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Abstract

Clinical quality, as a technical result quality of health services, is a concept that outlines how health system inputs are
transformed into health outcomes. The aim of the study is to develop a model in which the relative clinical quality levels
of the patients are evaluated with the Network Data Envelopment Analysis (NDEA) method by using the structure,
process, and outcome measures of the Coronary Artery Bypass Graft (CABG) surgery. The research was conducted in
a tertiary training and research hospital as a prospective, cross-sectional and registry research. Clinical quality levels of
patients who underwent CABG surgery were evaluated with NDEA (two-stage) method in managerial and clinical
efficiency stages. NDEA showed that 3 patients had the best clinical quality level. The patient profile with a low clinical
quality level was created in managerial and clinical stages and quality improvement points were determined. The NDEA
model enabled the analysis of all the structure, process and outcome measures simultaneously and was used to
evaluate clinical quality with multiple measures. Using this data, the CABG surgical process profile was created.
Intensive care unit (ICU) and postoperative inpatient day, cardiopulmonary bypass (CPB) and cross-clamp (CC)
duration, and the use of fresh frozen plasma (FFP) were determined as the CABG surgery points requiring quality

improvement.

Highlights

o We applied Network Data Envelopment Analysis (NDEA) (two-stage) to evaluate the clinical quality of CABG at the
patient scale. We identified each patient as a Decision Making Unit (DMU) and use the health care structure, process,
and outcome measures simultaneously during the analysis.

+ NDEA determined the patients with the best clinical quality level who underwent CABG surgery. Clinical quality
evaluation was made in the managerial and clinical efficiency stages.

o We created a clinical quality profile for patients undergoing CABG surgery. According to this profile, patients with lower
clinical quality levels need more intensive care treatment, and the postoperative recovery durations take longer.
EuroSCORE and the number of bypassed vessels are statistically different in these patients and preoperative quality of

life is lower.
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¢ In the managerial efficiency stage, the preoperative radiology-laboratory, and ICU medicine costs are statistically
significant for DMUs with low clinical quality. Also, for the DMUs with low clinical quality in the clinical efficiency stage,
preoperative other transaction and postoperative consumables’ costs are higher compared to patients with high clinical
quality.

o CABG surgery points requiring quality improvement are intensive care unit and postoperative inpatient day,

cardiopulmonary bypass and cross-clamp duration, and the use of fresh frozen plasma.

Keywords: Clinical Quality, Coronary Artery Bypass Graft, Network Data Envelopment Analysis.

1. Introduction

Every year, millions of patients all over the world suffer from unsafe and poor-quality healthcare!'! Poor-quality care,
which threatens patient safety, causes some negative health consequences that can lead to mortality. 134 million adverse
events occur each year due to unsafe care, resulting in 2.6 million deaths. 4-17% of patients experience poor results
whereby 44 —50 percent of these events are preventable. Up to 15% of hospital activity and expenditures are spent for the
treatment of direct sequelae of patient harm, resulting in an annual economic burden of €21 million in European Union
countries and $ 1 trillion in the USA. [1I2I3114] patient safety is built on "quality” in health care. The quality framework

consists of the components of a safe, effective, patient-centered, timely, efficient and fair delivery of service. [5]

Clinical quality, as a technical outcome quality of health services, is a concept that outlines how health system inputs are
transformed into health outcomes, includes the concrete outcomes and outputs of healthcare, and shows the interaction
between patients and service providers. With clinical quality measurements, the status of the clinician to provide the most
appropriate, most effective, and safest clinical care for the patient in the most appropriate time frame is

evaluated. [“I5] Measurements are needed to drive evidence-based decision processes, identify best practices, and guide
quality improvement efforts for all stakeholders of the health system from patients to health system funders and

policymakers. [71I]

The topics emphasized in the assessment of clinical quality are the scope of the measures to be used, the use of multiple
measures and the measurement method. In assessing the level of clinical quality, it is essential to understand the
structure and process characteristics of healthcare and the relationship between them as well as the healthcare outcome.
The difficulty of establishing a causal link between the structure, process and outcome characteristics of healthcare
makes it difficult to conduct research on this issue. The impact of patient perception and individual differences on health
outcomes and subjective measures (such as the pain, satisfaction or morbidity felt by the patient) are difficult to measure
and require additional measurement. This situation reduces the frequency of measurements in which multiple measures

determined for structure, process and outcome characteristics are used simultaneously. However, studies conducted with
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multiple measures are more valuable for managers, funders and patients to assess whether high-quality care is

provided. [9110]

