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Abstract
Background For patients and emergency department (ED) physicians, return visits to the ED represent a potentially 
detrimental issue. In this study, our goal was to examine factors associated with overall and high-risk ED revisits. 
Specifically, as vital signs during the ED stay may provide important clues for subsequent revisits, we also examined 
the association between vital sign trajectories and post-ED revisits.

Methods This retrospective cohort study utilized electronic clinical warehouse data from a tertiary medical center. 
We retrieved data from 454,330 ED visits over four years. The data included patient demographics, triage data, and 
repeated vital sign measurements. Group-based trajectory modeling was used to identify vital sign trajectories. 
A high-risk return ED visit was defined as a revisit within 72 h of the index visit with intensive care unit admission, 
receiving emergency surgery, or with in-hospital cardiac arrest. Multivariable logistic regression analysis was 
performed to evaluate the associations between vital sign trajectories and revisits.

Results A total of 39,138 potential index ED visits were analyzed. Of these, 3,201 resulted in revisits, accounting 
for an 8.2% overall revisit rate and a 0.2% high-risk revisit rate. A high but resolving body temperature trajectory 
was associated with overall revisits (adjusted odds ratio [aOR], 1.32; 95% confidence interval [95% CI], 1.13–1.53). By 
contrast, high-risk revisits were associated with a low/fluctuating oxygen saturation trajectory (aOR, 2.40; 95% CI, 
1.15–4.99). Older age (aOR, 1.27 per 10-year increase; 95% CI, 1.11–1.46) and having a chronic major disease (aOR, 2.30; 
95% CI, 1.38–3.84) were also associated with high-risk revisits.

Conclusions In addition to older age and having a chronic major disease, a low and fluctuating oxygen saturation 
trajectory during the index ED stay may signal subsequent high-risk revisits. Thus, discharge decisions should be 
carefully re-evaluated in these high-risk populations.
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Introduction
After receiving initial care in the emergency depart-
ment (ED), most patients are discharged to continue 
their recovery at home. However, a noteworthy percent-
age of patients, ranging from 5 to 10%, return to the ED 
within three days [1–3]. These return visits not only pose 
a burden on healthcare resources but also lead to signifi-
cant costs. A previous study revealed that the cumula-
tive cost of return ED visits surpassed the total expenses 
incurred during initial visits [1]. Recognizing the clinical 
and financial implications, the rate of return to the ED 
has become a commonly used quality measure, assuming 
that it can reflect the standard of care provided during 
the initial visit.

However, recent data challenge this assumption by 
showing that only a modest percentage, approximately 
5–10%, of return visits are directly associated with prior 
medical care [4–8]. Patient-related factors, including 
uncertainty about disease progression, treatment prefer-
ences, and natural disease evolution, also contribute to 
ED return visits [6]. Consequently, recent studies have 
proposed alternative quality metrics, focusing on patient 
outcomes after post-return ED visits, such as high-risk 
return visits (e.g., return intensive care unit [ICU] admis-
sions). Previous studies have found that patients who 
were hospitalized after a return visit to the ED did not 
necessarily have worse outcomes compared to those who 
were directly admitted [9, 10], suggesting that return 
admissions may not reflect care issues in prior ED vis-
its. By contrast, a study investigating ICU admissions 
post-ED revisit uncovered a noteworthy yield (14%) in 
screening for potential medical deficiencies [11]. Nota-
bly, our previous study utilized a case-crossover design to 
examine within-person changes related to these high-risk 
return ED visits [12]. As vital signs during the ED stay 
may provide important clues for subsequent revisits, we 
are interested in examining the relationship between vital 
sign trajectories and post-ED high-risk revisits. To our 
knowledge, no studies have employed trajectory mod-
eling to study these high-risk return ED visits. Under-
standing these vital sign changes may help with the early 
recognition and prevention of these catastrophic events.

In this study, we aimed to investigate the factors asso-
ciated with overall return visits and high-risk revisits. 
Specifically, we used trajectory modeling to examine the 
associations between vital sign trajectories during the 
index ED visits and post-ED overall and high-risk revisits.

