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Abstract: The study examines the organization and management of information regarding surgical
capacity and inpatient bed occupancy in German hospitals. The study is conducted at two German
hospital sites, using 480,000 anonymized and standardized patient data from 2012 to July 2024,
as well as 190,000 surgical data from 2013 to July 2024. The analysis focuses on the factors in-
fluencing elective and emergency surgeries, their effects on length of stay, and their distribution
across weekdays. Using quantitative methods, including descriptive statistics and the Pearson
correlation coefficient, significant anomalies could be identified. Surgeries from elective admis-
sions are intensely concentrated on Tuesday and Wednesday, while surgeries from emergency ad-
missions increase on weekends. In addition, there are significant correlations between operation
duration and inpatient length of stay (r = 0.516) and between preoperative length of stay and total
length of stay (r = 0.477). The study provides a valuable contribution to evidence-based resource
management in the inpatient sector and highlights the relevance of efficient OR planning for ca-
pacity management. The study shows that optimising the information and communication process,
through targeted management of surgical capacity in coordination with structural and personnel
resources, not only improves the quality of care but also optimizes hospital utilisation.

Keywords: information management; hospital organisation and management,; hospital informa-
tion process, capacity utilisation; surgical capacities

INTRODUCTION

Diseases, ailments, or physical injuries of persons are treated in hospitals, which are medical
institutions in the healthcare system, through medical, nursing, and therapeutic services (§ 2 para.
1 KHG). Hospital treatments can be provided as complete inpatient, partial inpatient, or outpatient
services. Full inpatient stays include at least one overnight stay, partial inpatient treatments are
limited to the day without an overnight stay, and outpatient services are provided on an hourly
basis without requiring an overnight stay (cf. Behrends/Vollméller 2020, 60). A portion of medical
treatment services is performed in operating rooms. The operating room is a specialized facility
in a hospital or medical practice where surgical procedures are performed by opening the skin or
mucous membranes, and where primary wound care is provided to patients. In the hospital, the op-
erating room is usually located in an operating suite, which in turn has an anteroom with an airlock
and changing rooms that serve as vestibules, separating it from the outside area. This separation
1s necessary due to the high hygiene standards (cf. DocCheck 2020). As a rule, the procedure is
performed under anaesthesia, whereby the entire body or parts of the body are rendered insensate
for a limited period by medications (cf. BDA 2018). The highest remuneration in hospital financ-
ing is attributable to treatment services involving surgical procedures (cf. Bremer 2015). In Ger-
man hospital financing, health insurance funds and federal states share costs; therefore, it is also
referred to as dual hospital financing. The health insurance funds are responsible for reimbursing
operating and treatment costs. In the inpatient sector, these are based on the catalogue of case-
based lump sums in the Diagnosis-Related Groups system for somatic care (cf. Bundesministeri-
um fiir Gesundheit 2021). The catalogue assigns a fixed point value to each treatment service. The
corresponding euro value per point is specified by the state base case value, which is determined
annually in negotiations between representatives of health insurance funds and hospitals in each
federal state. The annual developments in personnel and material costs in the hospital are also of
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decisive importance in the negotiations. An intra-year adjustment of the state base case value is
not provided for (cf. GKV-Spitzenverband, 2022). The investment costs of hospitals, i.e., for long-
term fixed assets or construction measures, are financed by the federal states, independently of the
case-based lump sums. Funding is provided either as a lump-sum amount determined by hospital
size or through individual funding upon application for specific projects (cf. vdek 2021). The fed-
eral states have fulfilled their obligation to finance investments to an increasingly limited extent.
From 1991 to the present, financing has declined by 18%. As a result, an investment backlog has
emerged in recent years in the German hospital landscape, meaning that many necessary invest-
ments for modernization, for example, in buildings and medical technology, could not be carried
out. Therefore, outdated technology and building structures are prevalent across many hospital
areas (cf. DKG 2021). The economization of the healthcare system and dual hospital financing re-
quire the most efficient use of personnel and infrastructure resources. A key indicator of the effec-
tiveness of this resource utilization is bed occupancy, which can be interpreted as a measure of the
optimal use of available capacity (cf. Hentze/Kehres 2010: 316). The study aims to examine the
impact of inpatient bed occupancy on surgical capacity across weekdays and to examine informa-
tion and communication processes in the hospital. From this, discrepancies and patterns should be
identified to conclude typical bed occupancy and potentially available capacity. The study results
can serve as a basis for strategic information and decision-making, for example, in patient flow
management or personnel planning, so that the analytical focus is designed to enable the results to
be used as management information.

