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Abstract: Surgical resection has a key role for the treatment of early stage lung cancer along with certain

advanced cases, and minimally invasive techniques, representatively video-assisted thoracoscopic surgery

(VAT'S), are becoming standard for lung cancer surgery. Implementation of integrated programs which could

manage the whole process of patient treatment including preoperative, intraoperative and postoperative

care is thought to be essential partner for successful application of minimally invasive thoracic surgery for

lung cancer treatment. Enhanced recovery after surgery (ERAS), so called “fast-track” programs pursue

the adequate and efficient delivery of health care services therefore to improve postoperative outcomes and

reduce medical cost. Well-organized information technology systems would be helpful to achieve the goals of

ERAS without increasing the burden of budget or working staffs. Furthermore, it could contribute to create

knowledge and translate to the clinical process.
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Introduction

Obviously, surgical resection is main stream for cancer
treatment (1-4). Reducing undesirable sequelae after surgery
is important for improvement of clinical outcomes (5).
Postoperative complications, such as pain, cardiopulmonary
dysfunction, infection or thromboembolism are usually
associated with anesthesia and surgical skills. However, despite
the gradual advances in these fields, postoperative morbidities
still remains major concerns for cancer surgeries (6).
Professor Henrik Kehlet had understood that the
undesirable results after surgery could be caused by the
surgical stress responses, which resulted in trauma-induced
endocrine metabolic changes and activation of several
biological cascade systems (7). These reactions probably
were designed to contribute to survival advantages, rather
in certain conditions, lead to catastrophic adverse effects.
Therefore, in addition to the development of anesthesia
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and surgical techniques, modification of stress responses
followed by trauma-induced metabolic cascades should be
added to decrease negative surgical outcomes (6,7).

Traditional single modality methods seemed not to
afford to solve these problems (7). Factors suspected
to cause surgical stress responses are not limited to the
intraoperative components. Pre-existing concomitant
disease and lifestyle of patients, preoperative management
such as bowel preparation nil per os (NPO), or intravascular
fluid administration, postoperative unpleasant symptoms
such as pain, nausea or prolonged NPO, are all potential
causes for stress metabolic responses after surgery.
Multidisciplinary approach combined with multi-modality
therapeutic strategies could be the solution (7).

Each single modality regimen joined with multi-
modality programs should be supported by scientific
evidence (8). Before the application of multi-modality
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therapy, standardization and consensus by the specialists
in each compartment should be preceded. Establishment
of evidence-based protocols and clinical implementation is
an enormous work (6). It might be impossible if we should
perform this project only with our own head and hands.

Healthcare information technology (HIT), as an
integrated program for health care provision, is an essential
partner for the multi-modality treatment strategies (9).
Adoption of HIT platform with well clinically adjusted
protocols could make it possible to improve treatment goal
effectively without increasing cost and work burden of
staffs. Without the support of HI'T, enhanced recovery after
surgery (ERAS) cannot be properly operated.

ERAS, concept and pathway

Since Professor Henrik Kehlet first suggested the concept
of ERAS in early 1990, multi-modality therapeutic
regimens based on this has been widely used not only in
the colorectal surgery by which this concept was firstly
adopted, also other surgical area such as urogenital surgery
or thoracic surgery (1-4).

The purposes of ERAS clinical protocols are to relief
surgical stress and reduce undesirable complications,
thereby to reach optimal postoperative outcomes. To
achieve these, ERAS protocols adopt potential items of pre-
, intra- and postoperative periods inside their systems so
that they could modify the possible threat (6).

Because factors which should be dealt with ERAS system
are enormous, cooperative works between specialist groups
are inevitable. Multidisciplinary collaborations are necessary
for enrollment of evidence-proved modalities, establishment
of protocols with consensus, implementation of this to
clinical practice, assessment of the effectiveness or revision (8).