Methods
Study design and setting
We conducted a retrospective cohort study using elec-
tronic health record (EHR) data from the Cathay Gen-
eral Hospital (CGH) System. The system included a main 
hospital along with two branch hospitals. The CGH main 

hospital is a tertiary medical center with 800 beds and 
approximately 60,000 ED visits per year, with two branch 
regional hospitals collectively serving approximately 
100,000 ED visits. This database serves as a central clini-
cal data warehouse for all electronic health records in the 
healthcare system, encompassing inpatient, outpatient, 
and ED records. The electronic database contains various 
information, including demographics, diagnosis, treat-
ment, imaging, laboratory, prescription, nursing, billing, 
and administrative data. The database is maintained and 
updated by dedicated research personnel.

For the current study, we retrieved four years of de-
identified data between January 1, 2016, and December 
31, 2019. All CGH data are de-identified but contain a 
unique, encrypted personal identifier, enabling research-
ers to link visit records. This study was approved by the 
CGH Institutional Review Board, which waived the 
requirement for patient informed consent.

Study population
Data from 454,330 adult ED visits (aged 18 and older) 
were electronically extracted over the 4-year period. 
For the current analysis, due to our interest in the pre-
dictive role of vital sign trajectories during the ED stay, 
we excluded individuals with fewer than three vital sign 
measurements. At least three measurements ensured the 
stability of the trajectory analysis. We further excluded 
those who were hospitalized because they would not 
serve as the “index” ED visits. The index ED visits were 
the initial “treat-and-release” ED visits. A return ED visit 
was defined as an ED revisit within 72 h of the index visit. 
Two types of return ED visits were examined in the cur-
rent analysis: (1) the overall revisit population and (2) the 
high-risk revisit population, which was defined as a sub-
group of revisit patients who developed severe adverse 
outcomes, including intensive care unit (ICU) admis-
sions, emergency surgery within 24  h of ED revisit, or 
in-hospital cardiac arrest (IHCA) receiving cardiopulmo-
nary resuscitation during the return visit. For multiple 
revisits within 72 h, we only selected the first revisit. The 
subject selection process is illustrated in Fig. 1.

Variables
Patient demographics and clinical information with 
timestamps in the ED were extracted, including chief 
complaints on ED presentation, mode of arrival, transfer 
status, and serial vital sign measurements (systolic blood 
pressure [SBP], diastolic blood pressure [DBP], heart rate 
[HR], body temperature [BT], respiratory rate [RR], and 
oxygen saturation [SpO2]). The vital signs were measured 
from hour 0 (at ED triage) to hour 6, as most of the dis-
charged patients stayed in the ED for less than 6 h. The 
vital sign data were split into 1-hour blocks. If multiple 
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measurements were recorded in the 1-hour block, the 
average value was computed and used.

Emergency department shifts were classified as day 
(07:00–14:59), evening (15:00–22:59), and night (23:00–
06:59) shifts. We also extracted the five-level comput-
erized Taiwan Triage and Acuity Scale (TTAS) data, 
which is decision-path software that begins with a total 
of 179 structured chief complaints. Based on the TTAS 
computerized algorithms, patients are prioritized in the 
following order of acuity: level 1, resuscitation; level 2, 
emergent; level 3, urgent; level 4, less urgent; and level 5, 
non-urgent. The TTAS was adapted from the Canadian 
Triage and Acuity Scale and has been validated against 
hospitalization, ED length of stay, and resource use [13]. 
Major disease diagnoses, such as cancer, end-stage renal 
disease, and ventilator dependence, were defined by the 
National Health Insurance in Taiwan (Online Supple-
mentary Table S1). The age and sex of the treating physi-
cians were also extracted.

The data extraction was performed by hospital infor-
mation technology engineers who were blinded to the 
study hypothesis. The data underwent electronic clean-
ing, and invalid data were set to missing values after 
periodic discussions at investigator meetings. The data 
cleaning process involved mostly vital sign variables, with 
less than 1% being out of range. For example, we defined 

the respiratory rate as ranging between 0 and 50 per min-
ute. Invalid vital sign data were set to missing values.

Outcome measures
The primary outcome measure was the high-risk revisit 
rate, calculated by dividing the number of high-risk revis-
its by the total number of discharged index ED visits. The 
coprimary outcome measure was the overall ED revisit 
rate, which was calculated as the number of all revis-
its divided by the total number of discharged index ED 
visits.

