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Abstract 

Background: Cardiac surgery is a complex medical specialty known for its potential complications, necessitating accurate 

evaluation and reporting. Current prediction scales have limitations in capturing the full spectrum of complications experienced 

by patients undergoing cardiac surgery. The Clavien-Dindo Complications Classification (CDCC) and the Comprehensive 

Complications Index (CCI) have emerged as promising tools for assessing complications in various surgical specialties, 

including cardiac surgery. Method: This comprehensive review synthesizes the available literature to assess the application of 

CDCC and CCI in the context of cardiac surgery. The effectiveness of CDCC and CCI in measuring the nature and clinical 

impact of complications in this specialized field is explored. Additionally, methods from other medical specialties are reviewed 

to enhance our understanding of the practical implementation of these classification systems in cardiac surgery. Results: The 

present study, including significant contributions by Mélanie Hébert et al., highlights the potential of CDCC and CCI to quantify 

both the number and severity of complications in adult cardiac surgery. Their utility in this specialized field presents 

opportunities for robust data collection and outcome evaluation. Conclusion: While the application of CDCC and CCI in cardiac 

surgery shows promise, the notable scarcity of comprehensive evaluation studies has hindered the accessibility of these systems 

to clinicians. This study provides a clear and accessible reference for healthcare professionals seeking to integrate CDCC and 

CCI into their cardiac surgery practice. Additionally, we propose the need for guideline studies to address this gap in the field. 
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1. Introduction 

Cardiac surgery, a formidable surgical procedure, entails 

significant potential for complications [1]. Various predictive 

scales, such as The Society of Thoracic Surgeons (STS) score 

and Euro score II, have been developed to forecast complica-

tions following cardiac surgery [2]. Nevertheless, these scores 

fall short in capturing the actual occurrence and impact of 

complications in patients. 

The Clavien-Dindo Complications Classification (CDCC) 

and the Comprehensive Complication Index (CCI) have 

proven effective in assessing the nature and clinical conse-

quences of complications, and have been successfully inte-

grated into outcome reporting protocols and guidelines across 

different surgical specialties [3-6]. Research conducted in the 

realm of cardiac surgery has demonstrated their utility in 

measuring complications, yielding positive results [7]. 

However, a dearth of comprehensive review studies on the 
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application of CDCC and CCI within the domain of cardiac 

surgery has made it challenging for clinicians to access prac-

tical guidance. 

This study seeks to bridge this gap by conducting a com-

prehensive review of articles that pertain to Clavien-Dindo 

and the application of this classification system in the context 

of cardiac surgery. Furthermore, it explores evaluation 

methodologies from other medical specialties to consolidate 

the evidence supporting the practical implementation of 

CDCC and CCI in cardiac surgery, making this valuable 

practice more transparent and accessible for healthcare pro-

fessionals. 

2. Clavien-Dindo Complications 

Classification 

The Clavien-Dindo Complications Classification is a 

well-established tool extensively employed in the scientific 

literature for categorizing surgical complications. This 

classification system organizes complications according to 

the extent of intervention needed for their resolution, and its 

strength lies in its straightforwardness and user-friendliness, 

qualities that bolster its impressive inter-rater reliability [8, 

9]. 

In 1992, a classification system was introduced to dis-

tinguish between "complications," "failure to cure," and 

"sequelae" following surgical procedures. "Failure to cure" 

referred to the inability to achieve the operation's primary 

goal, while "sequelae" encompassed events inherent to the 

procedure. All other negative events fell under "complica-

tions," with severity based on the invasiveness of required 

corrective therapy. This system was later refined into the 

CDCC after a decade of routine application in various cen-

ters. It now comprises 5 severity grades (table 1) and has 

been widely utilized and validated in numerous surgical 

studies [10-12]. 

Cardiac surgery is a distinctive surgical procedure that 

significantly affects multiple organs in the body, especially 

when cardiopulmonary bypass is employed. Postoperative 

care in cardiac surgery differs notably from other surgical 

specialties. The utilization of the CDCC to assess outcomes in 

cardiac surgery was adapted, as suggested by Mélanie Hébert 

et al, and is illustrated in Table 2 [7]. 

Table 1. Classification of Surgical Complications. 

Grade Definition 

I 

Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, 

endoscopic, and radiological interventions 

Allowed therapeutic regimens are: drugs as antiemetics, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy. 

