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From Survival to Success
Evolving Metrics in Surgical Quality Assessment

This article reviews the evolution and current state of surgical quality

assessment, emphasizing standardized outcome measures like the Clavien-

Dindo Classification and Comprehensive Complication Index (CCI®), and

introducing benchmarking for fair quality comparisons. It promotes for

improved reporting, patient-centered metrics, and standardized guidelines

for outcome evaluation.

The interest in measuring, comparing, and improving the quality of health

care is enormous. However, the ideal mechanism of measuring quality in

healthcare is under critical worldwide debate in many fields. In surgery,

survival rates of surgical procedures were the main quality indicator for a

long time. But with the dramatic decrease in perioperative mortality rates

following most procedures, the focus has turned toward postoperative

morbidity, and the incidence of postoperative complications has become

one of the most used parameters to assess the quality of surgery in the

literature.

However, the absence of standardized and universally accepted surgical

definitions and endpoints has resulted in inconsistent, arbitrary, and

frequently clinically inconsequential outcome assessments. This situation

has paved the way for biased interpretations and has also impeded the

improvement of healthcare quality (1, 2).

Definitions

Meaningful quality assessment and accurate outcome reporting require

relevant, objective, standardized and well-defined outcome measures.

These measures enable proper evaluation of postoperative results and

comparative analyses between different therapeutic approaches or

between different centers.

The definition of surgical complications was lacking until the early 1990’s. In

1992, Clavien and his colleagues introduced the term “postoperative adverse

outcome”, which is based on complications, failure to cure, and sequelae (3):

Failure to cure: Signifies that the intended outcome of an intervention was

not achieved (such as the absence of curative resection for a malignant

tumor)

Sequelae: Refers to unfavorable events inherent to the procedure (for

instance, amputation inevitably leading to disability)

Complications: Encompasses all other incidents.
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Assessment tools

To prevent complications after an intervention and enable credible

comparisons of competing therapies or care providers, standardized

assessment tools are essential. These tools must be relevant to patients and

healthcare providers, as well as all other stakeholders within society, and

must be widely accepted across various healthcare systems and cultures.

Several efforts were made to categorize surgical complications prior to 1990,

yet none gained widespread acceptance or popularity. Therefore, when

Clavien et al. compared laparoscopic cholecystectomy with the open

technique in 1992, they not only had to redefine the term “complication” but

also develop a standardized method for classifying them. This so-called

Toronto classification determined the severity of morbidity based on the

therapeutic treatment used for complication management (3). However, the

dissemination of the classification remained very modest, with only a few

citations in the literature. In 2004, Clavien and Dindo revised the

fundamental Toronto model, leading to the “Clavien-Dindo Classification”

(CDC), which consists of five grades, two of which are further subdivided into

two subgroups (Table 1) (4). This new classification was validated in a cohort

of 6336 patients who underwent elective surgery at the University Hospital

of Zurich between 1988 and 1997. In addition, the acceptability and

reproducibility of the classification was demonstrated in an international

survey of surgeons at different levels of training. In conclusion, the CDC

provides a simple and reliable method for standardized classification of the

severity of complications and is the best established and most widely used

classification in surgery today.

Table 1. Clavien-Dindo Classification versus CCI®.

Comparing outcomes of patients with multiple complications according to
the CDC can be challenging. The CCI® simplifies this by reflecting a
patient's overall morbidity. It combines all complications and their relative
severity into a single number, making it easier to compare outcomes of
patients with multiple complications. With the CCI® you can easily say, that
patient B had the worse postoperative course.

CCI®: Comprehensive Complication Index

Despite the widespread acceptance of the CDC, the classification is not

used uniformly in the literature, leading to high interobserver variability.

Numerous studies primarily report only on “major complications,” which in

some cases is defined as CD grade ≥3, while in others as CD grade ≥3b,

omitting complications of lesser severity (5). Furthermore, the management

of complications can vary significantly among centers. Thanks to recent

technical advances, treatments can now be performed endoscopically or via

interventional radiology, no longer requiring immediate reoperation.
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Consequently, many complications have been reclassified from Clavien-

Dindo grade 3b to 3a, as they are now managed with local or regional

anesthesia. These discrepancies are exacerbated by local circumstances

and the availability of medical resources, and must be taken into account

when interpreting study results.

A disadvantage of the CDC is that it requires extensive tabulation of

complication details, making it difficult to compare outcomes, especially of

patients with multiple complications (1). In response to this limitation, the

Comprehensive Complication Index (CCI®) was developed in 2013. The CCI®

is a metric that reflects the overall morbidity of an individual patient by

summarizing all experienced complications and their relative severity into a

single number, normalized on a scale from 0 (no complication) to 100

(death) (6, 7). Figure 1 illustrates the advantage of the CCI® in patients with

multiple complications. The development of the CCI® formula explicitly

considered the patients’ perspective by allowing the patient to assign

weights to the respective CD grades. 

To calculate the CCI®, a web application is available (https://www.cci-

calculator.com), which requires only knowledge of the CD grades of all

complications. The validity of the CCI® has been confirmed by evaluations in

several independent patient groups (8, 9), showing a strong correlation with

costs (10, 11) and serving as a highly sensitive endpoint for randomized trials

(12, 13). In Table 2 some clinical scenarios are summarized to illustrate, how

the CDC and CCI® can be used.
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Table 2. Concept of Benchmarking.

Data from international reference centers are collected and based on an
ideal low-risk population, the so-called benchmark cohort, Benchmark
cutoff values for different outcome parameters are determined, which can
serve as reference values.

