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Introduction
It is estimated that in 2018 18.1 million people had cancer 
and 9.6 million died from it, with lung cancer being both the 
most frequent diagnosed cancer (11.6% of all cases) and the 
most common cause of death from cancer (18.4% of all 
deaths).1 Non-small-cell lung carcinoma (NSCLC) is the 
dominant type of lung cancer and accounts for about 85% of 
all cases.2 Surgery is the guideline recommended treatment 
for early-stage NSCLC in fit patients and may have a role in 
other stages and clinical situations.3 Delays in surgery can 
compromise outcomes including survival.4-8 There is limited 
surgical operating room capacity and in some countries a 
lack of access to surgery.9 In addition, operating rooms are 
often not used as efficiently as possible, leading to an effec-
tive loss of capacity and productivity.10 This has led to tar-
geted improvement efforts both in general and lung cancer 
surgeries.11-18 In the current climate of increased attention to 
health care value,19 operating room efficiency emerges as  
an important part of maximizing surgical capacity and 

productivity, minimizing delays, and optimizing lung cancer 
outcomes. Processes of an operation room can be divided 
into pre-, intra-, and post-operative. The operative time is 
defined from the time a patient enters until they exit the 
operating room. It is an easily measured objective metric and 
the one that the surgeon and the operating team can most 
directly influence. We performed a systematic review to eval-
uate the literature on improving the efficiency (reducing the 
time) of the intraoperative phase of lung cancer operating 
room use.

Materials and Methods
A literature search was performed based on the methodology 
described in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analysis (PRISMA) statement.20

Search strategy

To identify relevant publications, we conducted systematic 
searches in the bibliographic databases PubMed, Embase.com, 
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Cochrane Library (Wiley), and Scopus from inception up to 
March 9, 2020, in collaboration with a medical information spe-
cialist (R.d.V.). The full search strategies for all databases can be 
found in Appendix A (Supplementary materials). Duplicate arti-
cles were excluded. All languages were accepted. The references 
in the identified articles were searched for relevant publications.

Selection process

Studies were included if they dealt with any method or innova-
tion directed at improving operating room efficiency for lung 
cancer surgery, were in English, and available as a full article. 
Two reviewers (P.C.H. and M.D.) independently screened 
potentially relevant titles and abstracts for eligibility. If neces-
sary, the full-text article was accessed. Differences were resolved 
through a consensus procedure.

Data assessment

The full text of the selected articles was obtained for further 
review. Two reviewers (P.C.H. and M.D.) independently eval-
uated the methodological quality of the full-text papers and 
extracted relevant information.

Data analysis

We performed a qualitative review and summarized the avail-
able publications concerning the intraoperative phase of oper-
ating room efficiency for lung cancer surgery.

Results
Search results

The results of the search are summarized in Figure 1 and Table 1. 
The literature search generated a total of 4274 references: 1303 in 
PubMed, 1599 in Embase.com, 123 in Cochrane, and 1249 in 
Scopus. However, only 3 articles met all criteria for inclusion in 
this systematic review.

Study characteristics

In total, 3 articles were included. Two articles were based on 
databases from the same surgeon/institution. Multiple end-
points were evaluated (Table 1), and several different improve-
ment strategies were used including Lean Methodology, 
Value Stream Mapping, and Procedural Standardization.

Outcomes

The key features and outcomes of each study are summarized 
in Table 1. All 3 articles describe the ability to reduce by a sta-
tistically significant and clinically relevant amount, the time 
taken to perform procedures related to the intraoperative phase 
of lung cancer surgery, and/or the time taken to perform the 
surgery itself.

In addition, improvements in major morbidity, 30-day mor-
tality, and staff morale were also reported. Specific components 
of the process of lean and procedural standardization are sum-
marized in Table 2.

4274 records iden�fied through 
database searching

Pubmed: 1303
Embase: 1599
Cochrane: 123

Scopus: 1249

1914 records a�er duplicates removed

1914 records screened 1901 records excluded

13 full-text ar�cles accessed 
for eligibility

3 studies included in 
qualita�ve synthesis

10 of full-text ar�cles 
excluded, with reasons: 

one in German, 9 did not 
meet inclusion criteria
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Figure 1.  Flowchart of the search and selection procedure of studies.
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Discussion
Operating room inefficiency is common. It is estimated to cost 
the United Kingdom National Health Service (NHS) nearly 
300 000 operations a year.10 This systematic review identified 3 
articles relevant to the intraoperative phase of lung cancer oper-
ating room efficiency. Two were from the same senior author 
(R.J.C.) in the United States and one was a multicenter study 
from Japan. Overall, the authors demonstrated that the applica-
tion of various improvement methodologies may result in sig-
nificant and clinically relevant reductions in the time that an 
operating room is occupied for a patient’s surgery, a reduction in 
complications, and an improvement in staff morale. Although 
none of the papers reported a randomized controlled study, 
which limits the strength of the evidence, all 3 papers were con-
sistent in showing clinically relevant time gains and included 
substantial numbers (hundreds to >2000) of patients and pro-
cedures. The general process improvement methodologies used 
in the papers combined with specific improvement actions can 
be readily adopted by interested parties and used to stimulate 
improvements in their own service. The magnitude of the time 
gains reported by some of the studies in this review is substan-
tial. In some cases, it could mean that there is enough time to 
perform at least one whole additional surgery on the list.