To evaluate clinical quality with multiple measures, structure, process and outcome of care should be considered together
because of their effects on each other. Donabedians defend that a good outcome can be achieved with the right
processes and the right processes can only be achieved with a good structure that has been accepted all over the

world. [''In the first studies, to evaluate the structure of health care the structural measures focused on the environment
in which the care was provided. With the initiation of clinical quality assessments, patient-related variables began to be
used as structure measures. In clinical quality assessment, disease severity level can use as a structure

measure. |'2] Process measures cover the care cycle and focus on the diagnosis and management of disease, so they
are used as feedback points for quality improvement efforts. Evidence-based process measures include accepted and
scientifically valid clinical service principles. [12I[31[4] The patient's recovery is evaluated with the outcome measure.
Outcome measures are used to measure whether the health care has achieved the expected effects/changes. Measures
with precise definitions that can be reported by clinicians are classically the most commonly used outcome

measures. [¥! These measures have been defined as tools that assist in the assessment and monitoring of quality ! ']

Evidence-based medical guidelines, clinical pathways and standards, which are the main components of clinical quality,
are used in determining the structure, process and outcome measures to be used. Indicators are used as a method of
monitoring and assessing clinical quality. By using indicators, compliance with evidence-based guidelines and standards
in different aspects of the service is evaluated, and information is obtained at an institutional scale. By using indicators, the
clinical quality level of the institution is determined in the area where the measurement is made, and the obtained
measurement result allows institutional comparisons. Indicators can focus on disease-specific or general characteristics of
the service structure, process or outcome measures. Measures such as financing, personnel qualifications, facility
infrastructure, the type of insurance the patient has, and the severity of the disease are used in the indicators for structure
quality of the health care. Process quality indicators measure diagnosis-specific aspects of the care (such as the number
of patients with diabetes mellitus who have retinal examination once a year), treatment, care activities (the number of
patients receiving beta-blockers at discharge in the treatment of myocardial infarction etc.), and acute, chronic or
preventive care activities (penicillin prophylaxis until 5 years of age in children suspected of being positive for sickle cell
disease). In order to measure the outcome quality, indicators (mortality, morbidity, functional health status, length of stay,
reoperation/readmission after surgery, quality of life, patient satisfaction, etc.) that measure whether the health service has
reached the expected effects/changes in the short, medium and long term are used. However, when indicators are used,
the entire cycle of health service cannot be analyzed simultaneously. Each indicator developed for a specific area is
evaluated individually. Indicators are rarely specific enough to show a particular healthcare professional's performance or

an individual patient's condition. [12![16117]

Clinical quality measurement is expected to include data for the entire service cycle and explain the relationships between
the service's structures, process and outcome. (9] Multiple measure evaluation is required to meet this expectation. Data
Envelopment Analysis (DEA), which allows for the analysis of multiple measures at the same time, is a method frequently

used in efficiency evaluations. DEA is preferred in cases where the relationships between multiple inputs and multiple
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outputs are unknown, and a measurement cannot be made with other approaches due to the case’s complex nature.
DEA, which is used in healthcare services, is a non-parametric method based on linear programming principles and is
specifically designed to estimate relative efficiency in research groups. ['8] DEA has often been used to evaluate hospital
technical efficiency, service quality, and physician performance in healthcare. The inclusion of quality measures in DEA
research is considered promising for ensuring efficiency in hospitals. ['?! The results of DEA studies, which included the
quality of outcomes in the evaluation of technical efficiency in hospitals, showed that low efficiency is associated with low-
quality outcomes and that resources should be used more efficiently in order to reduce undesirable outcomes. [ 91120211 ¢
has been shown that quality improvement points can be determined by using quality measures for the process and
outcome as input and output variables in DEA and that efficiency increase can be achieved without sacrificing quality. In
addition, a correlation was found between the technical efficiency scores and quality. [191[221[231[24] The fact that the use of
resources in terms of technical efficiency is affected by the clinical differences of the patients showed the necessity of

including clinical measures in DEA studies. [2°!

However, the number of studies using patient clinical data and assessing clinical outcomes has been limited 26! In DEA
studies, in which clinical measures are used and patients are identified as DMUs, aimed to determine the relative
efficiency of the treatment method. In these studies, using process and structure measures related to the treatment
process in DEA, specific features for which potential improvements can be made for each patient were

determined. [?7128] Today, DEA researchers do not treat the care process as a black box consisting only of inputs and
outputs. NDEA which considers the network with distinct stages and interactions and can examine sub-processes and
sub-inputs and outputs of each process has been developed and also started to be used in healthcare

research. (2?1201 Since multiple measures can be managed simultaneously by using NDEA, it enables the analysis of the
structure, process, and outcome of clinical quality together. Also, it is a precision method for demonstrating improvement
points, determining resource waste, and performance evaluation. [3'132] Therefore, NDEA is a method that provides
results with the precision needed in clinical quality assessment in terms of performance, costs, reference-DMUs, and

quality improvement points.

Clinical quality assessments are made starting from the most common health phenomena in terms of their impact on the
individual and society, disease burden and measurability [*3]. A 2017 WHO report states that 17.9 million people died from
cardiovascular diseases in 2019 [34] cardiovascular diseases and cardiovascular disease-related death rates, which tend
to increase all over the world. In this study, CABG surgery, which is the preferred method of treatment for coronary heart

disease, was selected as the research application area.