Multidisciplinary team work

The collaboration between treatment groups associated
with patients treatment is one of the major challenges
in ERAS composition. Specialists for ERAS comprise
anesthesiologists, surgeons, physicians, nurses, dietitians,
out-patient department and rehabilitation institutions
(7,10). They should be educated for the ERAS concepts and
procedures. They also should be encouraged to propose
answers for how to adapt ERAS protocols to actual clinical
practice (11). Coordinated multidisciplinary discussion is
important because it is needed for participation of health
information technologists (9).
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Enrollment of evidence-based modality

Each single-modality which wishes to join the ERAS protocols
should demonstrated its efficacy by the scientific evidences (7).
Preoperative fasting over midnight or postoperative prolong
resting had been traditional perioperative care methods, but
now they has not been supported by scientific data, they are
recommended no longer. Once one strategy was involved in
ERAS protocols, it could be expelled when it cannot acquire
scientific evidence (8).

Standardization of protocols

Although there has been increasing application,
standardization is still a weak point of ERAS protocols.
Numerous studies have been demonstrated better
postoperative outcomes compared with conventional
postoperative care and safety of ERAS protocols, these
results were based on different composition of ERAS
protocols (12). Efforts to summarize core protocol elements
have been attempted continuously through the systemic
meta-analyses. However, there are still no clearly defined
common ERAS protocols (6).

Adaptation to the clinical practice

Compliance of doctors with ERAS protocols is important
factors for clinical application. Some studies showed that
high compliance with ERAS protocols were correlated
with improved postoperative outcomes (13). Practitioners
who are expected to participate in ERAS programs are
recommended to be educated the concepts and principles
of ERAS (5). How they deeply understand seemed to be
directly connected with the successful management of
ERAS. Patient education also could facilitate the ERAS
application. Teaching for exercise, physiotherapy device,
or smoking cessation for patients who are scheduled for
surgery could contribute to the postoperative outcomes (10).

Assessment of impact and amendment of protocols

Clinical outcomes of ERAS protocols should be assessed
using proper evaluation tools. Because there are always
lacks of evidences proved by randomized controlled trials
(RCT5), appropriate assessment tools for evaluating impact
are important. Postoperative complication frequency, pain
scale and length of hospital stay are well known indicators.
Results from assessment should be debated among the
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multidisciplinary team and reflected the conclusion to the
protocols (4,6).

ERAS integrated with health information technology

To perform the complicate process of ERAS including
selection of protocol items, organization, clinical
application, analysis of outcomes, and feedback, application
of HIT is inevitable. Actually, without the HIT systems,
implementation of ERAS protocols might be impossible (14).

HIT, in other ward, biomedical and health informatics,
means any fusion of electronic information processing with
medical area. In narrow sense, HI'T means electronic health
records, computerized provider order entry (9). Besides
the substitution for paper-based information management,
it comprises complex information activities including
healthcare delivery, medical research, integrating new
scientific evidence to clinical practice and so on (15).

The benefit of HIT on clinical application has been
well understood by policymakers, administrators, clinicians
and healthcare consumes, however, adaptation of HIT to
health care industry has been proven to be difficult and
limited to use. Theoretical advantages seldom have been
demonstrated in real healthcare environment, and the
cost for development of practical HIT often exceeds the
expected benefit (9).

Therefore, compromises between the ideal healthcare
information systems and practical needs are necessary.
Health care technology in early days had been just
substitution for paper-based healthcare delivery systems.
In recent decades, they have combined with enhanced
recovery, so called, fast-track or clinical pathway protocols.
Accompanied by the advances of information management
techniques, HIT has have extraordinary power of data
processing and translation them to new knowledge. It would
make healthcare providers can revise clinical practice with
new evidence more easily, however, it might increase cost
for development of information systems for hospital (16).

Appropriately developed commercial healthcare systems
should be demonstrated that they can increase adherence to
guideline-based care, enhance surveillance and monitoring,
and decrease medication errors. In addition to this, updated
healthcare systems should have interface with patients for
education and feedback (9).

Clinical patients care systems

"The basic function of clinical patient care system is to delivery
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medical services which had been performed by paper. For
more effectiveness, combination with enhanced recovery
protocols is necessary (17). Evidence based clinical patients
care systems comprise three compositions, (I) clinical decision
support systems; (II) clinical pathway, so called “fast-track”
protocols; and (III) translated information such as clinical
indicators. Goals of this system are to secure patient safety,
standardization of clinical practice, and quality control (18).

