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Objective: To estimate the minimal important difference (MID) of
the Comprehensive Complication Index (CCI®) in patients under-
going abdominal surgery.

Background: The CCI® is a validated metric that quantifies
cumulative surgical morbidity. While the CCI® is a sensitive end-
point to detect treatment effects, a statistically significant effect does
not necessarily translate into clinical relevance. Relevant differences
from the patients’ perspective are best captured by the MID.

Methods: Individual patient data were extracted from surgical
studies reporting CCI® at 30 days and using patient-reported out-
come measures with established MIDs at baseline and 30 days. To
determine the MID for the CCI®, we used an anchor-based
approach as recommended by methods guidelines. A patient-
reported outcome measure was selected as an anchor only if the
Spearman correlation coefficient between its change in score
(baseline to 30 days postoperative) and the CCI® was >10.30l. We
used linear regression to estimate the MID of the CCI® across
different anchors, and triangulation to determine a single MID.

Results: Data were extracted from 3 published randomized con-
trolled trials and 1 prospective observational study (n = 1583

patients) in major abdominal surgery. In colorectal surgery cohorts,
2 subscores of the Short Form-36, 2 subscores of the Multidimen-
sional Fatigue Inventory-20, the EuroQol-5-Dimension Index
Score, and the EuroQol Visual Analog Scale showed a correlation
with the CCI® of >10.30l. This resulted in MID estimates for the
CCI® ranging from 6.1 to 22.2. In hepato-pancreato-biliary sur-
gery, 1 subscore of the Short Form-36, and 2 subscores of the
Patient Reported Outcome Measure Information System-29 ques-
tionnaire qualified as anchors providing MID estimates ranging
from 6.2 to 13.8.

Conclusions: We propose a mean difference of 12 points in the
CCI®™ between treatment groups as a relevant difference in patients
undergoing abdominal surgery. This MID provides an important
foundation for sample size calculations and interpretation of
randomized controlled trials and large real-world observational
studies.
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he recent Outcome4Medicine consensus conference! on

how to assess quality of surgical interventions recom-
mended the Comprehensive Complication Index (CCI®)23
as the only validated metric quantifying cumulative surgical
morbidity. Unlike traditional classification systems, such as
the Clavien-Dindo (CD) classification,*> which categorize
complications into discrete grades based solely on severity,
the CCI® reflects the cumulative effect of all complications
experienced by an individual patient, ranging from 0 (indi-
cating an uneventful postoperative course) to 100 (indicating
the death of the patient). The formula for calculating the
CCI® has been developed by weighting each CD grade
through an evaluation of clinical scenarios, incorporating
perspectives from both patients and physicians. This
approach ensures that the CCI® takes into account the
varying significance of complications from both clinical and
patient-centered viewpoints. The CCI® is significantly more
sensitive than the CD classification and other metrics in
detecting treatment effects allowing for smaller sample sizes
in randomized controlled trials (RCTs).6 This makes the
CCI® particularly well-suited as primary endpoint in sur-
gical research.0”7 To date, more than 120 RCTs have
employed the CCI® as an endpoint.8

The interpretation of CCI® scores and the determi-
nation of their clinical importance remain, however,
challenging. As with any metric, statistically significant
results may not always be clinically meaningful. A given
between-group difference in CCI® may reach statistical
significance due to a large sample size, while having little to
no impact on patient well-being.%-10 This discrepancy raises
concerns about the real-world relevance of such findings,
particularly when changes are statistically significant but fail
to make a tangible difference in patients’ experiences and
outcomes.

To address this, the concept of the minimal important
difference (MID) has been introduced more than 30 years
ago. The MID is defined as the smallest mean difference
between treatment groups in any given metric that is
perceived by patients as meaningful, and that would,
therefore, in the absence of troublesome side effects and
excessive costs, justify a change in clinical management.!!
The MID is crucial for interpreting the clinical significance
of treatment effects, as it helps to differentiate between
changes that are statistically significant but clinically
negligible and those that truly improve patient outcomes.
Consequently, it serves as an essential tool for assessing the
effectiveness of interventions and guiding clinical decision-
making.

