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التناقضات بني أوقات التحول الفعلية و املخطط هلا يف غرف العمليات يف
مستشفى ريفي كبري يف أملانيا
 ديرتي�ش دول، ماركو�س لويدي، فرانك �ستيرب، رالف �شيفر، كاثارينا ويفري�ش، فرانزي�سكا هاينز،ريجوال مورجينيغ
abstract: Objectives: While several factors have been shown to influence operating room (OR) turnaround
times, few comparisons of planned and actual OR turnaround times have been performed. This study aimed to
compare planned and actual OR turnaround times at a large rural hospital in Northern Germany. Methods: This
retrospective study examined the OR turnaround data of 875 elective surgery cases scheduled at the Marienhospital,
Vechta, Germany, between July and October 2014. The frequency distributions of planned and actual OR turnaround times were compared and correlations between turnaround times and various factors were established,
including the time of day of the procedure, patient age and the planned duration of the surgery. Results: There
was a significant difference between mean planned and actual OR turnaround times (0.32 versus 0.64 hours;
P <0.001). In addition, significant correlations were noted between actual OR turnaround times and the time of
day of the surgery, patient age, actual duration of the procedure and staffing changes affecting the surgeon or the
medical specialty of the surgery (P <0.001 each). The quotient of actual/planned OR turnaround times ranged from
1.733–3.000. Conclusion: Significant discrepancies between planned and actual OR turnaround times were noted
during the study period. Such findings may be potentially used in future studies to establish a tool to improve OR
planning, measure OR management performance and enable benchmarking.
Keywords: Operating Room, organization and administration; Patient Care Management; Strategic Planning; Time
Management; Quality Control; Germany.

 اليوجد اال عدد قليل من التقارير عن املقارنات بني، هناك عدة عوامل ت�ؤثر على �أوقات الت�شغيل يف غرف العمليات: الهدف:امللخ�ص
 هدفت هذه الدرا�سة �إىل مقارنة �أوقات التحول املخطط لها والفعلية و يف م�ست�شفى ريفي كبري يف.�أوقات التحول املخطط لها والفعلية
، في�شتا، حالة جراحة اختيارية املقررة يف م�ست�شفى مارين875  فح�صت هذه الدرا�سة الرجعية بيانات �أو حتويالت: الطريقة.�شمال �أملانيا
 متت مقارنة مواقيت العمليات املخطط لها والفعلية و�أظهرت العالقة بني فرتات التحول والعوامالل.2014  بني يوليو و�أكتوبر،�أملانيا
 كان هناك فرق كبري بني متو�سط: النتائج. مبا يف ذلك وقت اليوم من العملية وعمر املري�ض واملدة املقررة للجراحة،خمتلفة امل�ؤثرة فيه
 لوحظ وجود ارتباط كبري بني الزمن الفعلي،) وبالإ�ضافة �إىل ذلكP >0.001 �ساعة؛0.64  مقابل0.32(. املدة الزمنية املخطط لها والفعلية
 واملدة الفعلية للإجراء والتغيريات يف العاملني يف، وعمر املري�ض،�أو زمن التحول وكل من الوقت من اليوم الجراء العملية اجلراحية
 لكل منهما وتراوحت حوا�صل الفرتة الزمنية الفعليةP >0.001 .غرف العمليات والتي قد ت�ؤثر على اجلراح �أو التخ�ص�ص الطبي للجراحة
 لوحظت خالل فرتة الدرا�سة وجود �أوجه تباين كبرية بني الأوقات الفعلية للعمليات واملخطط: اخلال�صة.1.733-3.000 �أو املخطط لها من
 وميكن ا�ستخدام هذه النتائج يف الدرا�سات امل�ستقبلية لإن�شاء �أداة لتح�سني التخطيط و �أداء الإدارة و متكني القيا�س الدقيق لزمن اجراء.لها
.العمليات اجلراحية وا�ستخدام غرف العمليات
. التنظيم والإدارة؛ �إدارة رعاية املر�ضى؛ التخطيط الأ�سرتاتيجي؛ �إدارة الوقت؛ مراقبة اجلودة؛ �أملانيا، غرف العمليات:الكلمات املفتاحية