Clinical decision support system (CDSS) is an integrated
intelligence system based on the patient electronic medical
record, which provides clinicians, staff, patients, and other
individuals with knowledge and person-specific information,
intelligently filtered and presented at appropriate times, to
enhance health and health care (17).

The major purpose of CDSS is to satisfy clinical needs,
including confirming accurate diagnosis, preventing adverse
drug events, or screening predictable nursing errors. In
each stage of clinical process, CDSS can provide services as
follows (19):

(I) Preventive care: immunization, screening, disease

management guidelines for secondary prevention;

(I) Diagnosis: suggestion for possible diagnosis for
each patient;

(IIT) Treatment: treatment guidelines for specific
diagnoses, drug dosage recommendations, alter for
drug to drug interactions;

(IV) Follow-up management: corollary orders,
reminders for drug adverse event monitoring.

The key feature of CDSS is to delivery of the
information, what kind of, when and for whom. Osheroff
et al. summarized this requirement as “five rights”: CDSS
should be designed to provide the right information to the
right person in the right format through the right channel
at the right time. Whatever the CDSS is designed to deliver
information, the major role of CDSS is to make sure the
patient safety and quality improvement (17).

CDSS can provide tools for efficiency. It can accelerate
the clinical process more accurately by supporting the
customized order sets for specific diseases, for example,
clinical pathways or clinical guidelines. It also contributes
to reduce costs and improve patient’s inconvenience by
alerting duplicated orders or providing drug formulary
guidelines (17,20).

For the consumers of CDSS, who are mostly physicians
or nurses, most important things are timing of delivering
information, speed and facility for access. To promptly
corrections for systemic errors and making suggestion for
patient safety and improvement of effectiveness, how much
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controls the users over the responses to the CDSS. The
appropriate CDSS systems must remind of things the users
intend to do. It should provide information the users are
unsure what to do. And it can correct errors when the users
make. All these support should be supplied timely, promptly
and easily (21).

Implementation of CDSS into clinical process effectively
with minimally disruptive to clinician’s workflow is clearly
challenging. Accessing data may interrupt clinician’s
workflow if the required data are not appropriately
integrated into CDSS. Overridden alert or warning
messages may induce fatigue so to make clinicians
ignore them (22). Successful installation of CDSS needs
customization to users’ environment. In addition to the
effort for improvement and corrections, the interface for
users, such as documentation tools or order sets should
be designed to let the users can choose or demand the
compositions (23).

It is sure that the implementation of CDSS has great
impact on the clinical work systems. Several RCTs has
demonstrated the effect of CDSS on quality improvement
and cost reduction, still there seems to be lack of evidences.
The best way to evaluate the impact of CDSS is RCTs.
However, conduction of RCTs for evaluation of CDSS
is somewhat challenging because it is expensive, usually
cannot be initiated without external funding. Another
reason is that the outcomes which can be measured as an
impact of CDSS are generally hard to detect and access.
For example, preventing adverse drug events, one of the
main goal of CDSS, is incomparably infrequent, and hard
to measure the preventive power (24).

Although many non-RCTs studies have supported the
effectiveness of CDSS in improvement of quality, reduction
of expenses, and patient safety, there still need more
evidences supported by RCTs.

Clinical pathway

Clinical pathway is a structured multidisciplinary care plans
for healthcare services which describes detailed essential
steps in the care of patients in a particular condition or
disease. Usually it aims to incorporate evidences to clinical
practice for optimization of clinical outcomes. In narrow
sense, it means order sets tailored for particular conditions
or types of patients. Other name of clinical pathway is
fact-track and enhanced recovery protocol. Historical
background and details of clinical pathway was described in
the chapter for enhanced recovery.
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Clinical indicators

As described above, one of the major advantages of CDSS is
to improve quality of healthcare service. Clinical indicators
are tools for measurement of quality improvement. They can
be defined in several ways. They are measures for assessment
of a particular healthcare process or outcomes (25). They
are quantitative measures that can be used to monitor and
evaluate the quality of important clinical management that
affect patient outcomes (26). They are measurement tools,
screens, or flags that are used as guides to monitor, evaluate
and improve the quality of patient care, clinical support
services, and organizational function that affect clinical
outcomes.