RESEARCH METHODOLOGY

The study on the influence of surgical capacities on inpatient bed occupancy in the information
and communication process was conducted at both sites of Alfried Krupp Hospital in Essen. The
basis of the analysis is retrospectively collected patient data from 18 medical departments covering
the period from January 2012 to July 2024. Available are 480,000 anonymized and standardized
case records with over 100 different variables relating to patient and hospital information. Fur-
thermore, 190,000 anonymized and standardized surgical data are available from the period from
January 2013 to July 2024. The institution itself dates to the late 19" century, when the Krupp
company built a hospital for its workforce in 1870. Over the decades, the institution experienced
continuous expansion of its capacity, successive modernization of its technical equipment, and
increased accessibility to the general public. The impacts of the Second World War led to a tempo-
rary relocation of the site, whereby operations could not be maintained (cf. Briiggemeier 1990). In
the 1960s, Alfried Krupp von Bohlen und Halbach ultimately initiated the construction of a mod-
ern clinic, which opened in 1980 with a capacity of 560 beds (cf. H. O. Worner 1974, 840 —842).
An institutional expansion occurred in 2008 through the integration of the Evangelical Hospital,
Lutherhaus Essen. Since then, the two sites have been referred to as “Alfried Krupp Hospital Riit-
tenscheid” and “Alfried Krupp Hospital Steele” (cf. Hesse 2008). The dataset covers all inpatient
admissions and surgical data from 01.01.2013 to 31.07.2024. Over this period of 4,234 days, the
weekdays are distributed as 604 Mondays, 605 Tuesdays, 605 Wednesdays, 604 Thursdays, 604
Fridays, 604 Saturdays, and 604 Sundays. Inpatient hospitalization means that patients remain in
the hospital for at least one day and one night, resulting in at least one day of length of stay (cf.
Behrends/Vollméller 2020: 60). For the initial data overview using the average number of opera-
tions per weekday, the period from 01.01.2024 to 31.07.2024 s selected, since the preceding peri-
od of the Covid-19 pandemic cannot be used. In connection with the COVID-19 pandemic, elec-
tive patient admissions were significantly reduced across all hospitals in Germany in accordance
with § 22 para. 1 sentence 1 KHG, so that free capacities were available for emergency patients,
on whom a special focus was placed. For the study on the influence of surgical capacity on inpa-
tient bed occupancy in the information and communication process in the hospital, a quantitative
research method is employed. This methodology enables the collection and evaluation of large
datasets, thereby yielding a generalizing statement about the relationships and patterns among the
variables (cf. Genau 2019). The analytical approach includes descriptive statistics, which serve to
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structure the presentation and preparation of the collected data. Using frequency analyses, the cen-
tral characteristics of the data distribution are captured. These include, in particular, measures of
central tendency and measures of association between variables. Typical key figures for measures
of central tendency include, among others, the arithmetic mean (1), colloquially referred to as the
average, and the total (2), which is the sum of all individual values (cf. Studyfix 2024).
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Furthermore, the percentage ratio (3), which is among the measures of frequencies and reflects
the distribution of shares within the total, is applied (cf. Bortz/Schuster 2010: 39-40).

b= 2 3)

To analyse the relationship between two variables, the Pearson correlation coefficient is used
(4). This statistical parameter ranges from -1 to +1. A negative value indicates an inverse relation-
ship, whereas a positive value indicates a direct relationship between the variables. A correlation
coefficient close to zero indicates a weak or non-existent linear association between the character-
istics considered (cf. Studyfix 2024).

-
Ty = 28y )
The three central quality criteria of quantitative research, validity, reliability, and objectivity,

are considered within the framework of this study. Validity is established by the legally mandated

transmission of data in accordance with § 21 para. 1 of the Hospital Remuneration Act (KHEntgG),
which ensures a standardized and substantively accurate representation of inpatient care services
and surgical documentation (cf. InEK 2024). Reliability is ensured by using uniform recording
and structuring of the aforementioned data, thereby ensuring consistent measurement and repro-
ducible analytical results. Established software tools, such as IBM SPSS Statistics and Microsoft

Excel, are used for statistical analysis. The objectivity of the investigation is ensured, as the data

are used without intervention and evaluated using transparent, mathematically sound procedures.