The study aims to develop a model in which the relative clinical quality levels of the patients are evaluated with the NDEA
method by using the structure, process, and outcome measures of the CABG surgery. The goal of the developed model is
to constitute a tool for performance evaluation and quality improvement studies, and a resource for clinical quality and

healthcare NDEA research.

2. Methodology
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2.1. Design, data sources and sample

The research is a prospective, cross-sectional, registry research. The research was conducted in a tertiary training and
research hospital in Ankara. Inpatients with a pre-diagnosis of CABG between December 15, 2018, and March 15, 2019,
constituted the research population. Data from 139 patients who agreed to participate in the study with informed consent
were collected. Patients discharged with medical treatment (n=38) and patients who died in the hospital (n=3) were
excluded from the study. Clinical quality levels of 98 patients over the age of 18 who underwent CABG surgery were

evaluated with NDEA.

Measures determined to affect the clinical quality of CABG surgery:structure measure: EuroSCORE, process measure:
coronary angiography result, ejection fraction (EF) examined by ECHO cardiography, level of evidence supporting the
efficiency and effectiveness of the procedure, comorbidities affecting CABG surgery, CPB and CC time, carotid
endarterectomy, CABG application in a beating heart, amount of blood and blood products used in CABG surgery, the use
of inotropic agents after CABG surgery, the use of intra-aortic balloons, extracorporeal membrane oxygenation (ECMO),
number of bypassed vessels, reoperation, inpatient day outcome measure: postoperative serum creatinine, urea, AST,
ALT, CRP value, development of EQ5D5L, health care costs (Operation and preoperative, intensive care unit,

postoperative period costs).

During the data collection process, data on all variables were collected, but all the operations were performed in the
beating heart. The level of evidence supporting the efficacy and effectiveness of the procedure class was the same in all
patients and Carotid Endarterectomy, Intra Aortic Balloon, and Extracorporeal Membrane Oxygenation (ECMO) were not

applied to any patient; therefore, these variables were not included in the data envelopment analysis.

The data regarding the structure, process and outcome measures of the CABG surgical process, which will be used in the
evaluation of the clinical quality level, were obtained from the written and electronic records of the hospital. The invoice
created by the hospital was subclassified by the researcher as radiology laboratory, blood and blood products,
consumables, medicine and other transaction costs subclasses. In order to evaluate the quality of life of the patients, the
EQ-5D5L questionnaire was used by face-to-face preoperative and by telephone conversation three months after surgery.
The difference between the two questionnaires was calculated and the quality of life improvement value was determined.
"Harmonized functional health value" was calculated by scoring the results of ECHO cardiography, serum urea, creatine,

AST, ALT, and CRP as positive-negative according to the cutoff points determined by the researchers.

2.2. Analysis

The data including the CABG surgery structure, process and outcome measures were analyzed by using the two-stage

NDEA method. In the study, each patient who underwent CABG surgery was defined as DMU in accordance with NDEA.

2.3. Network DEA (two-stage)
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Under some conditions, the production/service process of DMUs has a two-stage structure. The structure in which the first
stage outputs constitute the inputs of the second stage and where there are common measurements called "intermediate
products" is called "two-stage systems". Just as the first stage does not have its own output in this structure, the second
stage does not have its own input. [°°! In the literature, there are examples in which the analysis is performed as the
administrative services under the control of the manager and the medical services stage where the manager cannot be

involved in by applying two-stage NDEA. [36]

Kao and Hwang (2008) describe the overall efficiency of a DMU in a two-stage NDEA as the product of the efficiency of
two stages. Chen et al. (2009) developed a methodology to represent the overall radial efficiency of a DMU as a weighted

average of the radial activities of each stage or components.

The two-stage network structure is given in Figure 1. In this model, each KVB j's (j 4 1, 2, ..., n) to the first stage xij, (i V4
1,2, ..., m), it is assumed that the input m and the output D of this stage is zdj, (d 4 1, 2, ..., D). These D outputs are then
added to the second stage as input and called intermediate products. The outputs in the second stage are shown as yrj, (r

41,2,...,9).

—

\ 4

Stage 1 Stage 2

. —>

Xy, i=1,2,...,m zy,d=1,2,..,D Yp r=1,2,..,s

Figure 1. Two-Stage Network Process

In the case where the first stage is represented byej1 and the second stage by e?, it is formulated as follows.

Z r=1Uryr/
2 d=1WeZq i
b w
1 L j=1 ViXij 2 Lo ddj
g = =

According to the definition above; an approach emerges where the overall productivity is calculated ase; = (e/1 : 9/2)_ This

model is converted to the linear program as follows.
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This model gives the overall efficiency. When the overall efficiency is achieved, the divisional efficiency is achieved

through efficiency decomposition. NDEA (two-stage) model has been constructed as follows to evaluate the clinical quality

of CABG surgery.