Statistical analysis
Summary statistics are displayed as proportions (with 
95% confidence intervals [CIs]), means (with standard 
deviations [SDs]), or medians (with interquartile ranges 
[IQRs]). Patient characteristics were compared between 
the revisit status groups. Univariate associations were 
examined using Student’s t-tests, Mann-Whitney tests, 
and chi-square tests, as appropriate.

Group-based trajectory modeling (GBTM) was con-
ducted to identify trajectory groups within each of the 
six vital sign categories. GBTM is an explanatory mod-
eling approach to identifying underlying groups of indi-
viduals with similar trajectories for a particular variable 
of interest [14]. This technique employs finite mixture 
modeling to identify clusters of longitudinal data [15]. 

Fig. 1 Flow diagram of the patient selection process. Abbreviations: ED, emergency department
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We fit models of two to six trajectory groups, including 
constant, linear, quadratic, or cubic terms. The Bayes-
ian information criterion was used to select the optimal 
number and form of trajectories. GBTM was performed 

using the traj package in Stata software (StataCorp, Col-
lege Station, TX).

After unsupervised modeling of longitudinal trajec-
tories, we used supervised multivariable logistic regres-
sion to examine the independent associations between 
trajectory group memberships and overall and high-risk 
revisits, adjusting for potential confounders. Variables 
associated with the study outcome in univariate analyses 
and selected variables based on a review of the medical 
literature were considered for inclusion in the multivari-
able model.

Multicollinearity was checked by computing variance 
inflation factors. All VIFs were less than 10, suggest-
ing low collinearity. The discriminatory ability and the 
goodness-of-fit of the model were evaluated using the 
area under the receiver operating characteristic curve 
(AUROC) and the Hosmer-Lemeshow test, respectively. 
We tested for a priori two-way interaction by multiply-
ing the two factors of interest and including an interac-
tion term in the final multivariable model. To validate the 
identified trajectory groups, we employed bootstrapping 
100 times to obtain bias-corrected confidence intervals 
for the models. All odds ratios (ORs) and beta coefficients 
are presented with 95% CIs. All analyses were performed 
using Stata 16.0 software. All P values are two-sided, with 
P < 0.05 indicating statistical significance.

Results
From January 2016 to December 2019, there were 
454,330 adult ED visits (Fig.  1). After excluding those 
who were not discharged and whose vital signs were mea-
sured less than three times in the ED, there were 39,138 
potential index ED visits. There were 3,201 patients who 
returned to the ED within 72 h, 78 of whom were high-
risk revisits. The overall revisit rate was 8.2%, while the 
high-risk revisit rate was 0.2%.

Table  1 shows the differences in patient characteris-
tics between the revisit group and the non-revisit group 
during their index visit. The mean age of the patients in 
both groups was similar (approximately 57 years), while 
female patients were predominant in the no-revisit group 
(53% vs. 50%). There were no differences in seasonal, 
weekend, or diurnal patterns at the time of ED presen-
tation. However, the distribution of the subdivisions dif-
fered, with more medical patients in the revisit group. 
The prevalence of major diseases was higher in the revisit 
group (17%) than in the non-revisit group (11%); how-
ever, the revisit group was less likely to arrive by ambu-
lance than the non-revisit group. Chief complaints also 
varied significantly between the groups, with abdomi-
nal pain, fever, and dyspnea being more prevalent in the 
revisit group. Triage levels demonstrated a notable dis-
tinction, with a smaller percentage of sicker patients (tri-
age levels 1 and 2, 23%) in the revisit group than in the 

Table 1 Baseline clinical characteristics of emergency 
department patients by revisit status
Variable Revisit 