Estimates of the MID for a specific outcome are
typically derived using specific methods, including anchor-
based approaches.!? These approaches rely on external
references, known as “anchors,” which are variables or
measures that reflect a meaningful change from the patient’s
or clinician’s perspective. The anchors provide a reference
point against which changes in the outcome of interest — such
as the CCI® — can be assessed. These anchors should reflect
the patient perspective, such as patient-reported improve-
ments in symptoms or quality of life. The anchor-based
approach requires a relationship between the outcome
measure and the anchor. This relationship is important
because it allows researchers to determine what degree of
change in the outcome measure is considered meaningful
from the patient’s perspective. The strength of this relation-
ship can vary depending on the type of anchor used. For
example, an anchor that directly reflects a critical aspect of a

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.

patient’s health, such as functional recovery after surgery, will
likely have a stronger and more direct relationship with the
CCI® than an anchor measuring an aspect of health that is
not related to surgery.

To determine the MID, researchers analyze how
changes in the outcome measure of interest correspond to
changes in the selected anchors. The goal is to identify the
smallest difference in the outcome measure that corresponds
to a meaningful change in the anchor. For example, a
change in the CCI® that correlates with a deterioration in
self-reported physical function can be interpreted as
clinically meaningful if it represents a shift that patients
would perceive as a deterioration in their health.

By using different anchors, each reflecting a meaningful
change, researchers can ensure that the resulting MID
estimates are robust and reliable. Therefore, it is recom-
mended to use multiple anchors with strong enough
correlations and to triangulate the results, ultimately
arriving at a single value or a narrow range of values that
best represent the MID.13

Predefined differences in the CCI® have been used to
calculate target sample sizes in some trials, but in contrast to
other metrics, for example, used in patient-centered outcome
reporting [ie, patient-reported outcome measures (PROMs),
patient-reported experience measures], an MID for inter-
preting the clinical significance of changes in complication
burden is completely lacking. To address this gap, we
conducted an analysis to determine the MID of the CCI® in
patients undergoing abdominal surgery.

METHODS

Study Design

We conducted a literature review identifying all RCTs
in abdominal surgery using the CCI® as an endpoint.® All
studies reporting the CCI® at 30 days and, in addition,
PROMs at baseline and after 30 days were eligible for
inclusion. Feasibility trials were excluded. There was no
study on pancreatic surgery among the eligible RCTs. To
depict a comprehensive spectrum of abdominal surgery,
we, in addition, included data from a high-quality
prospective observational study investigating pancreatic
resection.

Approach to Determine the MID of the CCI®

To determine the MID for the CCI®, we used an
anchor-based approach, in which PROMs with known
MIDs served as anchor to predict the MID of the CCI®.
Since the MID must reflect the patient’s perspective, it is
essential to select anchors that capture this aspect. PROMs,
which provide direct patient-reported information, are,
therefore, well-suited for this purpose. Furthermore,
anchors must have a proven association with the outcome
measure of interest. To select appropriate PROMs, Spear-
man correlation analyses between the change of the PROMs
and the “change” in CCI® were conducted, with a threshold
of r >10.301.13 As the baseline of the CCI® is always 0 (no
preoperative complications), we used the CCI® score at
30 days as the “change” in CCI®,

Anchors which were suitable based on a correlation > |
0.301 were then used to calculate MID values for the CCI®.
We used linear regression with the CCI® as dependent and
the change in the respective PROMSs as independent
variables. Based on the results of the linear regression
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model and the MID of the PROMs, we estimated the MID
of the CCI® across different PROM:s.

Assessment of the Certainty of MID Estimates

We used a modified Grading of Recommendations,

Assessment, Development and Evaluation (GRADE)
approach!4 to assess the level of certainty for each MID
estimate. In line with this widely used methodology, we
categorized certainty as high, moderate, low or very low.
The decision to downgrade certainty for the MID estimate
was based on 5 key criteria:

Eligibility: We assessed whether changes in PROMs and
the CCI® were sufficiently large to allow for a mean-
ingful MID calculation. If variability in change from
baseline to follow-up is low, the regression analyses may
not yield valid estimates. Downgrading was applied if the
median CCI® was 0 or if the median change in the
PROM was smaller than the established MID for
that PROM.