To investigate the organization and management of information on surgical capacity and inpatient

bed occupancy within the hospital, the study formulates research questions and hypotheses.

Is there an influence of the duration of surgery on the length of stay?

Null hypothesis H .1 = There is no relationship between the utilised surgical capacities and the
length of stay.

Alternative hypothesis H .1 = There is a relationship between the utilised surgical capacities
and the length of stay.

Is there an influence of the preoperative length of stay on the total length of stay?

Null hypothesis H .2 = There is no relationship between preoperative length of stay and total
length of stay.

Alternative hypothesis H .2 = There is a relationship between preoperative length of stay and
total length of stay.

RESULTS

Significant for the study on the influence of surgical capacity on inpatient bed occupancy is
the total number of inpatient surgeries across weekdays and by department. Based on the available
data, fluctuations in utilization and potential resource reserves within the allocation structure are
evident. To determine the average number of surgeries on regular working days (Monday = 1 to
Friday = 5) in the period from 01.01.2024 to 31.07.2024, excluding public holidays, a categoriza-
tion of admission reasons is carried out. Electively planned admission types are aggregated into
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category 1, and emergency admissions into category 7. This simplified dichotomization enables a
clear separation between elective and emergency-related surgeries. For site A (nl), it is shown that
on all weekdays and across all departments, elective surgeries clearly dominate over emergency
surgeries. The highest total number of elective procedures occurs on Wednesday (18.0), followed
by Tuesday (17.9). The lowest elective values occur on Monday (14.8) and Thursday (14.9). In
contrast, emergency procedures show overall lower case numbers, but a slight increase toward the
end of the week. While 3.5 emergency surgeries were performed on Monday, this value rises to
4.6 by Friday. The ratio of elective to emergency surgeries favours elective procedures on all days,
with the ratio most pronounced on Wednesday at approximately 7:1 and lowest on Friday at ap-
proximately 3.3:1. Differentiation by medical departments reveals further relevant differences. In
department 1, the number of elective procedures is highest on Wednesday at 4.4, whereas the num-
ber of emergency surgeries remains consistently low, ranging from 0.3 to 0.5. Department 2 shows
a marked increase in elective procedures on Tuesday (6.7) and Thursday (5.7), with emergency
procedures on these days also comparatively high at 2.8 and 2.7, respectively. In department 14,
the volume of elective surgeries is constant, with a slight increase on Thursday to 4.0; by contrast,
emergency procedures remain very low. Particularly striking is the development in department 15.
While elective procedures peak on Tuesday at 6.3, they decline to 2.5 on Thursday. At the same
time, the number of emergency surgeries in this department rises to 0.9 by Friday, representing the
highest emergency value in this department (cf. Table 1).

Table 1. Average surgeries per weekday (Site A)

Weekday 1 2 3 4 5
Admission type/ 1 7 1 7 1 . 1 7 1 7
Department : : : : :
1 2.5 0.3 2.8 0.4 4.4 0.4 2.6 0.3 2.9 0.5
2 3.9 2.1 6.7 2.8 4.2 1.0 5.7 2.8 4.8 2.7
14 2.5 0.4 2.1 0.2 34 0.5 4.0 0.6 2.5 0.5
15 5.9 0.7 6.3 0.5 6.0 0.6 2.5 0.3 5.3 0.9
Total 14.8: 35 17.9 4.0 18.0: 2.5 14.9: 4.0 154 4.6