Group
N = 3,201

Non-revisit 
Group
N = 35,937

P 
value

Age, mean (SD), yr 57.8 (20.4) 57.5 (20.6) 0.412
Female sex, n (%) 1,609 (50.3) 19,049 (53.0) 0.003
Season, n (%) 0.778
 Spring (Mar. – May) 778 (24.3) 8,714 (24.3)
 Summer (Jun. – Aug.) 844 (26.4) 9,401 (26.2)
 Fall (Sep. – Nov.) 872 (27.2) 9,608 (26.7)
 Winter (Dec. – Feb.) 707 (22.1) 8,214 (22.9)
Weekend, n (%) 887 (27.7) 9,901 (27.6) 0.865
Presenting Time, n (%) 0.081
 7:00 am to 2:59 pm 1,105 (34.5) 12,916 (35.9)
 3:00 pm to 10:59 pm 1,310 (40.9) 14,778 (41.1)
 11:00 pm to 6:59 am 786 (24.6) 8,243 (22.9)
Subdivision, n (%) < 0.001
 Medicine 2,707 (84.6) 30,071 (83.7)
 Trauma 423 (13.2) 5,417 (15.1)
 Ob/Gyn 11 (0.3) 107 (0.3)
 Other 60 (1.9) 342 (1.0)
Major disease, n (%) 549 (17.2) 3,979 (11.1) < 0.001
Arrival by ambulance, n (%) 436 (13.6) 7,129 (19.8) < 0.001
Chief complaint, n (%) < 0.001
 Abdominal pain 435 (13.6) 3,966 (11.0)
 Dizziness 159 (5.0) 2,784 (7.8)
 Chest pain 193 (6.0) 2,379 (6.6)
 Fever 163 (5.1) 1,309 (3.6)
 Dyspnea 126 (3.9) 986 (2.7)
 Other 2,127 (66.4) 24,511 (68.2)
Triage level, n (%) < 0.001
 1 70 (2.2) 919 (2.6)
 2 655 (20.5) 8,463 (23.6)
 3 2,351 (73.5) 25,586 (71.2)
 4 117 (3.7) 887 (2.5)
 5 8 (0.3) 61 (0.2)
ED length of stay, median (IQR), 
hr

12.0 
(6.0–22.0)

7.0 (5.0–12.0) < 0.001

Age of treating physician, mean 
(SD), year

36.8 (7.0) 37.0 (7.2) 0.069

Sex of treating physician, n (%) 0.377
 Male 2,879 (90.0) 32,133 (89.5)
 Female 321 (10.0) 3,782 (10.5)
Discharged on weekends, n (%) 905 (28.3) 10,194 (27.4) 0.910
Discharge Time, n (%) 0.661
 7:00 am to 2:59 pm 1,307 (40.8) 14,455 (40.2)
 3:00 pm to 10:59 pm 1,140 (35.6) 13,085 (36.4)
 11:00 pm to 6:59 am 754 (23.6) 8,397 (23.4)
Abbreviations: SD = Standard deviation; IQR = Interquartile range; 
ED = Emergency department
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no-revisit group (26%). The ED length of stay (LOS) was 
longer for the revisit group during their index visit, with 
a median of 12.0 h, compared to 7.0 h for the no-revisit 
group. There were no differences between the two groups 
regarding the age and gender of the treating physician or 
discharge timing.

Table 2 shows the differences in patient characteristics 
between the high-risk revisit group and the other group 
(non-high-risk revisits and no revisits) upon discharge 
at the index visit. Patients in the high-risk revisit group 
had a significantly higher mean age (69 years) than those 
in the other group (58 years), but the gender distribu-
tion was similar between the two groups. There were no 
differences in seasonal, weekend, or diurnal patterns at 
the time of ED presentation. The high-risk revisit group 
exhibited a greater prevalence of major disease (28.2%) 
than the other group (11.5%). Subdivision distribution, 
arrival by ambulance, or chief complaint did not dif-
fer between the groups. Triage levels showed a signifi-
cant difference between the groups, with the high-risk 
revisit group being triaged to higher levels (levels 1 + 2) 
during their index visits. No significant differences were 
observed between the two groups in ED LOS, age or gen-
der of the treating physician, or discharge timing.

