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The modern healthcare environment is constantly changing. The aging of the 

population and the subsequent increase of chronic diseases, results in a growing 

pressure on the healthcare system. Due to the downturn in the world economy and 

a decrease in health spending by the European governments, the out-of-pocket 

payments of individual patients has risen. Patients with a low-income, especially, 

report an increase in unmet needs for medical healthcare, which could lead to 

the deterioration of general health. Also, the persistent inequalities in healthcare 

excess, remains a problem to be solved. On the other hand, advances in surgical 

technology (i.e. minimally invasive approaches) and new treatment options (i.e. 

immunotherapy, targeted therapies) for patients with NSCLC have broadened 

the (curative) options for this patient population. With all these new innovations, 

cost-effectiveness is one of the concepts that needs to be kept in mind; expensive 

treatments for a small portion of the patients with NSCLC may mean the loss of 

services for a large number of other patients1-2. To maintain a healthcare system 

based on social solidarity, healthcare processes need to be reorganised in such 

a way that high quality and cost-effectiveness are guaranteed for all social 

classes. With all the factors challenging the current healthcare system, research 

unraveling the process of quality improvement is needed. This thesis addresses 

the measurement of healthcare quality and the way the quality of surgical care for 

patients with (malignant) pulmonary lesions can be improved.

Initiating change
In order to change the way healthcare is delivered, (healthcare) professionals need 

to have a clear visual on how care processes are arranged. A clinical pathway is 

a tool to analyse ‘standard care’ in the light of evidence-based medicine. It has 

been shown that care paths are effective tools to improve outcome by providing a 

structure in which care is coordinated and variation is reduced3. Because pathways 

are the result of local professional consensus, it is imaginable that these agreements 

could count on a higher level of compliance, compared to national guidelines4. 

Due to the growing complexity of the healthcare processes, the multidisciplinary 

aspect of care paths is underlined. Multidisciplinary teams seem to change patient 

management, where more patients with lung cancer undergo surgical resection, 

chemotherapy, radiotherapy or multimodality treatment with curative intent5. 

In many different (oncological) disciplines, care pathways have been integrated 

into daily care. Care pathways in colorectal surgery have shown to provide a goal-

directed patient recovery, which resulted in a decreased morbidity rate and a 
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shorter hospital stay without an increase in readmission rate6,7. Also, in the surgical 

treatment of esophageal cancer, the continuous evolvement of an esophagectomy 

care pathway (ECP) has been shown to improve efficiency, quality and the outcome 

of the peri-and postoperative process8. Over 20 years of experience with the ECP 

has resulted in a decrease in estimated blood loss, a reduced intensive care unit 

stay and length of hospital stay, although a significant increase in the burden of 

co-morbidities and the use of preoperative chemoradiation was observed during 

the period of study8. These results indicate that process improvements within the 

evolvement of this care pathway are probably more important than the increase 

in co-morbidities and use of preoperative treatment.

With the implementation of the multidisciplinary care path for patient with 

(malignant) pulmonary lesions, five key points of improvement were identified 

and transformed into specific actions for each postoperative day [this thesis]. For 

example, an evidence-based pain management protocol was implemented to 

create uniformity and improve outcome. To evaluate the effect of the modifications, 

a clinical audit was embedded into the care path (Figure 1). Not only did we show 

the positive effect on outcome (i.e. less pain, reduced length of stay), but we 

also created transparency by showing the specific actions leading to improved 

outcome [this thesis].
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Figure 1. Audit Cycle
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Measuring quality

Quality of care indicators
Measuring the quality of the healthcare processes, is recognised as an indispensable 

aspect in the current healthcare environment. Information on quality is used 

by hospitals to improve the quality of their delivered services; patients use this 

information to guide them in their health-related choices and insurance companies 

utilise quality of care data to define the health insurance coverage. To make a 

qualitative and complex concept such as quality of care measurable, evidence-

based indicators have to be identified [this thesis]9,10. Therefore, Donabedian 

proposed a model in which the three fundamental dimensions of healthcare 

delivery have been incorporated: structure, process and outcome (Figure 2).

Outcome

What are the end-result of care?
-radical resection

-short term and long term 
outcome

-patient related outcome

Process

Which actions are taken and 
how are they carried out?

