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Abstract

Objective To provide an empirical basis for transforming operating room management from result
monitoring to process governance by constructing a multi-time point chain aligned with standard
operating procedures, and by identifying specific delay links and bottlenecks of first elective surgery
starts. Methods A cross-sectional study was conducted using first elective surgeries from August to
December 2025 (N = 1375). Data were collected at seven time points. Based on the causal chain
principle and process dependence principle, a delay attribution model was developed to calculate
link-specific delay contributions and conduct attribution analysis. Results The post-intervention
on-time start rate was 88.9% (1222/1375). Only 14.0% (192/1375) achieved zero delay across the
whole chain. In 153 delayed cases after model correction, delay contributions were: preparation
before skin incision (T7-T4, 48.6%), delayed ward transfer (T1, 24.0%), late surgeon arrival (T6,
7.6%), anesthesia overtime (T4, 8.1%), late surgical check doctor arrival (T3, 7.5%), and delayed
patient room entry (T2, 4.2%). Surgeon-related factors (T6+T3+T7-T4) accounted for 63.7% of
total delay. Conclusion The surgical team (late primary surgeon, late checker, and slow pre-incision
preparation) is the core bottleneck in first-case delay. The attribution model enables precise delay
responsibility localization and provides a scientific tool for continuous data-driven operating room
process optimization.

Keywords first operation; opening delay; time point chain; process diagnosis; responsibility attribution;
operating room management

The operating room is the core platform with the highest resource density and the highest operating
cost. Whether the first elective surgery can be started on time not only affects the convergence efficiency
of the day ’ s surgery, but also is directly related to patient safety and overall operating efficiency [1-3],
Our hospital clearly stipulates that the first elective surgery must be started before 9 : 00 a.m. (9: 30 on
Wednesday ). However, the data of 2024 show that the average on-time opening rate of the whole year
is only 52.6 %. This phenomenon is not a case. A number of studies at home and abroad have shown that
the delay of the first operation is a common problem in the management of the operating room 47 In
order to improve this situation, in August 2025, our hospital launched a series of multidisciplinary process
optimization interventions led by nursing teams.
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The traditional effect evaluation mostly stays in the comparison of the overall opening rate changes
before and after the intervention. Although this evaluation method that only looks at input and output
can judge whether the intervention is effective, it cannot reveal the specific links and bottlenecks of delay

[8-9] 101 In recent years, methods such as

, resulting in the lack of targets for continuous improvement [
process management, six sigma, and multidisciplinary collaboration have been widely used to improve the
efficiency of operating rooms [3.7.11-13] However, most studies still focus on the improvement of macro

indicators, [14-16] |

ack of refined diagnostic tools for micro processes.

Based on this, this study introduced a multi-time point chain analysis framework and constructed an
attribution model for the delay in the opening of the first elective surgery. The aim is to use high-precision
time chain tools to perform anatomical process diagnosis in the post-intervention stage ; through the
responsibility attribution model, the delay contributions of anesthesia, surgery, operating room nursing,
ward nursing and other parties are separated one by one ; through the improvement of macro indicators,
we can find out the micro imbalance links that have not yet been solved, and provide real targeted decision-

making basis for follow-up management. [17-19]

1 Data and Methods

1.1 General information

All the first elective surgeries in the central operating room of our hospital from August 1,2025 to December
31,2025 were selected. After excluding cases of emergency, temporary cancellation and missing data at
key time points, 1375 valid data were finally included.

1.2 Methods

1.2.1 Definition of standard time point chain

In this study, under the coordination of the management department, seven key time nodes and their
standards for the first elective surgery were set through surgical communication. Considering Wednesday
’s special arrangement, the standard is divided into two categories :

Table 1. Standard time point chain for first elective surgery

Non Wednesday Wednesday
Time point definition standard standard
T1 ward sent patients to the waiting room  <07:40 <08:10
T2 nurses received patients into the <08:00 <08:30
operating room
T3 surgical check doctor in place <08:00 <08:30
T4 anesthesia operation completed <08:40 <09:10
T5 instrument preparation completed ~ <08:50 <09:20
T6 surgeon in place <08:50 <09:20
T7 operation opening / skin incision <09:00 <09:30

1.2.2 Delayed contribution attribution model

1.2.2.1 Surgical procedures are interlinked, and two basic principles should be followed when judging
delayed liability :
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Causal chain principle : if the previous link is delayed, resulting in a passive delay in the subsequent
link, even if the subsequent link exceeds its own standard, its delay responsibility is still attributed to the
initial delay link.

The principle of process dependence : some of the follow-up links must be completed before the specific
pre-order link can be started ( such as equipment preparation T5 must be subject to tripartite verification,
that is, T3 can be completed ). If the subsequent start is delayed due to the unfinished pre-order, this part
of the delay is also attributed to the pre-order link.