Advances in Knowledge
- This study identified significant discrepancies between planned and actual operating room (OR) turnaround times at a large rural
hospital in Northern Germany.
Application to Patient Care
- The findings of the current study could potentially be used to improve OR planning and management and provide a reference point
for optimal OR turnaround times. The correction of any discrepancies between planned and actual OR turnaround times can reduce
patient wait times and increase OR optimisation by allowing more surgeries to be performed in a specific OR.
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O

rganisational decisions related to the
planning of surgeries are based on a series
of hierarchical priorities, including patient
safety, the surgeon’s access to an available operating
room (OR), OR efficiency and patient wait times.1 In
contrast, longer-term strategic decisions focus on
increasing OR capacity utilisation despite potential
uncertainties in future caseloads.2 The interval between
the end of one surgery on a patient and the beginning
of the next surgery on another patient is known as the
OR turnaround time; this should be distinguished from
OR turnover time which conventionally indicates the
interval between the previous patient leaving the OR
and the next patient entering the room, although these
terms are sometimes used interchangeably.3–6
Various factors have been shown to influence
OR turnaround times; for example, the time of day
of the surgery, the age and American Society of
Anesthesiology physical status of the patient and the
assignment of the right anaesthesiologist to a surgeon
have all been associated with a reduction in OR
overutilisation.4,5,7,8 In contrast, a change in surgeon has
been found to have no significant impact on OR
efficiency.9 In an in-depth analysis of OR data, including
causes of delays and personal accountability, Overdyk
et al. found that teamwork improved OR efficiency.10
However, Masursky et al. observed that both surgeons
and, to a lesser extent, anaesthesiologists, judged OR
turnaround times according to mental models of
factors influencing turnover; thus, the perceptions of
surgeons or anaesthesiologists should not be relied
upon to make OR management decisions.11 A direct
comparison between planned and actual OR turnaround times is useful as any discrepancies between
the two times can affect OR efficiency. To this end, the
current study aimed to compare factors influencing
planned and actual OR turnaround times at a large
hospital in Vechta, Northern Germany.

Methods
This retrospective study was conducted at the
Marienhospital, a rural 321-bed hospital with six
ORs in Vechta.4,5 The OR data of elective surgical
cases scheduled at the Marienhospital between July
and October 2014 were analysed. Only those elective
surgeries under the following medical specialties
were included: general surgery; orthopaedic/trauma
surgery; visceral surgery (including coloproctologyrelated procedures); ear, nose and throat (ENT) surgery;
obstetrics and gynaecology surgery; dermatology surgery;
and internal medicine surgery (including the surgical
implantation of cardiac pacemakers). Information related
to the surgeries, patients and OR turnaround times was

