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Abstract

Background The intensive care of critically ill patients is of great importance for emergency care. To achieve this, patients
in need of intensive care must be quickly identified. On the other hand, misallocation of intensive care beds to patients
who do not necessarily require intensive care must be avoided. Emergency departments play a crucial role in these
decision-making processes.

Methods In a retrospective single-center study, we examined the characteristics of patients admitted to the intensive care
unit through our emergency department, as well as the subsequent course of patients who were referred for intensive
care via the emergency medical services.

Results During the 12-months study period, 632 patients were admitted to an intensive care unit within the hospital
through our emergency department. Of these patients, 15.2% presented themselves at the emergency department
independently, while 84.8% were transported by emergency medical services. Among the patients brought in by the
emergency medical services and subsequently admitted to the intensive care unit, 27.6% were registered for the resus-
citation room, 25.2% for an intermediate care/intensive care unit, and 47.2% with a different care destination. Of the 373
patients registered for the resuscitation room, 45.6% were admitted to an intensive care unit. 24.1% of the patients were
admitted to an intensive care unit. 24.1% of the patients were admitted to a non-intensive care unit. 12.9% of the patients
died in the emergency department, and 17.4% of the patients were able to be discharged home after treatment in the
emergency department. Among the 635 patients registered for further care on an intermediate/intensive care unit by
the emergency medical services, 21.8% were admitted to an intensive care unit, 58.2% of the patients were admitted to
a non-intensive care unit. 3% of the patients died in the emergency department, and 17.0% of the patients were able to
be discharged after treatment in the emergency department.

Conclusions The emergency departments play a crucial role in the allocation of intensive care unit beds by selecting
appropriate patients and preventing misallocations.
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1 Background

The early care of critically patients in an intensive care unit (ICU) is of great importance. Delayed treatment can lead
to increased mortality and worsened outcomes [1, 2]. However, in recent years, admission to ICUs have significantly
increased in Western countries [3-5]. A bed in an ICU or IMC (intermediate care) has become a scarce resource that
needs to be carefully managed [6]. Misallocation with relatively healthy patients who don’t truly require intensive
care should be avoided to ensure access to ICU care for those who really need it [7, 8].

In acute care hospitals, a large number of ICU admission occurs through the emergency department (ED) [9, 10].
Various triage systems are used in the ED to assess the urgency of patient treatment [11, 12]. The more urgent the
triage level, the faster medical care must be provided. Patients are typically presented to the ED either through
self-presentation or admission by emergency medical services. In the ambulance, a preliminary diagnosis is often
made, or at least a key clinical symptom is defined. Additionally, an initial assessment of the patient’s need for urgent
treatment is performed, along with an estimation of these resources required at the receiving hospital, such as a
resuscitation room or IMC/ICU bed.

Not all patients transported by emergency medical services require an ICU bed during their course of treatment,
even among those initially designated for the resuscitation room or IMC/ICU care. On the other hand, self-presenting
patients are not necessarily healthier. Even among self-presenting patients, a certain percentage may later require
admission to an IMC/ICU.

In a monocentric retrospective observational study, we describe the patient population that was admitted through
the ED of a German university hospital located in a major city. Additionally, we describe the characteristics of patients
referred by emergency medical services for resuscitation rooms or IMC/ICU care. We also outline the characteristics
of patients who presented themselves in the ED and later required IMC/ICU care.

2 Materials and methods
2.1 Study design and settings

We conducted a monocentric retrospective observational study on internal medicine and surgical patients treated
in the Emergency Department of the LMU University Hospital, Ludwig-Maximilians-University Munich, Germany,
located in the city center between July 2022 and June 2023. This study excluded patients treated in other specialties
in the ED. Patients admitted to the hospital’s ICU who were not admitted through the ED were also excluded. Patients
treated within the hospital and subsequently transferred to the ICU via our resuscitation room were also excluded.
The initial assessment in the ED was performed using the Emergency Severity Index (ESI), a five-level triage algorithm
that assesses the urgency of treatment based on the severity of the illness an anticipated resource need. The lower
the assigned level, the higher the urgency of treatment [11, 12].

2.2 Data collection

The patient’s clinical chief complaint, as determined by the emergency medical services during transport to the ED,
was used for data analysis. Data for patient characteristic were analyzed from our clinic information system (epias®).
The discharge diagnosis from the ED, made when patients were transferred to the ICU, was also analyzed. Diagnoses
were based on the International Classification of Diseases (ICD).

2.3 Statistical analysis
We described the patient characteristics, pre-hospital and in-hospital information. Data were shown for age as the

median and standard deviation (SD), and as numbers and percentages for categorical variables. For statistical analysis
unpaired t-test was used.
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The study was approved by the Ethics Committee of Ludwig-Maximilians-Universitat Miinchen (LMU). Procedures
were performed in accordance with ethical standards (institutional and national) for human experimentation and
the 1975 Helsinki Declaration.