Complication reporting: We evaluated whether proce-
dure-specific complications were systematically recorded.
The reporting of these complications served as an
indicator of precise and accurate reporting, reducing the
likelihood of relevant underreporting. Incomplete or
inconsistent reporting could lead to an underestimation
of postoperative morbidity and consequently to unreli-
able MID estimates. Studies that did not report
procedure-specific complications or did not include all
CD grades in the CCI® calculation were downgraded.
Missing values: We examined how missing PROM data
were addressed and whether imputation methods were
applied. A high proportion of missing values or
inadequate handling strategies could compromise the
validity of the MID estimate. Downgrading was applied
if either baseline or 30-day follow-up of a PROM was
missing in > 25% of the study participants.
Applicability: We considered whether the derived MID
was generalizable to other studies in this field, where a
MID would be typically used to determine sample size or
interpret effects. Downgrading was applied in cases
where the study population was highly specific and not
representative of broader clinical contexts where the MID
would be used.

Imprecision: We assessed imprecision based on the CI of
the MID estimate. We downgraded for imprecision if the
lower boundary of the 95% CI was implausibly low (ie,

TABLE 2. Patient Reported Outcome Measures Used as Anchors

Score
PROM Used Score/Subscore Range MID
SF-36 Physical component 5 to 80 52629
summary*
SF-36 Physical functioning* 19 to 58 52629
SF-36 RP* 21 to 57 52629
MFI-20 General fatigue 4 to0 20 230
MFI-20 PF 4 to 20 230
EQ-5D-3L  Index score -0.594 to 1 0.0231
EQ VAS  EQ VAS 0 to 100 7.131
PROMIS-29 PSS* 0 to 100 2.332
PROMIS-29 Physical functioning 0 to 100 2.732

*Norm-based Score.

EQ VAS indicates European Quality of Life Visual Analog Scale; EQ-
SD-3L, European Quality of Life 5 Dimensions 3 Level; MFI-20, Multi-
dimensional Fatigue Inventory-20; PF, physical fatigue; PSS, Physical Health
Summary Score; RP, role physical; SF-36, Short Form-36.

below 6) and/or the upper boundary implausibly high (ie,
above 15), based on our a priori expectation that the
MID of the CCI® would lie between 6 and 15.
Each decision regarding the downgrading of certainty
was justified in footnotes.

Triangulation of MID Estimates

To determine a single MID estimate for the CCI®, we
applied triangulation, a process of synthesizing multiple
estimates from different methods or data sources to derive a
single, more valid estimate, while accounting for the
certainty of the available evidence. Specifically, we consid-
ered the MID estimates derived from different PROMs
based on their GRADE certainty level, ensuring that
estimates with higher certainty contributed more to the
final MID determination, while those with lower certainty
had less influence.

RESULTS
We obtained data from 5 RCTs and 1 prospective
observational study. Three of these trials reported on
colorectal surgery (n = 1022 patients),!5-17 1 study on
esophagectomy (n = 245 patients),!8 1 study on resection of
colorectal liver metastases (n = 250 patients),!® and 1 study
on pancreatic resection (n = 566 patients29; Table 1).

TABLE 1. Summary of Analyzed Studies

Study 115; Study 216; Study 317; Study 429; Study 5'%; Study 6'3;
N = 99* N = 255* N = 668* N = 566* N = 250* N = 245*
Study design RCT RCT RCT Prospective RCT RCT
observational study
Domain Colorectal Colorectal Colorectal HPB HPB Upper GIT
Disease
Malignant 58 (59) 255 (100) 668 (100) 433 (77) 250 (100) 245 (100)
Benign 41 (41) 0 0 133 (23) 0 0
CCI® 0 (0, 12) 0 (0, 12) 21 (0, 38) 21 (0, 35) 0 (0, 0) 21 (0, 30)
Analyzed SF-36 SF-36 SF-36 PROMIS-29 SF-36 EORTC C30
PROMs MFI-20 EORTC C30 EQ-5D-3L EQ-5D-3L
EQ VAS EQ VAS

*n (%); median (IQR).

