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Abstract
Introduction  The operating room (OR) is a high-cost and high-revenue area in a hospital comprising extremely complex 
process steps to treat patients. The perioperative process quality can be optimized through an efficiency-oriented central OR 
management based on performance indices. However, during the COVID-19 pandemic with the corresponding OR restric-
tions, there was a significant nation- and worldwide decline in the performance, which may have a lasting impact. Therefore, 
we proposed the hypothesis that COVID-19 pandemic-related OR restrictions could reduce operative performance in the 
long term.
Methods  A retrospective, descriptive analysis of perioperative processing times was conducted exemplarily at the University 
Hospital Ulm using a pre-post design, examining the corresponding second quarters of 2019 to 2022. In total, n = 18,489 
operations with n = 314,313 individual time intervals were analyzed. The statistical analyses included the Kruskal–Wallis 
test adjusted for multiple testing, and the significance level was set at p < 0.01.
Results  The results revealed not only a significant decrease in the case volume by 31% (2020) and 23% (2021) during the 
COVID-19 crisis years, but also significant time delays in various process steps; e.g. the median patient’s OR occupancy 
time (column time) rose from 65 min (2019) to 87 min (2020) and remained elevated (72 min in 2021 and 74 min in 2022, 
respectively). Even in 2022, beyond the pandemic, the net anaesthesia time was permanently enhanced by 9 min per case. 
Furthermore, both, the incision-to-closure time and surgeon attachment time were each significantly prolonged by 7 addi-
tional minutes, and the time from the end of anaesthesia to the release of the next patient was extended by 4 min. Selected 
standardized index operations showed only a trend towards these changes, even with a decrease in the incision-to-closure 
time over time.
Conclusion  Overall, long-term changes were found in essential perioperative process times even after retraction of the 
COVID-19 restrictions, indicating some processual “slow down” after the Covid-19-induced “shut down”. Further analyses 
are needed to determine the appropriate targeted control measures to improve processing times and increase the process 
quality.
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Introduction

The COVID-19 [1, 2] pandemic in spring 2020 prompted 
rapid pragmatic responses at all levels of governments 
worldwide [3]. Due to pandemic-related infrastructure 
measures, personnel allocation and turnover, as well as 
illness including burn-out among staff [4, 5], an estimated 
30 million COVID-19-related surgical procedure cancel-
lations occurred globally in 2020 [6]. Also, in Germany, 
the demanded and implemented restrictions on surgeries 
led hospitals of all sizes to instantly shift from full opera-
tional capacity to an exclusive emergency surgery pro-
gram, resulting in a significant drop in inpatient treatments 
[7]. In comparison to the same months in the previous 
year, especially in March, April, and May 2019, there was 
a significant reduction in inpatient admissions by -21%, 
-35%, and -24%, respectively, with subsequent months 
fluctuating between -7% and -20% [8]. A similar trend 
was observed in corresponding surgeries [9].

The operating room (OR) as a high-cost area, can func-
tion as a high-revenue area across all cost categories when 
efficient structures and management are installed, e.g. suf-
ficient monitoring of key performance indicators (KPIs) 
[10]. Nevertheless, the quality of outcome is of paramount 
importance to the patient and thus occupies a central posi-
tion in the healthcare value creation chain. According to 
Donabedian, outcome quality, as a key dimension of qual-
ity, is closely linked to both structural and process qual-
ity [11]. Given that the hospital and OR infrastructure is 
largely predetermined during a narrow observation inter-
val in everyday practice, the capture of process quality 
becomes particularly crucial for achieving both the desired 
outcome quality and economic efficiency in the OR. To 
assess the process quality of the perioperative actions, 
KPIs are employed, which truly provide an objective per-
formance image and realistically depict the OR processes 
in their space–time-resource axis [12]. Time is readily 
accessible for an objective and well-defined, arbitrarily 
fine measurement and can be effectively associated with 
the respective location of service provision. Consequently, 
a multitude of anesthesiological and surgical process times 
with corresponding KPIs have been unequivocally defined 
in consensus by the involved surgical, anesthesiological, 
and nursing professional societies [13].

