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Abstract
Background: Intensive care unit (ICU) capacity is a scant and precious resource in hospitals. Therefore, an optimal
occupancy rate as well as detailed occupation planning is of great importance. Most literature deals with admission to
the ICU, while only few discuss discharge from the ICU. Specifically, a delay of transfer from the ICU can cause a shortness of beds, jeopardize urgent patient treatment and lead to a decrease in treatment quality as well as economic
downsides. This study examined the incidence, costs and reasons for delayed discharge from the ICU and analyzed
the influence of the department the patient was admitted to.
Methods: Over the course of 12 months, the discharges of all 1643 patients of two surgical intensive care units of a
large academic medical center were analyzed. Delay in minutes and reasons were recorded and translated into financial figures. A univariate logistic regression model was developed to evaluate the impact of length of stay at the ICU,
age, gender, subspecialty and specific ICU on the delay of transfer. In a next step, significant factors of the univariate
logistic regression were incorporated into a multivariate regression model.
Results: In 326 out of 1312 patients ready for discharge (24.8%), the transfer to the floor was delayed. Time of delay
for all patients added up to a total of 265,691 min in 1 year. The application of the internal cost allocation, in which
1 min corresponds to 0.75 Euro cents, led to costs of 199,268 Euros (~ $240,000) for the study period. In 91.7% of the
cases, the reason for the delay was the lack of an available or appropriate bed on the regular ward. Multivariate regression analysis revealed that the type of department the patient is admitted to poses a significantly influencing factor
for delayed discharge from the ICU.
Conclusion: Delay in discharge from the ICU is a common problem of economic relevance. The main reason is a lack
of appropriate floor beds. Patients from certain specific departments are at a higher risk to be discharged with delay.
A solution to this problem lies in the focus on the downstream units. A proper use of the scarce resources is to be
pursued because of ethical as well as economic reasons in an increasingly aging population.
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Background
Critical care medicine (CCM) is a very important but
limited and cost-intensive resource. The cost of CCM
cannot be quantified exactly but lies in a range of a triple digit billion $ figure in the United States [1–3]. For
this reason, increasing attention has been paid to contain
expenditures using these precious resources wisely. There
is plenty of literature describing the circumstances resulting in Intensive care unit (ICU)—admission, discharge
and triage guidelines [2]. Publications about outflow limitations, however, are rare although those bottlenecks are
common in daily practice [4, 5]. Many patients meet the
discharge criteria to leave the ICU but transfer is not possible due to different reasons in the downstream units.
The aim of this study is to investigate the incidence, costs
and reasons for a delayed discharge from the ICU. In a
second step, the impact of the subspecialty the patient
was admitted to was analyzed.
Materials and methods
Over the course of 1 year, all patients (n = 1643) admitted to two general intensive care units (ICU) of a German
1200 bed academic medical center hospital (Klinikum
rechts der Isar, Technical university Munich, Germany)
were enrolled in this prospective observational study.
Based on consultation of the institutional review board
(IRB), informed consent was not necessary because of
the purely observational nature of the study. Patient care
was not affected by the study and data were analyzed
strictly anonymously without individual patient information. The hospital is a level-1 trauma center and the two
surgical intensive care units (SICU) consist of 35 beds.
Patients are admitted to the ICU mainly from the departments for neurosurgery, abdominal surgery, vascular surgery, trauma surgery and neurology. The wards are run by
a 24-h shift staffing by attending intensivists, critical care
fellows, residents and highly qualified nurses.
Based on discharge criteria during morning rounds
with the attending intensivist, ICU nurse and surgeon
in charge, every patient was assessed, and consensus
was reached for discharge of the patient to the regular
floor. The decision of readiness for discharge had to be
taken before 9 a.m. The admission office in charge was
informed about the decision and requested to locate an
appropriate floor bed. The admission office was constantly aware of the availability of the floor beds. When
a bed became available, the patient was transferred to
the floor. A patient transfer to the floor was classified as
delayed when the patient left the ICU after 2.30 p.m. This
time of day was chosen for two reasons:
1. At the Klinikum Rechts der Isar there is a shortage
of intensive care beds. For this reason, a triage sys-
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tem for patients who possibly need intensive care
treatment was implemented. Those patients are
transferred directly after the operation to the post
anesthesia care unit and are monitored for their postoperative development. After further assessments
and triage, only those patients who are really in need
of intensive care treatment are transferred to the
ICU. This results in later arrivals at the ICU.
2. The usual practices of the regular wards in our hospital include that patients are often discharged from
the regular in the late morning. After discharging the
patient from the regular ward activities like cleaning the room on the ward, supplying a clean bed and
other preparatory actions start quite late. This results
in late supply of regular ward beds.
Based on internal cost allocation, 1 min corresponds
to 0.75 Euro cents. This cost calculation is based on a
top–down approach for diagnostics, labor, medication
and consumables. Overhead costs for administration
could not be included in our calculation. Therefore, the
top–down approach represents the costs for an average patient and differences between patients cannot be
depicted.
Prior to the study, all employees involved in discharging patients identified possible reasons for a delayed discharge. The five reasons identified were:
1.
2.
3.
4.