retrieved from the hospital’s electronic information
system (Orbis Krankenhaus-Informationssystem,
Bureau van Dijk, Amsterdam, the Netherlands).
During the study period, 2,651 OR procedures
were recorded in the hospital’s electronic database.
Of these, 28 were duplicate entries and 225 cases
were scheduled in an OR reserved for preparatory
and/or poorly documented procedures. Another 550
cases were excluded because they were performed
during public holidays. Of the remaining cases, 426
were unplanned emergency surgeries and 207 were
surgeries which were planned but not performed,
resulting in 1,215 cases. However, 320 surgeries were
the first cases of the day and were therefore excluded
as turnaround time could not be determined. An
additional 14 surgeries were excluded as they were
deemed to be delayed, with turnaround times longer
than 90 minutes or deviating more than 15 minutes
from the median.8,12 Finally, six cases were excluded
because they were emergency cases which began at
night but continued into the next day. Accordingly,
a total of 875 surgeries were included in the
final analysis.
The statistical analyses were performed using
an Excel spreadsheet, Version 2010 (Microsoft Inc.,
Redmond, Washington, USA) and GraphPad Prism
software, Version 6.0 (GraphPad Software Inc., La
Jolla, California, USA). Results derived from twotailed t-tests were considered significant at the level
of P <0.050. Non-parametric testing was employed
as the specific grouping of cases according to surgical
lists and time would further decrease the sample size.
A Chi-squared test was used to compare frequency
distributions and planned and actual OR turnaround
times were correlated using Wilcoxon and MannWhitney U tests. The Kruskal-Wallis test was utilised
to correlate turnaround times with the specific time of
day at hourly intervals. Correlations between planned
and actual OR turnaround times and patient age and
the duration of surgery were determined according to
Spearman’s rank correlation.
This study was approved by the Ethics Committee
of the Medical Association of Lower Saxony, Hanover,
Germany, as per their professional code of conduct.
Formal ethical approval was waived as the patients
were neither psychologically nor physically affected by
the study.

Results
The mean planned OR turnaround time was 0.32 hours
(95% confidence interval [CI]: 0.30–0.33 hours); in
contrast, the mean actual OR turnaround time differed
significantly at 0.64 hours (95% CI: 0.62–0.65 hours;
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Figure 1: Mean (A) planned and (B) actual operating room turnaround times according to time of day* among elective
surgical cases scheduled at a large rural hospital in Northern Germany (N = 875).
OR = operating room.
*Data at specific hours include the preceding 60 minutes.

P <0.001). Actual OR turnaround times exceeded planned
times in 773 cases (88.3%), while they fell short of
planned times in 93 cases (10.6%) and were exactly the
same in nine cases (1.0%). No significant relationship
was found between planned OR turnaround times and
the time of day of the procedure (P = 0.444). However,
actual OR turnaround times increased significantly as
the day progressed, increasing on average from 0.37 to
0.72 hours between 8 AM and 3 PM before dropping
back to 0.56 hours at 4 PM (P = 0.001) [Figure 1].
In addition, while no correlation was noted
between planned OR turnaround time and patient
age (r = 0.0163; P = 0.622), there was a significant
relationship between planned OR turnaround time
and the planned duration of the procedure (r = 0.0767;
P = 0.020) [Figures 2A and B]. In contrast, actual
OR turnaround times correlated significantly with
both patient age (r = 0.2375; P <0.001) and the actual
duration of the procedure (r = 0.5114; P <0.001)
[Figures 2C and D]. Significant discrepancies between
planned and actual OR turnaround times were noted

among all medical specialties, with discrepancies
ranging from 3.4-fold for dermatology surgeries to
1.7-fold for ENT surgeries [Figure 3].
Correlations between changes in staffing and
discrepancies in planned and actual OR turnaround
times were assessed. The mean actual OR turnaround
time was 0.59 hours when there was no change in
either the surgeon performing the procedure or the
specialty of the surgery. No significant differences
in planned OR turnaround time were observed with
either a change of surgeon within the same medical
specialty (P = 0.140) or a change in medical specialty
entirely (P = 0.752). However, the mean actual OR
turnaround time differed significantly with either
a change in surgeon (0.67 hours versus 0.59 hours;
P <0.001) or a change in medical specialty (0.87 hours
versus 0.59 hours; P <0.001) [Figure 4]. Quotients
of planned and actual OR turnaround times were
generated according to medical specialty, excluding
49 cases with a planned turnaround time of 0 as this
is impossible in reality although obtainable in theoretical

Figure 2: Correlations between mean (A & B) planned and (C & D) actual operating room turnaround times and patient
age and duration of surgery, respectively, among elective surgical cases scheduled at a large rural hospital in Northern
Germany (N = 875).
OR = operating room.
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Figure 3: Mean (A) planned and (B) actual operating room turnaround times according to medical specialty among
elective surgical cases scheduled at a large rural hospital in Northern Germany (N = 875). The error bars represent 95%
confidence intervals.
OBGYN = obstetrics and gynaecology; ENT = ear, nose and throat; OR = operating room.

