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Importance of respiratory rate for the prediction of clinical
deterioration after emergency department discharge: a
single-center, case–control study
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Aim: The purpose of the present study was to investigate the predictors of clinical deterioration soon after emergency department
(ED) discharge.

Methods: We undertook a case–control study using the ED database of the Nagano Municipal Hospital (Nagano, Japan) from Jan-
uary 2012 to December 2013. We selected adult patients with medical conditions who revisited the ED with deterioration within
2 days of ED discharge (deterioration group). The deterioration group was compared with a control group.

Results: During the study period, 15,724 adult medical patients were discharged from the ED. Of these, 170 patients revisited the
ED because of clinical deterioration within 2 days. Among the initial vital signs, respiratory rate was less frequently recorded than
other vital signs (P < 0.001 versus all other vital signs in each group). The frequency of recording each vital sign did not differ signifi-
cantly between the groups. Overall, patients in the deterioration group had significantly higher respiratory rates than those in the con-
trol group (21 � 5/min versus 18 � 5/min, respectively; P = 0.002). A binary logistic regression analysis revealed that respiratory
rate was an independent risk factor for clinical deterioration (unadjusted odds ratio, 1.15; 95% confidence interval, 1.04�1.26;
adjusted odds ratio, 1.15; 95% confidence interval, 1.01�1.29).

Conclusions: An increased respiratory rate is a predictor of early clinical deterioration after ED discharge. Vital signs, especially res-
piratory rate, should be carefully evaluated when making decisions about patient disposition in the ED.
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INTRODUCTION

MANY PATIENTS VISIT the emergency department
(ED), and present with a wide variety of illnesses.

There are no uniform criteria for assessing the disposition of
patients in the ED. Decision-making around disposition is
an important skill for emergency physicians. Some dis-
charged patients revisit the ED with clinical deterioration
within a few days of discharge; a few of these patients die.

Gabayan et al.1 suggested that abnormal vital signs are risk
factors for death after ED discharge.

Furthermore, it is known that in-hospital cardiac arrest
patients experience some changes in vital signs prior to car-
diac arrest.2,3 It has been reported that early recognition of
worsening vital signs and the consequent early therapeutic
intervention may reduce the probability of deterioration.4–6

We hypothesized that patients who deteriorate soon after ED
discharge have some abnormal findings at the initial visit.
Identifying these may allow for interventions to improve
patient prognosis in the ED. The purpose of this study was
to determine the predictors of early clinical deterioration
after ED discharge.

METHODS

WE UNDERTOOK A case–control study of patients
who were entered into the ED database of the
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Nagano Municipal Hospital (Nagano, Japan) between Jan-
uary 2012 and December 2013. We selected adult patients
(aged 15 years or older) with medical conditions who revis-
ited the ED because of clinical deterioration within 2 days
of ED discharge. Patients for whom the outcome of the revi-
sit was admission, transfer to another hospital for emergency
treatment, or death, were considered to have deteriorated.
The number of patients in the ED during the study period
determined the sample size. A comparison between the dete-
rioration group and the control group was carried out. This
study was carried out in accordance with the Declaration of
Helsinki and the Code of Ethics of the World Medical Asso-
ciation for experiments involving humans. The study proto-
col was approved by the institutional review board.

Emergency Department of Nagano Municipal
Hospital

The Nagano Municipal Hospital is a general acute-care
hospital with 400 beds, including six intensive care unit
beds. In the ED of the hospital, if there are two or more
patients in the waiting room, walk-in patients are usually
triaged by a nurse, based on the Japan Triage and Acuity
Scale.7 In contrast, patients transported by ambulance are
usually examined by both a nurse and doctor soon after
arrival. The emergency physician judges whether a patient
requires hospitalization, and can order a patient to revisit
the ED for follow-up after discharge if the expected
required number of revisits is few. Vital signs, such as
blood pressure, heart rate, respiratory rate, pulse oximetry
oxygen saturation (SpO2), body temperature, and Glasgow
Coma Scale score, are written on a triage sheet, in the
electronic nursing record, and in the doctor’s electronic
chart. However, whether the values are recorded or not is
entrusted to the staff.

Data collection

We collected data on patient demographics and hospital
variables from the ED database. The database is an elec-
tronic patient list of the ED that comprises information from
the scanned triage sheet, electronic nursing record, the doc-
tor’s electronic chart, and examination results. The data
included age, sex, means of arrival to the ED, vital signs on
arrival, laboratory results, examinations undertaken, out-
come in the ED, and ED discharge diagnosis. Three person-
nel who were blinded to the hypothesis of the study
undertook the chart review. The chart reviewers categorized
the ED discharge diagnoses according to the affected organ.
If there were differences in judgments among the three chart
reviewers, the majority decision was taken or more

personnel were added to the patient’s chart review to obtain
a majority decision.