Figure 2 depicts the trajectory groups in each vital 
sign category. Three trajectory groups per vital sign were 
identified via trajectory modeling. Based on the overall 
trajectory shapes (starting point and subsequent changes 
over time, if any), we used descriptive terms to name 
these trajectory groups. For example, in the SBP category, 
three distinct trajectory groups, namely, “normal” (45% of 
patients), “high/resolving” (40%), and “very high/resolv-
ing” (15%), were identified. In the DBP category, groups 
1–3 corresponded to low, normal, and high/resolving 
DBP groups, respectively. In the HR category, groups 1–3 
corresponded to normal, high/resolving, and very high/
resolving HR groups. In the BT category, groups 1–3 cor-
responded to normal, mild, and high fever/resolving BT 
groups. In the RR category, groups 1–3 corresponded to 
low, normal, and high/resolving RR groups. In the SpO2 
category, groups 1–3 corresponded to low/fluctuating, 
low, and normal oxygen saturation groups. The summary 
statistics (initial value, last value, and standard devia-
tions) for each vital sign category are included in Online 
Supplementary Table S2.

Multivariable analysis (Table  3) revealed factors asso-
ciated with overall revisits. Patients with a low DBP tra-
jectory during the index stay were less likely to revisit 
the ED overall. In contrast, patients with a high fever/
resolving BT trajectory were more likely to revisit the 
ED. Female patients exhibited a lower likelihood of revis-
its. The subdivision was also a significant factor, with 
patients in the “other” subgroup (e.g., psychiatry) hav-
ing greater odds of revisiting than those in the medical 

Table 2 Baseline clinical characteristics of emergency 
department patients by high-risk revisit status
Variable High-risk 

Revisit
N = 78

Other (Non-high-
risk revisit and no 
revisit)
N = 39,060

P 
value

Age, mean (SD), yr 68.6 (18.6) 57.5 (20.6) < 0.001
Female sex, n (%) 41 (52.6) 20,617 (52.8) 0.969
Season, n (%) 0.621
 Spring (Mar. – May) 22 (28.2) 9,470 (24.2)
 Summer (Jun. – Aug.) 22 (28.2) 10,223 (26.2)
 Fall (Sep. – Nov.) 16 (20.5) 10,464 (26.8)
 Winter (Dec. – Feb.) 18 (23.1) 8,903 (22.8)
Presenting Time, n (%) 0.886
 7:00 am to 2:59 pm 30 (38.5) 13,991 (35.8)
 3:00 pm to 10:59 pm 31 (39.7) 16,057 (41.1)
 11:00 pm to 6:59 am 17 (21.8) 9,012 (23.1)
Presenting on weekends, 
n (%)

28 (35.9) 10,759 (27.5) 0.099

Subdivision, n (%) 0.605
 Medicine 69 (44.5) 32,709 (83.7)
 Trauma 9 (11.5) 5,831 (14.9)
 Ob/Gyn 0 (0.0) 118 (0.3)
 Other 0 (0.0) 402 (1.0)
Major disease, n (%) 22 (28.2) 4,506 (11.5) < 0.001
Arrival by ambulance, n (%) 15 (19.2) 7,550 (19.3) 0.982
Most common chief com-
plaint, n (%)

0.600

 Abdominal pain 6 (7.9) 4,395 (11.3)
 Dizziness 4 (5.3) 2,939 (7.5)
 Chest pain 7 (9.2) 2,565 (6.6)
 Fever 1 (1.4) 1,471 (3.9)
 Dyspnea 2 (2.6) 1,110 (2.8)
 Other 56 (73.7) 26,582 (68.1)
Triage level, n (%) 0.004
 1 5 (6.4) 984 (2.5)
 2 29 (37.2) 9,089 (23.3)
 3 41 (52.6) 27,896 (71.5)
 4 3 (3.9) 1,001 (2.6)
 5 0 (0.0) 69 (0.2)
ED length of stay, median 
(IQR), hr

7.0 
(5.0–13.0)

7.0 (5.0–12.0) 0.961

Age of treating physician, 
mean (SD), year

37.8 (5.5) 37.0 (7.2) 0.323

Sex of treating physician, 
n (%)

0.662

 Male 71 (91.0) 34,941 (89.5)
 Female 7 (9.0) 4,096 (10.5)
Discharged on weekends, 
n (%)

