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Abstract 
Background: The Work-As-Imagined (WAI) is a plan that is expected to be 
performed before surgery, and the Work-As-Done (WAD) is the result of 
work actually done. In order to perform safe and high-quality surgery for the 
individual surgeon, the surgical team, and hospital organization as a system, 
we have to reconcile the WAI and the WAD in resilience engineering for the 
real world of surgical healthcare. Objective: Based on the resilient healthcare 
theory, we would like to clarify the actual way of reconciling the WAI and 
WAD in surgery. Material and Methods: As a typical model of thoracic sur-
gery, we use a lobectomy case for lung cancer. We describe a surgeon’s WAI 
and WAD, and we explain the anticipating, monitoring, responding, and lear- 
ning based on the resilient healthcare theory. We reveal the gaps between the 
WAI and WAD during an operation, we consider the surgeon’s thinking 
and actual performance, and we describe the actual way of reconciling the 
WAI and WAD for the surgeon and surgical team. Outcomes: We described 
three scenes in the operating room, which are 1) by individual surgeon: ad-
justment for intrathoracic adhesion; 2) by surgical team: adjustment for pul-
monary artery bleeding; and 3) by surgical team with multi-professionals in 
the operating room: adjustment for life threatening pulmonary artery critical 
bleeding. Conclusion: In order to implement a resilient healthcare theory in 
everyday surgical work, it is important that 1) learning of incidents and the 
experience of doing well for unexpected events as lessons, and 2) constructing 
a circulation mechanism of anticipating, monitoring, responding, and learn-
ing. 
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1. Introduction 

Surgical treatment is a personalized treatment tailored to the patients. Based on 
a preoperative medical examination, the preoperative diagnostic imaging of a 
patient is presented at the surgery conference, which is multifaceted as consi-
dered by the surgical team. The preoperative health condition of the patient is 
discussed regarding the severity of the underlying disease, the presence or ab-
sence of preoperative comorbidity, age, daily activity, and envisaged risk. In case 
of lung cancer surgery, based on the clinical stage of the cancer, the balance of 
the operative benefit and harm, and by estimation of the radicality of cancer and 
the degree of the expected postoperative complications, an optimal operative plan 
is considered. 

Based on the resilience engineering [1] [2] [3] [4], the preoperative surgical 
simulation which a surgeon considered and planned is the Work-As-Imagined 
(WAI). Scheduled surgery and the procedure are explained to the patient, and 
informed consent obtained, thus the so-called preoperative WAI is determined. 
The preoperative WAI contains the flow scheduled during the preoperative ex-
amination, surgical plan, and postoperative complications management. Surgery 
is based on the technical skill such as the surgeon’s knowledge and the operating 
technique. By anticipating the assumed and the unexpected events, according to 
the surgery progress and intraoperative findings, the surgical procedure is changed 
on a case-by-case basis, and adjusted to be completed. The surgical process of 
the correspondence and the result are not one and the same surgery. 

In contrast, the actual work done during surgery, procedure, progression, and 
outcomes are Work-As-Done (WAD). Since the surgery in progress involves 
risk, when we run the WAI, foresee the unexpected and crisis situations, so as 
not to produce bad results, for safety, the preoperative WAI, it is determined 
that the impossible such as changing, which is changed sometimes when that 
must be adjusted. When we faithfully execute the WAI for the unexpected, be-
cause it may become a crisis situation, thus to foresee this, it must survive in a 
realistic WAD. Even if the preoperative WAI greatly deviates from the realistic 
WAD, in fact, as a result of adjusting the preoperative WAI, so that we are rea-
lizing the WAD. For an unscheduled surgery WAD due to the occurrence of 
unexpected events, it is against the crisis bleeding or to cope with another sur-
gical procedure type WAD. Due to the corresponding WAD in resilience, even 
though far from the preoperative WAI, it is a successful WAD. 

The surgeon, actually or WAD is the one different from the same that went 
with “surgery WAI” to think in the head before surgery, continue to progress 
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repeatedly experience. As an example case of lung cancer surgery, we will ex-
plain the concept of the WAI and WAD with adjustment cases. 

In the present study, in order to reveal the actual way to reconcile the WAI 
and WAD, that is, feedback with an intraoperative video, to observe the level of 
surgeons, teams, and system perspectives. 