Control group

To form a control group, the same number of patients as in
the study group, including only those who did not revisit the
ED, was selected from the ED database. The control group
patients were matched with the study group by age, sex, and
means of arrival to the ED, in order to reduce the potential
of bias associated with variables that might be affected by
differences in these traits. If two or more candidates were
applicable, controls were randomly selected. If no patient
could completely match a study group patient according to
age in the database, the nearest patient in age was selected.

Statistical analysis

Demographic and hospital variables were compared between
the deterioration group and the control group. Categorical
variables were compared using the v2-test or Fischer’s exact
test. Continuous and ordinal variables were compared using
the Mann–Whitney U-test. Binary logistic regression analy-
sis was carried out to determine the independent predictors
of clinical deterioration. To address missing data, analyses
were restricted to individuals with complete data for all vari-
ables required for a particular analysis. Descriptive statistics
were reported as means � standard deviation for continuous
and ordinal variables, and as frequencies and percentages for
categorical variables. Data analysis was carried out using
IBM SPSS Statistics software (version 22; SPSS Japan Inc.,
Tokyo, Japan). For all analyses, significance was defined as
P < 0.05.

RESULTS

Description of deterioration group

DURING THE STUDY period, 38,666 ED visits were
recorded for 28,778 patients (Fig. 1). Of these visits,

30,367 (79%) were from walk-in patients, 8,215 (21%) were
from patients transported by ambulance, and 84 (<1%) were
from patients transported by emergency helicopter. Of the
38,666 visits, 21,264 were made by adults with medical con-
ditions. Of these, 15,724 visits—made by 12,388 patients—
were deemed safe for discharge by the emergency physician.
Table 1 shows the demographics of the discharged patients.
Overall, 541 (3%) patients revisited the ED within 2 days of
discharge. Of these, 371 patients were discharged, while 170
(1%) patients were not eligible for discharge (the deteriora-
tion group, Fig. 1). All 170 records were obtained from
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different patients, and the reason for all revisits was identical
to the first visit. The demographics of the deterioration group
are shown in Table 2. Outcomes of the deterioration group
at revisit were admission (169 patients) and death (one
patient). No patient in the deterioration group required trans-
fer to another hospital for emergency management.

Description of control group

Of the 15,724 discharges, 8,969 patients visited the ED only
once during the study period. From those 8,969 patients,

170 were selected for the control group, as shown in Fig-
ure 1. Of these, 167 patients were fully matched in demo-
graphics with the deterioration group. The demographics did
not differ significantly between the groups (Table 2).

Comparison of vital signs and examination
results

Table 2 shows the demographics, frequency of recording of
each vital sign, recorded vital signs, examinations under-
taken, examination results, and discharge diagnosis for both
groups. A full set of initial vital signs was not always
recorded. In particular, respiratory rate was less frequently
recorded than other vital signs (P < 0.001 versus all other
vital signs in each group). The frequency of recording of
each vital sign did not differ significantly between the
groups. Complete blood count (P = 0.005), biochemical
examination (P = 0.005), and radiographic examination
(P = 0.009) were more frequently undertaken in the deterio-
ration group.

Among the initial vital signs, the deterioration group had a
significantly higher respiratory rate (P = 0.002) than the con-
trol group. In terms of laboratory findings, the deterioration
group had a significantly higher white blood cell (WBC)
count (P < 0.001) and C-reactive protein (CRP) level
(P = 0.001) than the control group. Categories of discharge
diagnosis did not differ significantly between the groups.

Fig. 1. Flow chart of the present study of the predictors of clinical deterioration soon after emergency department (ED) discharge.

The number of patients, visits, and discharges are indicated in each box.

Table 1. Characteristics of adult patients discharged with

medical conditions from the emergency department (ED) of

a Japanese general acute-care hospital, January 2012–
December 2013

Total (n = 15,724)

Age, years (range) 52 � 22 (15–102)
Gender, male 7,431 (47)

Means of arrival to the ED

Walk-in 13,538 (86)

Ambulance 2,184 (14)

Emergency helicopter 2 (<1)

Data are presented as n (%) or mean � standard deviation.
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Binary logistic regression analysis revealed that respi-
ratory rate was an independent risk factor for clinical
deterioration among the initial vital signs (unadjusted

odds ratio [OR], 1.15; 95% confidence interval [CI],
1.04–1.26; adjusted OR, 1.15; 95% CI, 1.01–1.29,
Table 3).