Organizational change has typically been associated with 
high failure rates.24 In addition to the methodology itself, fac-
tors like a high level of motivation, buy-in, and competent 
execution are necessary to achieve improvement. Previous work 
demonstrates that the following factors can influence the suc-
cess of clinical improvement programs: awareness, alignment, 

and engagement among all involved surgical team members, 
standardization, leadership, and guidance.12 Barriers for 
improvement programs include dogma and resistance to elimi-
nating preferred clinical steps despite evidence showing they 
add no value.22 Implementing change in organizations takes 
time and persistence.

Improving efficiency in the operating room leads to better 
financial performance due to enhanced revenue and reduced 
costs.12,13,15,25 Second to room and board costs, operating rooms 
are the most expensive component of surgical care.26 Although 
the articles in this systematic review did not report data concern-
ing the effect of improving efficiency in the operating room on 
financial performance, Cerfolio et al13 reported that the costs of 
implementing a multidisciplinary improvement program to 
improve operating room efficiency were US $1298 per day and 
an estimated return on investment of US $19 500 per day.

Outside of lung cancer surgery, and the intraoperative phase, 
there is a wider body of literature about increasing operating 
room efficiency. This includes other improvement methods like 
Six Sigma, Total Quality Management, Plan-Do-Study-Act, 
Plan-Do-Check-Act, Statistical Process Control, and Statistical 
Quality Control.17 These have been shown to be effective in both 
general and cancer surgeries.14-18,27 Van den Heuvel et  al27 
reported that using Six Sigma to improve the operating room 
admissions process alone and reducing the start time by an aver-
age of 9 minutes, allowed an additional 400 surgeries per year and 
a net saving of >US $273 000 in a 384-bed community hospital.

There are a number of limitations in this systematic review. 
We could only identify a very small number of papers. This was 

Table 2.  Specific practical actions resulting from the improvement process.

Author Specific components

Cerfolio et al21 •  Prepare equipment prior to intubation
•  Double-lumen endotracheal tube (DLETT) placement just past vocal cords
•  Use pediatric bronchoscope to visualize landmarks and correctly position tube
•  Display bronchoscope view on monitor in the room
• � Protect patient’s ears and hair with surgical towel; tape tube to face and airway circuit to towel. Securement of DLETT 

by taping the tube to the patient’s face and the airway circuit to the head wrap
•  DLETT position not routinely checked again, unless clinical signs of malposition
• I n selected patients a single-lumen tube was inserted prior to DLETT

Cerfolio et al22 • � Elimination of axillary rolls, arm boards and beanbags for most patients. Instead, patients positioned on the operating 
room (OR) table using tape and foam pads

•  Elimination of routine use of arterial and central catheters
•  Elimination of routine use of epidural catheters
•  Elimination of routine use of epidural and Foley catheters
•  DLETT placement using a systematic approach21

Iwasaki et al23 •  Organization of surgical preparation items and introduction of the cart into the OR
•  Standardized surgical instrument arrangement in the OR
•  Signing patients in upon entry to confirm identity
•  Time-out before surgery (confirmation of patient identity, surgical site, surgical procedure)
•  Use of compression stockings to prevent deep-vein thrombosis and use of a foot pump until patients start walking
•  Standardized patient positioning and immobilization
•  Timing of disinfection and prevention of disinfectant-induced chemical burns
•  Management of body temperature with a warm-air temperature management unit
•  Standardization surgical techniques
•  Ensuring presence of particular surgical instruments
•  Organization of surgical devices and consistency of nomenclature
• I nstallation of a low-pressure suction device routinely
•  Standardization postoperative thoracic radiography and its timing
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not completely unexpected given the small number of surgical 
process improvement papers (n = 23 and n = 34) found to be 
suitable for inclusion in reviews with a much wider focus on all 
steps in surgical care and all types of surgery.16,17 In addition, 
there may be bias if unsuccessful efforts to increase operating 
room efficiency have not been published. In choosing to limit 
the review to the intraoperative phase of the surgical process, 
the scope of our conclusions may also be limited. There are 
many other steps that also require attention if the goal is to 
maximize the overall efficiency and value of surgery. For exam-
ple, delays in starting the first operation of the day can lead to 
inefficiencies such as cancelations and delays at the end of the 
day.28,29 Addressing this can result in improved workflows and a 
reduction in wasted operating room time.29 In another study, 
reducing operating room turnover time potentially freed up an 
extra 70 minutes per day, which could be used for performing 
another surgery without the costs of overtime staff.13 We also 
note that the articles included in the review do not specifically 
address the influence of learning curve, surgical method, or 
teaching on operating room efficiency. David et  al30 have 
reported that greater experience with video-assisted thoraco-
scopic surgery (VATS) affects performance and can lead to a 
reduction in costs and resource utilization. Increased experience 
with VATS results in a lower conversion rate to open 
thoracotomy.31

Conclusions
In conclusion, we identified a small number of articles that 
clearly demonstrated the potential to improve the operative 
time of patients undergoing lung cancer surgery. This increases 
operating room efficiency and in so doing, the value of lung 
cancer surgery. This is consistent with the wider literature on 
improving surgical efficiency.
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