First Stage Inputs

o Operation and preoperative period costs

o Post-operative period costs
¢ Intensive care unit period costs

o Preoperative period inpatient day

Intermediate products

¢ Intensive care unit inpatient day

o Post-operative period inpatient day
o CPBtime

o CCtime

e The number of bypass vessels made

e The number of blood and blood products used

Outputs of second stage

o * EuroSCORE

o + Quality of life improvement value

¢ < Harmonized functional health value (echocardiography, serum AST, ALT, CRP, urea, creatine levels)
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The data including the structure, process, and outcome measures of CABG surgery was analysed by using NDEA (two-
stage) method. Mann-Whitney U test was used in order to compare the means of the efficient and inefficient patients in

both managerial and clinical stages.

Scores obtained after NDEA are examined as efficiency and inefficiency. In the analyzes in which this type of distinction is
made, although it is close to the efficiency limit, there may be DMUs whose characteristics are overlooked due to their
classification as inefficiency. In advanced statistics made after DEA, subjective different cut-off points can be determined
for different models according to the analysis type. For example, to test the sensitivity of the logistic regression analysis
based on DEA scores, the cut-off point can be set as 0.90. Another way can be by dividing DEA scores into several
quartiles to be determined according to the research group or assigning a value close to "1". 7] Hu and Shieh’s (2014)
study, evaluating the service efficiency of Traditional Chinese Medicine Hospitals, DMUs with a DEA-score between 0.9-1
were defined as the marginally inefficient group. It has been reported that those in this group can reach the efficiency limit
with small modifications, and they have been analyzed together with their efficient DMUs that get 1 point. In the study of
service and financial efficiency in health organisations by Kacak and Bagci (2020), inefficient health organizations were

grouped as marginally inefficient, above-median, below-median and most inefficient.

In this study, in order to see the difference between efficient and inefficient patients more clearly, NDEA scores were
divided into quartiles and classified as marginal inefficient most inefficient, above the median and below the median.
Marginally inefficient patients were identified as those in the 4th card with efficiency scores between 0.775 - 1 in the

clinical efficiency stage and 0.849-1 in the managerial efficiency stage.

Patients with marginal inefficiency can increase the level of efficient-DMUs by making minor improvements in the input
levels. The most inefficient patients are those in the first card with efficiency scores between 0-0.513 in the clinical
efficiency stage and 0-0.535 in the managerial efficiency stage. Patients in the Most Inefficient, Above Median, and Below
Median classes determined as being low clinical quality in analyzes were named "inefficient DMUs". In the findings of the
study, inefficient and marginally inefficient patients were evaluated in the same class, as patients with high clinical quality.
The Mann-Whitney U test was used to compare the averages of the efficient-marginally inefficient and inefficient patients

at the managerial and clinical stages.

3. Results

98 patients who underwent CABG surgery were included in the study. Eighty (81.63%) of the patients in the study group
were male. The number of patients with EuroSCORE 1 was found to be 49 (50%), EuroSCORE 2 patients 37 (37.75%),
and EuroSCORE 1 patients (14.28%). The most common comorbid disease was diabetes with 42 (41.58%) patients, while
50 patients had no comorbid disease. Mean inpatient days preoperative, ICU, and postoperative period were 6.24 + 4.48,
1.8 £ 1.55, and 5.5 + 3.02 days, respectively. The mean and standard deviation of CPB and CC duration were 106.46+
37.25 and 67.24 + 25.58, respectively. As a result of the quality-of-life evaluation, the EQ5D5L score was 0.706 £ 0.227 in

the first application and 0.880 + 0.181 in the second application. While the use of erythrocyte suspension (ES) was 3 £
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2.89, the use of FFP was 2.27 + 2.24 units. The harmonized functional health level calculated by the researchers was

determined as 11.56 + 2.01.

The central efficiency score obtained through NDEA showed that 3 patients had the best clinical quality level. The
average efficiency score of the 98 patients included in this study’s analysis was found to be 0.43. It was found that 15
patients (mean score of 0.68) were in the managerial efficiency stage and 11 patients (mean score of 0.68) were efficient

in the clinical efficiency stage.

The distribution of efficiency in the managerial and clinical stages of the patients is shown in Figure 2.

Efficiency Matrix
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Figure 2. Distribution of NDEA Result Managerial and Clinical Efficiency Scores

It was determined that DMUs who were efficient in the clinical efficiency stage were not efficient in the managerial
efficiency stage, except for five patients (Figure 2). This data suggests that although clinical efficiency was ensured,
resources were not efficiently used and that efficient service of clinical quality was not met. It was found that 20 of the 25
DMUs that were evaluated as managerially inefficient were not efficient in the clinical efficiency stage, and the desired

clinical quality level was not achieved in these DMUs.