For site B (n2), it is shown that, across all weekdays, elective surgeries are significantly more
frequent than emergency surgeries. Elective procedures remain constant, ranging from 28.1 on
Thursday to 32.4 on Tuesday. In contrast, emergency surgeries exhibit greater variability, increas-
ing from 6.5 on Tuesday to 10.5 on Friday. A more differentiated analysis of the medical de-
partments reveals distinct constellations. Without anomalies, elective procedures in department 1
remain constant between 4.3 and 4.5 across weekdays, and emergencies between 0.7 and 0.8. In
department 2, however, a marked fluctuation is evident. Elective procedures increase significantly
from Monday at 5.4 to Wednesday at 8.0, then decline slightly to 6.5 on Friday. In parallel, emer-
gency procedures increase over the course of the week, particularly on Friday, to 5.7. Department
7 shows lower total numbers than the other departments, but displays a slight increase in elective
procedures over the week, from 1.1 on Monday to 2.0 on Friday. Emergency surgeries remain
constant and low in this department. In department 8, elective surgeries increased from Monday at
3.8 to Thursday at 4.6, followed by a slight decline on Friday to 4.5. Emergency numbers remain
moderate and vary only slightly. A notable development is seen in department 11. Elective sur-
geries decrease significantly over the week, from 16.1 on Tuesday to 10.6 on Thursday, whereas
emergency surgeries remain consistently low between 0.5 and 0.8 (cf. Table 2).
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Table 2. Average surgeries per weekday (Site B)

Weekday 1 2 3 4 5
ﬁgl‘::rsts:l‘l’:nttype / i 7 " 7 i 7 i 7 i 7
1 45 07| 43 07| 45 08| 43 07| 43 08

2| 54 31 64 26| 80 56| 70 40| 65 5.7

7 1.1 12 1.4 1.4 12 08 1.7 11 20 20

8| 338 12| 41 10| 42 11 46 09| 45 1.4

1| 160 05| 161 08| 116 07| 106 07| 119 07

Total| 307 67| 324 65| 295 91| 281 74| 291 105

However, not all patients undergo surgery as part of hospital treatment. From 2013 to 2024,
the data show the development of the proportions of patients operated on in the hospital, again
using the standard categorization of elective admissions (category 1) and emergency admissions
(category 7). For nl, a moderate yet continuous increase in the proportion of operated patients is
observed initially. In 2013, the proportion of electively admitted patients who underwent surgery
remained 54%. This proportion increased to 58% by 2019. During 2020 to 2022, which were
shaped by the COVID-19 pandemic, the operational proportion ranged from 62% to 69%. After
the end of the COVID-19 pandemic, the proportion decreases slightly again but remains between
62% and 63%, which is significantly above the 2013 level. Among patients admitted as emergen-
cies, the proportion increased from 23% in 2013 to 30%-35% from 2020 onward.

For n2, a continuously increasing development is shown. The proportion of electively admit-
ted and operated patients initially increases steadily from 44% in 2013 to 52% in 2021. Only at
the end of the period shaped by the Covid-19 pandemic, in 2022, an increase to 58% is recorded.
In the two subsequent years, 2023 and 2024, the proportion is 60%. The proportion of emergency
admissions with surgery, however, has increased only slightly from 19% to 22%, and over several
years it has even decreased to 17% (cf. Table 3).

Table 3. Ratio of patients with surgery

Site A Site B
é:;“ss“’“ type/ 1 7 ni 1 7 n2
2013 S4%  23%  44%  44%  19%  37%
2014 55% 3%  43%  44%  18%  37%
2015 57%  24%  44%  45%  18%  38%
2016 59%  25%  45%  46%  17%  37%
2017 S4%  25%  43%  48%  17%  36%
2018 59%  25%  45%  50%  17%  36%
2019 58%  27%  44%  50%  17%  36%
2020 62%  30%  48%  51%  20%  38%
2021 64%  32%  51%  52%  21%  38%
2022 69%  35%  55%  58%  21%  41%
2023 2%  34%  51%  60% 2%  42%
2024 63%  30% 4%  60% 2%  42%
Total 56%  27%  45%  48%  19%  37%

The relationship between the total length of hospital admission (variable “Vwd”) and the uti-
lised surgical capacity (variable “OPBeginnEnde”) can be examined using the Pearson correlation
coefficient. Data on patients who underwent surgery during their hospital stay are used. Thus,
187,863 data points are available. For n = 187,863, a correlation coefficient r = 0.516 is observed at
the significance level p = 0.000. The values indicate a statistically significant association between
longer operating time and longer length of stay. The correlation coefficient is above 0.500, indicat-
ing a strong relationship and clear relevance. Thus, the null hypotheses that there is no relationship
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between surgery duration and length of stay, and between length of stay and bed occupancy, can
be rejected. However, this does not imply that a causal relationship can be assumed, as additional
factors may be at play (cf. Table 4).