3 Results

3.1 Characteristics of patients admitted to the intermediate care or intensive care unit (IMC/ICU)
through the emergency department (ED)

From July 2022 to June 2023, a total of 27,232 internal medicine and surgical patients were treated at the Emergency
Department, city center located, of the LMU University Hospital (Ludwig-Maximilians-University) Munich. Of these, 25%
(n=6808) received inpatient care. 9.2% (n=632) of these patients required treatment in an IMC/ICU (Table 1). The mean
age of patients was 61.2 years. 38.9% (n=246) were female, and 61.1% (n=386) were male (p <0.001). 236 (37.3%)
patients were classified as ESI level 1, 297 (47.0%) as ESI level 2, 91 (14.4%) as ESl level 3, and 8 (1.3%) as ESl level 4. No
patients were categorized into level 5. 96 (15.2%) patients who needed intensive care were self-referred to the hospital,
while 536 (84.8%) were transported by the emergency medical service (p <0.001). 148 (27.6%) of the patients transported
by the emergency medical service were registered for the resuscitation room, 135 (25.2%) were registered for the IMC/
ICU, and 253 (47.2%) were admitted without a specific treatment goal. 501 (79.3%) patients admitted to the IMC/ICU
were internal medicine patients, and 131 (20.7%) were surgical patients (p <0.001).

3.2 Characteristics and course of patients registered for the resuscitation room in the emergency
department (ED)

We examined the characteristics and further course of patients (n=373) who were announced as patients for the resus-
citation room via the ambulance service (Table 2). The mean age was 43.2 years, 38.3% (n=143) being female and 61.7%
(n=230) male. Triage assigned 276 (74%) patients to level 1, 48 (12.9%) patients to level 2, 36 (9.6%) patients to level
3, and 13 (3.5%) patients to level 4. No patients were classified as level 5. 37.9% (n = 148) of patients were admitted to
hospital’s IMC/ICU, while 5.9% (n=22) had to be transferred to an external hospital’s ICU due to a lack of available ICU
beds within our own facility. 8.8% (n=33) were able to be admitted to an internal or surgery regular ward within the
hospital. 2.4% (9%) had to be transferred to an internal medicine or surgical regular ward at an external hospital, again

Table 1 Characteristics of
patients admitted to the

intermediate care or intensive  Total number n=632
care unit (IMC/ICU) through

IMC/ICU admission p

the emergency department Age (years, mean, SD) 61.2+24.8
(ED) Sex
Female n =246 (38.9%)
Male n=386(61.1%) <0.001
ESl level
1 n=236(37.3%)
2 n=297 (47.0%)
3 n=91 (14.4%)
4 n=8(1.3%)
Self-presentation in the ED n=96 (15.2%)
Admission by emergency medical service n=>536 (84.8%) <0.001
Admission for resuscitation room n=148 (27.6%)
Admission for IMC/ICU n=135(25.2%)
Other admissions n=253 (47.2%)
Medical specialty
Internal medicine n=501 (79.3%)
Surgery n=131(20.7%) <0.001
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Table 2 Characteristics and
course of patients registered
for the resuscitation room in
the emergency department
(ED)

Table 3 Characteristics and
course of patients registered
for the intermediate care or
intensive care unit (IMC/ICU)
in the emergency department
(ED)
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Resuscitation
room
registration

Total number
Age (years, mean, SD)
Sex
Female
Male
ESI level
1
2
3
4
Treatment after ED
Admission to IMC/ICU
Admission to IMC/ICU (extern)
Regular ward (internal medicine or surgery)
Regular ward (internal medicine or surgery) (extern)
Discharge to home
Death
Others

n=373
43.2+21.7

n=143 (38.3%)
n=230(61.7%)

n=276 (74.0%)
n=48 (12.9%)
n=36 (9.6%)
n=13(3.5%)

n=148 (39.7%)
n=22(5.9%)
n=33(8.8%)
n=9 (2.4%)
n=65 (17.4%)
n=48 (12.9%)

(
n=48 (

IMC/ICU registration

Total number
Age (years, mean, SD)
Sex
Female
Male
ESI level
1
2
3
Treatment after ED
Admission to IMC/ICU
Admission to IMC/ICU (extern)
General ward (internal medicine or surgery
General ward (internal medicine or surgery) (extern)
Psychiatric department
Psychiatric department (extern)
Discharge to home
Death
Others

n=635
44.2+26.2

n=218(34.3%)
n=417 (65.7%)

n=89 (14.0%)
n=420 (66.1%)
n=126(19.9%)

n=135(21.3%)
n=3(0.5%)
n=311 (49.0%)
n=17(2.7%)
n=11(1.7%)
n=21(3.3%)
n=108 (17.0%)
n=19 (3.0%)
n=10(1.5%)

12.9%)
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due to bed availability issues in our own hospital. 17.4% (n =65) of patients were discharged directly from the ED. The
“other” group [n=48 (12.9%)] included patients, who had to be transferred to other specialty areas.