During the pandemic, adaptation efficiency of an OR 
unit, in particular, came to the forefront of strategic man-
agement. Adaptation efficiency addresses the develop-
ment of process and resource efficiency under changed 
framework and boundary conditions [14], such as those 
imposed by COVID-19-related OR restrictions. The goal 
of adaptation efficiency is to continue fulfilling the health-
care mission, even with increasing patient numbers and 

a changing patient mix. The extent to which adaptation 
efficiency was present during and after the pandemic, as 
reflected, for example, by a change in the OR duration 
per patient, remains predominantly unclear on a national 
scale, as well as specifically within the context of Ulm 
University Hospital.

Regarding the pandemic restrictions, it was foreseeable 
that due to underutilization of OR and bed capacities, as 
well as the reallocation of personnel and material resources 
in favor of intensive medical care [15] and preparedness, 
increasing waiting lists for elective interventions and rising 
revenue losses would occur. Therefore, a decision-making 
basis for prioritizing planned surgeries was demanded, for 
example, following the guidelines of the American College 
of Surgeons or the German Society for Surgery (DGCH), 
which advocated prioritizing surgeries in rapidly progress-
ing diseases and manageable comorbidities (Slidell 2020 
[16]). However, although most of the restrictions were with-
drawn by the end of 2022, the reversal of those measures was 
often more challenging than appreciated and their long-term 
impact remain largely unknown.

Taken together, the COVID-19 pandemic resulted glob-
ally in alterations and disruptions to the value chain within 
the healthcare sector, impacting surgical key areas of hospi-
tals [17]. Due to the corresponding changes at the structural, 
material, personnel, and functional levels of the highly com-
plex OR, and considering the unknown sustainable effects 
on surgical processes, we therefore proposed the provoking 
hypothesis, that the COVID-19 pandemic-induced surgical 
restrictions have led to a long-term reduction in surgical per-
formance at the University Hospital level.

Materials and methods

Study design

Using the University Hospital Ulm (UKU) as an exemplary 
case, a monocentric, descriptive, retrospective analysis of 
perioperative process times was conducted. The analysis 
included defining the time frame and study groups for all 
surgical procedures taking place at the UKU during the 
specified periods. Following the different pandemic waves, 
the entire second quarter (i.e., from April 1 to June 30 of 
each respective year) of 2019 (pre-COVID), 2020 (intra-
COVID, 1st wave), 2021 (intra-COVID 2nd wave), and 2022 
(post-COVID) were a priori chosen as the study groups. All 
surgeries conducted on regular working days (i.e., Mondays 
to Fridays) during the defined quarters were included in the 
study, encompassing operations in the Central ORs (includ-
ing General, Visceral, Cardiac, Vascular, Thoracic, Trauma, 
Hand, Plastic, and Reconstructive Surgery, Urology), ENT 
OR, Eye OR, Ambulance OR, and the Women's Clinic 
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OR. Time data were inputted into the SAP system (System 
Analysis Program Development) of the UKU by nursing and 
medical staff of the respective departments in almost real 
time during ongoing surgical procedures.

Furthermore, identical surgical procedures with the same 
Operation and Procedure Classification System (OPS) code 
were selected as index operations, including tonsillectomy, 
osteosynthesis of long bone fractures, appendectomy, par-
tial resection of the colon resection, curettage of the uterus. 
These index procedures can proceed relatively standardly 
in terms of resource utilization, procedural approach, and 
personnel deployment. The OPS code serves as an official 
classification, created by the Federal Institute for Drugs and 
Medical Devices (BfArM) and is recorded by the surgeon 
for each procedure. The index operations from different 
surgical departments (ENT; Visceral Surgery, Trauma Sur-
gery; Obstetrics and Gynaecology) were examined along the 
predefined timeline with respect to operative time and per-
formance metrics (nursing presence – incision; anesthesia 
start – incision; incision-to-suture time; suture – anesthesia 
end), as far as extractable from raw data. Furthermore, inter-
ventions defined as exemplars were selected from various 
surgical disciplines at the University Hospital Ulm (UKU).