Table 4. Correlation between length of stay and surgery duration

Vwd

Pearson Correlation | 0.516

OPBeginnEnde Sig. (2-tailed) | 0,000
n | 187,863

One of these further influencing factors can be the so-called preoperative length of stay. This
preoperative length of stay may result from bottlenecks in surgical capacity, which prevent surgery
and require patients to wait. It is reported as waiting time in days; i.e., the preoperative length-
of-stay count begins only after at least one day and one night have elapsed. If patients undergo
surgery on the same day despite a several-hour waiting period, no preoperative length-of-stay days
accrue. Preoperative length-of-stay days are disadvantageous from both patients’ and hospitals’
perspectives, as resources tied up during this period are neither reimbursed nor otherwise available
for care. Optimal utilisation of surgical capacity can help reduce or avoid preoperative inpatient
days.

To investigate the relationship between length of stay (variable “Vwd”) and preoperative
length of stay (variable “TagePraeOP”), the statistical test of the Pearson correlation coefficient
is used again. Data on patients’ preoperative length of stay during hospital admission are used.
Thus, 95,514 data points are available. For n = 95,514, a correlation coefficient r = 0.477 is ob-
served at the significance level p = 0.000. The values indicate a statistically significant association:
preoperative length of stay is associated with longer postoperative length of stay. The correlation
coefficient is close to 0.500, indicating a relatively strong and relevant relationship. Thus, the null
hypothesis that there is no relationship between preoperative length of stay and length of stay, or
between preoperative length of stay and bed occupancy, can be rejected. Again, no causal relation-
ship should be assumed, as additional influencing factors may be present (cf. Table 5).

Table 5. Correlation between length of stay and preoperative length of stay

Vwd

Pearson Correlation | 0.477

TagePracOP Sig. (2-tailed) | 0,000
n | 95,514

CONCLUSIONS/DISCUSSION

The study provides reliable insights into the influence of surgical capacity on inpatient bed
occupancy in German hospitals, based on data from two sites. For understanding organisation
and management, the identified patterns mustn’t merely represent “statistical findings” but in-
stead planning- and communication-relevant information structures: the distribution of elective
and emergency-related surgeries across weekdays reflects a recurring control rhythm that mate-
rialises in bed occupancy. The results show that surgeries from elective admissions are primarily
concentrated on the working days Tuesday and Wednesday. It is reasonable to assume that on these
days, optimization of the information and communication process goes hand in hand with targeted
control and planning of surgical capacity, coordinated with structural and personnel resources.

The increase in surgeries of patients admitted as emergencies at the end of the week, especially
on Fridays, indicates increasing urgency and a more urgent need for care. The particularly marked
increase from 2020 onward will presumably reflect a pandemic-related effect, as elective patient
admissions, including surgeries, were suspended or postponed during the COVID-19 pandemic.
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In subsequent years, a further special effect may arise from catch-up effects following previously
postponed procedures or from changes in indication-setting favouring surgical measures. This
suggests a corresponding adjustment to resource planning, particularly with respect to emergency
readiness, staff availability, and workload. The large sample size of operated patients (n = 187,863)
increases the explanatory power of the analysis and reduces the likelihood of a spurious result.
A significant positive correlation between the duration of surgical procedures and total inpatient
length of stay (r = 0.516) and between preoperative length of stay and total length of stay (r =
0.477) was identified, underscoring the relevance of surgical processes for hospital occupancy
capacity. Nevertheless, a correlation does not imply a causal relationship. Additional influencing
factors, such as the severity of the procedure, postoperative complications, or patient-specific risk
factors (e.g., age or comorbidities), may co-determine this relationship and should be considered
in future studies. In addition, the number of preoperative length-of-stay days does not result exclu-
sively from limited surgical capacity; it may also reflect that, in emergency patients, the need for
surgical treatment is recognized only with a delay. For the preoperative length of stay, the structur-
al specification in the DRG system is also of central importance.