3.3 Characteristics and course of patients registered for the intermediate care or intensive care unit (IMC/
ICU) in the emergency department (ED)

We analyzed the characteristics and course of patients who were announced for further care in the IMC/ICU (Table 3). The
mean age was 44.2 years. 34.4% (n=218) were female, 65.7% (n=417) were male. 14.0% (n=89) were classified as ESI
level 1,66.1% (n=420) as level 2, and 19.9% (n=126) as level 3. No patients were classified as level 4 or 5. 21.3% (n=135)
were actually admitted to an IMC/ICU in our hospital after initial treatment in the ED. 0.5% (n=3) had to be transferred
to an external IMC/ICU because there were no corresponding capacities available in our own hospital. 49.0% (n=311)
were able to be admitted to a general internal or surgical ward in our own hospital, 2.7% (n=17) to a corresponding
ward in an external hospital. 1.7% (n=11) were transferred to the psychiatric department of our hospital, 3.3% (n=21)
to an external psychiatric department. 17.0% (n=108) of the patients were discharged, and 3.0% (n=19) died. The ‘other’
group (n=10 (1.5%)) included patients who had to be transferred to other specialty areas.

3.4 Characteristics of patients who presented themselves independently at the emergency department (ED)
and were admitted to the intermediate care or intensive care unit (IMC/ICU)

During the observation period, 96 patients who presented themselves to the ED independently had to be further cared
forin an IMC/ICU (Table 4). 33.3% (n=32) of the patients were female, 66.7% (n =64) were male. Among these patients,
18.8% (n=18) were classified as ESl| level 1, 33.5% (n=37) as level 2, 39.6% (n=38) as level 3, and 3.1% (n=3) as level 4.
No patient was classified as level 5.

Chief complaints identified by the ambulance service for patients referred to the resuscitation room or to the
intermediate care or intensive care unit (IMC/ICU) upon arrival at the emergency department (ED).

Table 5 shows the chief complaints identified by the ambulance service for patients referred to the resuscitation
room or to the IMC/ICU. In the group of patients referred to the resuscitation room, a total of 21 different complaints
were reported. The five most common chief complaints were polytrauma (n =155, 41.6%), resuscitation (n=63, 16.9%),
internal medicine emergency (n=36, 9.7%), trauma emergency (n=26, 7.0%), and intoxication (n=19, 5.1%).5.1% (n=19)
presented with acute breathlessness, 3.0% (n=11) had surgical emergencies, 2.7% (n=10) arrived with the complaint of
sepsis. 2.4% (n=9) were categorized as other emergencies. 1.3% (n=5) were reported as myocardial infarction. Each 0.8%
(n=3) arrived with cardiogenic shock or an amputation. Each 0.5% (n=2) were reported as acute abdomen, anaphylaxis,
unexplained unconsciousness, stabbing injury, gastrointestinal bleeding, or n/a (not applicable). One patient (0.3%)
arrived as a diabetic emergency, and one patient (0.3%) was transferred as a secondary transfer from another clinic.

In the group of patients who were registered for IMC/ICU care, internal medicine emergencies were leading (n =228,
35.9%), followed by intoxication (n=194, 30.6%), sepsis (n=82, 12.9%), other emergencies (n =40, 6.3%), acute breath-
lessness (n=36, 5.7%), resuscitation (n =14, 2.2%), anaphylaxis (n=13, 2.0%), and gastrointestinal bleeding (n=5, 0.7%).
Each 0.6% (n =4) were registered as cardiogenic shock and diabetic emergency, while 0.5% (n =3) each were registered

Table 4 Characteristics of
patients who presented
themselves independentlyat  1otal number n=96

the emergency department

(ED) and were admitted to the Age (years, mean, SD) 66.7£15.9
intermediate care or intensive ~ 9€X

Self-presentation

care unit (IMC/ICU) Female n=32(33.3%)
Male n=64 (66.7%)
ESl level
1 n=18(18.8%)
2 n=37 (38.5%)
3 n=38(39.6%)
4 n=3(3.1%)
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Table 5 Patient’s chief

complaint, determined by the Resuscitation room registration n (%) IMC/ICU registration n (%)

emergency medical service Polytrauma 155 (41.6) Internal medicine emergency 228 (35.9)
Resuscitation 63(16.9) Intoxication 194 (30.6)
Internal medicine emergency 36 (9.7) Sepsis 82(12.9)
Trauma emergency 26 (7.0) Other emergency 40 (6.3)
Intoxication 19(5.1) Acute breathlessness 36(5.7)
Acute breathlessness 19(5.1) Resuscitation 14 (2.2)
Surgical emergency 11 (3.0) Anaphylaxis 13 (2.0)
Sepsis 10(2.7) Gastrointestinal bleeding 5(0.7)
Other emergency 9(24) Cardiogenic shock 4(0.6)
Myocardial infarction 5(1.3) Diabetic emergency 4(0.6)
Amputation 3(0.8) n/a 3(0.5)
Cardiogenic shock 3(0.8) Trauma emergency 3(0.5)
Acute abdomen 2(0.5) Polytrauma 2(0.3)
Anaphylaxis 2(0.5) Myocardial infarction 2(0.3)
Unexplained unconsciousness 2(0.5) Unexplained unconsciousness 2(0.3)
Stabbing injury 2(0.5) Stabbing injury 1(0.2)
Gastrointestinal bleeding 2(0.5) Surgical emergency 1(0.2)
n/a 2(0.5) Collapse 1(0.2)
Diabetic emergency 1(0.3)
Secondary transfer by emergency 1(0.3)

medical service

as n/a, trauma emergency, and each 0.3% (n=2) were registered as polytrauma, myocardial infarction and unexplained
unconsciousness. Each 0.2% (n= 1) were stabbing injuries, surgical emergencies, and collapse.