EORTC indicates European Organization for Research and Treatment of Cancer; EQ VAS, European Quality of Life Visual Analog Scale; EQ-5D-3L,
European Quality of Life 5 Dimensions 3 Level; GIT, gastrointestinal tract; HPB, hepato-pancreato-biliary; MFI-20, Multidimensional Fatigue Inventory-20;
SF-36, Short Form-36.
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The Short Form-36 questionnaire2! was used in 4
studies, while the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire C30,22
the European Quality of Life 5 Dimensions 3 Level
version,23 and the European Quality of Life Visual Analog
Scale were used in 2 studies each. The Patient Reported
Outcomes Measurement Information System 29 (PROMIS-
29)24 and the Multidimensional Fatigue Inventory-2025 were
only used in one study each (Table 1).

The PROMs for which we found a correlation with the
CCI® of >10.301 are shown in Table 2. The highest
correlation was found between PROMIS-29 and the CCI®
(r = 0.42). Two studies!®18 did not show a correlation >
0.30l for any PROM (Supplemental Table, Supplemental
Digital Content 1, http:/links.lww.com/SLA/F576). Table 3
shows the linear regression and the resulting 9 MID
estimates for the CCI® across the relevant PROMs. The
MID estimates range between 6.1 and 22.2.

The assessment of the certainty of the 9 estimates
according to the modified GRADE approach revealed
moderate certainty for 3 estimates, low certainty for 4
estimates, and very low certainty for 2 estimates (Table 4).

Triangulation of the MID estimates, considering their
GRADE certainty level, resulted in a proposed single MID
of 12 CCI® points.

DISCUSSION

Based on our findings, we propose for the CCI® a 12-
point mean difference between treatment groups as a
relevant effect in patients undergoing abdominal surgery.
This MID can help investigators and clinicians in designing
future studies assessing morbidity in surgical populations
and to determine whether treatment effects are meaningful
to patients and indicate a true beneficial outcome.

This study evaluated multiple PROMs, including Short
Form-36, European Organization for Research and Treat-
ment of Cancer QLQ-C30, European Quality of Life 5
Dimensions 3 Level, European Quality of Life Visual
Analog Scale, PROMIS-29, and Multidimensional Fatigue
Inventory-20. By incorporating various instruments that
capture different dimensions of patient well-being, we
ensured a comprehensive assessment of the relationship
between patient-perceived health status and postoperative
morbidity.

Some previous studies have used an MID of 10 points
for the CCI®.6.33 Qur results suggest that this threshold was

slightly too low. It is possible that some studies may
have somewhat overestimated the clinical significance of
observed changes in the CCI®, while others may have
dismissed meaningful differences as statistically but not
clinically relevant. By establishing a data-driven MID of 12
points, our study contributes to a more accurate and
standardized approach to the assessment of postoperative
outcomes.

A crucial application of the MID lies in sample size
calculation, as it ensures that clinical trials are designed to
detect differences that are not only statistically significant
but also clinically meaningful. In superiority trials, the MID
defines the smallest effect size that would justify adopting a
novel intervention over the current standard. To illustrate
this, we consider a study comparing a new surgical
technique to the established gold-standard procedure, which
has a reported mean CCI® of, for example, 21 points. The
trial aims to demonstrate a change in overall morbidity by
12 CCI® points, reflecting a meaningful difference in
postoperative outcomes. Assuming a SD of 20,0 the
calculations yield a required total sample size of 88 patients
(44 per group) for 80% power and 117 patients (59 per
group) for 90% power at a significance level of 0.05.

Beyond superiority trials, the MID also plays a key role
in noninferiority trial design. In these studies, it helps define
the noninferiority margin (A) — the maximum difference at
which a new intervention can still be considered clinically
acceptable, that is, noninferior, compared with the standard
treatment. To ensure this margin is meaningful rather than
arbitrarily chosen, A is typically set as the MID or a fraction
of the MID (eg, 50% or 75%), ensuring that any tolerated
difference remains below the level of patient-perceived
impact. For instance, in a surgical trial using the CCI®, if
the standard procedure has a mean CCI® of 21 and the
MID is 12 points, a reasonable noninferiority margin might
be set at 9 points (75% of the MID). In this case, if the new
technique results in a CCI® of < 30 (21 + 9), it could be
considered noninferior, as the difference remains below the
threshold of clinical relevance. By connecting the non-
inferiority margin to the MID, these trials ensure that
conclusions regarding noninferiority are based on patient-
centered criteria, thereby preventing the adoption of
interventions that introduce clinically meaningful harm.