The patients referenced by NDEA and the frequency of referrals are shown in Table 1. As a result of the analysis, 22
patients were accepted as reference patients. The most efficient patient, H6, has been referenced 85 times. H59,

referenced 46 times, and H41, referenced 34 times, are the other most efficient patients.
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Table 1. DMUs Referenced by NDEA and Reference Frequency

No Name of
DMU
1 H6
2 H59
3 H4
4 H54
5 H57
6 Hi
7 H94
8 H31
9 Hi4
10 H16
11 H53

* It is the cumulative total value.

Referencing Frequency No

85

46

34

33

26

21

12

13

14

15

16

17

18

19

20

21

22

Name of
DMU

H32

H56

H19

H37

H45

H67

H30

H3

H24

H63

H83

Total*

Qeios, CC-BY 4.0

Referencing Frequency

339
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The mean cost values and statistical test results of the DMUs who are efficient -marginal inefficient and inefficient in the

managerial and clinical efficiency stages regarding the structure, process and outcome criteria are given in Table 2.

Table 2. Average Cost Values of Efficient and Inefficient DMUs (Patients) According to the NDEA Results by Stages

Qeios ID: XUS2FE
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Measures

Operation and preoperative
period costs ($)

Radiology Laboratory ($)
Blood and Blood Products ($)
Other Transaction ($)
Consumables ($)

Medicine ($)

ICU period costs ($)
Radiology Laboratory ($)
Blood and Blood Products ($)
Other Transaction ($)
Consumables ($)

Medicine ($)

Post-operative period costs ($)
Radiology Laboratory ($)
Blood and Blood Products ($)
Other Transaction ($)
Consumables ($)

Medicine ($)

Managerial Efficiency Stage

Efficient-marginal inefficient DMU

(20,84) (n=25)

956,73+623,9*

348,98+657,57*
16,25423,92
329,25+87,69
167,35+114,5
94,9+46,28
356,82+269,74
32,26+70,98
31,72+41,40
234,78+207,77
23,60+48,28
34,46150,48"
137,86+126,69*
38,36+55,48
26,57+28,71
29,99+22,93
9,03+18,97

33,90+51,72

Note: * Statistically significant p <0,05

Inefficient DMU
(<0,84)

(n=73)

1327,23+998,43*

635,87+907,28*
24,09+31,77
373,82+157,54
190,42+ 1330,23
103,03+45,07
455,83+374,04
95,17+166,90
36,12+51,98
231,59+236,87
17,67+20,97
75,28+92,29*
173,24+126,96*
55,71£71,40
25,82+27,86
33,89+24,10
8,86+13,32

44,48+47 14

Qeios, CC-BY 4.0

Clinical Efficiency Stage

Efficient -marginal inefficient DMU

(20,77) (n=25)

1137,55 + 734,56

559,24 +730,25
18,21+28,00
308,91+72,09*
160,46+124,37
99,28+41,15
354,25+206,34
55,90+88,43
26,83+34,43
200,25+166,06
12,10+14,14
59,18+63,68
147,56+£101,10
42,95+51,58
20,62+21,35
229,24+19,54
4,26+6,81*

37,75+50,45

Article, January 12, 2023

Inefficient DMU
(n=73)

1265,31+ 988,96

563,50+900,46
23,42+30,78
380,79+157,56*
195,71+156,86
101,53 +46,87
456,71+387,03
87,07+£166,44
37,79+53,48
243,42+246,63
21,61+33,70
66,81+91,82
169,92+135,12
54,14+72,69
27,86+29,76
34,15+25,03
10,61+16,44*

43,16+47,81

In the managerial efficiency stage, although there was no statistically significant difference, the costs were found to be

relatively higher in the inefficient DMU group except for preoperative and operative post-operative period costs. The

average preoperative and operative period cost is 1327.23+998,43 $, while radiology laboratory costs are 635.87+907,28

$ and post-operative period costs are 173,24+126,96 $ for inefficient DMUs. It was found that there was a statistically

significant difference not only in preoperative costs but also in post-operative costs. There is a statistically significant

difference between efficient and inefficient DMUs especially the radiology and laboratory costs during the preoperative

and operative period and ICU medicine costs (Table 2).