-diagnosis of NSCLC
-treatment of NSCLC 

-interaction between patients 
and providers

Structure

How is the healthcare organised?
-Element of organisation

-Infrastructure comprising a
healthcare system

Figure 2. Donabedian model

Outcome indicators
Traditionally, indicators such as postoperative mortality and morbidity are used to 

describe outcome. To all the stakeholders, these outcome indicators contain some 

attractive intrinsic qualities: they are clinically relevant and easily accessible through 

the numerous national patient-based medical registries. Although these qualities 

make outcome indicators practical and meaningful, some controversy surrounds 

these measures. Recent literature questions the eligibility of postoperative 

mortality as a quality of care indicator, due to its incapability to differentiate 
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good from poorly performing hospitals11. This inability to discriminate could be 

explained by the low event rate, consequently hampering statistical power. Not 

only the discriminative ability, but also the definition of postoperative mortality is 

under scrutiny. Thirty day postoperative mortality has been a generally accepted 

mark to capture the surgical-related mortality. McMillan and colleagues found that 

considerable surgical-related mortality occurs beyond the generally accepted 30-

day mark with a two-fold increase in mortality at 90 days after the operation12. 

From a patient perspective, this information may change the treatment-related 

decisions. From a professional point of view, this knowledge may affect the way in 

which the quality of care is measured and hospital performances are compared. It is 

furthermore important to realise that postoperative mortality is not only influenced 

by the quality of the operative procedure; factors that cannot be controlled by a 

(thoracic) surgeon such as age, gender and the presence of cardiovascular disease 

can increase the risk of postoperative morbidity and mortality markedly. These 

findings underline the importance of case-mix adjustment when comparing 

individual hospitals by means of outcome measures.

The outcome measures describing the quality of surgical care are completed with 

outcome data on the quality of the oncological resection. The completeness of 

resection translated in the absence of a positive resection margin has been the 

subject of interest for many years. Small, retrospective studies do not answer the 

important questions addressing the influence of an incomplete resection on 

survival13,14. Recently presented results at the annual meeting of the American 

Society of Clinical Oncology (ASCO), helps to clarify the ongoing debate. 

Osarogiagbon and colleagues found that the presence of a positive resection 

margin significantly impairs survival after lung cancer resection, irrespective of the 

tumour stage15.

Structure indicators
Structure indicators focus on the infrastructure of a healthcare system. Factors used 

for patient selection, together with surgeon and hospital characteristics, all interact 

to determine the outcome of surgical care. The inverse relation between hospital 

volume and mortality rate is supported by substantial evidence, although arbitrary 

limits to categorise hospital volume are being used [this thesis]9. Understanding 

the underlying mechanism by which individual aspects of the local infrastructure 

explain the improved survival in high volume centres, could be the starting point 
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of quality improvement. The teaching status of a hospital and the specialty of 

an individual surgeon seem to play an important role, as literature reveals better 

oncological outcome after surgery performed in teaching hospitals by specialised 

thoracic surgeons [this thesis]9. Factors such as the presence of high-staffed 

units and high-tech resources in high volume teaching hospitals could explain 

the superior infrastructure and subsequent improved surgical quality, although 

the direct relation between these specific infrastructural aspects and quality 

improvement is not easily demonstrated.

The diagnosis and treatment of lung cancer is complex. An aging patient population 

with age-and tobacco related co-morbidities, a broad range of diagnostic and 

therapeutic options and a diverse team of professionals involved in the surgical 

care for patients with lung cancer require an intensive level of care coordination. 

The coordination necessary to improve quality of care can be provided by a 

multidisciplinary team. The importance of multidisciplinary thoracic oncology 

teams is underlined by current literature which shows the association between 

improved survival and the implementation of a multidisciplinary care team16.

Process indicators
Process indicators describe the diagnostic methods and treatments which 

patients actually receive. Therefore, healthcare providers may judge that process 

measures better reflect the quality of care than structure indicators. Also, process 

indicators are actionable and create transparency due to the fact that these 

measures can be directly linked to outcome. For example, the use of postoperative 

chemotherapy in patients with stage II and III NSCLC is directly linked to a better 

5-year survival [this thesis]9. Our review confirmed the use of a PET-CT scan as 

a process indicator due to more adequate staging compared to a CT scan [this 

thesis]9. Although this measure is recognised as an important process indicator in 

national and international guidelines, the inter-institutional variation in the use of 

PET(-CT) is considerable17-19. The same applies to the use of EBUS, which is a crucial 

diagnostic tool for the pathological conformation of metastatic disease and a less 

invasive option compared to a mediastinoscopy19. Both diagnostic methods are 

indispensable tools for staging and pathological conformation of the disease. They 

guide the pulmonologists and thoracic surgeons in their choice for the optimal 

treatment. Results from the Dutch Lung Surgery Audit show that in only half of 

the patients with lung cancer, adequate staging is achieved20 (Figure 3). When 
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staging is inadequate, patients may be denied the opportunity of potentially 

curative treatment or on the contrary, receive futile surgery. An important reason 

for substantial inter-institutional variation in the use of the PET-CT and EBUS is 

related to the on-site availability of both diagnostic methods; patients are more 

likely to receive these diagnostic procedures when they are available at the centre 

of presentation19. With the importance of staging and pathological conformation 

in mind, these reasons for variation give rise to the question of whether the staging 

and treatment of NSCLC should be performed in specialised referral centres with 

significant experience.