1.2.2.2 Based on the above principles, combined with the standard duration of anesthesia operation 40
minutes ( T4-T3 ), the standard duration of instrument preparation completion 50 minutes ( T5-T3 ), and
the standard duration from anesthesia to opening 20 minutes ( T7-T4 ), the following attribution model
was established :

Table 2. Delayed contribution attribution model

Responsibility
Delay link Calculation formula attribution Remarks
T1delay  MAX(0, T1 - standard Ward nurse T1 is the starting point of all
time ) subsequent links, and its delay will be
transmitted downstream.

T2 delay  MAX(0, T2 - MAX(TT, Operating room If T1 has been delayed, the

T1standard time ) - 20) nurses responsibility of T2 is only to
examine whether it is based on T1
additional delay time ; if T1 is not
delayed, it is examined whether T2
exceeds its own standards.

T3 delay MAX(0, T3 - standard Surgical T3 delay not only affects themselves,

time ) verification of but also leads to passive delay of T4

doctors’ and T5.

T4 delay  MAX(0, (T4 - T3) - 40) Anesthesiologists  start timing from T3 in place to
exclude the interference of the
previous delay.

T5delay  MAX(0, (T5 - T3) - 50) Operating room started timing from T3 in place to

nurses exclude the interference of pre-order
delay.

T6 delay MAX(0, T6 - standard The main knife main knife in place time is relatively

time ) doctors’ independent, less affected by the
previous order, and directly examines
whether it exceeds the standard.

T7-T4 delay MAX(0, (T7 - T4) - 20) The surgical team  refers to the time between the

completion of anesthesia and the skin
incision, which mainly involves the
operation efficiency of the surgeon.

1.2.3 Collection and calculation

For each delayed operation ( T7 later than standard time ), the number of delayed minutes in the above
seven links was calculated respectively. The proportion of the delay minutes of each link to the total delay
minutes ( T7 actual time-standard time ) is the contribution of this link to the delay of this case.
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1.3  Statistical analysis

SPSS 26.0 software was used. The count data were expressed as the number of cases and percentage, and
the x? test was used for comparison between groups. P < 0.05 was considered statistically significant.

2 Results

2.1 Overall opening rate

From August to December 2025, a total of 1375 patients were included in the first elective surgery, of
which 1222 were on time ( T7 < standard time ), with an overall on-time opening rate of 88.9 %.

2.2 Micro-process diagnosis after intervention

2.2.1 Overall compliance of the time chain

Of the 1375 surgeries, only 192 ( 14.0 % ) achieved zero delay from T1 to T7. Up to 86 % of surgeries
have at least one timeout.

2.2.2 Compliance rate of each link

The compliance rate at each key time point after intervention ( actual time < standard time of the day ) is

as follows :
Table 3. Compliance rate of each key time-point link
The number of cases reaching the standard rate of links
T1 ( send patients to waiting room ) 1018 74.0%
T2 ( nurse access to operating room ) 1165 84.7%
T3 ( check the doctor in place ) 317 23.1%
T4 ( completion of anesthesia ) 1273 92.6%
T5 ( instrument preparation completed ) 1359 98.8%
T6 ( surgeon in place ) 1148 83.5%

2.2.3 Length of anesthesia operation

The average duration of anesthesia ( T4-T3 ) was 25.8 + 10.9 minutes, with a median of 25 minutes. 92.6
% (1273 /1375 of anesthesia operations were completed within 40 minutes of standard time.

2.2.4 Comparison of delayed contribution after attribution model correction

The 153 cases of delayed surgery were decomposed, and the contribution of each link and the average
delay time were as follows :

Table 4. Delay contribution and average delay time by link

delay link Contribution Average delay time (minutes)
T7-T4 delay ( preparation before skin incision 48.6% 14.7
T1 delay ( delay in sending patients ) 24.0% 44

T4 delay ( anesthesia timeout ) 8.1% 11.9
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delay link Contribution Average delay time (minutes)
T6 delay ( surgeon late ) 7.6% 11.1
T3 delay ( surgical check doctor late ) 7.5% 6.9
T2 delay ( patient admission late ) 4.2% 15.2
T5 delay ( instrument preparation delay ) 0.0% 0

The 153 cases of delayed surgery were decomposed, and the contribution of each link and the average
delay time were as follows :

The total contribution of each team : surgical team ( T6 + T3 + T7-T4) : 63.7 % ; anesthesia team (
T4 anesthesia timeout ) : 8.1 % ; operating room nursing team (T2 + T5 ) : 4.2 % ; the ward nursing team
(T1):24.0 %.

