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Abstract
Background: Prolonged hospitalization is associated with high costs and mortality, and increases the
chance of adverse events. This study aimed to identify predictors of safe, early discharge in patients
presenting to the Emergency Department (ED) with an infection.

Methods: This prospective observational study was performed in the ED of a tertiary care teaching
hospital. Adult non-trauma patients with suspected infection and at least two Systemic In�ammatory
Response Syndrome (SIRS) criteria were included. Exclusion criteria were intensive care unit admission
and transfer to another hospital. Safe, early discharge was de�ned as hospital-discharge within 24 hours
without disease-related death or readmission to our hospital during the �rst 7 days. A prediction model
for safe, early discharge was created using a multivariate logistic regression analysis and validated with
k-fold cross-validation.

Results: 1381 patients were included, of whom 354 (25.6%) met the safe, early discharge criteria.
Parameters associated with safe, early discharge were younger age, absence of co-morbidities, living
independently, yellow or green triage urgency, absence of ambulance transport, absence of general
practitioner referral, normal clinical impression, (q)SOFA, PIRO, MEDS, NEWS and SIRS scores, absence of
abnormal vital sign measurements and absence of kidney and respiratory failure. A prediction model for
safe, early discharge was developed with an area under the curve (AUC) of 0.824. Internal validation
generated a minimal drop in performance, indicating a good �t.

Conclusion: By identifying predictors of clinical improvement and combining several readily available
parameters in the ED setting, a model for safe, early discharge with good prognostic performance was
created. 

Introduction
Sepsis is de�ned as a dysregulated and disproportionate in�ammatory response to an infection, causing
life-threatening organ failure. [1] Sepsis is estimated to annually affect close to 49 million people
worldwide. [2] Since the start of the Surviving Sepsis Campaign (SSC) in 2002, research has focused on
aggressive recognition and treatment of sepsis. [3, 4] Whether aggressive treatment is feasible for every
potentially septic patient has been questioned in recent years. [5–10] Since not all patients with an
infection will develop sepsis and only a minority will progress to severe sepsis requiring Intensive Care
Unit (ICU) admission. [11–15] Further research should therefore focus on patient improvement, alongside
deterioration, of patients presenting to the ED with an infection.

While clinical deterioration can, to a certain degree, be predicted with the use of clinical judgment, clinical
scoring systems and repeated vital sign measurements, clinical improvement, on the other hand, cannot.
[11, 13, 16–23] Length of in-hospital stay of patients presenting to the ED with an infection varies, with an
average of 1 to 7 days (range 0–38 days). [24–26] Which of these patients will develop sepsis and, in
turn, need prolonged hospitalization, remains a complex and not well understood process. [27–30]
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Prolonged hospitalization is associated with high costs and mortality, and protracted length of stay
increases the chance of adverse, or iatrogenic, events such as medication errors and falls. [31–33] In
order to reduce these hospitalization-associated hazards, some studies have researched scores for
clinical stability, in order to evaluate treatment response and facilitate safe discharge. [34–36] Stability
criteria, like Halm’s criteria, mainly consist of various vital parameters and are met when they have
normalized or were never abnormal to begin with. [36] Use of these criteria, while showing good
performance for identifying low-risk patients, have solely been validated on a population of patients
admitted to the ward with pneumonia. [34–36] Since Halm’s criteria are measured once daily, using them
to determine clinical stability for ED patients, which are generally discharged within a few hours, is not
possible. [24, 35, 36]

Over the past decades, hospitals have experienced a disproportionate increase in ED presentations,
resulting in overcrowding, treatment delays and adverse patient outcomes. [37–39] Recognition of
parameters that predict good prognostic outcome could lead to the establishment of a prediction model
for safe, early discharge. This, in turn, can lead to a more e�cient use of hospital beds, minimization of
the effects of ED overcrowding and a lower risk of adverse events associated with hospitalization. The
aim of this study is therefore to identify predictors of safe, early discharge in patients presenting to the
ED with an infection. We hypothesized that absence of clinical and biochemical signs of sepsis are
associated with safe, early discharge. Furthermore, this manuscript will analyze the value of
normalization, and staying normal, of vital signs, the qSOFA and the NEWS during ED stay. We
hypothesized that normalization, and staying normal, of vital signs, the qSOFA and the NEWS are of
value in predicting safe, early discharge.

Methods

Study design
This project is a post hoc analysis of a prospective observational study carried out in the ED of the
University Medical Center Groningen, a tertiary care teaching hospital with up to 34,000 ED visits
annually. This study follows protocol as described in previous studies originated from our ED. [11, 16, 17]
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were
used to ensure the reporting of this observational study. [40] The Dutch Medical Research Involving
Human Subjects Act is not applicable for this study, as ruled by the Institutional Review Board of the
University Medical Center Groningen, and a waiver was granted (METc 2015/164). Written informed
consent was obtained from all patients included in this study.