Data acquisition

After informed consent of the UKU medical, administra-
tive and OR management, data extraction and transfer were 
performed in compliance with data protection regulations 
from the hospital's SAP system to an Excel spreadsheet 
(Microsoft Office Professional Plus 2016) within the digital 
fire wall on the computer of the Institute for Clinical and 
Experimental Trauma Immunology (ITI) at UKU for further 
data processing. The data transfer was anonymized, includ-
ing only the surgery date, operating room, and a total of 17 
corresponding surgical times (from pre-setup time to post-
setup time) recorded as Central European Time down to the 
minute for the current analysis. Additionally, the ICD code 
was provided for the index operations.

The delta values of the corresponding times, such as "inci-
sion-to-suture time," were then transferred into actual minutes 
in the Excel spreadsheet using a simple subtraction algorithm 
and subsequently imported into the licensed statistical software 
Sigma Plot 14.0 (Systat Software, Inc., San Jose, California, 
USA) for further analysis. In total, for the 2nd quarter (Q2) 
of 2019, 2020, 2021, and 2022, n = 18,489 surgeries were 
collected as the study group, with 17 individual time points 
documented per operation (pre-setup time; patient presence 
– start; nursing presence – start; anesthesia presence – start; 
anesthesia time – start; end of anesthesia induction; surgeon 
presence – start; start of surgical intervention; incision time; 
suture time; end of surgical intervention; end of anesthesia 
time; anesthesia presence – end; surgeon presence – end; 

patient presence – end; nursing presence – end; post-setup 
time). Thus, a total of n = 314,313 individual data points were 
processed in this study.

Statistical analyses

Descriptive statistics, including case numbers (n), minimum 
and maximum values, and the distribution of metric data 
were initially performed using Sigma Plot 14.0 for valida-
tion of the surgical metric data. The distribution of data was 
strongly left-skewed in all groups, therefore, unless other-
wise specified, the data are presented as box plots (Box-
Whisker plots) with median, 75th percentile upwards, and 
25th percentile downwards. The whiskers upwards represent 
the 90th percentile, and those downwards represent the 10th 
percentile. The comparison of > 2 groups was performed 
using the Kruskal–Wallis test adjusted for multiple testing 
(Dunn's method). When comparing two groups, the Wil-
coxon test was applied. Statistical significance was assumed 
at p-values less than 0.01. Symbols indicate statistically 
significant differences: * denotes p < 0.01 compared vs. the 
basis (i.e., 2nd quarter of 2019), # vs. Q2/2020, and § vs. 
Q2/2021, respectively.

Results

Covid‑19 restrictions‑induced reduction in case 
numbers and increase in incision‑to‑suture times

In comparison to the reference year 2019, there was an 
anticipated reduction in case numbers during the COVID-
19 pandemic induced by a strict adherence to the govern-
mental OR-restrictions. In the 2nd quarter of 2019, a total 
of n = 5344 procedures (pre-hoc reference year) were per-
formed, whereas in the same quarter of 2020, there was 
a—31% decrease in procedures (n = 3703). In the subsequent 
year 2021, compared to the baseline,—23% (n = 4137) sur-
geries were conducted. In the year 2022, after the COVID-19 
crisis, a comparable number of procedures (n = 5305) were 
performed as during the pre-hoc status (Fig. 1A).