waiting for an appropriate floor bed,
waiting for transport service to the floor,
delay for any reason caused by the intensive care unit,
waiting for an appropriate bed in an external hospital, and
5. waiting for additional diagnostics.

All statistical tests were carried out using the Regression Modeling Strategies (RMS) package in the statistical
package R [6] and outliers were removed. In a two-stage
approach, first a univariate regression model was developed which controlled for the logarithmic length of stay
with basis 2. In a second stage, a multiple Cox model was
developed and the significant variable from the univariate
analysis were included. Moreover, we controlled for the
department to which the patient was admitted. Finally,
we controlled for the two different intensive care units.

Results
During the 12-month duration of the study, 1312 patients
out of the 1643 patients met the criteria for discharge
and were scheduled for discharge after morning rounds.
In 326 out of 1312 patients (24.8%), the transfer to the
floor was delayed. Time of delay for all patients added
up to a total of 265,691 min which corresponds with an
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arithmetic mean delay of 815 min per delayed discharge.
The application of the internal cost allocation added
up to costs of 199,268 Euros (~ $240,000) for the entire
study period.
In 91.7% of the cases, the reason for the delay was the
lack of an available or appropriate bed on the regular
floor. Other reasons are depicted in Table 1.
In the univariate logistic regression model, length of
stay (LOS) on the ICU (p < 0.001) and the clinic (Department 1 and Department 2) the patient was admitted to
(p < 0.001) showed a significant influence on the delay of
discharge from the ICU. Age and gender had no significant influence on the delay of discharge. In the multiple
logistic regression model with the input of the significant
factors—LOS and clinic—the LOS did not have an influence on the delay of discharge (p = 0.1051). The only variable remaining with significant influence on the delay in
the multivariate regression model was the clinic (Department 1 and Department 2) (p < 0.001).

Discussion
The overall results reveal a serious transfer delay problem with a strong departmental bias within the hospital. The underlying findings confirm the rates of transfer
delays in previous studies [4, 5] which also demonstrate
that similar problems are evident in countries with different organizational structures. So far, in previous studies, transfer to the ICU and discharge from the ICU have
been examined [2, 7]. Criteria of discharge from the ICU,
handover itself and its potential improvement have been
specified [2, 8], but rates of delay still remain high. In
our study, delay was defined as transfer after 2:30 p.m.
Though this time of day reflects the usual habits at our
hospital, it may seem very late for great majority of the
other hospitals where the first patients arrive much earlier. So, compared to the daily practice in other hospitals, there is a considerable underestimation of delay in
our study. Under the assumption of a stable rate of delay,
a forward displacement of the starting point of delay to
11 a.m. would increase the amount of delay by 68,460 min
to a total of 334,151 min. Our economic evaluation is
based on the price of 0.75 € for one ICU minute. This