27 (34.6) 11,072 (28.4) 0.220

Discharge Time, n (%) 0.137
 7:00 am to 2:59 pm 23 (29.5) 15,739 (40.3)
 3:00 pm to 10:59 pm 32 (41.0) 14,193 (36.3)
 11:00 pm to 6:59 am 23 (29.5) 9,128 (23.4)
Abbreviations: SD = Standard deviation; IQR = Interquartile range; 
ED = Emergency department
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subdivision. The presence of major diseases significantly 
increased the odds of revisits; in contrast, arrival by an 
ambulance was associated with decreased odds of revis-
its. Chief complaints of abdominal pain and dyspnea 
contribute to higher odds of revisits, while complaints of 
dizziness are associated with lower odds. Triage level 2 
was associated with a lower possibility of revisits, while 
level 4 was associated with a higher likelihood of revis-
its. A longer ED LOS was correlated with higher overall 
revisit risk. The AUROC for the final model was 0.69, 
and the Hosmer-Lemeshow test was statistically signifi-
cant (P < 0.01). The ROC curve was included in Online 
Supplementary Figure. We tested two clinically meaning-
ful interactions (DBP by sex and BT by major disease), 
but neither of them was statistically significant. In other 
words, the association between DBP and overall revisits 
did not vary by sex. In addition, the association between 
BT and overall revisits did not vary by the presence of 
major disease.

Table  4 summarizes findings from a multivariable 
analysis of factors associated with high-risk ED revisits. 
A low/fluctuating oxygen saturation trajectory (adjusted 
odds ratio [aOR], 2.40; 95% CI, 1.15–4.99) was associ-
ated with high-risk revisits. Older age (aOR, 1.27; 95% CI, 
1.11–1.46) and having a major disease (aOR, 2.30; 95% 
CI, 1.38–3.84) were also associated with a high likelihood 
of high-risk revisits. The AUROC for the final model 
was 0.72, and the Hosmer-Lemeshow test was statisti-
cally significant (P = 0.02). The ROC curve was included 
in Online Supplementary Figure. We tested two clinically 

meaningful interactions (SpO2 by age and SpO2 by major 
disease), but neither of them was statistically significant. 
In other words, the association between SpO2 and high-
risk revisits did not vary by age or the presence of major 
disease.

Discussion
This retrospective analysis of 454,330 ED visits from 
January 2016 to December 2019 highlights the patient 
characteristics and vital sign trajectories associated with 
overall and high-risk ED revisits. Understanding these 
factors may help emergency physicians improve patient 
care and safety, potentially intercepting inappropriate 
and unsafe ED discharge.

Revisit rate
The overall revisit rate to the ED was 8.2%, with a high-
risk revisit rate of 0.2%. This overall rate appears to be 
slightly greater than that in previous studies [2, 3, 9, 16–
19], suggesting potential variations attributable to differ-
ences in health care accessibility and disease complexities 
across different studies. Specifically, Taiwan has univer-
sal health insurance coverage with relatively inexpensive 
ED care costs, which may contribute to the higher revisit 
rate [20]. In addition, the hospitals in the current study 
are located in urban areas, and patients in the catchment 
area were relatively closer to the hospitals, which may 
also increase the revisit rate [21]. In contrast, the high-
risk revisit rate of 0.2% is comparable to that reported 
in previous studies, indicating the necessity of ED visits 

Fig. 2 The vital sign trajectory groups identified by group-based trajectory modeling. The percentage in parenthesis denotes the proportion of patients 
in that trajectory group. The lines around the trajectory indicate the confidence intervals
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among these critical patients regardless of health care 
system design [12, 18, 22].

Older age as a predictor of high-risk revisits; male sex as a 
predictor of overall revisits
Patients in the high-risk revisit group demonstrated an 
older mean age of 68.6 years. With each 10-year increase 
in age, there was also a corresponding increase in the 
odds of high-risk revisits in the multivariable analysis. 
Older patients may experience more rapid disease pro-
gression, present with atypical symptoms, or exhibit 
greater tolerance for perceived illness, making them more 
prone to high-risk revisits [18, 23–25]. Gender differ-
ences were also noted, with a higher proportion of males 
in the overall revisit group. The higher overall revisit 
rate among men aligns with previous research findings, 
possibly due to poorer medical compliance among male 
patients [26].