Regarding the cumulative incision-to-suture times, in 
the baseline year 2019, a total of 5,979 h (358,766 min) 
were recorded in the 2nd quarter; in 2020, this decreased to 
4,639 h (278,345 min); in 2021, the cumulative incision-
to-suture times increased to 5,164 h (309,866 min), and in 
2022, it further rose to 6,497 h (389,827 min), despite no 
increase in processed cases (Fig. 1B).

Dynamic changes of perioperative performance 
parameters

The median presence time of the anesthesiologist until 
anesthesia clearance remained largely consistent before 
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and during the COVID-19 pandemic (20 min). However, it 
increased in 2022 by a mean of 1 min (p < 0.001) (Fig. 2A). 
Of note, although the mean of this performance parameter 
remained largely unaffected across different years due to a 
large sample size, statistical analysis revealed significant dif-
ferences between groups. Many patients required extended 
preparation times during the pandemic, resulting in sig-
nificant deviations from the mean, albeit unnoticed when 
considering the mean across the entire large dataset. For 
instance, in 2019, 12% of cases required a median time dou-
bled or more (> 40 min), while in 2020, this increased to 
15%, in 2021 it was 14%, and post-pandemic in 2022, it 
reached 16% (data not displayed).

After anesthesia clearance until the first incision by the 
surgeon, a median of 15 min per case transpired before the 
pandemic. During the pandemic in 2020, an additional 2 min 
were observed (median 17 min). The slightly prolonged 
operative preparation time persisted in the years 2021 and 

2022 (median 16 min) and was significantly increased in the 
pre-hoc comparison (p = 0.005) (Fig. 2B).

Sustained prolongation of surgical key performance 
parameters

The central parameter incision-to-suture time increased 
significantly during the COVID-19 crisis 2020 from a 
median of 42 min/ patient to 48 min (p < 0.001). Of note, 
this increase persisted in 2022, reaching a median of 
49 min (Fig. 3A). The operative postprocessing time (last 
suture to the end of surgery significantly increased from 
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Fig. 1   Changes in A) case numbers and B) cumulative incision-to-
suture times of the operations at the University Hospital of Ulm, Ger-
many, in the 2nd quarter (Q2) of the year before (2019), during (2020, 
2021; with the implemented operation restrictions) and after (2022) 
the COVID-19 pandemic (without major restrictions)
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Fig. 2   Perioperative process metrics of A) anesthesiologist presence 
until anesthesia clearance and B) anesthesia clearance until surgi-
cal incision of all operations during weekdays regarding the corre-
sponding 2nd quarter of the year. Box-Whisker plots with median, 
75th percentile upwards, and 25th percentile downwards. The whisk-
ers upwards represent the 90th percentile, and those downwards rep-
resent the 10th percentile. *p < 0.01 versus Q2 2019 (pre-pandemia); 
#p < 0.01 versus Q2 2020 (pandemic crisis); §p < 0.01 versus Q2 
2021 (pandemia)
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3 min in 2019 to 4 min in 2021 (p < 0.006) and returned 
to the baseline in 2022 (Fig. 3B).

The median time from the start of the surgery to the 
end, i.e., the active time of the surgeon, was 58 min in 
2019. This patient engagement time of the surgeon signif-
icantly increased during the COVID-19 crisis to 65 min 
(p < 0.001) and, remarkably, remained significantly 
extended in the following years (Fig. 4A). The patient's 
OR occupancy, expressed as time on the operation col-
umn, was 65 min in the baseline year 2019. This dura-
tion significantly increased (p < 0.001) to 87 min in 2020. 
In the two subsequent years, 2021 and 2022, this time 
remained significantly extended, with medians of 72 min 
and 74 min, respectively (Fig. 4B).

Sustained prolongation of anesthesiological key 
performance parameters and turn‑over times

The time from the suture to the end of anesthesia, revealed 
only minimal although significant changes over time. In 
2019, this was 7 min in the median; in 2020 and 2021, it 
was 8 min each, and in 2022, it returned back to the baseline 
(Fig. 5A).