A potential criticism of our findings could be that the
MID of 12 for the CCI® may not be universally applicable
to all abdominal surgery, as procedures with inherently
different morbidity profiles may require different thresholds

TABLE 3. Linear Regression Model to Determine the MID of the CCI®

Estimated MID of the CCI® (95%

Regression

Certainty in MID Estimate
CI) (GRADE)

Study 115 4.24 + 0.38*MID SF-36 PCS
7.01 + 0.97*MID MFI-20 GF
6.50 + 1.09*MID MFI-20 PF
Study 317 16.00 + 0.75*MID SF-36 PF**
19.90 + 28.37*MID EQ-5D-3L index score
20.04 + 0.30*MID EQ VAS
Study 420 12.13 + 0.72*MID PROMIS-29 PSS
9.06 + 0.87*MID PROMIS-29 PF**
Study 5! 4.56 + 0.33*MID SF-36 RP

6.1 (-10.4 to 22.6) -
8.9 (3.9 to 14.0) ot
8.7(3.9 to 13.4) N

19.8 (10.3 to 29.3) 4+

20.5 (20.3 to 20.6) e

22.2 (9.3 to 35.0) P

13.8 (7.9 to 19.7) P

11.4 (4.6 to 18.2) bt
6.2 (-2.6 to 15.1) .

EQ VAS indicates European Quality of Life Visual Analog Scale; EQ-5D-3L, European Quality of Life 5 Dimensions 3 Level; MFI-20, Multidimensional
Fatigue Inventory-20; PF, physical fatigue; PSS, Physical Health Summary Score; RP, role physical; SF-36, Short Form-36; PCS, physical component summary;

GF, general fatigue, PF**, physical functioning.
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TABLE 4. Assessment of the Certainty in MID Estimates According to the GRADE Approach

Certainty in MID

Study and Estimate
PROM Eligibility Complication Reporting Missing Values Applicability Imprecision (GRADE)
Study 1,15 SF-  SF-36 PCS change: Very detailed. Missing SF-36 PCS Colorectal resection for benign and MID estimate: ++--
36 PCS Median: 6.7 Procedure-specific complications change values: malignant diseases in university 6.1 (-10.4 to 22.6) Low*
Mean: 9.2 available. 18 of 99 (18%) hospital.
Median CCI®: 0 Complications for each Organ system Exclusion criteria: Metastasis, diseases
separately that preclude mobilization, ICU
immediately postoperative
Study 1,15 MFI- MFI-20 GH change: Very detailed. Missing MFI-20 GH  Colorectal resection for benign and MID estimate: ++--
20 GH Median : 0 Procedure-specific complications change values: malignant diseases in university 8.9 (3.9 to 14.0) Low*
Mean: 0.6 available. 16 of 99 (16%) hospital.
Median CCI®: 0 Complications for each Organ system Exclusion criteria: Metastasis, diseases
separately that preclude mobilization, ICU
immediately postoperative
Study 1,15 MFI- MFI-20 PF change: Very detailed. Missing MFI-20 PF Colorectal resection for benign and MID estimate: ++ - -
20 PF* Median: 0 Procedure-specific complications change values: malignant diseases in university 8.7 (3.9 to 13.4) Low*
Mean: 1.0 available. 16 of 99 (16%) hospital.
Median CCI®: 0 Complications for each Organ system Exclusion criteria: Metastasis, diseases
separately that preclude mobilization, ICU
immediately postoperative
Study 3,17 SF-  SF-36 PF change: Very detailed. Missing SF-36 PF Elective colorectal cancer resection in ~ MID estimate: ++ + -
36 PF Median: 10 Procedure-specific complications change values: 162 regional and university hospitals. 19.8 (10.3 to 29.3) Moderatet
Mean: 14 available. of 668 (24%) Exclusion criteria: Local resection,
Median CCI®: 21 Complications for each Organ system cytoreductive, inability to perform
separately exercise