Population
Adult non-trauma patients visiting the ED between 8 a.m. and 11 p.m. with suspected infection or sepsis
were screened for inclusion. Patients were included from March 2016 to April 2019. The inclusion criteria
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entail: being 18 years or older, having a suspected or con�rmed infection and having two or more SIRS
criteria as de�ned by the International Sepsis De�nitions Conference. [41] Exclusion criteria were ICU
admission and transfer to another hospital.

Data collection
A nurse measured patients vital signs and performed triage using the Emergency Severity Index (ESI)
upon arrival to the ED. [42] Subsequently, patients vital signs were measured every 30 minutes by a
trained member of our research staff, minimizing the amount of missing data. Vital sign measurements
stopped if the patient was discharged or if the patient was relocated. Temperature was measured using
an electronic tympanic ear thermometer (Genius 2; Mountainside Medical Equipment, Marcy, New York,
USA). The other vital sign measurements were performed using a bedside patient monitor (IntelliVue
MP30 System with Multi-Measurement Module; Philips, Eindhoven, the Netherlands). Vital signs
measured by the referring general practitioner and emergency medical services (EMS) were imported
from electronic patient records. After primary assessment of the patient, including vital signs
measurements, the attending physician and nurse were asked for their clinical impression of the patient.
To ensure su�cient independence of answers, the physician and nurse were separately asked for their
clinical impression. Their impression was recorded using the Clinical Impression Score (CIS), which
ranges from 1 (not ill) to 10 (extreme illness). [43] All data was collected by trained research assistants of
the ‘Sepsis Research Team’ of our hospital.

The qSOFA score and the NEWS were determined twice during ED stay. Once using the initial vital
parameters measured upon admission to the ED and once more using the last known vital signs at the
ED. The qSOFA score comprises of three parameters: altered mental status (GCS < 15), respiratory
frequency > 22/min and systolic blood pressure < 100 mmHg. [1] The NEWS score is based on oxygen
saturation, respiratory rate, use of supplemental oxygen, heart rate, systolic blood pressure and level of
consciousness. This score ranges from 0 to 20 and a positive score indicates signi�cant physiological
derangement. [21]

For each patient, the PIRO, MEDS and SOFA scores were calculated using initial vital parameters during
admission, results from routine blood analysis, sociodemographic information gathered during
admission and the information imported from electronic medical records. [15, 44, 45] These medical
records were subsequently monitored to collect demographic data and patient history. They also allowed
for patient follow-up.

To determine normalization of vital signs, patients �rst vital sign measurement in the ED was compared
to their last measured vital sign in the ED. Due to the difference between pre-hospital electronic records
and ours, these data points could not be used due to a large number of missing variables. Normalization
was hereby de�ned as transition of the individual vital sign from abnormal to within normal range.
Staying normal of vital signs was de�ned as both �rst and last vital sign measurement being normal.
Using the aforementioned sepsis-related scoring systems, we a priori de�ned which vital sign ranges
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would be regarded as being abnormal. These abnormal ranges are displayed in Table 1 of the appendix.
Vital signs outside of these ranges were considered normal.

Missing data
Since arterial blood gas analyses (ABGs) were not performed in all patients meeting the inclusion criteria,
the P/F ratio, partial pressure of oxygen (PaO2) divided by fractional inspired oxygen (FiO2), and lactate
were the most frequent missing values. To calculate the SOFA scoring without a known P/F ratio, we
estimated the PaO2 using the peripheral oxygen saturation (SpO2) that was known in all patients. [46, 47]
We chose the non-linear equation to calculate the P/F ratio in patients with absent PaO2 and a SpO2 ≤ 
97%. If PaO2 was missing and the SpO2 was > 97%, we scored patients P/F ratio as normal. A missing
value for blood lactate, as well as other missing values to calculate the clinical scoring systems used in
this study, were deemed normal if missing. This method of data imputation provides similar outcomes
for the qSOFA, PIRO and MEDS score compared to imputation with the multiple imputations function of
SPSS. [48] The percentage of missing data points per variable will be shown in parentheses.

Endpoints and de�nitions
The primary endpoint of the study is hospital length of stay (LOS). Secondary outcome measures were
sociodemographic information, triage urgency, arrival mode, development of kidney, liver and respiratory
failure, lactate, vital sign and score progression during ED stay and the NEWS, SIRS, (q)SOFA, PIRO and
MEDS score at ED admission.