The perioperative turnover time, as important processing 
time from the end of anesthesia to the clearance for the next 
patient, underwent significant changes in its dynamics. Before 
the COVID-19 pandemic (in 2019), the median of this turno-
ver time was 26 min, which increased to 30 min in the crisis 
year 2020. This interval showed a slight decline in the follow-
ing year (2021, median 27 min) and significantly increased 
again in the year without surgical restrictions (2022, median 
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Fig. 3   Perioperative performance metrics of A) incision-to-suture 
time and B) postoperative care of the operations at the University 
Hospital during the 2nd quarter of the indicated years. Box-Whisker 
plots with median (line), 75th and 25th percentile (boxes) and 90th and 
10th percentile (wiskers). *p < 0.01 versus Q2 2019; #p < 0.01 versus 
Q2 2020
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Fig. 4   Dynamics of metrics from A) surgery-start to surgery-end and 
B) operating room occupancy time. Presented are the operations dur-
ing similar quarters (2nd) of the corresponding years. Box-Whisker 
plots with median (line), 75th / 25th percentile (boxes) and 90th / 10th 
percentile (wiskers). *p < 0.01 versus Q2 2019 (baseline)



2416	 T. Datzmann et al.

30 min). The changes compared to the pre-COVID status were 
all highly significant (p < 0.01) (Fig. 5B).

The pure anesthesia time (RAnZ) as a central process 
parameter from the beginning to the end of anesthesia exhib-
ited substantial temporal differences. While the median was 
76 min in 2019, this time significantly increased (p < 0.01) by 
9 min per case to a median of 85 min in the COVID-19 crisis 
year 2020. Even in the subsequent two years (2021, 2022), the 
median of RAnZ remained enhanced at 85 min (Fig. 6).

Index operations reveal differential processing 
times

Regarding tonsillectomy as an index procedure, the activi-
ties of the surgical functional service immediately preceding 

the surgery, i.e., from the arrival of the OR-nursing staff to 
the incision by the surgeon, exhibited significant changes 
over time. The median duration significantly increased 
from 30 min in 2019 (n = 54) to 40 min in 2020 (n = 31). 
In the subsequent years 2021 (n = 53) and 2022 (n = 57), 
these times remained largely elevated, reaching a median of 
38 min in 2022. The interval from the initiation of anesthesia 
to the incision increased from 15 min in 2019 to 20 min in 
2022, and plateaued to median values of 18 min afterwards 
(insignificantly). Analyzing the greatly standardized tonsil-
lectomy by incision-to-suture time, it is noteworthy that in 
the crisis year 2019, this metric significantly increased from 
a median of 33 min to 42 min (likely due to all the required 
COVID-19 cautionary measures). Post-COVID, this metric 
stabilized at a median of 31 min, which remarkably, even 
undercut the baseline levels. No significant alterations were 
observed in the postoperative course ("suture until end of 
anesthesia") (Suppl. Figure 1).

The analysis of appendectomies revealed no significant 
differences in the listed process times compared to the base-
line situation.

The therapeutic curettage of the uterus did not reveal 
statistically significant differences in the observed process 
times before and after the COVID-19 pandemic. However, 
there was an observed trend towards increased preopera-
tive presence times of the OR nurses until the first inci-
sion, increasing from a median of 18 min in 2019 (n = 40) 
to 25 min in 2022 (n = 27). Similar trends were found in 
partial colectomy procedures, where the median time spent 
by OR nurses prior to the surgical incision increased from 
62.5 min in 2019 (n = 25) to 65 min in 2022 (n = 42) (data 
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Fig. 5   Surgical process times in minutes from A) surgical suture to 
end of anesthesia and B) perioperative turnover time during the cor-
responding 2nd quarters (Q2) of the indicated years before, during 
and after the COVID-19 pandemia. Box-Whisker plots with median 
(line), 75th / 25th percentile (boxes) and 90th / 10th percentile (wisk-
ers). *p < 0.01 versus Q2 2019; #p < 0.01 versus Q2 2020; §p < 0.01 
versus Q2 2021
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Fig. 6   Presentation of pure anesthesia time (RAnZ) depending on 
corresponding years before, during and after the COVID-19 pan-
demia. Depicted are the 2nd quarters (Q2) of the indicated years. 
p < 0.01 versus Q2 2019 (before the pandemia started as reference 
year)
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not displayed). Despite these trends, the small sample sizes 
did not permit identification of statistically significant differ-
ences when compared to the pre-pandemic period.