Table 2. Comparison between the deterioration and control groups of patients discharged from the emergency department (ED)

of a Japanese general acute-care hospital

Deterioration group

(n = 170)

Control group

(n = 170)

P-value

Age, years (range) 63 � 20 (15–97) 63 � 20 (15–96) 0.999

Gender, male 94 (55) 94 (55) 1.000

Means of arrival to the ED

Walk-in 131 (77) 131 (77) 1.000

Ambulance 39 (23) 39 (23) 1.000

Recording of each vital sign

Blood pressure 154 (91) 144 (85) 0.099

Heart rate 150 (88) 144 (85) 0.341

Respiratory rate 50 (29) 47 (28) 0.719

SpO2 102 (60) 105 (62) 0.739

Body temperature 160 (94) 154 (91) 0.221

Glasgow Coma Scale 108 (64) 95 (56) 0.151

Recorded value of vital signs

Systolic blood pressure, mmHg 132 � 28 135 � 26 0.238

Diastolic blood pressure, mmHg 76 � 18 77 � 15 0.815

Heart rate, b.p.m. 87 � 20 85 � 19 0.260

Respiratory rate, breaths/min 21 � 5 18 � 5 0.002

SpO2, % 97 � 3 96 � 8 0.770

Body temperature, °C 37.0 � 1.0 36.8 � 1.0 0.169

Glasgow Coma Scale 14.7 � 1.1 14.9 � 0.3 0.079

Examinations

Complete blood count 106 (62) 80 (47) 0.005

Biochemical examination 105 (62) 79 (47) 0.005

Coagulation examination 71 (42) 55 (32) 0.072

Radiography 93 (55) 69 (41) 0.009

CT 32 (19) 39 (23) 0.350

Ultrasonography 13 (8) 11 (6) 0.672

Electrocardiography 24 (14) 36 (21) 0.088

Laboratory data

WBC, cells/lL 8,976 � 4,187 7,300 � 2,931 <0.001
RBC, 9106 cells/lL 410 � 83 424 � 66 0.213

Hb, mg/dL 12.8 � 2.2 13.0 � 2.0 0.533

Hct, % 38 � 7 39 � 6 0.278

PLT, 9104 cells/lL 19.7 � 7.8 19.1 � 5.6 0.552

CRP, mg/dL 2.2 � 3.8 1.2 � 2.6 0.001

Category of discharge diagnosis

Respiratory disease 19 16 0.174

Cardiovascular disease 3 10

Gastrointestinal disease 58 45

Neurological disease 25 24

Other 65 75

CRP, C-reactive protein; CT, computed tomography; Hb, hemoglobin; Hct, hematocrit; PLT, platelets; RBC, red blood cells; SpO2, pulse

oximetry oxygen saturation; WBC, white blood cells.
Data are presented as n (%) or mean � standard deviation.
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There were 131 walk-in patients in each group. Respira-
tory rate was less frequently recorded in walk-in patients
than in patients transported by ambulance in each group
(18% versus 69% in the deterioration group, P < 0.001;
11% versus 82% in the control group, P < 0.001).

DISCUSSION

IN THIS STUDY, 541 (3%) of the 15,724 discharged
patients revisited the ED within 2 days, and discharge

failure with clinical deterioration was observed in 170 (1%)
of the ED discharges. As revisits to the ED can be planned
revisits for follow-up, the present study focused on revisits
due to clinical deterioration. The deterioration group had a
significantly higher respiratory rate (P = 0.002) than the
control group. In addition, an increased respiratory rate was
an independent predictor of clinical deterioration (adjusted
OR, 1.15; 95% CI, 1.01–1.29). This is the first study to
report the importance of reviewing the respiratory rate of
ED patients in a routine-care setting.

It has been reported that approximately 70% of in-hospital
cardiac arrest patients have some change in vital signs 6–8 h
prior to arrest,2,3 with abnormalities of respiration being the
most commonly documented change.2 Furthermore, Ken-
zaka et al.8 have suggested that increased respiratory rate is
an important indicator for the early detection of severe sepsis
in patients in the ED. The quick Sequential (sepsis-related)
Organ Failure Assessment score, which is the current crite-
rion for recognizing septic patients in the ED, includes a
clinical variable of respiratory rate of 22 breaths/min or
greater.9 These reports suggest that abnormalities of respira-
tion are important predictors of early phase deterioration.
Our study showed that an increased respiratory rate was an

important predictor for clinical deterioration, not only in sep-
tic patients but also in patients with heterogeneous medical
conditions.