2. Materials and Methods 

2.1. Decision Process of Preoperative WAI 

Figure 1 shows the flow of the preoperative decision process of the WAI for the 
surgical treatment of lung cancer. The treatment of lung cancer, and the guide-
lines of clinical reference, the condition of the patient, the clinical tumor stage, 
surgery, chemotherapy, and this in combination with radiation therapy. 

As a guideline of NCCN [5], we consider the latest evidence obtained from 
clinical research, which has created the guidelines listed for the recommended 
treatment methods and selection. The guidelines show a standard treatment out-
line for lung cancer diagnosis (academic WAI). Patients screened for lung cancer 
from a discovered abnormal chest shadow as was suspected, a precision inspec-
tion, such as a bronchoscopy, is carried out. Based on the practice guidelines, the 
recommended treatment plan is determined and explained to the patient. 

In the case of a relatively early stage and resectable lung cancer, surgical re-
section is the first choice. Advanced lung cancer and unresectable lung cancer 
are treated with chemotherapy and radiation other than surgery. The patient is 
introduced to the surgical team with physicians from internal medicine, and 
lung cancer is performed to consider whether it is possible to resect, whether it 
is possible for general anesthesia, the presence and extent of comorbidities and  
 

 
Figure 1. “Academic WAI” is based on the guideline for treatment by an academic socie-
ty. “Hospital facility WAI” is based on the guideline for treatment by a hospital facility. 
“Operator WAI” is planned by the individual surgeon’s knowledge, technique and expe-
rience. “Surgical team WAI” is a consensus based on a surgeon’s conference. “Patient 
WAI” is based on a patient’s background and characteristics. In the case of the preopera-
tive WAI for the surgical treatment of lung cancer, there are many WAIs which means 
academic, hospital facility, operator, surgical team, and patient WAI. The figure shows a 
flow chart and we finally determine the scheduled WAI by reconciling those WAIs. 
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complications other than lung cancer are evaluated. Complications that can oc-
cur after surgery, outcomes and risks of the planned surgery are considered and 
studied. Through the preoperative review process, the WAI will be determined 
(hospital facility WAI and surgical team WAI). Based on the WAI, the surgeon’s 
plans are described to a patient, consent is obtained, and the final surgical WAI 
is determined (operator WAI). 

The treatment of rare cases that do not appear as difficult cases or guidelines 
that lead to the selection of treatment methods, conferences in a system called 
team medicine by specialists in respiratory medicine, radiology and chest sur-
gery, computed-tomography (CT), magnetic resonance imaging (MRI), the im-
aging findings and literature, such as positron emission tomography-computed 
tomography (PET-CT), are considered for the multifaceted case to determine 
the best method of treatment. Based on the guidelines the treatment plan WAI 
of the individual patient is determined, the surgical technique is discussed in the 
surgical conference, and preoperative WAI (surgical team WAI) is determined. 

However, based on the patient factors, such as a patient’s hope, the WAI, from 
the surgical procedure is a standard one, it may become an aggressive expansion 
surgery and passive reduction surgery (patients WAI). 

The patient hears a description of the surgery, understands and consents to, 
thus agreement on the scheduled surgery is determined as the final preoperative 
WAI (scheduled WAI). 

2.2. Procedure and Flow of Surgery (Lobectomy for Lung Cancer) 

As a typical model of thoracic surgery, we explain the case of a lobectomy for 
lung cancer. Figure 2 shows the process of standard lung cancer surgery such as 
a right upper lobectomy procedure (WAI). In the case of the right upper lobe 
lung cancer, the right upper lobe must be excised. Patients are in the lateral de-
cubitus position, the chest skin is cut (10 - 15 cm), and a thoracotomy at the 5th 
intercostal space reaching into the thoracic cavity. The patient is ventilated only 
on the left lung and collapsed on the right puffy lung to make the lung smaller, 
then surgery is performed. The right lung is divided into three parts; i.e., the 
upper, middle and lower lobes. The upper, middle and lower lobes are divided, 
and the pulmonary artery going to the upper lobe and the blood vessels of the 
pulmonary veins are detached, confirmed, exposed, and safely separated so as 
not to bleed from the blood vessels. After processing the blood vessels, the upper 
lobe bronchus is cut off to terminate the upper lobe resection. The mediastinal 
lymph nodes are then dissected, and the standard procedure for lung cancer, i.e., 
the upper lobectomy with mediastinal lymph node dissection is completed. We 
check the bleeding and stop any bleeding before closing the chest. If there is air 
leakage from the lungs, a suture closure procedure is performed. A chest drain is 
inserted, the open chest is closed, the skin is sutured closed and the surgery is fi-
nished. This is textbook surgery and the WAI for the surgeon preoperatively as-
sumed comes to mind. 
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Figure 2. Flow chart shows a surgical standard procedure regarding the lobectomy for 
lung cancer, and this is the so-called surgical WAI. In case of a right upper lobectomy, af-
ter skin incision of 3 to 4 holes, a videoscope is inserted in the thorax, and video-assisted 
thoracic surgery is performed with endoscopic forceps. A surgeon separates the interlobes 
of the upper, middle, lower lobes and identifies the interlobular pulmonary artery with 
branches and pulmonary veins and cuts these vessels with an automatic suturing device. 
A surgeon identifies the upper bronchus and cuts the bronchus with an automatic sutur-
ing device. After the upper lobectomy, the mediastinal lymph nodes are dissected. After 
hemostasis and stopping of any air leaks from the lung, a chest drain is installed. After 
wound closure, the surgical procedure is finished. As the usual surgical flow, this figure 
displays the process of lung resection during surgery. 