Major disease as a predictor of overall and high-risk revisits
The prevalence of major diseases is a crucial factor, high-
lighting its important role in risk stratification in the ED. 
Those with major diseases demonstrated a significantly 
greater revisit rate, both in the overall revisit group and 
in the high-risk revisits group. This emphasizes the need 
for emergency physicians to be especially attentive to 
patients with major diseases when making discharge 
decisions and implement proactive measures to prevent 
potentially fatal outcomes [27, 28].

Vital sign trajectories as predictors of overall and high-risk 
revisits
The analysis of vital sign trajectory groups revealed spe-
cific associations with overall and high-risk revisits. 
Patients exhibiting a high fever with a resolving trajectory 
were found to have increased odds of overall revisits, sug-
gesting the potential utility of continuous vital sign moni-
toring for predicting future events. If possible, a 24-hour 
afebrile period may be a safer criterion before discharg-
ing these patients. Interestingly, a relatively low DBP may 
serve as a protective factor against overall revisits, sug-
gesting that a low DBP may be a proxy for physical fit-
ness [29]. A low/fluctuating SpO2 trajectory also proved 
to be a significant predictor of high-risk revisits. Thus, it 
is important for clinicians to vigilantly monitor changes 
in oxygen saturation during the patient’s stay in the ED, 
particularly for those deemed high-risk but about to be 
discharged. Alternatively, a snapshot of certain abnor-
mal vital signs in the ED may hold a certain predictive 
value for ED revisits. For example, SBP < 120 mm Hg and 
HR > 90 beats/min in the ED have been reported as risk 
factors for high-risk returns [30, 31].

Table 3 Multivariable model of trajectory groups associated 
with emergency department revisits (overall)
Variable Adjusted 

Odds 
Ratio

95% 
Confidence 
Interval

P value

DBP trajectory group
 1 (low) 0.89 0.81–0.97 0.009
 2 (reference) 1.00
 3 (high/resolving) 0.99 0.86–1.15 0.927
BT trajectory group
 1 (reference) 1.00
 2 (mild fever) 1.08 0.99–1.18 0.073
 3 (high fever/resolving) 1.32 1.13–1.53 < 0.001
Female sex 0.92 0.85–0.99 0.035
Subdivision
 Medicine (reference) 1.00
 Trauma 1.05 0.94–1.19 0.388
 Ob/Gyn 1.35 0.71–2.54 0.357
 Other (e.g., psychiatry) 1.45 1.07–1.95 0.015
Major disease 1.59 1.43–1.76 < 0.001
Arrival by ambulance 0.59 0.52–0.66 < 0.001
Chief complaint
 Abdominal pain 1.27 1.13–1.43 < 0.001
 Dizziness 0.74 0.62–0.88 0.001
 Chest pain 1.10 0.93–1.30 0.273
 Fever 1.11 0.92–1.35 0.270
 Dyspnea 1.34 1.09–1.66 0.006
 Other (reference) 1.00
Triage level
 1 0.80 0.60–1.06 0.117
 2 0.90 0.81–0.99 0.035
 3 (reference) 1.00
 4 1.35 1.10–1.67 0.004
 5 1.29 0.61–2.75 0.502
ED LOS 1.06 1.06–1.06 < 0.001
Significant odds ratios are highlighted in bold

Abbreviations: DBP = Diastolic blood pressure; BT = Body temperature; ED 
LOS = Emergency department length of stay

Model adjusted for age, sex, six vital sign trajectory groups, subdivision, 
major disease, arrival by ambulance, chief complaint, and triage levels, chief 
complaint, and emergency department length of stay

Statistically non-significant predictors are not shown

Table 4 Multivariable model of trajectory groups associated 
with emergency department revisits (high risk)
Variable Adjusted 

Odds Ratio
95% Confi-
dence Interval

P 
value

SpO2 trajectory group
1 (low/fluctuating) 2.40 1.15–4.99 0.020
2 (low) 1.37 0.81–2.30 0.237
3 (reference) 1.00
Age, per 10-year increase 1.27 1.11–1.46 0.001
Major disease 2.30 1.38–3.84 0.001
Significant odds ratios are highlighted in bold