Figure 3. Staging in Non-Small Cell lung Cancer*

*www.clinicalaudit.nl

Composite measures
As the individual structure, process and outcome measures all have their 

advantages, they have one similar disadvantage: they all describe separate 

aspects of the care process, not defining the overall healthcare quality. Therefore, 

an alternative approach to measure the quality of care needs to be developed. A 

composite measure is a summarising quality indicator which can convey quality 

of care from many different perspectives and is able to describe the complex 

and multi-layered concept of healthcare quality. A summarising measure has the 

ability to overcome the lack of statistical power, seen in individual quality of care 

indicators. Moreover, in a valuable composite measure, the individual components 
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constituting the composite measure are retraceable. This is important in order to 

identify the specific areas in which a quality gap is present. Not only do composite 

measures provide a summarising, quantitative basis for physicians, hospitals and 

policy makers, but also patients prefer a summarising measure when information 

on quality of care is presented21. Due to these advantages, composite measures 

are proposed in many surgical and non-surgical disciplines and have proven their 

value in quantifying the quality of care22-24.

For lung cancer surgery we proposed a composite measure, incorporating seven 

‘desired’ healthcare outcomes [this thesis]25. This summarising measure consists 

of seven individual outcome measures, all reflecting the desired goals of (lung 

cancer) surgery: no in-hospital death, a short intensive care and hospital stay 

without a subsequent increase in readmission or re-intervention rate, a radical 

tumour resection and an admission without complications. Summarising the 

seven outcome indicators resulted in a substantial event rate, which could make 

a ‘textbook outcome’ an operational quality of care indicator. Also, a dichotomous 

‘all-or-none’ approach has shown to be an effective method of quality indicator 

aggregation in breast cancer surgery with a clear process-outcome relation26. 

Cheng and colleagues evaluated the effect of 100% adherence to a set of ten 

process indicators on survival. They found that 100% adherence to the entire set of 

quality of care indicators resulted in better overall and progression-free survival26.

Patient related Quality of Care Indicators (PROMs)

‘The ultimate measure by which to judge the quality of medical effort is whether it helps 

patients (and their families), as they see it.’

Berwick, 1997

The ultimate goal of improving the quality of the healthcare system, is to improve 

patients’ health status, while reducing costs. Up until now, attempts to assess the 

quality of healthcare have mostly relied on individual and composite measures 

describing processes and outcomes, not focusing on the effect of treatment 

on the patients’ sense of well-being. In a changing healthcare environment, the 

emphasis is shifting towards a ‘patient-centred healthcare system’. Therefore, 

patient-reported outcome measures (PROMs) are becoming crucial components 

in the assessment of healthcare quality. A PROM attempts to describe the relation 
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between the healthcare services provided and the influence on patients’ health or 

sense of well-being (Figure 4). This makes it a comprehensive measure, reflecting 

the influence of the complete spectrum of the delivered services on patients’ 

health, from preoperative consultation to follow-up. PROMs have been widely used 

in research settings, proving their value for patients, healthcare professionals and 

other stakeholders. In an oncologic setting, routine collection of patient reported 

outcomes together with well-timed feedback, results in superior patient-physician 

communication, it improves awareness of and communication on unrecognised 

health issues and it improves patient satisfaction27. Although awareness and 

communication are enhanced, these implications do not translate into significant 

alterations in patient management27.