3.5 Diagnoses of patients admitted to the intermediate care or intensive care unit (IMC/ICU)
through the emergency department (ED)

We examined the diagnostic groups of patients admitted to the IMC/ICU through the ED. Taken together, traumatic
diagnoses (500-599, M0O0-M99) were the most prevalent at 19.7%, followed by diseases of the respiratory system (J00-J99)
at 18.0%, diseases of the circulatory system (100-199) at 16.4%, intoxications and their psychological consequences
(TO0-T99, FO0-F99) at 11.5%, diseases grouped under R diagnoses (R00-R99: symptoms, signs and abnormal clinical
and laboratory findings, not elsewhere classified) at 7.9%, certain infections and parasitic diseases (AO0-A99) at 7.4%,
diseases of the digestive system (K00-K99) at 6.0%, and endocrine, nutritional and metabolic diseases (EO0-E99) at
5.6%. The number of diseases of the genitourinary system (NO0-N99) was low at 1.6%. All other diagnoses combined
accounted for 5.4% (Table 6).

4 Discussion

In Germany, acute hospital care is provided by direct presentation of patients to the ED or referral of patients by their
primary care general practitioner, specialist physicians or the ambulance service. Our work has shown that patients who
needed admission to an IMC/ICU through our ED came from various referral sources. The significant majority of patients,
at 84.4%, were transported to the ED by the ambulance service and were subsequently admitted to the IMC/ICU after
primary treatment in the ED. Nonetheless, 15.2% of critically ill patients presented themselves independently at the
ED. Of the patients transported to the ED by the ambulance service and later admitted to the IMC/ICU, 27.6% arrived as
admission to the resuscitation room, and 25.2% as IMC/ICU admissions. The majority of ambulance referrals (47.2%) for
patients subsequently receiving intensive care came as transports without resuscitation room or IMC/ICU admission.
In total, significantly more patients triaged internally (79.3%) than surgically (20.7%) were admitted to the IMC/ICU.
Significantly more men (61.1%) than women (38.9%) were admitted to the ICU.
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Table 6 Diagnoses of patients admitted to the intermediate care or intensive care unit (IMC/ICU) through the emergency department (ED)

ICD Diagnosis n (%) ICD Diagnosis n (%)
121 Acute myocardial infarction 33(5.2) J18 Pneumonia 29 (4.5)
146 Cardiac arrest 29 (4.5) J44 Chronic obstructive pulmonary disease 26 (4.1)
148 Atrial fibrillation and flutter 16 (2.5)
149 Other cardiac arrhythmias 13(2.1) J81 Pulmonary edema 18 (2.8)
126 Pulmonary embolism 13(2.1) J69 Pneumonitis due to solids and liquids 16 (2.5)
R57 Shock 18(2.8) 196 Respiratory failure 15(2.4)
ROO Abnormalities of heart beat 12(1.9) J84 Interstitial pulmonary disease 11(1.7)
R55 Syncope and collapse 10 (1.6)
R40 Coma 10(1.6) A41 Sepsis 25 (4.0)
A49 Bacterial infection of unspecific site 11(1.7)
K92 Other diseases of digestive system 18(2.8) A46 Erysipelas 11(1.7)
K81 Cholecystitis 10 (1.6) B50 Plasmodium falciparum malaria 3(0.5)
K59 Other functional intestinal disorders 10 (1.6) E87 Disorders of fluid, electrolyte and acid-base balance 15(2.4)
N39 Other disorders of urinary system 10 (1.6) E10 Type 1 diabetes mellitus 10(1.6)
T65 Toxic effects of other and un- specified 15 (2.4) E14 Unspecified diabetes mellitus 10 (1.6)
substances
T43 Poisoning by psychotropic drugs 13(2.1) F11 Mental and behavioural disorders due to use of opioids 14 (2.2)
T51 Toxic effect of alcohol 13(2.1)
T39 Poisoning by nonopioid analgesics 3(0.5) F10 Mental and behavioural due to use of alcohol 14 (2.2)
S06 Intracranial injury 27 (4.3)
S32 Fracture of shoulder 15(2.4) M25 Joint disorders 9(1.4)
S32 Fracture of lumbar, spine and pelvis 14 (2.2) M62 Muscle disorders 8(1.3)
S30 Injury of abdomen 12(1.9)
S72 Fracture of femur 12(1.9)
S27 Injury of intrathoracic organs 11(1.7)
S82 Fracture of the lower leg 8(1.3)
S22 Injury of thoracic spine 8(1.3)
Others 34(5.4)

The distribution of patients by ESI level is also interesting. 37.1% of patients were assigned to level 1, meaning imme-
diate medical care without delay is necessary. 47.0% of patients were assigned to level 2, where treatment should occur
within 10 min. Still, 14.4% of intensive care patients were at level 3, and thus should be cared for within 30 min. Some of
these patients (1.3%) were even categorized as level 4, where medical care could be justifiable after 90 min. The observa-
tion that a portion of patients admitted from the ED to the intensive care unit were not initially categorized in the most
urgent levels is not new [9]. Of course, during the implementation of ESI triage, it cannot be completely ruled out that
there may be some degree of misclassification [13]. This could also be primarily because the goal of the initial triage is
to assess the urgency of treatment, rather than the severity and complexity of the condition [14]. The indication for care
in the IMC/ICU becomes apparent for these patients during the course of diagnosis and treatment in the ED.