3. Results 

We used a model case of a lobectomy for lung cancer (Figure 2) and we consi-
dered the gaps between the WAI (preoperative plan) and the WAD (performed 
surgery). We revealed the work of anticipating, monitoring, adjustment, and 
responding in resilience engineering. Based on the standard flow of the lung 
cancer operation (Figure 2), we described three scenes of adjusted examples 
(Figure 3, Figure 4, and Figure 5) in the surgeon’s actual adjustment in the op-
eration. The three responding and adjustment patterns that are often seen are 1) 
intrathoracic adhesion in everyday normal time, 2) rare moderate bleeding events, 
and 3) expanded massive hemorrhage such as critical life-threatening harm event 
in the unexpected emergency situation within the expected range. 

3.1. Everyday Normal Time by Individual Surgeon: Monitoring, 
Responding, and Adjustment of Intrathoracic Adhesion 

Figure 3 shows the case of the actual response and adjustment to the unex-
pected intrapleural pleurodesis in thoracic surgery. During the video-assisted 
thoracic surgery, adhesions are found throughout the intrathoracic, which has 
not been assumed in the initial WAI. Figure 3 shows the additional procedure  
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Figure 3. If an unexpected intrathoracic adhesion is recognized during the operation, this 
figure shows changes in the surgical flow, that is, adding an extra procedure to the whole 
process, which is an adjustment by responding for the adhesion detachment, while the 
other process has not been changed, thus it may take a long time to deal with it. Based on 
the resilient healthcare theory, this adjustment is within the everyday normal procedure 
by the individual surgeon, that is, monitoring of the intrathoracic adhesion and respond-
ing by adhesion detachment. 
 
of responding and adjustments to the unexpected intrathoracic pleurodesis (as 
an example of reconciling the WAI and WAD). 

The adhesions must be exfoliated to be ready for lung resection of the WAI. If 
we do not exit the adhesiolysis, we cannot proceed with the lobectomy. Fur-
thermore, since the lungs are adhesions, during the operative course of adhesi-
olysis, as lung damage, we foresee that the bleeding and air leakage from the site 
of injury is sustained, and carefully peeled off. If the lung has much damages, 
suture hemostasis and suture closure occurs, surgery time is prolonged, a large 
amount of bleeding happens, surgical stress increases, a blood transfusion is re-
quired, and the WAD is far from the initial scheduled WAI. Thus, it happens 
that unexpected events occur within the expected range, thus it must be corres-
pondingly adjusted. 

3.2. Everyday Normal Time by Surgical Team: Monitoring,  
Responding, and Adjustment of the Pulmonary Artery Bleeding 

Figure 4 shows the case of an actual response and adjustment to an unexpected 
pulmonary arterial hemorrhage due to vessel injury during the peeling and ex-
posure process of the vessel. There are expected pulmonary adhesions due to 
chemotherapy for cancer invasion, showing the procedure of adjusting the cor-
responding unexpected bleeding during the peeling process of the pulmonary 
artery adhesions. There is the natural stop levels of small bleeding due to the  
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Figure 4. If the adhesion of interlobular pulmonary artery due to chemotherapy is recog-
nized during the peeling process of the pulmonary artery, this figure shows a partly 
changed process, that is, adding an extra procedure to the whole process, which is an ad-
justment by responding to the pulmonary arterial bleeding and stopping the hemorrhage, 
while the other process has not been changed, thus it may take some time to deal with it. 
Based on the resilient healthcare theory, this adjustment is within the everyday normal 
procedure by the surgical team, that is, monitoring of the pulmonary arterial adhesion 
and the bleeding, and responding to the bleeding, and adjustment by stopping the pul-
monary artery bleeding. 
 