Clinicians/Systems

-Monitor patient progress
-Data to guide treatment decisions
 -Improved evidence-base for care

-Compete on evidence for better 
results

Payers/Purchasers

-Tools to promote focus on 
health and health outcomes
-Improved evidence base on 

efficacy and basis for informed 
decision making

-Ability to measure and improve  
outcome

Patients and Families

-Improved clinical interactions
-Empirical basis for treatment

decisions
-Meaningful data on ‘quality’ to

inform choice

PROMs

Figure 4. Patient Reported Outcome Measures (PROMs)

In daily clinical practice, PROMs have not yet made their entrance. This could 

be due to the fact that the collection of PROMs is often time-consuming. Also, 

it could be difficult to link PROMs to the success of a treatment because factors 

such as treatment compliance and the social environment of a patient influence 

the outcome. Nevertheless, PROMs can evaluate the improvement in the patients’ 

condition; they can be used to measure the impact of healthcare interventions 

and PROMs can help patients with their health related choices.
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Health Related Quality of life

‘Health Related Quality of Life (HRQoL) encompasses those aspects of overall quality of 

life that can be clearly shown to affect health-either physical or mental’28.

We used (HR)QoL measurements to evaluate patients’ well-being after pulmonary 

metastasectomy either by means of a thoracotomy or a minimally invasive 

approach (i.e. VATS) [this thesis]29. (HR)QoL was comparable to baseline for both 

surgical techniques six months after the operation and no significant differences 

in (HR)QoL were seen between the two approaches. HRQoL measurements do 

not only reflect patients’ well-being, it can also provide the treating physician with 

prognostic information regarding survival after thoracic surgery for lung cancer. 

A better perception of the general HRQoL is associated with a better survival30. A 

compromised mental functioning after lung cancer resection is associated with 

an increased mortality rate one year after surgery31. These findings underline the 

importance of routine evaluation of HRQoL (early) during follow-up. If a decline in 

HRQoL is observed, adequate support could be offered, which in turn could result 

in a better outcome. The explanatory mechanism for the association between 

HRQoL and survival is not clear. A possible explanation could be that a high level 

of perceived well-being results in a superior compliance with the recommended 

treatment, which in turn may have a positive impact on survival. Another 

explanation could be that disease recurrence is preceded by a deterioration in 

HRQoL. Further research is warranted to reveal the explanatory mechanism and to 

evaluate the effect of efforts to improve HRQoL on survival.

The routine collection of HRQoL data in the oncology practice has shown a positive 

impact on physician-patient communication32. On the other hand, the impact of 

HRQoL on clinical decision making is less clear. In the treatment of esophageal 

cancer, HRQoL outcomes influence the recommendations regarding treatment 

and informed consent33. Comparable to the surgical resection of esophageal 

cancer, thoracic procedures are complex and extensive surgical interventions, 

associated with a negative effect on HRQoL [this thesis]34. It is imaginable that 

information on HRQoL outcomes could influence the surgical decision-making of 

the thoracic surgeon. HRQoL data could furthermore be of equal importance to 

the treatment-related decision process of the individual patient.
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Pain
Whereas HRQoL is a multidimensional concept, a PROM can also specify a one-

dimensional construct such as pain. The presence of postoperative pain seriously 

impairs HRQoL and daily functioning [this thesis]35. Routine evaluation of pain after 

the treatment of lung cancer (i.e. chemotherapy, chemoradiation or surgery) can 

be used to evaluate the effect of treatment. Severe morbidity such as chronic post-

thoracotomy pain is seen after thoracic procedures for lung cancer [this thesis]35. 

The presence of preoperative pain is associated with the development of chronic 

post-thoracotomy pain and therefore can be used as a prognostic factor [this 

thesis]35. This underlines the importance of the early evaluation of pain, even before 

the start of the actual treatment. Pain is also associated with survival. Lemonnier 

and colleagues showed that higher scores on the bodily pain scale of the Short-

form 36 questionnaire (i.e. less pain), are associated with a better overall survival30.

The routine collection of pain scores can also be used as an early-warning system 

for the treating physician. Lung cancer patients require emergency medical care 

more frequently compared to patients with other cancer types36. Kotajima and 

colleagues found that pain was the second most common reason (24.3%) for 

patients with lung cancer to visit an emergency room37. If pain could be detected 

earlier during follow-up, adequate interventions could result in less emergency 

visits, which in turn could reduce medical costs.

Future research
The aim of this thesis was to contribute to the growing demand of evidence-

based research on quality of care improvement for the surgical treatment of lung 

cancer. With a dynamic and continuously changing healthcare environment, new 

research will be required. Outcome indicators such as postoperative mortality are 

influenced by patient (i.e. case-mix), surgeon (i.e. physician specialty, individual 

case-load etc.) and institutional factors (i.e. teaching status of the hospital, case 

volume, available resources etc.). To be able to compare hospitals, risk-adjustment 

models correcting for case-mix need to be developed. Although risk-adjustment 

makes a quality of care indicator more usable, individual measures describe only 

a fraction of the complex, multidimensional concept of quality of care. Further 

studies are needed on the development of composite measures to describe the 

whole concept of healthcare quality. A useful composite measure should not only 

incorporate structure, process and outcome measures, but should also include 
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PROMs. In addition, the individual elements of the composite measure have to be 

reducible, so hospitals can analyse their performance in the various individual areas. 