A patient presenting with general symptoms and abdominal pain may be triaged with relatively low urgency. However,
laboratory investigations reveal a life-threatening hypercalcemia, necessitating intensive medical monitoring. However,
delayed ICU admission from the ED, for example, due to overcrowding and resulting long wait and treatment times, has
been shown to lead to increased mortality and poorer outcomes for critically ill patients in the ED, as well as for various
specific patient groups [15-20]. The role of ED in identifying patients in need of urgent intensive care is undisputed
[21-23]. There have been and continue to be differences between different clinics in whether critically ill patients are first
stabilized in the ED or quickly transferred to the ICU [24-26]. Additionally, it makes a difference whether patients can be
admitted to an ICU within their own hospital or if they need to be transported to an ICU in another hospital. Patients who
require transfer generally have an increased hospital mortality and longer hospital stays [27, 28]. In such observations,
it is always important to consider how and where data collection, such as for prognostic scores, is conducted. A patient
who is directly admitted to the ICU from the ED may potentially have worse initial intensive care prognostic scores than
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a patient who was stabilized in the ED and admitted to the ICU with significantly more stable vital parameters at the
time of transfer to the ICU [21].

In our ED, patients are not immediately transferred to an IMC/ICU but are always stabilized before any transfer is carried
out. We have all the necessary resources available for this. However, we do not have our own IMC or ICU station in our
ED where such patients could be treated over an extended period.

We have also examined how many patients transported by the ambulance service to the resuscitation room of the
ED actually needed to be admitted to the ICU during their course of treatment. 39.7% of patients were admitted to an
ICU within our own hospital, and 5.9% were transferred from our ED to an ICU at another hospital because there were
no available beds in our own ICUs. 11.2% were able to be transferred to a regular ward, either within our own hospital
or an external one. Remarkably, 17.4% of these patients were able to be discharged directly from the ED to go home.

Among the group of patients referred by the ambulance service for the IMC/ICU, the proportion of patients admitted
to an IMC/ICU within our own hospital (21.3%) or an external ICU (0.5%) was significantly lower. The majority of patients
(51.7%) could be transferred to a general ward, either within our own hospital or an external one. Here as well, 17.0% of
the patients could be discharged directly from the ED to go home.

In the initial triage in the ED, significant differences in the distribution of ESI levels were observed between patients
transported to the resuscitation room and those scheduled for IMC/ICU care. Among the resuscitation room patients,
74.0% were assigned to ESI level 1, whereas only 14.0% of IMC/ICU patients were designated as ESI level 1. For most
patients, 66.1% were categorized as ESI level 2. Notably, none of the IMC/ICU patients were classified as ESI level 4, while
among the resuscitation room patients, 3.5% were assigned to ESI level 4. Among the patients who presented themselves
in the ED and required further care in the IMC/ICU after treatment, only 18.8% were classified as ESI level 1. The majority
of patients fell into ESI levels 2 (38.5%) and level 3 (39.6%). The reason most patients treated in the resuscitation room
were categorized as ESI level 1 can be explained by the fact that resuscitated and intubated patients, as well as those
in severe shock, are primarily transported to the resuscitation room by the emergency medical services. Patients with
polytrauma are also initially managed in our resuscitation room. Only 2 polytrauma patients were brought to our ED via
an IMC/ICU referral from the emergency medical services.

In Germany, there is the German Emergency Department Data Registry AKTIN, which collects real-time data from
emergency medicine. A total of 58 hospitals in Germany participate with their ED in AKTIN. This enables the analysis of
data from approximately 1.5 million patient cases annually. AKTIN primarily collects data obtained at the beginning of
treatment in the ED, such as age, gender, referral method, triage outcome, and admission diagnosis [29]. Data concerning
the subsequent in-hospital course, such as admission to regular wards, admission to an intensive care unit, or discharge
after treatment, are not captured. However, in our facility, patients are not only treated in the resuscitation room when
they have obviously severe injuries and/or trauma with disturbances in vital parameters (polytrauma A) but also when
they have the potential for serious injuries based on the mechanism of the accident (polytrauma B), even if there are no
apparent injuries upon arrival. In the group of resuscitation room admissions, only 20 out of the total 155 polytrauma
patients (12.9%) qualified as polytrauma A, whereas 135 patients (87.1%) were categorized as polytrauma B patients. For
many of these polytrauma B patients, a clinically significant polytrauma can be ruled out during the course of evaluation,
and these patients can often be discharged directly from the ED.