Safe, early discharge was de�ned as hospital-discharge within 24 hours, without disease-related
readmission to our hospital or death during the �rst 7 days. Development of kidney failure, or Acute
Kidney Injury (AKI), was de�ned using the Kidney Disease Improving Global Outcomes (KDIGO) criteria.
These criteria are: an increase in serum creatinine 1.5 times the baseline (presumed or known to have
occurred within the last 7 days) or an increase by 26.5 µmol/L (0.3 mg/dL) within 48 hours. [49] Liver
failure was de�ned as total bilirubin level > 34.2 µmol/L (2.0 mg/dL) and either a transaminase level or
alkaline phosphatase above twice the normal limit. [11, 50] Respiratory failure was de�ned as the need
for mechanical ventilation, either hypercapnia (PaCO2 > 6.5 kPa) or hypoxemia (PaO2 < 8.0 kPa) in the
arterial blood gas analysis or either a SpO2 < 90% when breathing room air or < 95% with at least 2L/min
of oxygen supplementation. [51]

Statistics
The Shapiro–Wilk test for normality was used to test for normality. For normally distributed data, the
mean and SD were calculated. For non-normally distributed data, the median and interquartile ranges
(IQR) were calculated. For categorical variables, frequency and percentage of cases were calculated.
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Continuous data was analyzed using the Mann-Whitney U test and categorical data was analyzed with
the Chi-square test.

To determine the relationship between clinical scoring systems and safe, early discharge, receiver
operator characteristic (ROC) curves and the area under the ROC curve [area under the curve (AUC)] were
calculated. The Wilcoxon signed rank test with continuity correction was used to test the AUCs against
the null hypothesis (AUC = 0.5). Cut-off point, sensitivity, speci�city and positive/negative predictive
values were calculated for each combination of clinical score and outcome parameter with a signi�cant
AUC. Cut-off points were selected based on a Youden index with maximum sensitivity and speci�city,
closest to the upper-left corner of the ROC curve. The clinical scores below these cut-off points were
considered low.

To identify parameters associated with clinical improvement, the aforementioned secondary outcome
measures were analyzed using multivariate logistic regression analysis. Since this is the �rst study
analyzing parameters associated with safe, early discharge in this population, a Forward:LR method was
selected. Strati�ed K-fold cross-validation (k = 6) was utilized for model selection and internal validation.
[52] For each patient the predicted probability of clinical improvement was calculated. The goodness-of-
�t of the created model was analyzed using a ROC curve.

MedCalc Version 19.1.3 was used to compare AUC’s. All other statistical analyses were performed using
IBM SPSS Statistics for Windows, version 23.0. A P-value of < 0.05 was considered signi�cant; all tests
were two tailed.

Results

Patient characteristics
During the study period 1381 patients were included. Of these patients, 423 were discharged within 24
hours of ED presentation. However, within 7 days, respectively 28 and 41 patients died or revisited our
hospital due to the same diagnosis, resulting in 69 (5%) ‘unsafe’ discharges. Hence, 354 patients (25.6%)
met the safe, early discharge criteria. (Fig. 1). First, we compared patients who needed prolonged
hospitalization to patients who were early discharged. Patients who were early discharged were younger
(P < .001), lived in their own home (P .005), were not referred by their General Practitioner (GP) (P .041)
and were not transported by ambulance to the ED (P < .001). Moreover, less urgent triage categories, a
history absent of cardiac disease, diabetes, COPD, chronic kidney disease and organ transplant, absence
of sepsis, a low CIS, NEWS, SIRS, (q)SOFA, PIRO and MEDS score and the absence of respiratory and
kidney failure at admission were signi�cantly associated with safe, early discharge. Interestingly, a
history of a malignancy or chronic liver disease, the presence of liver failure at admission and an
abnormal lactate did not discriminate between our two groups. Malignancy was the most represented
comorbidity (34.5%), with similar prevalence in both groups (P .708). The median length of hospital-stay
of our entire group was 4 days, that of our safe, early discharge group 3 hours (P < .001). (Table 1)
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Table 1
Main characteristics of the study population

Variable (% missing) Overall Safe, early
discharge

Prolonged
hospitalization

P-value

Number of patients [n(%)] 1381 (100) 354 (25.6) 1027 (74.4) -

Demographics        

Age (0) [median(IQR)] 62 (51.5;
72.5)

57 (45; 69) 64 (54; 74) < .001*

Male (0) [n(%)] 791 (57.3) 200 (56.5) 591 (57.5) .731

Living independently (2.3)
[n(%)]

1235
(89.4)

329 (92.9) 906 (88.6) .005*

Educated1 (6.7) [n(%)] 1122
(81.2)

291 (82.2) 831 (80.9) .248

Smoker2 (3.3) [n(%)] 189 (13.7) 45 (12.7) 144 (14) .286

Alcohol user3 (3.6) [n(%)] 391 (28.3) 116 (32.8) 275 (26.8) .034*

Arrival mode        

Referred by GP (2.2) [n(%)] 733 (53.1) 171 (48.3) 562 (54.7) .041*

Ambulance transport to ED
(2.2) [n(%)]

568 (41.1) 63 (17.8) 505 (49.2) < .001*

GP + ambulance (2.9) [n(%)] 382 (27.7) 37 (10.5) 345 (33.6) < .001*

Triage color (0.9) [n(%)]        

Red 1 (0.1) 0 (0) 1 (0.1) .557

Orange 232 (16.8) 25 (7.1) 207 (20.2) < .001*

Yellow 1067
(77.3)