Ideal clinical indictors should be based on agreed
definitions, highly and optimally specific and sensitive, and
should be valid and reliable. They also can discriminate well
and relates to clearly identifiable events for the users. They
should be evidence-based and permit useful comparisons (27).

Clinical indicators can be classified into rate-based or
sentinel. Rate-based indicators are for data to be expected
to occur with some frequency. They can be expressed as
proportions or ratios. Examples are postoperative infection
rates or postoperative length of hospital stay. Sentinel
indicators mean undesirable events or phenomenon, which
usually initiate further investigations, such as postoperative
mortality (26).

Indicators can be related with clinical structures,
process or outcomes (28). Structures included indicators
for equipment, facilities, financing, medical staffs. Process
means what is actually doing, that is, diagnosis, treatment,
or other interaction with patients. Indicators for outcomes
measure the effect of care process on the patients, such
as mortality, morbidity, functional status, quality of life
or patient satisfaction (29). Potential factors that might
affect the outcomes of care are included in risk adjustment
indicators. Demographic or lifestyle factors such as
gender, smoking, comorbidities are factors adjusted before
assessment of outcome indicators (30).

Clinical indicators can be expressed as numbers, rates,
or averages. They are devised to support the clinicians,
hospital officers, or policy maker to achieve improvement
in healthcare service. Qualified clinical indicators are
important for the surveillance of healthcare improvement.

Conclusions

For timely and effective delivery of healthcare service,
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evidence based multimodality care plan is essential. Without
supporting HIT, these enhanced recovery protocols cannot
be operated properly. Explosively increasing new evidences
for clinicians including diagnosis, treatment and follow-
up can be promptly integrated to the clinical practice
and applied immediately by this technology. Although
continuous evolution of clinical decision making systems
and more research evidences are needed for demonstration
of effectiveness, HIT is a necessary condition for
improvement of quality of patient safety in healthcare
service.

Acknowledgements

None.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

References

1.  Melnyk MC, Shalev I, Zhang J, et al. The prothrombinase
activity of FGL2 contributes to the pathogenesis of
experimental arthritis. Scand ] Rheumatol 2011;40:269-78.

2. Pan H, HuX, YuZ, etal. Use of a fast-track surgery
protocol on patients undergoing minimally invasive
oesophagectomy: preliminary results. Interact Cardiovasc
Thorac Surg 2014;19:441-7.

3. Dumans-Nizard V, Guezennec J, Parquin F, et al.
Feasibility and results of a fast-track protocol in thoracic
surgery. Minerva Anestesiol 2016;82:15-21.

4. Nygren ], Thacker J, Carli F, et al. Guidelines for
perioperative care in elective rectal/pelvic surgery:
Enhanced Recovery After Surgery (ERAS®) Society
recommendations. Clin Nutr 2012;31:801-16.

5. Gotlib Conn L, McKenzie M, Pearsall EA, et al.
Successful implementation of an enhanced recovery after
surgery programme for elective colorectal surgery: a
process evaluation of champions' experiences. Implement
Sci 2015;10:99.

6. Hoffmann H, Kettelhack C. Fast Track Surgery -
conditions and challenges in post-surgical treatment. Ther
Umsch 2012;69:9-13.

7. Kehlet H. Multimodal approach to control postoperative
pathophysiology and rehabilitation. Br J Anaesth
1997;78:606-17.

© Journal of Thoracic Disease. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

www.jthoracdis.com

S69

Fearon KC, Ljungqvist O, Von Meyenfeldt M, et al.
Enhanced recovery after surgery: a consensus review of
clinical care for patients undergoing colonic resection.
Clin Nutr 2005;24:466-77.

Chaudhry B, Wang J, Wu S, et al. Systematic review:
impact of health information technology on quality,
efficiency, and costs of medical care. Ann Intern Med
2006;144:742-52.

Jones NL, Edmonds L, Ghosh S, et al. A review of
enhanced recovery for thoracic anaesthesia and surgery.
Anaesthesia 2013;68:179-89.

Nadler A, Pearsall EA, Victor JC, et al. Understanding
surgical residents' postoperative practices and barriers
and enablers to the implementation of an Enhanced
Recovery After Surgery (ERAS) Guideline. J Surg Educ
2014;71:632-8.