In Germany, the legal framework for emergency services is determined by the federal states. The organization of
emergency services is managed by the municipalities, while the logistical implementation is carried out through
integrated control centers (ILS). An integrated control center is a central facility responsible for coordinating and managing
various emergency services, such as fire department, ambulance service, and emergency medical services. It receives
emergency calls, coordinates the emergency personnel, and dispatches them to the incident locations according to the
reported emergencies. The corresponding data is collected through the web-based care capacity proof system IVENA [30].
IVENA is available in almost all of Germany, with nationwide coverage planned. IVENA provides real-time information on
the current treatment and care capabilities of hospitals. The application facilitates interregional collaboration and offers
a comprehensive and detailed overview of resources. It allows for rapid exchange between hospitals, integrated control
centers for emergency services, health authorities, and other medical services. The emergency physicians or paramedics
on-site in prehospital care transmit their suspected diagnosis and their assessment of the required resources, such as
intensive care or regular ward, to the integrated control centers. The available resources for diagnosis and treatment
urgency are displayed to the control centers in real-time through IVENA, and the emergency services are directed
accordingly to the appropriate hospital. The hospitals are also informed in real-time about incoming emergency service
arrivals. If hospitals are unable to provide certain resources for specific reasons, this information is also transmitted to
the control centers through IVENA. Until a few years ago, internal patients who were brought in by emergency services
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for intensive care were typically admitted directly to the intensive care unit. However, in recent years, these patients are
usually admitted through the ED, where the decision is made regarding the location for their inpatient care.

Our own data show that only a relatively small portion of patients initially planned for emergency room or intensive
care treatment actually needed to be transferred to an intensive care unit during their course, and yet a significant
proportion of patients initially not deemed in need of intensive care ended up requiring intensive medical care. This
demonstrates that the correct initial preclinical assessment of the patient is extremely challenging and does not provide
a reliable parameter for determining the ultimately necessary resource for further treatment.

Another reason for the relatively low ad mission rate to the IMC/ICU, especially in the group of IMC/ICU referrals,
may be the high proportion of patients with intoxication. These patients initially present with significantly impaired
consciousness and low GCS scores, leading to prehospital assumptions of intensive care involvement. However, after
monitoring in the ED, the condition of these patients often improves considerably, allowing for transfer to a psychiatric
department or even discharge home.

In the diagnosis groups of patients admitted to the IMC/ICU, traumatic diagnoses were collectively predominant,
followed by diseases of the respiratory system, diseases of the circulatory system, intoxications and their psychological
consequences and other diagnoses.

With IVENA, we have a digital recording system that provides insights into the preclinical situation in emergency
care and the available resources in hospitals, such as the number of reported available intensive care beds. AKTIN, on
the other hand, offers a relatively comprehensive registry that collects information at the onset of treatment in ED.
These data collection systems serve as the basis for various scientific publications [31-34]. Political decision-makers
also rely on these care data. However, especially intra-clinical decisions regarding further inpatient care, whether on
regular wards or intensive care units, which are primarily made in the ED, have so far been inadequately or not at all
recorded. As our data shows, there are significant discrepancies here between the initial assessment in preclinical care
and at the very beginning of treatment in the ED and the actual localization for further treatment. Even in this section of
emergency care, systematic data collection should be implemented for the future. For our analysis, we utilized data from
our clinical information system, epias®, for the ED. From this system, we also provide our ED data, which are collected in
the AKTIN register. Expanding registry data to include subsequent intra-clinical decisions in emergency care should thus
be fundamentally feasible. This could provide even clearer insights into the crucial role that ED play in the allocation of
emergency patients. For instance, while data on the general distribution of ED patients into different triage levels exist
[35], there has been no study to date that describes the characteristics of patients transferred from the ED to the IMC/
ICU in as much detail as we are doing here. However, it's important to note that a single-center study may come with
certain limitations in terms of generalizability.

5 Conclusion

EDs play a crucial role in the efficient allocation of ICU resources. They must promptly identify patients who require
intensive medical care, even if they were not initially scheduled for ICU treatment. However, EDs must also identify
patients who were initially registered by the emergency medical services for ICU care but, over the course of their
treatment, can be transferred to other medical areas or even discharged to go home. A functioning structure of the EDs
is therefore indispensable for the proper allocation of the scare resource of an intensive care bed.

Author contributions MW conceived and designed the study, analyzed the data, and drafted the manuscript.
Funding Open Access funding enabled and organized by Projekt DEAL.

Data availability All data generated or analyzed during this study are included in this published article.

Declarations
Ethics approval and consent to participate The study was approved by the Ethics Committee of Ludwig-Maximilians-Universitat Miinchen (LMU).
Consent for publication Not applicable.

Competing interests The author declare that they have no competing interests.

@ Discover



Research Discover Health Systems (2024) 3:32 | https://doi.org/10.1007/544250-024-00097-3

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation,
distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this article
are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Chalfin DB. Denied and delayed care: the synergy between the emergency department and the ICU. Crit Care Med. 2018. https://doi.org/
10.1097/CCM.0000000000003055.

2. Edbrooke DL, Minelli C, Mills GH, lapichino G, Pezzi A, Corbella D, Sprung CL. Implications of ICU triage decisions on patient mortality: a
cost-effectiveness analysis. Crit Care. 2011;15:1.

3. Halpern NA, Pastores SM. Critical care medicine in the United States 2000-2005: an analysis of bed numbers, occupancy rates, payer mix,
and costs. Crit Care Med. 2010;38:65.

4. Herring AA, Ginde AA, Fahimi J, Alter HJ, Maselli JH, Espinola JA, et al. Increasing critical care admissions from US emergency departments,
2001-20009. Crit Care Med. 2013;41:1197.