Gauze pressure and also the levels of hemostasis with hemostatic and the direct 
suturing of the vascular lesion that does not stop only by compression. There is 
also a level of major hemorrhage that causes an injury site to expand and be-
come a large blood vessel injury leading to a life crisis. 

In the case of small bleeding, we have to adjust by the WAD such as compres-
sion hemostasis with operation gauze. If we do not have complete hemostasis, 
we have to adjust in hemostasis operation by vascular suture hemostasis, without 
significantly affecting the overall operation progress. However, in the case of 
moderate or severe bleeding, for example, in addition to another unexpected and 
expanded bleeding, that is, it failed the initial WAD, the vascular injury is likely 
to develop into the next crisis. In the case of the migration to critical bleeding 
status, we have to foresee a new risk of the next massive bleeding, and we have to 
adjust the crisis by the next new WAD of a reliable hemostasis operation. 

3.3. Unexpected Emergency Situation (Crisis State Such as  
Intraoperative Massive Bleeding) by Surgical Team with  
Multi-Professionals in Operating Room: Monitoring,  
Responding, and Adjustment of the Massive Hemorrhage 

Figure 5 shows the cooperative crisis management flow for a life-threatening 
case due to critical massive bleeding and shows the procedure (WAI and WAD)  
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Figure 5. If massive bleeding of the pulmonary artery is recognized due to expanded in-
jury of the vessel and critical bleeding during the hemostasis process of pulmonary arteri-
al bleeding, this figure shows a significantly changed process, that is, changed to an extra 
and another procedure, which is an adjustment by responding to the pulmonary arterial 
bleeding and stopping the massive hemorrhage, and saving the patient’s life, thus a new 
surgical team with a cardiovascular surgeon is started and supported by the hospital sys-
tem with multi-professionals. Based on the resilient healthcare theory, this adjustment is 
within the unexpected emergency situation (crisis state such as intraoperative massive 
bleeding) by the surgical team with multi-professionals in the operating room, that is, 
monitoring of the crisis, responding to life threatening event, and adjustment of the mas-
sive hemorrhage and saving the patient’s life. 

 
for dealing with and adjusting for unforeseen large amounts of bleeding and 
critical massive bleeding leading to a life crisis. We have to respond to the life- 
threatening status with resilience and practice the WAD that deviates from the 
WAI. With the corresponding adjustment to the high amount of unexpected 
bleeding, the WAD is beyond the technical skill of the surgeon personal hemos-
tasis operation. 

In the WAD of the surgical team, the operator has to work to be compatible 
with the cooperation of the anesthesiologist and senior doctors. In addition to 
the WAD under a crisis situation, operative personnel such as cardiovascular 
surgeons, clinical engineers, laboratory technician in the blood transfusion unit, 
and medical staff in the intensive care unit, recognizes that the degree of influ-
ence is expanding. In the actual WAD, not only the support of the cardiovascu-
lar surgeon, clinical engineers manipulate the artificial heart-lung pump, thus 
the goal of the operation has changed to be far greater from the scheduled sur-
gery formula of the first lung cancer removal (WAI), thus the corresponding 
WAD is resilient, emergency hemostasis and lifesaving. 

With the participation of the operator, anesthesiologist, cardiovascular surgeon, 
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technician in the blood transfusion unit, clinical engineers, circulating nurses, 
and medical staff involving the intensive care unit, as a system of hospital or-
ganization, a cooperation hospital team with a life-saving purpose are estab-
lished and should be functioning. With massive bleeding, unexpectedly, it will 
have a bad effect on the flow of the surgery, disturbance, and emergency situa-
tion. It becomes a crisis situation for these emergency situations to correspond 
with resilience. 

The WAI for hemorrhage constantly monitors any unexpected hemorrhage 
during the operation, recognizes blood vessel status, correctly identifies the he-
morrhage site in the case of injury, determines the amount of hemorrhage, and 
assumes normal vision to ensure a sufficient visual field from the WAI for bleed-
ing. That is, for the actual WAD to bleeding events, bleeding stops with pressure 
hemostatic gauze, when we did not stop to think about what to do, foresee the 
worst-case scenario, life to determine the boundaries of the crisis situation, 
preparation of blood transfusion, determine the amount of bleeding, or to main-
tain the vitals of the patient, to reconfigure the surgical team, corresponding with 
the entire hospital system, to adjust, and it is essential to continue to cope with 
resilience. 

