � 32% in intu-
bated subjects (underestimation of intubation rate).

Second, we did not measure patient dyspnea or drive.
This would have strengthened our findings but would have
made the study more difficult to perform.

Third, we did not measure agreement between observ-
ers, although a systematic review by Benbassat and
Baumal24 reported that agreement in detecting respiratory
distress was fair. Campbell25 reported that a graduate nurs-
ing student has a high reliability in detecting fear, use of
accessory muscles, paradoxical breathing, and nasal flar-
ing during weaning. We also reported preliminary data
that, depending on the time gap between evaluations, agree-
ment on the level of distress was fair to moderate.26

Measuring agreement between physicians would have
been prudent if we had used a single observer because the
results would have been specific to the observer and not
generalizable. Because we relied on a large number of
observers, the calculated odds ratios are attenuated by dis-
agreement. Using the equation proposed by Thompson27

and assuming that kappa for the level of distress is 0.2–
0.4, the true odds ratio for any level of distress predicting
intubation is 3.9–6.9.28,29

Fourth, we did not instruct the physicians on rating the
level of distress. This would have changed the gestalt and
could have changed the treatment of the subject. The vari-
ability introduced by our method is representative of real
practice and current knowledge. We assume that the phy-
sicians involved in the study used signs that they were
confident in detecting, interpreting, and integrating into a
gestalt.

We would like to confirm and point out a concerning
observation. Despite the clinical significance of the respira-
tory distress gestalt, physicians in training have limited ex-
perience with patients in severe respiratory distress.30 Every
month, we supervise four 2-resident teams in the medical
ICU. If respiratory distress developed before all intubations,
each team would observe 3 subjects in distress.

When determining the need of an acutely ill patient for
respiratory monitoring or support, physicians rely heavily
on a gestalt assessment of respiratory distress because they
do not have reliable tools to measure either respiratory
distress or work of breathing. Until physicians have such
tools, they must trust their gestalt and closely monitor
patients with any level of distress.
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