293 (82.8) 774 (75.4) .003*

Green 68 (4.9) 32 (9) 36 (3.5) < .001*

Blue 0 (0) 0 (0) 0 (0) -

Comorbidity [n(%)]        

Cardiac disease (1.5) 251 (18.2) 44 (12.4) 207 (20.2) .001*

COPD (1.4) 119 (8.6) 18 (5.1) 101 (9.8) .007*

Diabetes (1.6) 278 (20.1) 45 (12.7) 233 (22.7) < .001*

Chronic kidney disease (1.7) 197 (14.3) 37 (10.5) 160 (15.6) .015*
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Variable (% missing) Overall Safe, early
discharge

Prolonged
hospitalization

P-value

Chronic liver disease (1.7) 111 (8) 21 (5.9) 90 (8.8) .102

Organ transplant (1.8) 247 (17.9) 45 (12.7) 202 (19.7) .004*

Malignancy (1.7) 476 (34.5) 123 (34.7) 353 (34.4) .708

None of the above (2.3) 359 (26) 120 (33.9) 239 (23.3) < .001*

Number of comorbidities
[median(IQR)]

1 (0; 2) 1 (0.5; 1.5) 1 (0.5; 1.5) < .001*8

Disease Severity4 (4.3) [n(%)]        

Infection 880 (63.7) 253 (71.5) 627 (61.1) .001*

Sepsis-35 196 (14.2) 0 (0) 196 (19.1) < .001*

Scoring systems6

[median(IQR)]
       

CIS physician (14.5) 4 (2.5; 5.5) 3 (2; 4) 5 (3.5; 6.5) < .001*

CIS nurse (19.8) 5 (3.5; 6.5) 4 (3; 5) 5 (3.5; 6.5) < .001*

NEWS (0) 3 (1; 5) 2 (1; 3) 3 (0.5; 5.5) < .001*

SIRS (0) 2 (1; 3) 2 (1.5; 2.5) 2 (1; 3) < .001*

qSOFA (0) 0 (0; 1) 0 (0; 1) 0 (0; 1) < .001*

SOFA (0) 4 (2.5; 5.5) 3 (1.5; 4.5) 4 (2.5; 5.5) < .001*

PIRO (0) 6 (2.5; 9.5) 4 (0; 7) 7 (3.5; 10.5) < .001*

MEDS (0) 3 (0; 6) 3 (0.5; 5.5) 3 (0; 6) < .001*

Abnormal lactate7 (63.6) [n(%)] 17 (1.2) 1 (0.3) 16 (1.6) .348

Kidney failure6 (26.1) [n(%)] 154 (11.2) 10 (2.8) 144 (14) < .001*

Respiratory failure6 (2.2) [n(%)] 144 (10.4) 15 (4.2) 129 (12.6) < .001*

Liver failure6 (20.5) [n(%)] 96 (7) 21 (5.9) 75 (7.3) .378

Length of stay (days) (0)
[median(IQR)]

3.96

(0.16; 7.76)

0.13

(0.09; 0.17)

5.7

(2.4; 9.1)

< .001*
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Variable (% missing) Overall Safe, early
discharge

Prolonged
hospitalization

P-value

Percentage of missing values per variable are shown in parentheses. Safe, early discharge, hospital-
discharge ≤ 24 hours, without disease-related readmission or death ≤ 7 days. GP general practitioner
ED Emergency Department COPD Chronic Obstructive Pulmonary Disease CIS Clinical Impression
Score NEWS National early warning score SIRS Systemic In�ammatory Response Syndrome SOFA
Sequential Organ Failure Assessment qSOFA quick SOFA PIRO Predisposition Insult Response Organ
dysfunction MEDS Mortality in Emergency Department Sepsis. 1educated past the age of 14; 2≥1
cigarette per day; 3≥1 unit of alcohol per week; 4working diagnosis upon leaving the ED; 5de�ned as
life-threatening organ failure caused by a dysregulated host response to infection; 6at ED admission;
7>4 mmol/L 8the safe, early discharge group has fewer comorbidities. * p < 0.05.

Clinical scoring systems
Next, we assessed the accuracy of the aforementioned clinical scoring systems in predicting safe, early
discharge. All scores were signi�cantly associated with safe, early discharge (Table 2). The discriminative
performance of the attending physician’s CIS was highest (AUC 0.739), that of the qSOFA and SIRS
criteria lowest (AUC 0.576 and 0.593 respectively). There was no difference in performance between the
NEWS, SOFA, PIRO and MEDS scores (AUC’s ranging from 0.631 to 0.651). For all clinical scoring
systems, optimal cut-off points for safe, early discharge were selected based on the Youden index of their
respective sensitivity and speci�city (Supplementary Table 2). The CIS, NEWS, SIRS, (q)SOFA, PIRO and
MEDS score all showed a good negative predictive value (ranging from 78 to 85 percent) with a relatively
low positive predictive value (ranging from 30 to 45 percent). (Table 2). Thus, a low score in and of itself,
de�ned as a score below the cut-off point, was not a great predictor of safe, early discharge.
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Table 2
Discriminative performance of individual clinical scoring systems