5. Wallace DJ, Angus DC, Seymour CW, Barnato AE, Kahn M. Critical care bed growth in the United States. A comparison of regional and
national trends. Am J Respir Crit Care Med. 2015;191:410.

6. Mathews KS, Durst MS, Vargas-Torres C, Olson AD, Mazumdar M, Richardson LD. Effect of emergency department and ICU occupancy on
admission decisions and outcomes for critically ill patients. Crit Care Med. 2018. https://doi.org/10.1097/CCM.0000000000002993.

7. Bassford C. Decisions regarding admission to the ICU and international initiatives to improve the decision-making process. Crit Care.
2017. https://doi.org/10.1186/s13054-017-1749-3.

8. Blanch L, Abillama FF, Amin P, Christian M, Joynt GM, Myburgh J, et al. Triage decisions for ICU admission: report from the Task Force of the
World Federation of Societies of intensive and critical care medicine. J Crit Care. 2016. https://doi.org/10.1016/j.jcrc.2016.06.014. (Epub
2016 Jun 22).

9. Crilly J, Sweeny A, O'Dwyer J, Richards B, Green D, Marshall AP. Patients admitted via the emergency department to the intensive care
unit: an observational cohort study. Emerg Med Australas. 2019. https://doi.org/10.1111/1742-6723.13123. (Epub 2018 Jul 11).

10. Molina JA, Seow E, Heng BH, Chong WF, Ho B. Outcomes of direct and indirect medical intensive care unit admissions from the emergency
department of an acute care hospital: a retrospective cohort study. BMJ Open. 2014. https://doi.org/10.1136/bmjopen-2014-005553.

11. Christ M, Grossmann F, Winter D, Bingisser R, Platz E. Modern triage in the emergency department. Dtsch Arzteblatt Int. 2010. https://doi.
org/10.3238/arztebl.2010.0892.

12. Zachariasse JM, van der HagenV, Seiger N, Mackway-Jones K, van Veen M, Moll HA. Performance of triage systems in emergency care: a
systematic review and meta-analysis. BMJ Open. 2019. https://doi.org/10.1136/bmjopen-2018-026471.

13. Sax DR, Warton EM, Mark DG, Vinson DR, Kene MV, Ballard DW, et al. Evaluation of the emergency severity index in US emergency depart-
ments for the rate of mistriage. JAMA Netw Open. 2023. https://doi.org/10.1001/jamanetworkopen.2023.3404.

14. Forero R, Nugus P. Australasian College for Emergency Medicine (ACEM) literature review on the Australasian triage scale (ATS). 2012.
http://www.acem.org.au/. Accessed 22 June 2018.

15. Cardoso LT, Grion C, Matsuo T, Anami EH, Kauss IA, Seko L, et al. Impact of delayed admission to intensive care units on mortality of criti-
cally ill patients: a cohort study. Crit Care. 2011;15:1-8.

16. Chang YH, Shih HM, Chen CY, Chen WK, Huang FW, Muo CH. Association of sudden in-hospital cardiac arrest with emergency department
crowding. Resuscitation. 2019;138:106.

17. ChoiW, Woo SH, Kim DH, Lee JY, Lee WJ, Jeong S, et al. Prolonged length of stay in the emergency department and mortality in critically
ill elderly patients with Infections: a retrospective multicenter study. Emerg Med Int. 2021. https://doi.org/10.1155/2021/9952324.

18. McKenna P, Heslin SM, Viccellio P, Mallon WK, Hernandez C, Morley EJ. Emergency department and hospital crowding: causes, conse-
quences, and cures. Clin Exp Emerg Med. 2019;6:189.

19. Mohr NM, Wessman BT, Bassin B, Elie-Turenne MC, Ellender T, Emlet LL, et al. Boarding of critically ill patients in the emergency depart-
ment. Crit Care Med. 2020. https://doi.org/10.1097/CCM.0000000000004385.

20. Taveras AN, Clayton LM, Solano JJ, Hughes PG, Shih RD, Alter SM. Sudden decompensation of patients admitted to non-ICU settings
within 24 h of emergency department admission. J Intensive Care Med. 2023. https://doi.org/10.1177/08850666221129843. (Epub 2022
Sep 28).

21. Candel BGJ, Raven W, Lameijer H, Thijssen WAMH, Termorshuizen F, Boerma C, et al. The effect of treatment and clinical course during
Emergency department stay on severity scoring and predicted mortality risk in intensive care patients. Crit Care. 2022. https://doi.org/
10.1186/513054-022-03986-2. (Erratum in: Crit Care 2022; 26:132).

22. Considine J, Jones D, Bellomo R. Emergency department rapid response systems: the case for a standardized approach to deteriorating
patients. Eur J Emerg Med. 2013;20:375.

23. Simpson H, Clancy M, Goldfrad C, Rowan K. Admissions to intensive care units from emergency departments: a descriptive study. Emerg
Med J. 2005;22:423.

24. Gunnerson KJ, Bassin BS, Havey RA, Haas NL, Sozener CB, Medlin RP, et al. Association of an emergency department-based intensive care
unit with survival and inpatient intensive care unit admissions. JAMA Netw Open. 2019;2: e197584.