For the WAD of the actual unexpected bleeding, the bleeding site is squeezed 
for between 10 to 20 minutes, if hemostasis, since it is time margin, the following 
WAD is to determine suturing or reinforcing the bleeding site. If bleeding, and 
only pressure hemostasis cannot cope, it is determined that there is no time to 
spare, while the pressure hemostasis occurs again, consider the alternative of the 
hemostasis method WAD, i.e., preparation, must be performed. 

For critical hemorrhage, WAI is a new operation with the cooperation of a 
surgeon, a first assistant, a second assistant, and a surgical team working togeth-
er with a senior surgeon, and with the cooperation of a cardiovascular surgeon 
who is used to hemostasis and reorganize the surgical team, anesthesiologist 
with the cooperation of multi-professionals, such as the hospital system, circu-
lating nurse, anesthesiologist, clinical engineers, technician in blood transfusion 
unit, an intensive care unit physician, the hospital system united, that is resilient 
in a crisis, that is assumed at the normal time. 

In practice, the surgeon’s WAD has to specialize in compression and hemos-
tasis to stop the bleeding. The anesthesiologist’s WAD prepares for blood trans-
fusion, performs the blood transfusion, determines the amount of blood loss, vi-
tal maintenance of the patients, vital monitoring with multiple persons, and copes 
with them so as not to allow hypoxia. The nurse’s WAD in the surgical field in-
volves preparation of surgical instruments for performing the gauze count, ac-
curate grasp of the amount of bleeding, and hemostasis that corresponds to the 
instrument count. The WAD of the circulating nurse involves the drip line to 
check and provide accurate enforcement of the blood transfusion. 

With respect to the maximum of the critical situation, the WAD of the multi-
disciplinary team, each makes their own professional WAD, in cooperation with 
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people of the other multidisciplines, and perform the WAD as a strong profes-
sional risk group. In normal times, it is assumed the WAI of the critical emer-
gency situation corresponds with the WAD of resilience and supports it. In the 
event of a serious emergency, depending on the resilience response, the WAD 
will be far from the initially envisioned WAI, and as a result, even if the preo-
perative WAI and WAD are different, it is only necessary to save the patient’s 
life. Even if the WAD is far from the original WAI, it is a successful WAD. 

4. Discussion 
4.1. The Method of Reconciling the WAI and WAD 

Figure 6 shows the concept of bringing the WAI closer to the WAD. We have to 
compare the initial WAI and the practical WAD. We have to create a new re-
constructed WAI as a modified WAI and try to perform the WAD based on the 
modified WAI. 

The surgery plan (WAI) is scheduled as the “surgery WAI” from the preoper-
ative examination, and we perform the actual surgery, which is the so-called 
WAD. We look back on these performed surgical processes from the postopera-
tive view point. By repeatedly experiencing this review process, the preoperative 
WAI (surgery plan) and the postoperative WAD get closer. It is important to go 
through this cycle. After we experienced the preoperative WAI and the intra-
operative WAD, we review the preoperative scheduled WAI and the actual per-
formed WAD obtained during the operation, and compare the differences and 
gaps between the WAI and the WAD in the real world of operation, and from 
the actual surgical WAD performed, the scheduled “surgery WAI” for the next 
case will be reviewed. 
 

 
Figure 6. Figure shows a method of reconciling the WAI and WAD. After comparison of 
the WAI and WAD, modification of the WAI is considered from the performed WAD. If 
the performed WAD is far from the initial WAI, the next new WAI should be corrected 
and redesigned as a next modified WAI. Based on the performed WAD, the new cor-
rected WAI is revised. Based on the new modified WAI, the next new WAD is performed. 
By repeating this cycle of comparison, rebuilding and modification, the modified WAI 
and the performed WAD gets closer and the gap becomes smaller. 
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In addition, when setting the preoperative WAI for the next expected case, the 
past experience of the intraoperative WAD of the previous operation is helpful. 
If the difference and gaps between the WAI and WAD are significant, the pre-
viously set WAI is corrected (modified WAI), and this becomes the new WAI. 
Also, this newly modified WAI setting is actually tried in the next operation, and 
the WAD is actually performed based on the newly modified WAI that should 
approach the modified WAI. For the revised new WAI and the actual WAD, the 
gaps between the WAI and the WAD are reviewed and compared, and the dis-
tance is further corrected. Next, the newly made WAI is reviewed and a more 
accurate WAI is created. 