3 Discussion and suggestion

3.1 Methodological breakthrough: from fuzzy attribution to responsibility penetration

This study constructs a responsibility-penetrating attribution model based on multi-time point chain. The
model clarifies the responsibility of each key time node, and can realize the accurate backtracking and
cause positioning of each case of inaccurate open surgery.

In clinical practice, the delay in the opening of the first operation is often generally attributed to a single
factor such as slow anesthesia operation, delayed connection or insufficient preparation, resulting in a lack
of objective basis for management accountability and difficulty in focusing on improvement measures.
The attribution model established in this study can effectively distinguish between active delay and passive
delay by introducing the principle of causal chain and the principle of process dependence, so as to avoid
the chain effect caused by the delay of the previous link being wrongly attributed to the subsequent link.
For example, when the check doctor is late to delay the start of anesthesia, the model restores the delay
responsibility to the check link, rather than simply determining that the anesthesia operation is overtime.

In addition, the model has the following clinical practical value : First, the precise stripping of delay
responsibility can be realized, and the contribution of each team ( including surgery, anesthesia, nursing
and ward ) to the total delay can be quantified on a case-by-case basis ; the second is to identify the hidden
bottlenecks in the process, such as the neglected problem of checking that the doctor * s arrival rate is
less than 30 % for a long time ; the third is to provide operational targets for continuous improvement,
so that managers can formulate interventions for specific links, rather than generally strengthen overall
management. Through the above mechanism, this model promotes the transformation of operating room
management from result-oriented extensive assessment to process-oriented fine governance.

3.2 Bottleneck precise positioning: surgeons are the absolute core

After the attribution model correction, the surgeon-related factors contributed a total of 63.7 % of the
opening delay, including the late arrival of the surgeon ( T6 ), the late arrival of the surgical check doctor
(T3 ), and the delayed preparation before skin incision ( T7-T4 ). The results are consistent with the
conclusions of many international studies. [5.7.10,12,20]

Among them, the delay in preparation before skin incision ( T7-T4) contributed 48.6 %, which was the
primary bottleneck of the delay in the first operation. This link corresponds to the operation stage from
the patient * s admission to the skin incision, including steps such as disinfection, towel laying, position
placement, and preoperative positioning, suggesting that there is a large room for improvement in the

preoperative preparation efficiency of the surgical team in the operating room. [10-20-21]
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The contribution of surgical verification to the doctor * s delay in arrival ( T3 ) was 7.5 %, which was
a stubborn bottleneck. Checking the doctor ’ s arrival rate is less than 30 %, which is an obvious weak
link. This link is located at the front end of the process, and its delay not only directly delays the anesthesia
start time (T4 ), but also leads to passive delays in subsequent links such as instrument preparation ( T5 ),
resulting in a chain of efficiency losses. [22]

The contribution of the main surgeon ’s delay in place ( T6 ) was 7.6 %, which was a hidden bottleneck
that had been neglected for a long time. This delay is mostly related to institutional conflicts such as
morning rounds and outpatient arrangements, and because its occurrence node is close to the opening

time, the buffer space is limited, which has a significant impact on the overall punctuality rate. [12]

3.3 Analysis of patient delay

The attribution model showed that 24.0 % of the patients were sent to the waiting room ( T1 delay ),
with an average delay time of 44 minutes, ranking second among all delay links. This link is located at
the forefront of the process, and its delay will be transmitted to the downstream step by step, resulting in
passive delay of T2 ( patient admission ), T4 (anesthesia operation ), T7 ( platform opening ) and other links.
Different from the back-end link, T1 delay lacks any compensation buffer, and its impact on the overall
opening time is irreversible. In traditional management, T1 delay is often classified as the overall problem
of the ward delivery process, lacking special tracking and responsibility assessment. The document data
showed that the T1 compliance rate was only 74.0 %, which was at a low level in all links. However,
previous discussions focused on the surgery and anesthesia team, and the systematic improvement of the
ward link has not received enough attention.

3.4 Thereal contribution of the anesthesia and nursing team: the masked efficiency compensator

After correction by the attribution model, the true contribution of anesthesia operation timeout ( T4 delay
) to the total delay was 8.1 %. In all 1375 operations, 92.6 % of the anesthesia operations were completed
within 40 minutes of the standard time, and the average operation time was 25.8 minutes, which was
significantly lower than the standard upper limit. More importantly, the model eliminates the passive
delay of anesthesia initiation caused by the delay of the surgical check doctor ( T3 delay ) through the
causal chain principle, and restores the real time consumption of the anesthesia operation. The above data
show that the anesthesia team is not the main source of delay in the current process, and its operation
efficiency has high stability and reliability. [23]

The performance of the operating room nursing team is also worthy of objective affirmation. The
nursing team involved two key links : patient admission ( T2 ) and instrument preparation ( T5 ). The
attribution model showed that the contribution of T2 delay was 4.2 %, and the contribution of T5 delay
was 0.0 %. Among them, the compliance rate of T5 link is as high as 98.8 % ( 1359 / 1375 ), which is the
best in all time nodes.