Clinical scoring
system1 (range)

AUC (95%
CI)

Cut-off
point2 (≤)

Sens
(%)

Spec
(%)

PPV
(%)

NPV
(%)

P-
value

CIS physician (1–10) .739 (.707;
.771)

3 62 74 45 85 < .001*

CIS nurse (1–10) .699 (.663;
.735)

3 47 80 45 81 < .001*

NEWS (0–20) .631 (.599;
.663)

3 76 44 32 84 < .001*

SIRS (0–4) .593 (.559;
.627)

1 40 74 35 78 < .001*

qSOFA (0–3) .576 (.543;
.609)

0 73 41 30 82 < .001*

SOFA(0–24) .637 (.604;
.669)

3 57 63 35 81 < .001*

PIRO (0–33) .651 (.620;
.683)

6 67 55 34 83 < .001*

MEDS (0–27) .631 (.598;
.664)

3 75 47 33 85 < .001*

The range of the individual scoring systems are shown in parentheses. Abbreviations: AUC Area Under
the Curve, CI Con�dence interval, Sens Sensitivity, Spec Speci�city, PPV Positive Predictive Value, NPV
Negative predictive value. 1Measured at ED admission; 2Point in the receiver operator characteristics
curve with the maximum sensitivity and speci�city. * p < 0.05.

Vital sign and clinical score progression
Third, we appraised the value of vital sign and score progression during ED stay. Patients with a normal
systolic, diastolic and mean arterial blood pressure, respiratory rate, oxygen saturation, body temperature
or mental status at ED admission and ED discharge, less frequently needed prolonged hospitalization (P-
values < 0.05). As opposed to staying normal of vital signs, normalization of most vital signs did not
discriminate between our two groups. Normalization of mental status was the only trend in vital sign
normalization that occurred more frequently in the safe, early discharge group (P 0.033). Staying normal
of the qSOFA and NEWS (P < 0.001 and 0.002 respectively), and normalization of the NEWS (P < 0.001)
was signi�cantly associated with safe, early discharge. (Table 3)
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Table 3
Vital sign and clinical score progression during ED stay

Variable [n (%)] Initial vital
sign/score2

Overall Safe, early
discharge3

Prolonged
hospitalization4

P-
value

Number of
patients

    354 (25.6) 1027 (74.4)  

Staying normal of
vital sign1

Normal Stayed
normal

     

Heart rate 1273 (92.2) 1251
(98.3)

336/339
(99.1)

915/934 (98) .164

Systolic blood
pressure

1245 (90.2) 1139
(91.5)

323/336
(96.1)

816/909 (89.8) < .001*

Diastolic blood
pressure

1174 (85) 1000
(85.2)

298/322
(92.5)

702/852 (82.4) < .001*

Mean arterial
pressure

1294 (93.7) 1212
(93.7)

335/343
(97.7)

877/951 (92.2) < .001*

Respiratory rate 981 (71) 830 (84.6) 268/292
(91.8)

562/689 (81.6) < .001*

Oxygen saturation 1318 (95.4) 1288
(97.7)

347/348
(99.7)

941/970 (97) .004*

Body temperature 908 (65.7) 756 (83.3) 244/278
(87.8)

512/630 (81.3) .016*

Mental status 1304 (94.4) 1284
(98.5)

350/350
(100)

934/954 (97.9) .006*

Staying normal of
score

         

qSOFA 865 (62.6) 676 (78.2) 243/274
(88.7)

433/591 (73.3) < .001*

NEWS 661 (47.9) 522 (79) 211/247
(85.4)

311/414 (75.1) .002*

Vital sign
normalization

Abnormal Normalized      

Heart rate 108 (7.8) 77 (71.3) 11/15 (73.3) 66/93 (71) .851

Systolic blood
pressure

136 (9.8) 58 (42.6) 9/18 (50) 49/118 (41.5) .498

Diastolic blood
pressure

207 (15) 97 (46.9) 16/32 (50) 81/175 (46.3) .699

Mean arterial
pressure

87 (6.3) 52 (59.1) 9/11 (81.8) 43/76 (56.6) .111
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Variable [n (%)] Initial vital
sign/score2

Overall Safe, early
discharge3

Prolonged
hospitalization4

P-
value

Respiratory rate 400 (29) 153 (38.3) 21/62 (33.9) 132/338 (39.1) .440

Oxygen saturation 63 (4.6) 48 (76.2) 3/6 (50) 45/57 (78.9) .113

Body temperature 473 (34.3) 227 (48) 32/76 (42.1) 195/397 (49.1) .262

Mental status 77 (5.6) 37 (48.1) 4/4 (100) 33/73 (45.2) .033*

Score
normalization

         

qSOFA 516 (37.4) 156 (30.2) 29/80 (36.3) 127/436 (29.1) .202

NEWS 720 (52.1) 154 (21.4) 37/107 (34.6) 117/613 (19.1) < .001*

Safe, early discharge Safe, early discharge, hospital-discharge ≤ 24 hours, without disease-related
readmission or death ≤ 7 days. qSOFA is normal if score is 0, NEWS is normal if score is ≤ 3. 1At ED
admission and discharge. 2Number of patients presenting with either normal or abnormal initial vital
sign; 3Number of patients with abnormal or normal initial vital sign that were safely discharged within
24 hours; 4Number of patients with abnormal or normal initial vital sign that needed prolonged
hospitalization. * p < 0.05.