In the clinical efficiency stage, although there was no statistically significant difference the costs were found to be

relatively higher in the inefficient DMU group except for preoperative other transaction and operative post-operative

consumable costs. The average preoperative other transaction cost is 380,79+157,56 $, while post-operative consumable

costs are 10,61+£16,44 $ for inefficient DMUs (Table 2).
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Table 3. Average Resource Use and Clinical Outcome Values of Efficient and Inefficient DMUs (Patients) According to the NDEA Results by Stages

Managerial Efficiency Stage

Efficient-marginal inefficient (=0,84)
(n=25)

Measures

Preoperative period inpatient day* 3,20+2,31*
ICU inpatient day 2,04 +1,02*
Post-operative period inpatient day 5,68 + 4,03
CPB time (m) 111,64 + 28,92

CC time (m) 68,88 + 23,33

Amount of Blood and Blood products

used

2,48 + 1
ES ,48 + 1,58
FFP 2,16 + 1,60

Harmonized functional health value 11,36 + 1,35

Note: * Statistically significant p <0,05

Inefficient
(<0,84)

(n=73)

7,30 £ 4,57*
1,71 £1,42*
5,73+ 2,52
101,14 + 27,95

64,98 + 22,75

2,85+2,20

2,03 +1,50

11,63 £ 2,19

Clinical Efficiency Stage

Efficient -marginal inefficient (=0,77)
(n=25)

5,96 + 3,49
1,44 £0,77
5,44 + 1,64
87,72 +25,98*

54,56 +17,98*

2,08 +1,32

1,44 1,04

11,68 + 2,43

Inefficient
(n=73)

6,36 + 4,78
1,92 £ 1,46
5,81 + 3,29
109,33 + 27,25*

69,84+ 23,13*

2,99 £ 2,21

2,27 +1,60*

11,52 + 1,86

In the managerial efficiency stage Preoperative period, inpatient days are 3,20+£2,31 in efficient-marginal inefficient DMUs

while 7,30 + 4,57 days in inefficient DMUs, and there is a statistically significant difference between them. Also, ICU

inpatient days have statistically significant differences between efficient-marginal inefficient DMUs (2,04+ 1,02 days) and

inefficient DMUs (1,71 = 1,42 days). There are no significant differences between efficient-marginal inefficient DMUs and

inefficient DMUs in both managerial and clinical efficiency stages about other inpatient day values. (Table 3)

It is determined that in the clinical efficiency stage variable affecting clinical outcomes such as CPB time have statistically

significant differences between efficient-marginal inefficient DMUs (87,72 +25,98 m) and inefficient DMUs (109,33 + 27,25

m), and inefficient DMUs' duration of CPB time is longer. In terms of CC time, it was determined that this time lasted

69,84+ 23,13 minutes in inefficient DMUs and was statistically significant. While no significant difference was found in both

managerial and clinical stages in terms of the use of ES, it was found that the use of FFP was statistically significantly

overused in DMUs that were inefficient at the clinical efficiency stage. (Table 3)

Table 4. Average EQ5D5L Scores of Efficient and Inefficient DMUs (Patients) According to the NDEA Results by Stages
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Managerial Efficiency Stage

Efficient-marginal inefficient (=0,84)

M
easures (n=25)
EQ5D5L lity of life i t
Q quality of life improvemen 0,410 £0.220
value
Preoperative EQ5D5L 0,643 £ 0,217

EQ5D5L Postoperative 3. month 0,898+ 0,124

Note: * Statistically significant p <0,05

Qeios, CC-BY 4.0

Clinical Efficiency Stage

Inefficient

(<0,84) Efficient -marginal inefficient (20,77)
(n=25)

(n :73)

0,386 + 0,225 0,354 0,219

0,738 £ 0,215* 0,543  0,254*

0,910 + 0,085 0,914 + 0,080

Article, January 12, 2023

Inefficient
(n=73)

0,406 + 0,224

0,773 £ 0,170

0,905+ 0,101

While the preoperative EQ5D5L quality of life score had statistically significant differences between efficient and inefficient

patients, no significant difference was found in the post-operative 3rd month EQ5D5L quality of life score and the

improvement value in the quality of life. (Table 4)

Table 5. Distribution of EuroSCORE, Comorbidity Situations, Number of Bypassed Vessels in Managerial and Clinical Efficiency Stages and Test

Results
EuroSCORE
Efficient - i
. |c_|e_nt marginal Inefficient
inefficient (=0,84)
Mean and 1,67 +
1,44 + 0,651
SD 0,708
Rank 42,90 51,76
average
Managerial 247 500
Efficiency Stage ’
z -1,489
P 0,137
Mean and 1,49+
1,96 £ 0,7
SD 96:£0,790 0,626
Rank
61,46 45,40
average
Clinical Efficiency
613,500
Stages
z -2,698
P 0,007*

Comorbidity Situations

Efficient -marginal
inefficient (=0,84)

0,24 + 0,436

38,76

644,000
-2,535

0,011*

0,60 + 0,500

56,40

740,000
-1,629

0,103

Inefficient

0,53 +
0,502

53,18

0,41
0,495

47,14

Number of bypassed vessels

Efficient -marginal
inefficient (=0,84)

3,32 + 0,988

56,24

744,000
-1,437

0,151

2,48 + 0,872

34,48

537,000
-3,203

0,001*

Inefficient

2,96 +
1,006

47,19

3,25+
0,983

56,64

At the clinical efficiency stage, it was found that there was a statistically significant difference (p <0.05) between the

efficient -marginally inefficient DMUs and the inefficient DMUs in the number of bypassed vessels and EuroSCORE

(Table 5). It was determined that the number of bypassed vessels was high in inefficient DMUs. In the managerial
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efficiency stage, there was a significant difference between the two groups in terms of the patient's comorbidity status.