By successfully performing these steps and cycles, the preoperative WAI and 
the actual WAD become similar as much as possible. By modifying the preoper-
ative WAI based on the actual WAD, the WAI can be brought closer to the 
WAD, and it is important to establish this circulation mechanism. 

For young surgeons and practitioners, this cycle has not yet been established. 
We surgeons learn the surgical procedure manual and textbook before surgery, 
we put the anatomical knowledge in our head, and participate in the actual sur-
gery assuming the preoperative WAI. 

For the actual surgery, the senior surgeon and surgeon underwent a WAD to 
confirm the experience, aware that the actual WAD and WAI that he has as-
sumed is far greater. It involves how to expose the pulmonary artery and pul-
monary vein, from a large number of surgical instruments by selecting any for-
ceps, either of the choices, the operation method, contrivances, learn tips from 
experience, a WAD that actually works, and a WAD that does not work. They 
see, touch, experience, remember, forget once, experience, remember, repro-
duce, thus they have many of these WAD experience memory lessons (reper-
toire). Many WAD lessons are prepared, and according to the situation, based 
on a combination of several WAD repertoires, the next WAI is set, monitored, 
responded, adjusted, and the cycle of performing the WAD is repeated.  

In order to bring the WAI and WAD closer together, while running this cycle, 
experiencing success, failure, looking back, learning, successfully turning this 
circulation mechanism, so that we can improve and naturally, eventually, most 
of the WAI and WAD gaps will disappear and they will match. 

The WAI and WAD to approximate the various lessons, a multi-repertoire is 
required, in order to remember the lesson at any time, is considered important 
that must be mastered. 

4.2. Preoperative Surgical Navigation Based on Images of Lung 
Cancer (WAI) 

As the image support simulation of the WAI, Figure 7 shows the two-dimensional 
(2D) and three-dimensional (3D) chest computed tomography (CT) images of 
lung cancer suspected in left lung upper lobe. The left upper lobe has a ground 
glass shadow suspected of being lung cancer. Preoperatively, it captures the data  
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(a)                                          (b) 

Figure 7. Preoperative CT images of lung cancer. (a) Two-dimensional CT images. Yel-
low arrow shows lung cancer shadow; (b) Three-dimensional CT images. Preoperative 
navigation images. Yellow arrow shows lung cancer shadow. 
 
of the CT picture image on the image support software to build a 3D image. Im-
age support simulation can be moved by the 3D image is a preoperative WAI, 
up, down, left and right, free to rotate, confirm the travel of the tumor location 
and pulmonary artery, thus surgery can be pre-simulation. From the lung organ 
position of the patient and the positions on the operator’s side and the first as-
sistant’s side, it is possible to simulate in advance how the pulmonary artery 
looks three-dimensionally. 

4.3. The Feedback of the Preoperative 3D-CT Images Navigated 
Simulation (WAI) to the Intraoperative Real Findings (WAD) 

Figure 8 shows the difference and gaps of the preoperative chest 3D-CT images 
and the intraoperative photo of the pulmonary artery. We specifically introduce 
how to bring the navigated image of WAI and the real picture of WAD closer 
together. For example, as shown in Figure 8, the three vascular branches go out 
the upper lobes from the pulmonary artery, and it can be used for dissecting a 
branch of the three assumed in the preoperative WAI. 

In the actual operation WAD, the same three things (in the case that the WAI 
is equal to the WAD), or there are four branches as the WAD rather than the 
three (in the case that the WAI is not equal to the WAD). The state of the opera-
tive field can be recorded over a long period of time. After the operation, we can 
watch the movie and review. Although it takes some time and effort, it is possi-
ble to make a short review of the surgical technique in each procedure, create a 
surgical video, and review. We can review it anytime and anywhere on our com-
puter. It is important to have a process that repeats over and over again whether 
the preoperative hypothetical WAI that we propose and the WAD we actually 
experienced are the same or different, approached, or unexpected. Looking back 
on our surgery third-party in the surgery video is more real when we experience 
and correct the gap between this pre-planned WAI and the actual WAD and 
plan our next WAI. 
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(a)                                          (b) 

Figure 8. The comparison and reconciling 3D-CT images of pulmonary artery vessels 
(WAI) (a) and real vessel branches confirmed during surgery (WAD) (b). (a) 3D-CT im-
ages navigated simulation (WAI). Pulmonary arterial branches are preoperatively as-
sumed to be three (three yellow arrows); (b) Intraoperative findings (WAD). Three actual 
branches are intraoperatively confirmed (three yellow arrows). 
 