Study 3,17 EQ- EQ-5D-3L Index score  Very detailed. Missing EQ-5D-3L Elective colorectal cancer resection in ~ MID estimate: ++ - -
SD-3L Index change: Procedure-specific complications index score change regional and university hospitals. 20.5 (20.3 to 20.6) Lowi
score Median: 0 available. values: 192 of 668 Exclusion criteria: Local resection,

Mean: 0.05 Complications for each Organ system (29%) cytoreductive, inability to perform
Median CCI®: 21 separately exercise
Study 3,'7 EQ EQ VAS Change: Very detailed. Missing EQ VAS Elective colorectal cancer resection in MID estimate: +---
VAS Median: 0 Procedure-specific complications change values: regional and university hospitals. 22.2(9.3t035.0) Very low§
Mean: 3.5 available. 193 of 668 (29%) Exclusion criteria: Local resection,
Median CCI®: 21 Complications for each Organ system cytoreductive, inability to perform
separately exercise

Study 4,20 PROMIS-29 PSS Very detailed. Imputation of Elective pancreatic surgery, malignant ~ MID estimate: ++ + -
PROMIS-29 change: Procedure-specific complications PROMIS-29 PSS and benign lesions. 13.8 (7.9 to 19.7)  Moderatet
PSS Median: 13.1 available.

Mean: 13.0 Complications for each Organ system
Median CCI®: 21 separately.

Study 4,20 PROMIS-29 PF change: Very detailed. Missing PROMIS-29  Elective pancreatic surgery, malignant ~ MID estimate: ++ + -
PROMIS-29 Median: 13.5 Procedure-specific complications PF change values: and benign lesions 11.4 (4.6 to 18.2)  Moderatef
PF Mean: 13.3 available. 95 of 566 (17%)

Median CCI®: 21 Complications for each Organ system
separately

Study 5,19 SF-  SF-36 RP change: Very detailed. Missing SF-36 RP Patients with CRLM, radical resectable MID estimate: +---

36 RP Median: 4.5 Procedure-specific complications change values: in parenchyma-sparing way (<3 6.3 (2.6 to 15.1)  Very low||

available.

4 of 196 (2%)

consecutive segments). Resectable
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for clinical relevance. However, this argument does not hold
as the CCI® is a nonlinear scale. In the low morbidity range,
a change of 12 CCI® points corresponds approximately to 2
CD grade 1 complications. In contrast, at higher morbidity
levels, the same 12-point increase reflects a more severe
complication. For example, if a patient already has a CCI®
of 33.7 (corresponding to a single CD grade 3b complica-
tion), an additional 12 CCI® points would correspond to an
event of almost the same severity. This property of the
CCI® ensures that an MID of 12 remains a meaningful
threshold in different surgical contexts, as it reflects a
proportionally relevant change in complication burden,
regardless of baseline morbidity.

While our findings are based on data from abdominal
surgery, the CCI® is widely used across surgical
specialties.!-33:34 The MID of 12 points may be applicable
beyond abdominal procedures, but further validation is
necessary. Different surgical fields, such as orthopedic,
cardiac, or neurosurgical procedures, have distinct morbid-
ity profiles and patient expectations, which may influence
the perception of clinically meaningful changes in compli-
cation burden. Future research should explore whether an
MID of 12 holds true in other surgical populations or
whether specialty-specific thresholds need to be established.