Prediction of safe, early discharge
To determine the effects of the aforementioned parameters on the likelihood of safe, early discharge, we
performed a multivariate logistic regression analysis. Instead of including the sepsis related scores, their
individual components were used. 55 parameters were selected for the analysis. The presence of sepsis-
3 at ED discharge resulted in complete separation, meaning a patient in that category was always
hospitalized. These patients were given a safe, early discharge probability of 0 and were excluded from
the analysis. Using the Forward:LR method with strati�ed k-fold cross-validation, 9 out of the 54
parameters were included in the �nal model (Table 4 and supplemental table 3).
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Table 4
Multivariate logistic regression analysis for clinical improvement

Variables in the equation Regression coe�cient (SE) Odds Ratio (95% CI) P-value

Constant − .965 (.376) .381 .010*

Demographics      

Younger age − .012 (.005) .988 (.977 ; .998) .023*

Absence of organ transplant − .858 (.250 .424 (.260 ; .692) .001*

Arrival mode      

Neither ambulance nor GP referral Reference category  

Referred by GP .302 (.205 1.353 (.905; 2.023 .140

Arrival with ambulance − .228 (.310) .796 (.434; 1.461) .461

GP + ambulance1 − .906 (.287) .404 (.230; .709) .002*

First impression      

Low CIS physician at admission .741 (.188) 2.097 (1.451; 3.031) < .001*

Low CIS nurse at admission .457 (.201) 1.578 (1.065; 2.340) .023*

Organ dysfunction      

Kidney failure at ED admission -1.384 (.546) .250 (.102; .613) .002*

Liver failure at ED admission − .695 (347) .499 (.253; .985) .045*

Vital sign progression      

qSOFA stayed normal2 .430 (.188) 1.537 (1.063; 2.223) .003*

Temperature stayed normal2,3 .591 (.184) 1.805 (1.259; 2.588) .001*

Sepsis-3 upon ED discharge, probability of safe, early discharge = 0

Note: R2 = 0.247 (Nagelkerke). Model Chi-square: 149,729, P < .001*. Percentage correctly predicted = 
75.5%. GP, General Practitioner, qSOFA is normal if score is 0. 1Referred by GP and transported by
ambulance to the ED; 2Measured at ED admission and discharge; 3abnormal if < 36 °C or > 38 °C. * p < 
0.05.

Younger patients, without a history of an organ transplant, who did not arrive by ambulance while not
being referred by their GP, with a low CIS, normal kidney and liver function, negative qSOFA, normal body
temperature and without sepsis were more likely to be safely discharged within 24 hours. The logistic
regression model was statistically signi�cant (P < .001), correctly predicted 75.5% of the cases and
explained 24.7% of the variance in safe, early discharge. (Table 4) ROC curve analysis yielded an AUC of
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0.824, signi�cantly better in predicting safe, early discharge compared to the aforementioned clinical
scoring systems (P < .002 for all analyses). (Table 2, 5, Fig. 2)

Table 5
Model statistics

Method AUC (95% CI) Cut-off point1 (≥) Sens (%) Spec (%) PPV (%) NPV (%)

Forward:LR .824 (.797; .851) 0.58 24 97 73.4 78.8

AUC Area Under the Curve, CI Con�dence interval, Sens Sensitivity, Spec Speci�city, PPV Positive
Predictive Value, NPV Negative predictive value. 1Proposed point in the receiver operator
characteristics curve to facilitate safe, early discharge.

In order to minimize the number of false positives, a cut-off point in the ROC curve was proposed with
near-maximum speci�city. The proposed cut-off point of 58% yielded a Positive Predictive Value (PPV) of
73.4%. (Table 5) 31 patients had a false positive score, i.e. a positive test for safe discharge
(Supplemental table 5), but 26 of these patients had a hospital discharge > 24 hours and 5 of these
patients were discharged within 24 hours but readmitted within 7 days. None died within 7 days of
hospital discharge. Moreover, these patients most frequently presented to the ED on Thursday and Friday,
with a median length of stay of 3.8 days. (Supplemental table 6)

Validation of the logistic regression model
Strati�ed k-fold cross validation of the created model resulted in a mean AUC of 0.824 and 0.804 for the
training and test sets respectively. This minimal drop in model performance indicates that our model was
a good �t of the test data.