This way a care provider can develop strategies to improve these specific quality 

gaps. The International Consortium for Health Outcomes Measurement (ICHOM) 

adopted this approach in 2012 and developed global Standard Sets of outcome 

measures for a number of different medical conditions38. The organisation aspires 

the concept of value-based care.

‘Value-based healthcare is healthcare that delivers the best possible outcomes to 

patients for the lowest possible cost’.

Figure 5. Standard set of outcomes for lung cancer*

1 Includes major surgical complications, major radiation complications, and major systemic therapy 
complications. Recorded via the Common Terminology Criteria for Adverse Events (CTCAE), version 4.0
2 Recorded via the Eastern Cooperative Oncology Group (ECOG) score
3 Recommended to track via the European Organization for Research and Treatment of Cancer Quality of Life 
Lung Cancer-Specific Questionnaire (EORTC QLQ-LC13)
4 Recommended to track via the European Organization for Research and Treatment of Cancer Quality of Life 
Questionnaire (EORTC QLQ-C30)
5 Includes physical, emotional, cognitive, and social function and well-being 6 Includes treatment-related 
mortality and cause of death
6 Includes treatment related mortality and cause of death

* http://www.ichom.org/medical-conditions/lung-cancer/
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A Standard Set of outcomes has been developed for the treatment lung cancer, 

which integrates process and outcome indicators as well as PROMs to be able 

to deliver value-based healthcare (Figure 5). The aim of the ICHOM is to measure 

and report patient outcomes in a standardised way to compare and improve 

healthcare worldwide. Ideally, information on these quality of care indicators and 

PROMs are incorporated into the electronic patient documents. New electronic 

patient record systems need to be developed in such a way that information on 

quality of care measurements can easily be imported and retrieved.

Conclusion
This thesis illustrates that a multidisciplinary care path in combination with a 

clinical audit has the potential to improve the quality of care for thoracic surgery. 

It also reveals the basic mechanism of quality improvement, which can be 

extrapolated to improve the quality of care in other surgical disciplines as well. The 

reliable measurement of healthcare quality can only occur with the identification 

of evidence-based quality of care indicators. Although extensive literature has 

been published on quality of care indicators for thoracic surgery of lung cancer, 

only a few high-quality papers provide the foundation for the nine indicators 

identified in this thesis. With regard to hospital and physician characteristics, a high 

hospital volume is associated with better postoperative morbidity and mortality 

in addition to surgery performed by specialised thoracic surgeons. In lung cancer 

staging, the PET(-CT) scan and EUS-FNA/EBUS-FNA need to be used and the 

diagnosis should be obtained by a combination of cytological and histological 

examination procedures during bronchoscopy. In the treatment of NSCLC, 

preoperative multimodality treatment (i.e. preoperative chemoradiation) results 

in superior survival and increased mediastinal downstaging compared to single 

modality treatment (i.e. preoperative chemotherapy or radiotherapy) in patients 

with stage III NSCLC. Postoperative chemotherapy should be offered to patients 

with stage II and III NSCLC who did not receive any preoperative treatment. For 

the surgical resection of lung cancer, sleeve resection is the preferred resection 

type as opposed to pneumonectomy. Also, care provided in a care path or fast-

track setting contributes to quality improvement. Adequate patient selection, 

preoperative staging and peri- and postoperative management are the major 

determinants of surgical outcome and the quality of these processes is dependent 

on the characteristics of the healthcare provider and their institution.
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These individual evidence-based quality indicators all describe separate aspects 

of the care process. To encompass the overall healthcare quality, the importance 

of a composite measure has been underlined in this thesis. To create an optimal 

composite measure, PROMs should be integrated. The quality of care can be 

improved when PROMs are routinely used in the surgical care of patients with 

lung cancer. PROMs can be used to evaluate the patients’ well-being, to facilitate 

the detection of medical or psychological problems and to monitor the effect 

of a treatment over time. They can also provide prognostic information on the 

oncological outcome after thoracic surgery for lung cancer. The knowledge and 

measurement of surgical and patient-related outcomes is essential to create and 

maintain a transparent, high-quality and cost-effective healthcare system.
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