The determination of an MID for the CCI® is an
important step towards a more patient-centered approach in
surgery, where decision-making ensures that each patient’s
values, expectations, and outcome priorities are carefully
considered. Beyond its role in quantifying perioperative
morbidity, its integration into a broader benefit-harm
analysis could improve clinical decision-making.3%-3¢ Surgi-
cal interventions inherently involve a trade-off between
benefits and risks, and the implementation of new treatment
modalities should not be based solely on the demonstration
of a meaningful improvement in a single outcome. Instead,
decision making must consider a combination of perioper-
ative morbidity, functional recovery, quality of life, and
long-term patient well-being. The concept of MID should
evolve beyond isolated measures to determine when the
benefits of an intervention outweigh potential harms in a
clinically meaningful way. Incorporating advanced benefit-
harm analyses that integrate clinical data and patient
preferences could significantly advance surgical outcomes
research and provide a stronger evidence base for improving
patient care.!0

This study has some limitations. The analysis was
restricted to 30-day postoperative outcomes. While this time
frame is commonly used in surgical research, it does not
capture longer-term complications or patient recovery
trajectories. However, the analysis was deliberately limited
to 30-day postoperative outcomes, as this represents the
period in which complications are still correlated to PROMs
whereas later during follow-up many effects other than the

lung or adrenal metastases were

allowed

separately.
CD grade 1 complications not assessed

Complications for each Organ system
on: The 95% CI is wide and exceeds plausible MID estimates. Events are rare. No assessment of CD grade 1 complications. Downgraded by 3 levels.

CRLM indicates colorectal liver metastasis; EQ VAS, European Quality of Life Visual Analog Scale; EQ-5D-3L, European Quality of Life 5 Dimensions 3 Level; GH, general health, PF, physical fatigue; MFI-20,

on: The 95% CI is wide and exceeds plausible MID estimates. Mean change of PROM is small. >25% of PROM change values are missing. Downgraded by 3 levels.
Multidimensional Fatigue Inventory-20; PCS, physical composite score; PF, physical functioning; PSS, Physical Health Summary Score; RP, role physical;, SF-36, Short Form-36.

on: The 95% CI is wide and exceeds plausible MID estimates. Events were rare. Downgraded by 2 levels.
on: The 95% CI exceeds plausible MID estimates. >25% of PROMs are missing. Downgraded by 2 levels.

on: The 95% CI is wide and exceeds plausible MID estimates. Downgraded by one level.

“o postsurgical course impact on PROMs, making it difficult to
5 isolate the direct impact of surgical complications.37-38 By
20 £88282 limiting our analysis to this early phase, we ensure that the
= 8 88388 E estimated MID accurately reflects morbidity directly attrib-
83 EEE g g utable to surgery. )
=2 | 2555Ss The determination of a data-driven MID for the CCI®
_§ _§ % _%% represents a critical step towards improving the interpreta-
22z 22 tion of postoperative morbidity in surgical research. By
55883 anchoring the assessment of treatment effects to patient-

S S S acg . A
33683 centered outcomes, this threshold enhances the clinical

00000 ; .

F I = relevance of surgical trials and ensures that observed
differences reflect meaningful changes in patient well-being.
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DISCUSSANTS

José M. Ramia-Angel (Alicante, Spain)

Many thanks for the opportunity to act as the first

discussant of this “changing practice” special lecture. I don’t
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Minimal Important Difference of the CCl

think that the concept of meaningful outcomes is just an
idea; it’s a moral obligation for all surgeons. It is a
mandatory tool to measure everything when it comes to
postoperative outcomes. I believe this special lecture
represents a giant step ahead. First, we had the Clavien
Classification, then the CCI®, and now, we are finally
integrating the patient’s perspective into outcome measure-
ment, which is a crucial advancement.

My 3 questions are as follows:

First, while the concept is very appealing, it’s some-
what difficult to understand how you arrived at the 12-point
difference as the MID for the CCI®. Could this pose a
limitation when it comes to implementation?

Second, when you measured the quality of life, you
used several scoring systems, which produced slightly
different results. Could this introduce bias in estimating
the significance of the 12-point MID?

Finally, do we need a prospective validation of these
results in future studies?

Response From Fariba Abbassi (Zurich,
Switzerland)

Professor Ramia, many thanks for your compliments
and constructive discussion. Regarding your first comment
about the complexity of this concept, I wouldn’t necessarily
say that the concept is more complex; it’s simply a different
perspective. The CCI® and CD classification are tools to
objectively measure what has happened, while the MID
helps us understand how much this matters to the patient. In
other words, it’s not about replacing existing systems, but
about adding value to them.