Meanwhile the CDC and CCI® were used in many centers and surgical

disciplines worldwide for 20 and 10 years, respectively. In 2024, the pioneers

developed recommendations to improve guidance on how to count and rate

complications using the CDC and CCI® in scenarios that proved challenging

over the years (14). In view of the steadily increasing use of CDC and CCI® in

practice and research, these guidelines were crucial to further strengthen

their consistent and standardized use.

Benchmarking for fair quality comparisons

Fair comparisons among institutions or countries are difficult in

heterogeneous groups of patients. Consequently, comparisons of quality

indicators between centers should always be adjusted for the case-mix of

patients (i.e. the proportion of low-risk vs. high-risk cases). Otherwise there

is a danger of risk aversion, as providers may adopt avoidance strategies

toward high-risk or complex cases (15, 16). To mitigate this risk, recently a

novel approach called “Benchmarking” was proposed to estimate the best

achievable outcomes for a given surgical procedure (17-19).

Originally, benchmarking comes from the economic practice, and its

concept appeals to most surgeons: striving for the highest possible level of

performance, not just the average. The aim of Benchmarking is to determine

the best achievable outcome of a surgical procedure. Benchmark values for

a specific surgical procedure are based on the outcomes of low-risk patients

treated in international high-volume reference centers (Figure 2). 
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To create ambitious but achievable benchmarks, the benchmark cutoff is set

at the 75th percentile of the centers’ median (Figure 3).

To create a valid benchmark value, it is necessary to define the group of

patients associated with the lowest risk for complications, such as young

age, low body mass index, and the absence of comorbidities. Eligible centers

for benchmark determination should be high-volume centers holding a

prospective database, be involved in clinical research in the field of interest,

and be from at least 2 continents (18, 19).

Standardized outcome reporting

Despite the availability of many tools to measure surgical outcomes in a

standardized and objective manner, reporting has not improved over the last

20 years, as demonstrated by a recent critical appraisal of surgical literature

(5). Major deficiencies in reporting surgical outcomes were observed in most

journals, even at the highest levels, with a lack of information on key

parameters such as readmission rates, outpatient events, overall morbidity,

or patient-reported outcome measures (PROMs).

This situation has led to biased interpretations, especially when comparing

competing treatment options or different care providers, and has hindered

the improvement of healthcare quality (1, 2). In 2022, a major international

effort brought together various stakeholders, including patients, payers, and

policymakers, with the aim of developing guidelines for standardized and

improved surgical outcome reporting, considering developments made over

the past decades. Based on extensive literature reviews and expert input, an

independent Jury offered a framework for outcome assessment and quality

improvement following surgical procedures (20). The core document,

published in Nature Medicine, presents the Jury’s recommendations,

integrating seven final statements:

1. Record outcome parameters at multiple, standardized time points

perioperatively and postoperatively

2. Routinely use patient-reported outcomes in clinical care

3. Record morbidity using the CDC and the CCI®
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4. Define benchmark values and compare results between centers and over

time

5. Conduct routine interdisciplinary mortality and morbidity conferences

6. Appoint a 'data quality guarantor' at each institution

7. Follow the TRACK principle of transparency, respect, accountability,

continuity and kindness in the event of unwarranted results.

In the same year, the Consolidated Standards for Reporting of Trials

(CONSORT) statement published a CONSORT-Outcomes 2022 Extension

(21), which integrates outcome reporting standards for clinical trials. Such

reporting guidelines can greatly improve reporting if adopted and enforced

by the scientific community and journals (22-27).

Patient-centered medicine

Finally, it is important to highlight the following aspect. Most metrics, except

the CCI®, were developed solely from the healthcare providers' perspective,

often overlooking the most important stakeholder: the patients. Physicians

aim to provide the best care to patients. However, patients define "the best"

using different criteria, such as postoperative functional status and

nonmedical services like food quality. Therefore, to accurately assess

surgical quality in both research and clinical practice, standardized

assessment of outcomes from the patient’s perspective including patient-

reported outcome and experience measures (PROMs and PREMs) are

essential and should be integral to any surgical outcome assessment. The

importance of PROMs and PREMs has been widely demonstrated, providing

valuable information for surgeons, healthcare providers, and policymakers to

evaluate the effectiveness of surgical interventions. Surgeons can use these

measures to assess quality of life, understand postoperative symptoms, and

identify areas for improvement in patient care (28).

Additionally, there is an urgent need for a shift in the interpretation of study

findings. Many authors find contentment when their analysis yields a P-value

<0.05, often without considering whether the results also have clinical

relevance (29). However, such consideration is paramount for patients and

their families, healthcare providers, payers, and the public to make informed

decisions. Thus, it is time for researchers to not only assess and report

statistical significance but also clinical significance (29, 30). This is crucial,

because P values merely indicate the presence of a treatment effect,

without revealing its magnitude. Consequently, statistically significant

findings may or may not be linked with clinically significant differences in

treatment effects. The predominant concept used to delineate clinical

significance is the minimal important difference (MID) (31). MID defines the

smallest treatment effect that patients still perceive as beneficial and, in the

absence of severe side effects and excessive costs, justifies a change in

patient management.

In conclusion, the landscape of healthcare quality assessment in surgery is

evolving rapidly, with an increasing emphasis on standardized outcome

reporting and patient-centered measures. The adoption of tools like the

CDC and CCI® has facilitated the objective evaluation of postoperative

outcomes. However, the persistent lack of standardized outcome reporting

across studies and journals remains a significant challenge, leading to biased

interpretations and hindering quality improvement efforts. It is imperative for

researchers, healthcare providers, and policymakers to embrace and enforce

standardized outcome reporting guidelines. Only through consistent and
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transparent reporting can we ensure meaningful comparisons and

advancements in surgical care that truly benefit patients worldwide.
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