More comorbid diseases were found in patients who were found to be inefficient. (Table 5)

Table 6. Recommended Optimal Intermediate Product Values for Patients Determined to be Inefficient as a Result of NDEA

Average of Proposed Values Proposed Percentage of Change
Managerial Efficiency Clinical Efficiency Managerial Efficiency Clinical Efficiency
Stage Stages Stage Stages
ICU Inpatient Day 1 1 20% 27%
Postoperative Inpatient Day 3 3 50% 52%
CPB Time (M) 70 67 32% 37%
CC Time (M) 41 40 37% 42%
Amount of Blood and Blood Products 3 45% 49%

(unit)

The optimal values suggested by NDEA in intermediate products in the managerial and clinical efficiency stage are
provided in Table 6 to increase clinical quality in patients determined to have a low clinical quality level. In the study, it was
found that CPB and CC duration, ICU, and postoperative inpatient days were longer in patients with a low clinical quality

level in the managerial and clinical efficiency stages in comparison to efficient patients.

According to the profile created by the NDEA for patients who are not managerially efficient and have a low clinical quality
level, the preoperative and postoperative period costs are higher than efficient patients. In managerially inefficient DMUSs,
the increase in preoperative radiology-laboratory and ICU medicine costs are statistically significant. The preoperative
quality of life in these patients is lower, and the preoperative and ICU care durations are longer. To increase efficiency,
there is a need of optimizing the length of postoperative hospitalization. Moreover, comorbid diseases are more common

and the duration of CPB and CC is longer.

According to the profile created by the NDEA for patients who are not clinically efficient and have low clinical quality
levels, preoperative other transaction costs and postoperative consumable costs are higher in these patients compared to
efficient DMUs. The preoperative quality of life in these patients was lower. Patients determined to be inefficient require
more intensive care treatment, and the postoperative recovery time takes longer. EuroSCOREs and the number of
bypassed vessels are statistically different in clinically inefficient DMUs. CPB and CC duration is longer than clinically
inefficient DMus. These patients need to use significant quantities of blood products; a statistically significant amount of

FFP is used.

4. Discussion

In this paper, we demonstrated the use of a novel approach to examining clinical quality on a patient scale using NDEA
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efficiency measurement. As a result of the research, we developed a model in which the clinical quality assessment of
CABG surgery is performed using NDEA on a patient scale, considering the entire service cycle. In the developed model,
NDEA (two-stage) enabled the analysis of all the structure, process, and outcome measures that could be used in the
evaluation of clinical quality. Patients were accepted as DMUs; the CABG surgical process profile was constructed; and
the patients with the best clinical quality level in the managerial and clinical stages were determined. The patient profile
created for patients with relatively low clinical quality and inefficiency is consistent with the CABG surgery literature. In
addition, with the developed model, the frontiers of best practice and quality improvement points were determined. Since
there are not exactly similar studies with the methods and tools used in this study, the research results have been

discussed with studies investigating similar variables.

As a result of the NDEA, we determined the improvement points of the CABG surgery healthcare cycle on a patient basis.
To increase clinical quality and ensure managerial and clinical efficiency NDEA identified improvement points such as ICU
and postoperative inpatient day, CPB and CC duration, and use of blood products. Obtaining results consistent with the
CABG surgery literature showed that NDEA 3811391 which is used to evaluate technical efficiency and productivity in

healthcare, can also be used in clinical quality assessment.

The NDEA results suggest that the use of resources was higher in patients with low clinical quality levels in terms of
managerial and clinical stages. It was determined that although the patients had similar clinical quality levels in the clinical
efficiency stage, efficient resource use could not be achieved in the managerial efficiency stage. Most of the managerial
efficient patients (84%) provided efficient resource use in the managerial efficiency stage; it was determined that clinical
efficiency could not be achieved at the clinical efficiency stage. Also, it was concluded that the amount and number of
resources used for the treatment of patients with similar clinical conditions were not similar and could be optimized.
Studies evaluating clinical outcomes in CABG patients show that poor clinical quality leads to increased resource use. In
addition, when clinical efficiency is ensured by the use of clinical quality tools, efficiency is also achieved in resource use
in terms of costs, inpatient day ect. [401[411[42]43] |n cases where resource use, inpatient day and costs are good, studies
concluded that there is a simultaneous improvement in clinical outcomes. While clinical quality and resource use in health
services are inversely related [#11[421[43] it was determined that, unlike the literature, resource use and clinical quality
could not be achieved simultaneously in this research group. It has been interpreted that this may be due to the
differences in the examination, treatment, and follow-up practices of the physicians who performed the surgery and
followed the patient. The results of efficiency analysis using DEA show that physicians' resource use differs and their level

125] Similar

of expertise is associated with costly resource use efficiency and can be achieved without sacrificing quality. [°
efficiency levels can be achieved in patients with the same clinical condition, with studies to be conducted in the quality

improvement points determined by NDEA and this will also support increasing clinical quality.