25. Pappachan JV, Millar B, Bennett ED, Smith GB. Comparison of outcome from intensive care admission after adjustment for case mix by
the APACHE lll prognostic system. Chest. 1999;115:802.

26. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, et al. Early goal-directed therapy in the treatment of severe sepsis and
septic shock. N Engl J Med. 2001;345:1368.

@ Discover


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/CCM.0000000000003055
https://doi.org/10.1097/CCM.0000000000003055
https://doi.org/10.1097/CCM.0000000000002993
https://doi.org/10.1186/s13054-017-1749-3
https://doi.org/10.1016/j.jcrc.2016.06.014
https://doi.org/10.1111/1742-6723.13123
https://doi.org/10.1136/bmjopen-2014-005553
https://doi.org/10.3238/arztebl.2010.0892
https://doi.org/10.3238/arztebl.2010.0892
https://doi.org/10.1136/bmjopen-2018-026471
https://doi.org/10.1001/jamanetworkopen.2023.3404
http://www.acem.org.au/
https://doi.org/10.1155/2021/9952324
https://doi.org/10.1097/CCM.0000000000004385
https://doi.org/10.1177/08850666221129843
https://doi.org/10.1186/s13054-022-03986-2
https://doi.org/10.1186/s13054-022-03986-2

Discover Health Systems (2024) 3:32 | https://doi.org/10.1007/544250-024-00097-3 Research

27.
28.
29.

30.
31.

32.

33.

34.

35.

Dragsted L, Jérgensen J, Jensen N-H, Bonsing E, Jacobsen E, Knaus WA, et al. Interhospital comparisons of patient outcome from intensive
care: importance of lead-time bias. Crit Care Med. 1989;17:418.

Flabouris A, Jeyadoss J, Field J, Soulsby T. Direct and delayed admission to an intensive care or high dependency unit following discharge
from the emergency department: associated patient characteristics and hospital outcomes. Crit Care Resusc. 2012;14:191-7.
Home—Notaufnahmeregister (aktin.org). Accessed 9 May 2024.

IVENA eHealth—Interdisziplinarer Versorgungsnachweis. Accessed 9 May 2024.

Steul K, Jung HG, Heudorf U. Hitzeassoziierte Morbiditat: Surveillance in Echtzeit mittels rettungsdienstlicher Daten aus dem Interdiszi-
plindren Versorgungsnachweis (IVENA) [Heat-related morbidity: real-time surveillance via rescue service operations data from the inter-
disciplinary care capacity proof system (IVENA)]. Bundesgesundheitsblatt Gesundheitsforschung Gesundheitsschutz. 2019;62:589-98.
https://doi.org/10.1007/500103-019-02938-6. (In German).

Pforringer D, Breu M, Cronlein M, Kolisch R, Kanz KG. Closure simulation for reduction of emergency patient diversion: a discrete agent-
based simulation approach to minimizing ambulance diversion. Eur J Med Res. 2018;23:32. https://doi.org/10.1186/s40001-018-0330-0.
Triefenbach L, Otto R, Bienzeisler J, Kombeiz A, Ehrentreich S, Rohrig R, et al. Establishing a data quality baseline in the AKTIN emergency
department data registry—a secondary use perspective. Stud Health Technol Inform. 2022;294:209-13. https://doi.org/10.3233/SHTI2
20439.

Otto R, Blaschke S, Schirrmeister W, Drynda S, Walcher F, Greiner F. Length of stay as quality indicator in emergency departments: analysis
of determinants in the German Emergency Department Data Registry (AKTIN registry). Intern Emerg Med. 2022;17:1199-209. https://
doi.org/10.1007/s11739-021-02919-1. (Epub 2022 Jan 6).

Chmielewski N, Moretz J. ESI triage distribution in U.S. emergency departments. Adv Emerg Nurs J. 2022. https://doi.org/10.1097/TME.
0000000000000390.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

@ Discover


https://aktin.org/
https://www.ivena.de/page.php?k1=main&k2=index
https://doi.org/10.1007/s00103-019-02938-6
https://doi.org/10.1186/s40001-018-0330-0
https://doi.org/10.3233/SHTI220439
https://doi.org/10.3233/SHTI220439
https://doi.org/10.1007/s11739-021-02919-1
https://doi.org/10.1007/s11739-021-02919-1
https://doi.org/10.1097/TME.0000000000000390
https://doi.org/10.1097/TME.0000000000000390

	Characteristics of patients who were admitted to the intensive care unit through the emergency department: a monocentric retrospective observational study
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	1 Background
	2 Materials and methods
	2.1 Study design and settings
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	3.1 Characteristics of patients admitted to the intermediate care or intensive care unit (IMCICU) through the emergency department (ED)
	3.2 Characteristics and course of patients registered for the resuscitation room in the emergency department (ED)
	3.3 Characteristics and course of patients registered for the intermediate care or intensive care unit (IMCICU) in the emergency department (ED)
	3.4 Characteristics of patients who presented themselves independently at the emergency department (ED) and were admitted to the intermediate care or intensive care unit (IMCICU)
	3.5 Diagnoses of patients admitted to the intermediate care or intensive care unit (IMCICU) through the emergency department (ED)

	4 Discussion
	5 Conclusion
	References