Table 1 Reasons for delay
Reasons for delay

Number

%

Waiting for an appropriate floor bed

299

91.7

14

4.3

Delay for any reason caused by the intensive care unit

5

1.5

Waiting for an appropriate bed in an external hospital

4

1.2

Waiting for additional diagnostics

4

1.2

Waiting for transport service to the floor

corresponds to 199,268 €. In general, it is very difficult
to calculate the price for 1 min of intensive care treatment. On the one hand, there are the bottom–up and on
the other hand the top–down approaches for the calculation [1]. For the application of the top–down method,
data at departmental level are required and therefore are
more feasible compared to the bottom–up method which
requires data on a patient level. Interpretation of data
generated by the top–down approach—which we used—
is consequently restricted to the “average patient”. On the
other hand, costs for 1 min of intensive care treatment
as described in the literature differ massively in different
countries. In Europe, prices range from 0.81 € to 1.41 €
per minute [9]. Publications in the United States mention
even higher costs [10]. Compared to cost for 1 min of
intensive care treatment described in literature, the price
of 0.75 € is even lower than the bottom of the range for
the ICU costs.
In addition, further cost is generally incurred by foregone revenue via canceled operations due to lack of
ICU capacity. To specifically calculate the incurred loss
is impossible, but a general assumption of one out of an
average of four operations per theater not happening on
average may yield a 25% reduction in revenue.
The most frequent reason for the delay is a lack of
appropriate floor beds in accordance with other studies
on this topic [5]. In the above-quoted study of Johnson
et al. [5] the ICU–total hospital bed ratio is 15%. In our
hospital, this ratio is 5%. At first sight, this appears to
render it easier to transfer patients out of the ICU as in
relation more floor beds seem available, which, however,
has not proven entirely true. So, ICU-to-total hospital
beds seem not to be the only relevant predictor for transfer delays. Bagust et al. [11] showed in a stochastic simulation model that in an acute hospital, the risk of no bed
being available is observable if occupancy of total hospital beds exceed 85%. During the study period, the average
hospital census was 87%. In accordance with the study of
Bagust et al., these rates of delay seem not to be surprising. Moreover, Johnson et al. [5] in their study showed
evidence of delay in transfer being associated with high
hospital census. When planning our study, we did not
include the daily census of the examined departments
and unfortunately these data are not reliably available on
a daily basis in our hospital. Therefore, we cannot make
any statements about those correlations. The only data
available were the average capacity utilization over the
whole year. The Department 1 responsible for the largest fraction of delay and highest percentage of delayed
patients displayed a total capacity utilization of 118.5%
on their service-specific wards during the observed timeframe. The Department 2 generating significantly less
time and cases of delay had a service-specific capacity
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utilization of 103% in the same time frame. The high utilization of these departments means that a remarkable
percentage of their patients are located on non-servicespecific floors of different subspecialties. Johnson mentions that a de-specialization of floors could reduce delay
of patient transport [5]. This point can neither be supported nor refuted as it was not part of the examination.
In the examined hospital, nearly 100% of the patients
are transferred to the service-specific floor. According to the departments’ policy, a subsequent transfer to
non-service-specific floors is only performed if patients
are ready for a timely hospital discharge. This allows the
conclusion that capacity utilization of the service-specific
floor seems to be the influencing factor for delay. Despecialization of floors may indirectly influence the delay
by creating space on service-specific floors. Specifically,
less care-intensive patients could be transferred to despecialized floors, allowing for more space on specialized wards. This effect can be observed in large university
hospitals often characterized by a generally high rate of
specialization and accompanying specific infrastructure.
One logical solution would be the creation of more beds
on service-specific floors to reduce their average occupancy rates. As this performance figure is a major point
in discussions with the management board, it is to be
questioned whether the creation of new beds and therefore lower occupancy rates would be accepted as a solution to the problem. In general, beds tend to be shifted
between departments but only rarely can be created de
novo. This point cannot be influenced by the intensivist.
The univariate regression model revealed that age and
gender did not have a significant impact on the delay.
On the other hand, the department, the specific intensive care unit and a prolonged stay on the ICU put the
patients at risk of being transferred with a delay. In the
multiple regression model with influence variables
department, type of intensive care unit and a prolonged
stay on the ICU only the department remained a significant factor. The correlation between high capacity
utilization and a delayed discharge is described above.
In summary, the effective solutions for the described
problems are found within the departments. Young et al.
[12] present an interventional study in which the ICU
throughput was significantly improved. A multidisciplinary workgroup with representatives from the ICU, the
OR, PACU as well as surgical coordinators, an administrative fellow and a lean six sigma consultant was implemented. Their main interventions among others were the
early identification of clinically stable patients, a goal of
transferring two patients to the floor before 10 a.m. and
collaboration with downstream wards to achieve the
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same targets. The last point can be regarded as the most
important as every discharge from the ICU is dependent
on available space on the regular floor. This means that
in these cases, whenever there is the outlook of a transfer
to the floor, identifiable communication must start to discuss reasons and causes which prevent a timely and safe
discharge from the ICU.