Figure 4: Correlations between mean (A) planned and (B) actual operating room turnaround times and staffing changes
(i.e. either a change in surgeon or the medical specialty of the surgery) among elective surgical cases scheduled at a large
rural hospital in Northern Germany (N = 875).
OR = operating room.

Figure 5: Boxplots of quotients of actual and planned operating room turnaround times according to specialty among
elective surgical cases scheduled at a large rural hospital in Northern Germany (N = 826)*. The boxplots are presented on
a log 2 scale.
OBGYN = obstetrics and gynaecology; ENT = ear, nose and throat; OR = operating room.
*Total data set for this variable was 826 as 49 cases were excluded.

planning. Of the remaining 826 cases, median quotients ranged from 1.733 for ENT surgeries to 3.000
for dermatology surgeries. None of the specialties
achieved a perfect mean quotient of 1.0 [Figure 5].

Discussion
Significant discrepancies were found between planned
and actual OR turnaround times in the current study.
These discrepancies correlated with the time of day
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of the procedure, patient age, actual duration of
the procedure and staffing changes. The observed
correlations between prolonged turnaround times
and both time of day and patient age were in line with
previously described findings.4,7 However, Austin et al.
determined that a change in surgeon had a negligible
effect on OR turnover time.9 Despite evidence that
these individuals hold much of the responsibility for
procedural efficiency, Masursky et al. previously found
that surgeons were biased when it came to planning
OR turnaround times.11,13
Correcting discrepancies between planned and
actual OR turnaround times can reduce patient wait
times, potentially enabling more procedures to be
performed in a single OR, especially when numerous
short surgeries are scheduled. The findings of the current
study have potential managerial applications at the
Marienhospital in order to increase the accuracy of OR
planning and measure OR efficiency; in addition, these
results can be used as a yardstick against which future
data can be benchmarked.14 Further investigations are
planned to develop a tool incorporating those factors
found to significantly impact OR turnover times in
the current study. Nevertheless, it remains a matter of
debate as to whether statistical analyses such as those
utilised in the present study will accurately assess nonmathematical factors. For example, there is evidence
that financial incentive programmes, interviews with
stakeholders and the assignment of an appropriate
anaesthesiologist can influence turnaround times.5,15,16
Moreover, psychological factors such as emotional
intelligence may affect patient safety as well as
perioperative performance.17,18
This study is subject to certain limitations. Other
variables potentially affecting OR turnaround time were
not included in the current analysis, such as variations
in OR cleaning needs, patient transportation, the
individual experience of the surgeon, the availability of
senior surgical team members during a procedure, the
specialties of other personnel present (e.g. surgeons,
anaesthesiologists and nurses) and the use of operative
devices/materials requiring extra preparation time.
In addition, the study was limited by its retrospective
nature; as such, the correlations observed are not
definitive proof of causation. It is likely that certain
correlations were only marginally significant due to
their small sample sizes (e.g. OR turnaround times
for dermatology and internal medicine surgeries were
based on 14 and 15 cases, respectively). Additionally,
while the results of this study can be used to improve
the accuracy of OR planning at the Marienhospital,
they cannot be extrapolated to other hospitals.
Nevertheless, the findings of this study are supported

by the fact that discrepancies between planned and
actual OR turnaround times were identified and
correlations found with most parameters.

Conclusion
Significant discrepancies between planned and actual
OR turnaround times were observed in the current
study. Moreover, actual OR turnaround times were
significantly affected by the time of day of the surgery,
patient age, actual duration of the procedure and
staffing changes. These findings have important
managerial implications and may be used by OR
managers to increase the accuracy of OR planning,
measure OR performance and enable potential
benchmarking. Future investigations are planned to
construct a tool to accommodate identified factors
impacting OR turnover times.
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