The osteosynthesis of a long bone fracture was also 
assessed as an index procedure in the years 2019 to 2020, 
with respective sample sizes of n = 27, n = 17, n = 29, and 
n = 33. Along the timeline, compared to 2019, there were 
tendencies towards both extended (2020) and shortened 
(2021) as well as unchanged (2022) durations regarding 
the presence of surgical nursing staff until the skin incision. 
The time interval from the start of anesthesia to incision, 
in comparison to the baseline year 2019 (median 37 min), 
tended to be prolonged at the end of the observation period 
in 2022 (median 40 min). The surgical time for osteosyn-
thesis lasted 52 min in 2019, showing a trend of decreasing 
values to 49 min in 2022. The interval from the end of sutur-
ing to the end of anesthesia for this index procedure was also 
very short, approximately 8 min, and fluctuated only slightly 
along the entire observation axis (Suppl. Figure 2).

Discussion

The COVID-19 pandemic resulted in dramatic alterations 
of elective surgery performance and claimed differential 
management approaches [18]. At the University Hospital 
Ulm (UKU), due to the implemented surgical restrictions 
during the COVID-19 pandemic in 2019 and 2020, there 
was a significant reduction in the number of cases by -31% 
and -23%, respectively, compared to the previous year. 
Additionally, there were temporally significant extensions 
of various process times, e.g., up to an additional 22 min 
in the “column time” in 2020. The postoperative duration 
was only prolonged during the years of the COVID-19 crisis 
and returned to the baseline level of 2019 in 2022. Notably, 
even beyond the pandemic in 2022, the pure anesthesia time 
was permanently extended by 9 min, the incision-to-suture 
time, the start to end of surgery (surgeon-related), and the 
column time were each sustainably extended by an addi-
tional 7 min. Furthermore, the transition time from the end 
of anesthesia to the release of anesthesia for the next patient 
was permanently prolonged by 4 min. Standardized index 
operations showed these changes, at most, as trends; and of 
note, over time, for all surgeries except tonsillectomy, there 
was a decline in incision-to-suture time.

The cumulative cut-to-suture minutes nationwide 
decreased by an average of 35% in April 2020, while the 
number of surgical procedures decreased to a greater extent 
by 41% [9]. Consequently, the individual procedure's cut-to-
suture time increased by ca. 10%. In line, the median cut-
to-suture time at UKU in Q2 2019 increased significantly 
by more than 12%. This could reflect the performance of 
more complex surgeries or operations of patients with severe 

comorbidities, especially considering the assumption that 
during lockdown periods, fewer teaching surgeries were 
conducted due to limited surgical capacity. It is more likely 
that highly experienced surgeons were utilized to optimize 
scarce time resources. An increase in time-consuming 
hygiene measures especially during the cut-to-suture time 
is less likely, as this period inherently involves processes 
with the highest hygiene requirements. Increased hygiene 
efforts would more likely extend times around the cut-to-
suture time.