Although the importance of checking the respiratory rate
of patients presenting to the ED has been reported,8 respi-
ratory rate was not frequently recorded (28–29%) in the
current study. Furthermore, this trend was more pro-
nounced for walk-in patients (11–18%). For the majority
of walk-in patients, triage in the studied ED was under-
taken according to the Japan Triage and Acuity Scale,7

which is the Japanese version of the Canadian Triage and
Acuity Scale.10 The latter is a reliable triage system for ED
patients worldwide.11–16 These systems recommend mea-
suring all patient vital signs in the first order modifiers.17

In the first order modifiers, although SpO2 and peak expi-
ratory flow rate are used for determining the triage level,
the respiratory rate is not directly associated with the level
of triage.17 Tachypnea is a criterion to classify a patient in
the yellow category (i.e., semi-urgent).17 However, a respi-
ratory rate of 21 breaths/min, which is the average of the
deterioration group, is difficult to recognize as tachypnea
without an accurate measurement. If a patient has a fever,
accurate measurement of respiratory rate will be carried
out to evaluate the likely presence or absence of systemic
inflammatory response syndrome. However, in patients
without fever, moderate tachypnea will be considered
normal, as no accurate measurement is taken in routine
daily triage.

Cretikos et al.18 suggested that an adult patient with a res-
piratory rate of over 20 breaths/min is probably unwell. We
showed that measurement of the respiratory rate might be an
effective means of decreasing discharge failure associated
with clinical deterioration. At the very least, if the result of

Table 3. Logistic regression analysis of patients who revisited the emergency department of a Japanese general acute-care hos-

pital because of clinical deterioration within 2 days

Initial vital signs Unadjusted Adjusted

OR (95% CI) P-value OR† (95% CI) P-value

Systolic blood pressure 0.96 (0.88�1.05) 0.351 0.98 (0.81�1.19) 0.821

Heart rate 1.01 (0.99�1.02) 0.338 0.98 (0.96�1.01) 0.250

Respiratory rate 1.15 (1.04�1.26) 0.005 1.15 (1.01�1.29) 0.029

SpO2 1.02 (0.96�1.07) 0.589 1.07 (0.89�1.29) 0.488

Body temperature 1.15 (0.92�1.44) 0.233 1.20 (0.64�2.26) 0.573

Glasgow Coma Scale 0.51 (0.25�1.06) 0.072 0.46 (0.11�1.87) 0.274

†Adjusted odds ratio for deterioration versus control groups, with adjustment for confounders: systolic blood pressure (mmHg), heart rate

(b.p.m.), respiratory rate (breaths/min), SpO2 (%), body temperature (°C), and Glasgow Coma Scale score.
CI, confidence interval; OR, odds ratio; SpO2, pulse oximetry oxygen saturation.
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the rapid measurement of respiratory rate is approximately
20 breaths/min, we recommend that an accurate measure-
ment of respiratory rate be carried out.

In terms of laboratory findings, patients in the deteriora-
tion group had significantly higher WBC counts and CRP
levels than those in the control group. However, the fre-
quency that examinations were undertaken differed signifi-
cantly between the groups. In addition, the differences in
WBC count and CRP level were not clinically significant.
Kim et al.19 reported that blood test results did not improve
disposition accuracy in the ED setting.

LIMITATIONS

THIS STUDY HAS several limitations. First, it was a
single-center retrospective observational study; thus,

the number of patients included in the analysis was rela-
tively small. In addition, it is possible that some patients
categorized into the control group visited other hospitals
within 2 days. However, the investigated hospital accepts
most patients in the region. Second, a full set of vital
signs was not always recorded for study patients. Thus, it
may be possible that vital signs were measured in selec-
tive patients with an increased respiratory rate in the dete-
rioration group. However, the frequency of recording vital
signs did not differ significantly between the two groups.
Third, although the difference in respiratory rates between
the groups was small, we could not evaluate the accuracy
of measurements because of the retrospective nature of
our study. Finally, vital signs were recorded at arrival; an
evaluation of vital signs prior to discharge may be more
meaningful for the prediction of early clinical deterioration
after ED discharge. However, vital signs were less fre-
quently recorded at discharge than at arrival in the data-
base.

Although a further prospective multicenter study is
required to collect sufficient, accurate, and complete vital
sign data, knowledge gained from the current study will be
useful in daily ED medical practice.

CONCLUSION

AN INCREASED RESPIRATORY rate is a predictor of
early clinical deterioration after ED discharge. Vital

signs, especially respiratory rate, should be carefully evalu-
ated when deciding on the disposition of patients in the ED.
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