On the whole, the anesthesia team and the operating room nursing team played the role of efficiency
compensator in the first operation process. Under the external interference such as the late arrival of the
check doctor and the failure of the surgeon, the two teams partially compensated for the efficiency loss
of the front end of the process by compressing their own operational flexibility and maintaining a high
compliance rate.

3.5 Vulnerability of macro performance: hidden crisis under high punctuality rate

After the intervention, the overall punctuality rate was 88.9 %, but the zero delay rate of the whole process
was only 14.0 %, and up to 86.0 % of the surgeries had at least one link timeout. This contrast shows
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that the current high punctuality rate is not due to the coordinated operation of the whole process, but
depends on the anesthesia and nursing team to passively compensate the front-end delay by compressing its
own operational flexibility. This model focuses process pressure on a few efficient teams and has significant
vulnerability. Once encountering complex cases or manpower shortage, the overall performance is difhicult
to maintain. Therefore, process health should be reflected in the balanced improvement of the compliance
rate of each link and the substantial growth of the zero delay rate of the whole process, rather than relying
on the high-intensity emergency substitution of individual teams. Follow-up management should focus on
the precise management of front-end bottlenecks, reduce excessive dependence on back-end compensation
mechanisms, emphasize the joint responsibility of surgeons, anesthesiologists, and nursing teams, and build
a more resilient surgical process system. [15]

3.6 Precision governance strategy

3.5.1 For the surgical team : Establish a personal performance file, and regularly push the department
director and the scalpel to the department director and the scalpel. The department average and individual
abnormal values of the surgeon ’ s on-time rate ( T6 ), the surgical checker > s on-time rate ( T3 ), and
the length of preparation before skin incision ( T7-T4 ). [7] For those who are late for high frequency or
overtime for preoperative preparation, rigid constraint mechanisms such as the reduction of qualification
for the first operation can be explored. [24]

3.5.2 For the ward nursing team : establish a ward-operating room linkage scheduling mechanism,
build an information-based two-way feedback system, and optimize the preoperative preparation pro-
cess standards. To streamline and list the preparatory operations before the patient * s transfer, formulate
standard operating procedures, and clarify the person in charge of each operation and the time limit for
completion. For complex cases, the preparation process can be started in advance and sufhcient operation
time can be reserved. [23:25]

3.5.3 For the anesthesia team : T3-T4 linkage assessment was implemented to restore responsibility
to the real source of delay. A special review was conducted for a small number of cases ( 8.1 % contribu-
tion ) with anesthesia operation timeout, focusing on improving the anesthesia plan ability and operation
efficiency of complex cases.

3.5.4 For the operating room nursing team : consolidate the advantages. Continue to maintain the
efficient operation of equipment preparation ( T5 ), and promote the standard operation process of this link
as a training template to other operating room management scenarios. Optimize weak links. For the T2 (
patient admission ) link, the focus is on improving the handover process with the ward to reduce the passive
waiting caused by incomplete patient information, inadequate transport tools or poor communication. It
is possible to explore the establishment of a special post for operating room scheduling, to coordinate the
timing of patients entering the room, and to avoid the congestion and waiting caused by the centralized
entry of multiple operations.

3.5.5 For preoperative preparation ( operation before skin incision ) : the operation of intraoperative
positioning, special position placement, disinfection towels and other operations are streamlined and stan-
dardized, and standard operating time is formulated and incorporated into the routine training and simu-
lation exercise system (141, For repeated overtime operators or procedures, special skills training or video
review analysis can be carried out to improve operational proficiency and team cooperation efficiency.

3.7 Research limitations

This study is a single-center cross-sectional study, and the conclusion extrapolation should be cautious. At
the same time, there is a lack of detailed time point data of the control group in the same period of 2024,
and it is impossible to make a refined comparison before and after the intervention.
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The above limitations also laid the foundation for subsequent research. The attribution model estab-
lished in this study is transferable, and its universality can be verified by multi-center application. The
current data can be used as a baseline reference for continuous improvement. The research team has ini-
tiated normalized data collection and promoted the transition from cross-sectional diagnosis to dynamic
process assessment. The research limitations can be transformed into the starting point of the long-term
monitoring system, rather than the end point of the validity of the conclusion.

To Cite This Article Song YUAN, et al. (2026). Micro-process diagnosis and attribution of delayed first
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