It is very useful to set up the WAI with modifications to fit the WAD. By re-
peating this cycle, the actual WAD approaches the WAI, or the WAD can be 
realized as expected. As a method of bringing the WAI and WAD closer, both 
approach each other by bringing the WAI closer to the WAD side or by moving 
the WAD closer to the WAI side. 

4.4. How to Reduce the Gap between the WAI and WAD 

Figure 9 shows the “surgery WAD” is being recorded by a series of characters, 
illustration of handwriting, digital photos, and a video. As for the state of the 
operation, since the WAD, which is an intraoperative finding of the actual oper-
ative field from the beginning to the end, is recorded on video, it takes time and 
effort, but the operation technique can be edited shortly for each point. Surgery 
of a few hours to 5 to 10 minutes be edited as short as minutes, the surgeon edits 
its at the point of surgery and in order to look back, it is an important task to 
look back for learning and education. Surgery video editing also creates an op-
portunity for a third party to look back on the surgeon’s own surgery. Surgery 
videos are compared with preoperative image findings or recorded as a database. 

Surgeons have experienced many gaps between the WAI and WAD. The WAI 
and the WAD can approach, made in his own surgery a video to review and re-
peat the self-evaluation. There is also an opportunity to present it at the confe-
rence and get opinions from other surgeons. They watch the surgical technique 
videos of other senior surgeons and learn by comparing them with the surgical 
videos we performed. We review the success or failure of the surgical technique, 
examine the situation and reasons, and evaluate it. Of the successful cases and 
improvement of surgical techniques, such as announcing a video of surgery at an  
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Figure 9. Figure shows how to reduce the gap between the WAI and WAD, and a process 
of reconciling the WAI and WAD, that is, reviewing, and comparison of WAI and WAD, 
learning the difference and gaps, and filling the gap between the WAI and WAD. Initially, 
if the WAI and WAD significant differ, the WAI in not equal to the WAD. After review-
ing the initial WAI from the performed WAD, we create a new modified WAI based on 
the performed WAD to bring the WAI and WAD closer together. At the second time, the 
WAI becomes similar to the WAD, and the modified WAI and the performed WAD can 
get closer. At the third time, we modify the WAI to match the WAD, and the modified 
WAI becomes like WAD, then the WAI and the WAD get together. At the fourth time, 
the WAD and the modified WAI can approximate. Finally, the WAI is equal to the WAD, 
and the WAI and the WAD will become the same. 

 
academic meeting, there is also a chance to have them evaluate the surgeons of 
other facilities. At the Surgical Society Conference, there is a surgical procedure 
session presentation and the presented video can also be viewed by the surgeons 
of other facilities. There is also an opportunity to ask questions to the surgeon 
performing the procedure. 

These learning systems has allowed surgeons to discuss and share information 
about surgical techniques, leading to an improvement in the level of the surge-
ons as a whole as well as individual surgeons. 

4.5. To Bring the WAI Closer to the WAD, Establishment of a  
Circular Mechanism to Modify the WAI from the WAD 

One of the important things is to demonstrate resilience in surgery, that is, in 
order to demonstrate resilience in surgery, it is important to repeat the cycle of 
1) anticipating, 2) monitoring, 3) responding, and 4) learning, which is denoted 
in Figure 10, and integrate technical skills and non-technical skills as well. This 
is very important. The technical skills of surgery, knowledge and skills in sur-
gery, in particular, the surgical procedure, expansion method, ensure the opera-
tive field, recognition of the anatomical positional relationship, hand the exact  
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Figure 10. Figure shows a circular mechanism on anticipating, monitoring, responding, 
and learning in resilient healthcare theory. In order to bring the WAI closer to the WAD, 
we should establish a circular mechanism to modify the WAI from the WAD. Based on 
the resilient healthcare theory, the surgeon must be able to perform the operation by an-
ticipating, monitoring, responding, and learning. Based on the evaluation of the preoper-
ative information, we set a preoperative WAI, along with anticipating and assuming ad-
verse events during the surgical progress, the surgeons faithfully execute the WAI (sche-
duled plan). During the operation, the surgeon monitors the WAI and WAD with situa-
tion awareness and risk assessment. For the adverse event within expectations and unex-
pected events, the surgeon must adjust and respond to them such as adjustment and 
trade-off, and evaluate the gaps between the scheduled WAI and the actual WAD. The 
surgeon should respond to the difficulty and selfishness by adjusting the WAI and WAD 
so that they are close to each other. By ensuring safety, avoiding danger, changing or ad-
justing the WAI, reconciling the WAI and WAD, and adjusting the WAI and executing 
the WAD, the surgeon would learn about the gaps between the WAI and WAD. They 
must review the video editing. By evaluation of the postoperative outcomes and reduction 
of the gaps between the WAI and WAD, the surgeon can modify the WAI to match the 
WAD. 