Discussion

Main �ndings
In this prospective observational study, we identi�ed parameters associated with safe, early discharge,
among patients presenting to the ED with an infection, by analyzing patient demographics, various
clinical scoring systems and vital sign progression during ED stay. Of the 1381 patients included in the
analysis, 354 (25.6%), with a median LOS of 3 hours, met the safe, early discharge criteria. Parameters
associated with safe, early discharge were younger age, absence of comorbidities, living independently,
yellow or green triage color, no arrival by ambulance, no referral by general practitioner, absence of kidney
and respiratory failure and low clinical impression, NEWS, SIRS, MEDS, (q)SOFA and PIRO scores at ED
admission. Moreover, staying normal of vital signs measured at ED admission and discharge had a
stronger association with safe, early discharge than normalization of vital parameters. Of all measured
parameters, nine were selected to create a prediction model. This model consists of age, a history of
organ transplant, referral by GP and arrival by ambulance, clinical impression score and kidney failure at
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ED arrival, staying normal of the qSOFA and temperature at ED arrival and discharge and absence of
sepsis at ED discharge. The proposed cut-off of 58% for safe, early discharge probability yielded a PPV of
73.4%. Internal validation of the created model resulted in a minimal drop in performance.

Scores predicting safe, early discharge are scarce
To the best of our knowledge, this is the �rst study that analyzes predictors of safe, early discharge
among patients presenting to the ED with an infection. Several studies have focused on predicting early
discharge among speci�c patient populations [35, 36, 53–58] and multiple have proposed prediction
models. [36, 55–58] Only two, however, based their prediction model on ED patients. [57, 58] The �rst
included 894 general ED patients and showed an AUC of 0.84 for the prediction of discharge within 48
hours. [57] The second included 297 general ED patients and demonstrated an AUC of 0.68 for the
prediction of discharge within 72 hours. [58] Neither, however, analyzed the safety of these early
discharges. One large prospective observational study did analyze safe, early discharges using a score
called Halm’s criteria. [35] This study, however, is based on patients admitted to the ward with pneumonia
and the score they used has not been validated in the ED. Multiple studies analyzed ED discharge safety,
using short-term outcomes, like readmission or death, following ED discharge. [59–62] Two of these
studies proposed a model for the prediction of safe ED discharge, with AUCs ranging from 0.68 to 0.83.
[60, 61]

Both the models predicting early discharge and the models predicting safe ED discharge include patient
characteristics, like age and the presence of comorbidities, and most include arrival by ambulance, GP
referral and vital signs measured closest to discharge. [36, 57, 58, 60, 61] However, only one incorporated
repeated vital sign measurements [35], and none included biomarkers for organ dysfunction, components
of various clinical scoring systems or the clinical impression score. The studies that did analyze the
safety of ED discharges used endpoints that differ from study to study, with some utilizing ED
readmission [61, 62] and others ward, ICU admission or death [59, 60]. In summary, available studies
either analyzed predictors for early discharge or predictors for safe discharge. They utilized varying
de�nitions for unsafe discharge and limited predictor variables. Our study created a prediction model for
safe, early discharge among patients presenting to the ED with an infection and included a wide variety
of readily available predictor variables.

Repeated vital sign measurements should be used when
evaluating ED patients
We found that normal vital signs at ED admission in combination with normal vital signs at ED discharge
is associated with safe, early discharge. However, normalization of vital signs generally did not predict
safe, early discharge. Multiple studies have analyzed the value of repeated vital sign measurements on
patient outcome. Available studies either analyzed individual vital sign measurements [63] or combined
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these measurements in scores like the qSOFA or MEWS [11, 35, 64–66]. Three studies compared single
with repeated vital sign or score measurements and demonstrated that repeated measurements are
superior in predicting clinical course of infectious or septic patients in the ED. [11, 64, 65] Several studies
conclude that early changes in vital signs or scores are associated with patient outcomes like mortality or
ICU admission. [11, 35, 63–66] These studies show that, compared to patients with deteriorating vital
signs, patients with vital sign normalization had a lower risk of mortality. Only one, however, analyzed
repeated determination of vital signs in order to predict safe, early discharge. [35] This prospective
observational study used Halm’s criteria, combining normalization and staying normal of vital signs, and
showed an AUC of 0.95 for 30-day mortality. Our study shows that patients with normal vital signs upon
ED admission and discharge were more likely to be safely discharged compared to those who were
admitted with abnormal vital signs which normalized during ED stay. Therefore, patients whose vital
signs stayed normal during their ED visit have a better prognosis compared to patients with abnormal
vital signs at either ED admission or discharge. Repeated vital sign measurements should therefore be
included for risk assessment of ED patients for safe and early discharge.