Abbreviations: SpO2 = Oxygen saturation

Model adjusted for age, sex, major disease, and all six trajectory groups. 
Statistically non-significant predictors are not shown
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Additional predictors of overall revisits
Additional predictors of overall revisits included subdivi-
sion, arrival by ambulance, and chief complaints. Patients 
registered in “other” departments (such as psychiatry) 
face challenges in obtaining specialized outpatient care, 
potentially contributing to subsequent return visits 
[25, 32, 33]. Patients with a major disease may have fre-
quented ED for minor illnesses (leading to overall revis-
its), and this type of care did not necessitate ambulance 
transportation, as observed in this study. Chief com-
plaints such as abdominal pain, fever, or dyspnea may 
present challenges due to the involvement of multiple 
organs/systems, complicating the identification of a spe-
cific cause at the index visit [22, 26, 28, 34, 35]. Physician 
characteristics, including age and gender, did not signifi-
cantly differ between the groups, suggesting that revisit 
risk may be more influenced by patient-related factors 
than physician attributes. This finding was somewhat 
reassuring, as a recent study indicated that patients seen 
by older physicians in the ED had a higher post-ED mor-
tality rate [36]. Other physician characteristics, such as 
years of experience, medical specialty, or treatment con-
siderations, may also impact patient outcomes and revisit 
rates. Further research is needed to better understand 
how additional physician factors might affect ED revisit 
rates.

Future directions
Future studies should focus on several key areas. First, the 
identified vital sign trajectories and their association with 
high-risk revisits require external validation. We are in 
the process of obtaining more recent data and data from 
other hospitals to validate our findings. Regarding the 
clinical utility of these trajectory findings, besides provid-
ing qualitative terms for the trajectories associated with 
overall or high-risk revisits, along with visual trajectory 
plots, we also provided the summary statistics for each 
trajectory as a reference. A more sophisticated approach 
would be a real-time prediction of the “closeness/fitness” 
of actual vital sign values during the ED stay to the at-risk 
trajectories identified in our study. This would require 
calculations of the posterior probability of group mem-
bership using all available data up to time t and updating 
it as new data comes in [37], and we are in the process of 
developing such an application. Second, as ED processes 
and patient care protocols may have evolved, especially 
due to technological advancements and external factors 
such as the COVID-19 pandemic, it is crucial to investi-
gate whether our findings remain in the post-COVID era. 
Lastly, while our study focused on early high-risk revis-
its, future research should explore the long-term health 
outcomes and healthcare utilization of these patients, 
as early revisits may indicate unmet medical needs and 
require longer-term transitional care planning.

This study has some potential limitations. First, this was 
a single-center study at a tertiary medical center, and our 
findings may not be generalizable to hospitals in different 
settings. Second, our study population was restricted to 
those who underwent at least three vital sign measure-
ments to ensure the stability of the statistical analysis. 
Therefore, patients with mild symptoms may be excluded 
due to a lower frequency of measurements, making the 
study results potentially not applicable to these patients. 
Nonetheless, we included an analysis of high-risk revis-
its among those who were discharged at the index visit 
(without the requirement of three vital sign measure-
ments) for interested readers (Online Supplementary 
Table S3). Third, we did not control for treatment effects 
such as oxygen administration or antipyretics, which 
could have influenced the trajectories. However, this 
made our results potentially more representative of a 
real-world scenario. Fourth, we did not consider indi-
vidual classifications of major diseases, socioeconomic 
status, patients’ proximity to the hospital, patient behav-
ior (e.g., adherence to discharge instructions), or physi-
cian experience and specialty that may have influenced 
ED revisits. Finally, variations in EHR data may introduce 
misclassification bias (likely non-differential), biasing the 
results toward the null.

Conclusions
In summary, our study provides ED clinicians with infor-
mation related to overall revisits and possible strategies 
to prevent high-risk ED visits. The identified predictors 
of high-risk revisits included specific vital sign trajecto-
ries, older age, and major diseases. In the digital health 
era, the novel trajectories identified in this study can be 
programmed into a hospital analytic platform to identify 
high-risk ED patients who may need longer observation 
or additional support if discharged from the ED, thereby 
reducing detrimental and costly ED revisits.
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