 
type of surgical instruments, then safety measures. There are the ways to avoid 
dangerous operations. 

For the non-technical skills in surgery, situational awareness (information ga-
thering and analysis), decision-making, communication, leadership, and person-
al factors (stress and fatigue management) are important in the development of 
surgery. 

Resilience skills of surgery, intraoperative trouble of assumptions and predic-
tability within the expected range, ready to correspond to it, situational awareness, 
tailored to the intra-operative to the ever-changing and intraoperative situation 
you unexpectedly occur with crisis situation judgment, but the ability to respond 
by combining the imagination and prediction of the scenario is important. 

4.6. Implementation of Resilience Engineering to Surgery 

Surgery is a live demonstration that reproduces in real time backed by medical 
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theory. The flow and know-how for responding to occasions are technique, art, 
and surgery in response to a variety of patient circumstances (preoperative un-
derlying disease, severity, complications, old age risk, etc.). The initial surgical 
WAI is set, but the surgical simulation assumed by the surgeon before the opera-
tion is the WAI itself. Surgery is a live performance that brings the WAD closer 
to the WAI. An event that occurs within or beyond the assumption, while the 
surgeon’s confidence is completely self-monitoring and feels that the surgeon is 
performing well during the operation, while recognizing the surgical findings 
and the surgical situation. While responding well to the situation, foresee the 
danger, avoid the danger and proceed. Surgical skills are not enough to make full 
use of the technical skills called surgical techniques. 

In addition to the non-surgical areas and non-technical skills, it is necessary to 
have the ability to adjust to the occasion and adaptability according to the progress 
of the surgical procedure. For unexpected events, the planned preoperative WAI 
is adjusted to the actual WAD in a flexible manner while responding to the resi-
lience. The WAI may be changed or adjusted according to the actual WAD, or 
the WAI is close to the WAD, so as to approach the WAD to the WAI, make 
adjustments and be operated in a safe optimum direction for the surgery. 

The process of completed surgery is that the actual WAD occurs. Between the 
WAI and WAD, there are efforts and processes to bring the WAI and WAD 
closer to each other, and work to fill the gap between the WAI and WAD. The 
process and the final result considered in the WAI are set, which become the 
body of the WAD. If the actual WAD is not satisfactory, it is necessary to review 
and correct the WAI itself from the WAD that did not work. If we are satisfied 
with the WAD you actually performed, the WAI is a WAI that we can use as is. 

If the relationship between the WAI and WAD is good, it evaluates the things 
that do not work, repeats the gap, modifies it and the WAI and WAD are closer. 
Whether the WAI is close to the WAD or the WAD is close to WAI, either ap-
proach may be used, and the process of bringing the WAI and WAD closer is 
important. 

In order to enhance the resilience ability of the surgery, understanding the 
surgical procedure WAI itself, standard deployment method, securing the sur-
gical field of view and recognizing the anatomical and spatial positional rela-
tionship, learning the correct use of various surgical instruments, selection of 
appropriate procedures, prevention of safety measures and avoidance of dan-
gerous operations, assumption and preparation of unexpected troubles within 
the assumed range, recognition of situations that change during the operation, 
prediction and avoidance of unexpected crisis situations, resilience, persever-
ance, maintaining a peace of mind, choosing a method to troubleshoot adverse 
events that occur, acquiring technical and non-technical skills, creating a mood 
that provides an atmosphere in the right direction, demonstrating leadership, 
and managing physical condition are important. It is also important to have a lot 
of fatigue recovery, stress relieving power, and repertoire. 
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5. Conclusion 

In order to implement a resilience engineering in everyday clinical surgical work, 
it is important that 1) learning of incidents and the experience of doing well for 
unexpected events, and 2) constructing a circulation mechanism of learning, 
responding, monitoring, and anticipating. 
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