Regarding your question about the use of multiple
PROMs. The use of several measures to assess the quality of
life is not a bias, but rather a strength of our study. By
applying several anchors to determine the MID, we are able
to capture different dimensions of a patient’s well-being and
correlate them with postoperative morbidity. This approach
enhances both the reliability and the robustness of the
results.

Finally, thanks for your third question regarding the
need for prospective validation. We used raw data from
published RCTs, which were conducted prospectively,
although not originally designed to estimate the MID. A
dedicated prospective study could allow for better selection
of anchor measures, which would be valuable. Therefore,
yes, a prospective study would certainly be welcome.
However, planning a study solely for this purpose may be
somewhat unrealistic. However, it could be effectively
integrated prospectively within a cohort study or an RCT.

Christiane Bruns (Cologne, Germany)

While your study analysis established an MID of 12 for
pooled gastrointestinal surgeries, I question its applicability to
specific subgroups. A patient with rectal anastomotic
insufficiency receiving EVAC therapy faces fundamentally
different challenges than an upper GI patient with dysphagia
undergoing the same treatment. These differences — in
anatomy, functional impairment (eg, swallowing), and
procedural context — likely invalidate a shared MID.
Specifically, upper GI patients may require a substantially
higher MID to reflect their greater clinical burden and
outcome-related needs.

Copyright © 2025 Wolters Kluwer Health, Inc. All rights reserved.

Response From Fariba Abbassi (Zurich,
Switzerland)

Dear Professor Bruns, thank you very much for this
important question. The strength of the CCI® is its
nonlinearity. For procedures with low morbidity, a MID of
12 CCI® points corresponds to 2 grade 1 complications,
whereas in high-morbidity surgeries with a CCI® of around
37, the same 12 points reflect a 3b complication. This allows
the same threshold to be meaningful across procedures with
varying morbidity levels. Regarding different patient pop-
ulations, our aim was to provide a generalizable estimate as a
foundation for future refinement. While procedure-specific
MIDs would ideally capture distinct burdens more precisely,
their systematic determination across all surgical populations
may become clinically inaccurate. The presented MID reflects
this necessary compromise.

Mickaél Lesurtel (Clichy, France)

I have a similar question. For me, I don’t find this MID
too complicated; rather, I wonder if it might be too
simplistic. How can you be confident that this value is
applicable across all types of operations, diseases, and
patient populations?

Response From Fariba Abbassi (Zurich,
Switzerland)

Thank you very much, Professor Lesurtel, for raising
this criticism. In clinical practice, we constantly deal with
heterogeneous patient populations, and naturally, our
metrics must adapt to this reality. The concept of an MID
is not fixed; it evolves with accumulating evidence. For
example, the MID for the 6-minute walk was around 54
meters, but this figure has evolved over time. Similarly, our
estimate provides a starting point, not a definitive number
for all settings. Future studies in specific subgroups or
procedures may yield more tailored values.

Andreas Schnitzbauer (Bochum, Germany)

Congratulations on this paper. I like it very much. I
have just one question: One of the biggest challenges in
collecting the CCI® reproducibly, especially for grade I and
II complications, is the variability when different individuals
perform the assessment, which may introduce bias. Have
you considered creating an algorithm that can automatically
extract the CCI® from electronic health records to generate
a highly reliable and consistent score for every patient,
regardless of who assesses it?

Response From Fariba Abbassi (Zurich,
Switzerland)

Professor Schnitzbauer, thank you very much for your
positive feedback and excellent question. You are absolutely
right that reproducible and consistent calculation of the CCI®,
especially for lower-grade complications, can be challenging
and prone to inter-rater variability. Developing an automated
algorithm to extract the CCI® directly from electronic health
records (not just from discharge summaries) is a promising
approach. I believe this aligns well with what you are
implementing at your center. Your pioneering work may pave
the way for many institutions to follow in this direction.

Meanwhile, our online CCI® calculator offers a simple
manual calculation method, supports data collection across
various patient groups, and aims to facilitate the future
development of automated institutional CCI® extraction
from full electronic health records.
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