Based on the identified anomalies and patterns, simulations and forecasting models can be
developed in subsequent studies that not only enable forward-looking capacity planning for bed
occupancy and the OR area, but also systematically map the underlying information and commu-
nication processes because capacity management in the hospital depends on the timely, complete,
and role-specific transmission of relevant information (e.g., OR schedule, expected OR duration,
preoperative waiting time, postoperative monitoring and nursing needs profile, planned discharg-
es) between the actors and systems involved. Overall, the study makes an essential contribution
to evidence-based capacity planning by showing at which points in the care process information
flows are particularly capacity-relevant and where communication breakdowns can lead to delays
and mismanagement. The demonstrated relationship between OR duration, preoperative waiting
time, and total length of stay suggests that hospitals could significantly increase their efficiency
through communicatively secured OR planning and information-based capacity management. As
a result, capacity planning becomes less a purely resource question and more a controlled, infor-
mation- and communication-based process that delivers the correct information to the right roles
at the right time, thereby enabling coordinated action.
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OPTAHM3AIIA U YITPABJIEHUE HA UHO®OPMAIIUATA MEXKAY
XUPYPTUYHUSA KATDALHUTET U 3AETOCTTA HA BOJTHUYHUTE JIEITIA

Peztome: Hszcneosanemo paszenexncoa opeaHu3ayusama u yYnpaeieHuemo Ha UH@GOpMayusima OmHoCHO Xu-
PYpeuNHUs Kanayumem u 3aemocmma Ha OOIHuYHume aeaia @ eepmanckume oonnuyu. Mscneoeanemo e
nposeedeHo 8 dee cepmancku 6onnuyu, kamo ca uznonzeéanu 480 000 anonumusupanu u cmanoapmusupa-
Hu oannu 3a nayuenmu om 2012 2. 0o wau 2024 2., kaxmo u 190 000 xupypeuunu oannu om 2013 2. do
tonu 2024 2. Ananuzem ce okycupa 8vpxy axmopume, KOUmo GiuUA[Am 8bpXy NAAHOSUME U CHeUuHUme
onepayuu, MAXHOMO GIUAHUE BbPXY NPOOBIANCUMETHOCMIMA HA NPECMOsL U pa3npedeieHUemo um npe3 oe-
Huunume Onu. C nomMowma na KoaudecmeeHu Memoou, 6KI0UUMenTHo OnUcCamenia cmamucmuka u Kope-
nayuonen koegpuyuenm na Iluvpcvh, 6saxa uoenmuguyupanu snauumennu anomanuu. Onepayuume om
naaHosume XoCRUManu3ayuu ca CUIHO KOHYEeHMPUPAHu 6b6 MOPHUK U CPA0d, OOKAMO onepayuume om
chewHume xochumanuzayuu ce ygenuvasam npes yukenoa. Oceen mosa cbujecmeysam sHauumentu Kope-
Jayuu Mexcoy npoObANCUMENHOCINMA HA ONePayUaAma U npoobANCUMETHOCIMA Ha NPeCcmosl Ha NayueHmda
8 bonnuyama (r = 0,516) u medxncoy npoowvadscUmeiHOCmMma Ha Npecmos npedu onepayuama u ooujama
npoovadxcumentiocm Ha npecmos (v = 0,477). Hzcnedeanemo 0asa yenen npuHoC 3a ynpasienuemo Ha
pecypcume 6 cekmopa Ha OOTHUYHOMO NeyeHue, OCHO8AHO HA OOKA3AMeNCMEd, U N004epmasa 3HaueHuemo
Ha egpeKmUusHOmo NiaHupane Ha OnepayuoHHume 3a1u 3a ynpasienuemo na kanayumema. Ipoyueanemo
noKaszea, ye onmuMusupanemo Ha npoyeca na uH@opmupane u KOMyHUKayus pes yeieHaco4eHo ynpasie-
HUe HA XUpypeudHus Kanayumem 6 KOOPOUHAYUs CbC CIMPYKMYPHUMe U NepCOHATHUME Pecypc He Camo
n0000PA6A KAYeCmMBOMO HA cpudicume, Ho U ONMUMUZUPA U3NONZ6AHEMO HA DOTHUYama.

Kntouoeu dymu: ynpasnenue na ungpopmayuama, opeaHu3ayus u ynpasierue Ha OOTHUYY, UHDOPMAYUOH-
HU npoyecu 8 boNHuYyume; U3N0N36aHe Ha KAanayumema, Xupypeuier kanayumen
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