Limitation
A limitation of our study was that the expression “no
bed available” was not objectively evaluated in regard to
other reasons like shortness of nurses or others to prevent a safe monitoring of the patient on the regular floor.
Another limitation was that we did not link the daily hospital census of the patients of a distinct clinic to the delay.
Therefore, we cannot claim if the daily census has any
influence on the incidence of a delay.
Acknowledgements
The authors thank the team of the ICU ward for their cooperation.
Authors’ contributions
All authors contributed significantly to the conduct of this research as well as
to the data evaluation and composition of this manuscript. GE has established
the research question, has designed the study, evaluated data and wrote large
quantities of the manuscript, DG and MH supported data acquisition and
evaluation, performed data evaluation and manuscript editing, JM, UP and
FV supported data evaluation, composition of study design and manuscript,
KB and DP conducted scientific research, manuscript composition and data
evaluation. All authors read and approved the final manuscript.
Funding
This work was supported by the German Research Foundation (DFG) and the
Technical University of Munich (TUM) in the framework of the Open Access
Publishing Program (https://www.ub.tum.de). The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.
Availability of data and materials
Further detailed data are available upon request from the first author, Dr. med.
Günther Edenharter.
Ethics approval and consent to participate
Not applicable.
Consent for publication
All named authors have given their consent for publication.
Competing interests
The authors declare that they have no competing interests.
Author details
1
Klinikum rechts der Isar, Technische Universität München, Klinik für
Anästhesiologie, Munich, Germany. 2 Klinikum rechts der Isar, Technische
Universität München, Klinik und Poliklinik für Unfallchirurgie, Ismaninger
Str. 22, 81675 Munich, Germany. 3 School of Mathematics, Cardiff University,
Cardiff, UK. 4 Department of Cardiac Surgery, Paracelsus Medical University,
Nuremberg, Germany.
Received: 24 April 2019 Accepted: 8 August 2019

Edenharter et al. Eur J Med Res

(2019) 24:30

References
1. Halpern NA, Pastores SM. Critical care medicine beds, use, occupancy,
and costs in the United States: a methodological review. Crit Care Med.
2015;43(11):2452–9.
2. Nates JL, Nunnally M, Kleinpell R, et al. ICU admission, discharge, and
triage guidelines: a framework to enhance clinical operations, development of institutional policies, and further research. Crit Care Med.
2016;44(8):1553–602.
3. Coopersmith CM, Wunsch H, Fink MP, et al. A comparison of critical care
research funding and the financial burden of critical illness in the United
States. Crit Care Med. 2012;40(4):1072–9.
4. Levin PD, Worner TM, Sviri S, et al. Intensive care outflow limitation—frequency, etiology, and impact. J Crit Care. 2003;18(4):206–11.
5. Johnson DW, Schmidt UH, Bittner EA, Christensen B, Levi R, Pino RM.
Delay of transfer from the intensive care unit: a prospective observational study of incidence, causes, and financial impact. Crit Care.
2013;17(4):R128.
6. Harrell F. Regression Modeling Strategies. With Applications to Linear
Models, Logistic and Ordinal Regression, and Survival Analysis; Springer;
2015.
7. Churpek MM, Wendlandt B, Zadravecz FJ, Adhikari R, Winslow C, Edelson
DP. Association between intensive care unit transfer delay and hospital
mortality: a multicenter investigation. J Hosp Med. 2016;11(11):757–62.

Page 5 of 5

8.

van Sluisveld N, Hesselink G, van der Hoeven JG, Westert G, Wollersheim
H, Zegers M. Improving clinical handover between intensive care unit
and general ward professionals at intensive care unit discharge. Intensive
Care Med. 2015;41(4):589–604.
9. Tan SS, Bakker J, Hoogendoorn ME, et al. Direct cost analysis of intensive
care unit stay in four European countries: applying a standardized costing
methodology. Value Health. 2012;15(1):81–6.
10. Gershengorn HB, Garland A, Gong MN. Patterns of daily costs differ for
medical and surgical intensive care unit patients. Ann Am Thorac Soc.
2015;12(12):1831–6.
11. Bagust A, Place M, Posnett JW. Dynamics of bed use in accommodating emergency admissions: stochastic simulation model. BMJ.
1999;319(7203):155–8.
12. Young SPD, Hody R, Reavis T, Hartsell T. The “green light” program: improving patient throughput in a rapid turnover surgical intensive care unit.
Crit Care Med. 2010;38:A100.

Publisher’s Note

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

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