Clinical impression scores have a wide array of use in the
ED
Our study shows that both the clinical impression score of the attending physician and the nurse are
strong independent predictors of safe, early discharge. This relationship may not be completely
independent, since the attending physician eventually decides if the patient is discharged or admitted.
This dependency could have introduced a selection bias, causing overestimation of the performance of
the CIS. This bias, however, may be limited due to the fact that the CIS measurement is performed directly
after primary assessment of the patient (generally within 30 minutes of the patient arriving), while the
median length of stay of our safe, early discharge group was 3 hours. Moreover, the CIS of the nurse,
which was independently measured, shows good predictive value as well. And, if we take a look at the
arrival mode, since not arriving by ambulance while not being referred by a GP was the strongest
independent predictor of safe, early discharge, we speculate that the clinical impression of the GP has
also found its way into our prediction model. Several studies have demonstrated the value of the CIS in
predicting 28-day mortality, hospital survival and patient disposition in ED and ICU patients. [17, 20, 67,
68] When compared to the PIRO score, clinical impression scores show similar prognostic performance.
[20] Clinical impression scores, as opposed to the PIRO, are easily determined, show good prognostic
performance and could therefore be of great value for a wide variety of uses in the ED. Further research in
our department will focus on identifying the various aspects of the CIS and its possible causes of bias.

Strengths and limitations
Our study is the �rst study to analyze predictors of, and create a model for, safe, early discharge in
patients presenting to the ED with an infection. This model was created using a ‘simple’ logistic
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regression analysis and internally validated with strati�ed k-fold cross-validation. We did not only utilize
patient demographics and comorbidities, but also included biochemical organ function, components of
individual scoring systems, vital sign and score progression. The parameters used to evaluate
biochemical organ function are routinely determined in almost every patient presenting to the ED with an
infection. Vital sign measurements are part of the regular ED check-up and thus do not cause an extra
burden for the patient. The created score can therefore effortlessly be determined for every patient
presenting to the ED with an infection.

Our study has several limitations: �rst, the generalizability of our study may be limited due to the fact that
our study was single center and carried out in an academic tertiary care teaching hospital. Second, given
the fact that the CIS, our strongest predictor, is not measured in other hospitals in the Netherlands, the
created prediction model was not validated in external patient cohorts. We did, however, validate our
model with strati�ed k-fold cross-validation, by many viewed as the best method for internal model
validation. [52] Third, to analyze the safety of the discharges, we arbitrarily chose a 7-day interval in
which readmissions or death could occur. Because of this, and the fact that our patient records do not
account for readmissions to other hospitals, the number of patients that were safely discharged may be
overestimated. However, most of the studies that analyze the safety of ED discharges use this interval.
[59–62] Also, in the Netherlands, if a patient is known in a tertiary care center, like ours, readmission to
another hospital is very unlikely due to the complexity of their condition.

It should be noted that our chosen cut-off only reached a PPV of 73.4%, resulting in 31 false positives.
However, as shown in Supplementary table 6, prolonged hospitalization accounted for 83.5% of the false
positives and none of these patients died within 7 days of hospital discharge. Moreover, half of the
patients with a false positive score were admitted on either a Thursday or a Friday. Given the fact that
patients are less frequently discharged on weekend days [69], patients admitted on Thursdays and
Fridays are more likely to be hospitalized for a prolonged timeframe. We therefore speculate that these
false positives are in fact patients which would bene�t from an early discharge.

Clinical relevance
By choosing a cut-off point with near maximum speci�city, the number of false positives were minimized
and the number of unsafe discharges resulting in death zero. Our created model is therefore ideal to
identify low risk patients likely to bene�t from safe, early discharge. In our study population, this resulted
in 84 true positives, i.e. patients that could be safely discharged within 24 hours without disease related
death or readmission within 7 days. (Supplementary table 5) Meaning that our model can be effectively
used as a clinical decision tool to identify a relatively small number of patients that can bene�t from safe,
early discharge. With the use of our model, the effects of ED overcrowding can be minimized and the
costs and adverse events associated with a general ward admission could be prevented. The choice of a
cut-off for prospective research should be considered with care, weighing the chance and impact of a
false positive score against the bene�ts of early discharge. Our score, like every scoring system used in



Page 18/27

medicine, should be used as a tool to guide the treating physician. The created probability of safe, early
discharge may augment the physicians’ decision but should not replace the physicians’ evaluation of the
individual patient.

Conclusion
Our study shows that patient demographics and information about the arrival, �rst impression,
biochemical organ function and vital sign progression of a patient presenting to the ED with an infection
is associated with safe, early discharge. By combining several readily available parameters in the ED
setting, a prediction model for safe, early discharge with good prognostic performance was created.
Further research, preferably in a multi-center setting, is warranted to externally validate the created model
and determine whether the use of such a discharge prediction tool can reduce the number of unnecessary
hospitalizations.
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Figure 1

Flow chart of patient selection. Adult medical patients visiting the ED of the UMCG between March 2016
and April 2019 were screened for inclusion. Safe, early discharge, hospital-discharge within 24 hours,
without disease-related readmission to our hospital or death during the �rst 7 days.
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Figure 2

Receiver operating curve analysis.
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