The effect of disease severity and risk level on clinical outcomes have been demonstrated in disease-based studies using
disease severity as a structural measure. [?I4! Our findings concluded that EuroSCORE, which shows the severity of the
disease, causes a significant difference between the efficient-marginally inefficient and inefficient patients in the clinical

efficiency stage and it is one of the variables that affect clinical quality level.
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There is a statistically significant difference between efficient and inefficient DMUs in terms of "EQ5D5L quality of life",
managerial and clinical efficiency in the preoperative period, and inefficient patients have a higher preoperative quality of
life score. Although there was an increase in EQ5D5L scores postoperatively, there was no significant difference in this
development. Studies evaluating the quality of life in CABG surgery have shown that CABG surgery improves the
patient's quality of life. [421[461[471[481[49150] Qur result of an increase in the quality of life supports these studies. The
clinical quality level reached at the end of the surgery process is relatively low in patients who had a better quality of life
level before the CABG surgery. It was determined that patients with the lower preoperative EQ5D5L score and higher
EuroSCORE were efficient and marginally inefficient patients. This result was attributed to the more pronounced effect of

surgical treatment in patients with relatively low quality of life and higher disease severity.

The clinical quality assessment results derived from the NDEA model revealed that the presence of comorbidity negatively
affects clinical quality results. Comorbidity is found to be significantly more common in patients who are found to be
inefficient. Many studies in CABG surgery literature indicate that comorbidities such as diabetes and chronic renal failure

increase poor health outcomes, complications, and inpatient days after CABG surgery. [511521[53][54][55][44][56]

The findings showed that there was a significant difference between efficient and inefficient patients in the use of FFP. It
was determined that more FFP was used in clinically inefficient patients. Several other studies indicate that not applying
intraoperative FFP in CABG surgery is safer and cost-effective and the perioperative use of FFP is the major determinant
of mortality. Also, the use of blood products has an increasing effect on the risk of developing adverse clinical outcomes
after CABG surgery, especially mortality. (711581 Our finding using FFP affects clinical quality negatively corresponds to

these studies.

The longer duration of CPB and CC in patients with relatively low clinical quality levels is consistent with the CABG
surgery literature. Studies have reported that the long duration of these two periods of CABG surgery is associated with
adverse clinical outcomes and significantly increases mortality and morbidity. [29/6061] This particular study identified a
significant difference in the number of bypassed vessels between efficient and inefficient patients in both the managerial
and clinical stages. As in this study, CABG surgery studies have shown the effect of differences in the number of vessels
bypassed on patients’ clinical prognosis. [5?] However, the effects of vessel numbers on clinical quality need to be

examined in more detail to determine clinical quality improvement points on this issue.

5. Conclusion

This paper examined the clinical quality with NDEA (two-stage) on a patient basis using structure, process, and outcome
quality measures of CABG's entire cycle of healthcare. We determined clinical quality improvement points through NDEA

in order to increase managerial and clinical efficiency.

The NDEA (two-stage) method enabled the analysis of all structure, process, and outcome measures simultaneously and
was used to evaluate clinical quality with multiple measures. During the research, the patients with the best clinical quality

level were determined, and patient profiles with lower clinical quality were created. Intensive care unit and postoperative
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inpatient day, cardiopulmonary bypass and cross-clamp duration, and use of fresh frozen plasma were determined as the

CABG surgery points requiring quality improvement.

This study recommends the creation of disease-specific standard data packages that include disease-specific structure,
process, and outcome measures, and to use multiple measures simultaneously in the evaluation of clinical quality. The
study also recommends the use of NDEA as a method for evaluation, and conducting studies on quality improvement

points determined from the results of the analysis.

Limitations and suggestions for future research:

The results of this study are valid only for patients who underwent CABG surgery in the research hospital during the study

period.

In order to measure efficiency with DEA, the variables to be used in the research should represent the service and be
affected by direct actions. (3] However, the availability and reliability of the data and the ability to capture application
variations limit the selection of metrics. It was planned to include the effect of the surgeon, physicians and other staff who
performed the operation and its impact on the operation process, as an output variable. However, the variables related to
the characteristics of the physician and other staff were accepted as a constant and were not included in the study
because of the inability to measure direct effects on the health level of the patient and the lack of sufficient data. These
data are unavailable, and each patient is operated on by different physicians and teams. Models to be developed by using
the measurement results on the effect of the physician performing the surgery and other team members can be used in

the performance evaluation of physicians and health professionals.
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