Despite the increase in cut-to-suture time per patient, 
the cumulative cut-to-suture minutes at UKU in Q2 2020 
decreased significantly by 24% compared to the previous 
year. This could lead to a surplus of surgical and anesthe-
siological personnel, even considering revenue reductions. 
However, previous studies demonstrated that an increased 
volume of surgical procedures does not necessarily lead to 
a significant reduction in cut-to-suture time, indicating no 
direct impact on surgical and anesthesiological economics 
[19]. Grote et al. introduced the "utilization rate cut-to-
suture time" as a new metric, reflecting the ratio between the 
maximum possible and actual utilization of surgical capacity 
with cut-to-suture time, providing insights into effective uti-
lization of surgical capacity [20]. However, as a limitation, 
this metric was not assessed in the context of this study.

The presence time of the anesthesiologist until patient 
release increased by approximately 1  min during the 
COVID-19 crisis, likely due to increased hygiene require-
ments, such as self-protection during intubation. It remains 
unclear why this time has not decreased post-COVID-19. 
Similarly, the time from patient release by anesthesia to the 
first incision also increased by about 1 min per case. The 
root cause investigation is challenging, involving the surgical 
functional service significantly, which, e.g., may be subject 
to increased hygiene requirements.

The surgeon's patient engagement time, from the start of 
the surgery to the end, appeared persistently extended by 
remarkable 7 min, even after the pandemic. This prolonged 
active surgical time could be due to increased procedure 
complexity. It is conceivable that surgical restrictions during 
the pandemic led to a backlog in surgical and anesthesio-
logical training, particularly in university hospitals, which 
is now being reduced post-COVID-19. Future analysis of 
associated case-mix points and the assessment of surgeons' 
training levels could provide further insights.

The patient's occupancy time in the OR, as assessed by 
the “column time”, changed significantly. It increased from 
65 min in 2019 to 87 min in 2020, a substantial 22 min 
increment, with column times still exceeding 70 min in the 
subsequent years (2021, 2021). The extended cut-to-suture 
time of 6 min contributes to the prolonged column time, 
but it does not fully explain it. One possible explanation for 
this significantly prolonged patient presence in the OR is 
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the increased induction/extraction directly in the OR, which, 
due to hygiene concepts, could only be performed in the 
presence of minimal personnel. This could lead to time-
consuming sequential processes in surgery and anesthesia. 
However, the prolonged column time could also be due to 
more elaborate surgical procedures, such as robot-assisted, 
virtual-navigated, and newly established minimally invasive 
surgeries, which was not further analyzed in present study. 
A significant factor contributing to the observed increase in 
perioperative processing times is the resignation of expe-
rienced staff, a vulnerability particularly acute in highly 
specialized university hospitals. This marked shortage of 
specialized personnel cannot be swiftly or adequately offset 
by less experienced employees. Another possibility is a sus-
tained "slow down" by the staff, which requires further valid, 
reliable, and detailed analysis of employee qualifications.

A comprehensive central metric, encompassing all other 
recorded times, is the pure anesthesia time (RAnZ), which 
also includes surgically managed process times, such as cut-
to-suture time. In this study, compared to the pre-COVID-19 
period, there was a persistent extension of RAnZ by 9 min, 
which continued unchanged during the latest observation 
period. Since specific hygiene measures (such as isolated 
induction) have mainly been lifted, this ongoing time delay 
is noteworthy, as it evidently represents a substantial eco-
nomic aspect accumulated over time. Estimates suggest that 
in the USA, as early as 2014, the cost of one minute of sur-
gery was approximately $36 [21], and in Germany around 
the same time, it ranged between 12 € [22] and 50 € [23]. 
The costs of one minute of surgery are likely higher in 2023, 
making the economic consequences of this efficiency loss 
particularly evident.