Varadhan KK, Neal KR, Dejong CH, et al. The enhanced
recovery after surgery (ERAS) pathway for patients
undergoing major elective open colorectal surgery: a
meta-analysis of randomized controlled trials. Clin Nutr
2010;29:434-40.

Ahmed J, Khan S, Lim M, et al. Enhanced recovery

after surgery protocols - compliance and variations in
practice during routine colorectal surgery. Colorectal Dis
2012;14:1045-51.

Cohen JD, Aspry KE, Brown AS, et al. Use of health
information technology (HIT) to improve statin adherence
and low-density lipoprotein cholesterol goal attainment
in high-risk patients: proceedings from a workshop. J Clin
Lipidol 2013;7:573-609.

Hunt DL, Haynes RB, Hanna SE, et al. Effects of
computer-based clinical decision support systems on
physician performance and patient outcomes: a systematic
review. JAMA 1998;280:1339-46.

Garg AX, Adhikari NK, McDonald H, et al. Effects

of computerized clinical decision support systems on
practitioner performance and patient outcomes: a
systematic review. JAMA 2005;293:1223-38.

Osheroft JA, Teich JM, Middleton B, et al. A roadmap for
national action on clinical decision support. ] Am Med
Inform Assoc 2007;14:141-5.

Sim I, Gorman P, Greenes RA, et al. Clinical decision
support systems for the practice of evidence-based
medicine. ] Am Med Inform Assoc 2001;8:527-34.
Osheroff JA. Improving Medication Use and Outcomes
with Clinical Decision Support: Step-by-Step Guide.
Chicago: HIMSS Press, 2009.

Dexter PR, Perkins SM, Maharry KS, et al. Inpatient

7 Thorac Dis 2016;8(Suppl 1):S65-S70



S70

computer-based standing orders vs physician reminders to
increase influenza and pneumococcal vaccination rates: a
randomized trial. JAMA 2004;292:2366-71.

21. Kaushal R, Shojania KG, Bates DW. Effects of
computerized physician order entry and clinical decision
support systems on medication safety: a systematic review.
Arch Intern Med 2003;163:1409-16.

22. van der Sijs H, Aarts J, van Gelder T, et al. Turning off
frequently overridden drug alerts: limited opportunities for
doing it safely. ] Am Med Inform Assoc 2008;15:439-48.

23. Del Fiol G, Haug PJ, Cimino JJ, et al. Effectiveness of
topic-specific infobuttons: a randomized controlled trial. ]
Am Med Inform Assoc 2008;15:752-9.

24. Shea S, DuMouchel W, Bahamonde L. A meta-
analysis of 16 randomized controlled trials to evaluate
computer-based clinical reminder systems for preventive
care in the ambulatory setting. ] Am Med Inform Assoc
1996;3:399-409.

Cite this article as: Yi E, Jheon S. Clinical management I'T
system for enhanced recovery. ] Thorac Dis 2016;8(Suppl 1):S65-
S70. doi: 10.3978/j.issn.2072-1439.2015.11.38

© Journal of Thoracic Disease. All rights reserved.

Yi and Jheon. Tools for improvement of postoperative outcomes

25.

26.

27.

28.

29.

30.

Mainz J, Worning AM, Klazinga N, et al. Policy on
Quality Development for the medical profession. Ugeskrift
For Leger 1992;154:3523-33.

Mainz J. Defining and classifying clinical indicators

for quality improvement. Int ] Qual Health Care
2003;15:523-30.

Mainz J. Developing evidence-based clinical indicators:

a state of the art methods primer. Int J Qual Health Care
2003;15 Suppl 1:45-11.

Donabedian A. The quality of care. How can it be
assessed? JAMA 1988;260:1743-8.

Palmer RH. Using health outcomes data to compare
plans, networks and providers. Int ] Qual Health Care
1998;10:477-83.

Rubin HR, Pronovost P, Diette GB. From a process of
care to a measure: the development and testing of a quality
indicator. Int J Qual Health Care 2001;13:489-96.

www.jthoracdis.com 7 Thorac Dis 2016;8(Suppl 1):S65-S70