The observed changes in OR process times could also 
stem from a modified patient profile due to altered refer-
rals or self-admission practices. According to a nationwide 
survey of leading vascular surgeons, a significant number of 
elective surgeries were canceled by patients in March 2020, 
even though they could have been performed as planned 
[24]. However, it has also been demonstrated internationally 
that patients with perioperative SARS-CoV-2 infection in 
the period from January to March 2020 suffered pulmonary 
complications in almost 50% of cases, with an increased 
mortality rate [25]. This may indicate a high degree of 
patient uncertainty and a patient selection bias towards indi-
viduals with severe medical conditions and emergency cases 
during the pandemic. The Department of Surgery at Charité-
University Hospital Berlin in 2020 showed a COVID-19-re-
lated change in the patient profile towards older patients with 
longer hospital stays and a slightly increased complication 
and mortality rate, as well as a shift in the type of surgery 
towards oncological procedures [26]. To address a potential 
change in OR process times due to a modified spectrum of 
surgeries, this study additionally addressed index surgeries 

at UKU known to be largely standardized. The selection 
of these common procedures was made as a representative 
sample from the benchmarking program list of the most 
frequent surgeries, which documented alterations in case 
numbers due to lockdown in 2020 compared to the previous 
year, among others, the tonsillectomy (-71%), appendectomy 
(-6%), and open reduction of a simple joint fracture (+ 4%) 
[9]. For the chosen metrics of the selected index surger-
ies, there was no statistically significant long-term change 
in process times, except for a significant sustained increase 
in the preoperative phase (extending until 2022). Therefore, 
the notable extensions of OR process times (cut-to-closure 
time, column time, turnover times) are likely attributable 
to altered patient and/or procedural complexity rather than 
process or structural quality. However, given the relatively 
low index operation volume in the present study, the likeli-
hood of a false-negative statement is high.

At UKU, a professional OR management, led by a spe-
cialist in anesthesiology, was already implemented before 
COVID-19. The introduction of an efficiency-oriented cen-
tral OR management at other university hospitals in the past 
has shown a significant improvement in OR process quality 
[27]. For example, there were marked improvements in the 
morning incision/operation start and a reduction in anes-
thesiological turnover times (up to 50%) or OR functional 
service (by over 30%). As a result, the number of surgeries 
increased by over 20%, and cumulative cut-to-suture time 
increased by over 10% [27]. In the context of the COVID-19 
pandemic, it is evident that professional OR management 
faced maximum challenges at all levels of healthcare [28], 
particularly in coordination with postoperative intensive care 
capacities [19]. At many hospitals, including UKU, a dedi-
cated Corona Task Force led by the Chief Medical Officer 
was established, closely interacting with the OR manage-
ment. During the pandemic, the focus in the OR was on 
establishing appropriate self and external protective meas-
ures, hygiene, and disinfection measures for infection con-
trol, as well as continuous triage of patients and appropriate 
OR allocation. Prioritizing and monitoring the physical and 
mental health of staff was necessary not only at UKU but 
also globally [28] to sustain an effective operative perfor-
mance spectrum.

Conclusion

In conclusion, there were long-term changes in essential 
perioperative process times, confirming the a priori hypoth-
esis with the pre-defined level of significance. This indicates 
that the COVID-19 pandemic-related surgical restrictions 
have long-term reduced the operative performance at UKU. 
Furthermore, there was a clear dynamic of the investigated 
surgical performance parameters, which were altered not 
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only during the COVID-19 pandemic but also beyond, indi-
cating some diminished process efficiency. However, largely 
standardized index procedures, with a relatively small over-
all number, did not show marked changes, suggesting that 
the significant changes in process metrics for all procedures 
may be primarily attributed to a different patient mix beyond 
standard procedures.

Future analyses at UKU, including additional patient 
characteristics, as well as benchmarking with other univer-
sity hospitals, will need to demonstrate the measures through 
which perioperative process quality and, consequently, long-
term patient outcome quality can be purposefully improved. 
Priority should initially be given to measures for personnel 
retention and preservation. In addition to the continuous 
optimization of process and resource efficiency with the 
examined metrics, especially in the post-COVID-19 era, 
the enhancement of the adaptability efficiency of the surgi-
cal unit is crucial for resilience against further crises and 
ensuring the operational capacity for the healthcare of future 
generations.
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