This grade also includes wound infections opened at the bedside 

II 
Requiring pharmacological treatment with drugs other than such allowed for grade I complications 

Blood transfusions and total parenteral nutrition are also included 

III Requiring surgical, endoscopic or radiological intervention 

IIIa Intervention not under general anaesthesia 

IIIb Intervention under general anaesthesia 

IV Life-threatening complication (including CNS complications)* requiring IC/ICU management 

IVa Single organ dysfunction (including dialysis) 

IVb Multiorgan dysfunction 

V Death of a patient 

Suffix “d” 

If the patient suffers from a complication at the time of discharge (see examples in Table 2), the suffix “d” 

(for “disability”) is added to the respective grade of complication. This label indicates the need for a follow-up to fully 

evaluate the complication. 

*Brain haemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks. 

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit 
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Table 2. Modified Clavien-Dindo Complications Classification in cardiac surgery. 

Grade Definition 

I 

Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, 

endoscopic, and radiological interventions 

Allowed therapeutic regimens are as follows: drugs as antihypertensives, antiarrhythmics, vasopressors, vasodilators, an-

tiemetics, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy; also includes wound infections opened at the 

bedside and transfusion of 1 or 2 units of blood 

II 
Requiring pharmacological treatment with drugs other than those included for grade I complications 

Blood transfusions (≥3 transfusions) and total parenteral nutrition are included 

III Requiring surgical, endoscopic or radiological intervention 

IIIa Intervention not under general anaesthesia 

IIIb Intervention under general anaesthesia 

IV Life-threatening complication (including CNS complications)* requiring IC/ICU management 

IVa Single organ dysfunction (including dialysis) 

IVb Multiorgan dysfunction 

V Death of a patient 

*Brain haemorrhage, ischemic stroke, subarachnoid bleeding, but excluding transient ischemic attacks. 

Adapted from Dindo et al with modifications in bold. 

CNS, central nervous system; IC, intermediate care; ICU, intensive care unit 

 

3. Criteria for Grading Surgical Cardiac 

Complications 

All postoperative complications, defined in accordance 

with the CDCC as any deviation from the ideal surgical re-

covery of a patient, were assessed [12, 13]. This is particularly 

crucial in cardiac surgery, where establishing the definition of 

normal postoperative conditions proves challenging. Author 

Mélanie Hébert et al modified the CDCC to include any de-

viation from the standard administration of antihypertensives, 

antiarrhythmics, vasopressors, and vasodilators after cardiac 

surgery, which is classified as Grade I [7, 14]. This modifi-

cation is warranted because the use of antihypertensives, 

antiarrhythmics, vasopressors, and vasodilators is nearly 

routine following cardiac surgery [15, 16]. Additionally, 

many studies consider a blood transfusion of 1 to 2 units not 

excessive after heart surgery, further underscoring the im-

portance of defining a normal surgical course [17]. The pa-

tient's outcome will be affected by massive blood transfusions 

[18]. Establishing this norm can be based on prior research, 

cardiac surgery textbooks, or the consensus of an ad hoc 

committee. For instance, in the study by author Mélanie Hé-

bert et al, a panel of three cardiac surgeons monitored and 

assessed cases based on consensus [7]. 

Complications should be new issues that arise after surgery, 

distinct from pre-existing pathological conditions. For exam-

ple, a patient with end-stage chronic kidney failure may al-

ready be undergoing regular dialysis before cardiac surgery. 

After the surgery, it is necessary to continue dialysis, which 

was planned in the preoperative stage. In such cases, this 

continuation of dialysis is not considered a complication 

following cardiac surgery. This is because dialysis is an es-

sential and pre-planned treatment for the patient, and the 

choice of Continuous Renal Replacement Therapy is made to 

facilitate the process of hemodynamic adjustment. 

In the evaluation of complications following cardiac sur-

gery using CDCC, the consensus of an ad hoc committee 

plays a pivotal role. Similarly, in many other medical spe-

cialties, establishing standard postoperative conditions is 

crucial for optimizing patient care. Doctors can readily in-

corporate CDCC into their clinical practice, minimizing per-

sonal bias [4, 5]. A key advantage of this approach is that 

certain fundamental principles apply. First, committee 

members should possess extensive experience and flexibility 

in managing cases. Second, they should adhere to CDCC's 

general classification standards while making appropriate 

adjustments tailored to their field of expertise. Third, the 

committee should consist of an odd number of members, 

ensuring an even number of votes in favor. Finally, decisions 

are ideally reached through unanimous consensus. If una-

nimity isn't achieved, ongoing adjustments and deliberations 

are necessary [4]. In some medical specialties, scientific 

committees are also instrumental in developing guidelines for 

implementing CDCC [5]. This experience is equally applica-
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ble in the realm of cardiac surgery. 

The principles of assessment during the postoperative pe-

riod involve evaluating complications as they occur and 

monitoring their progression before discharge. When using 

the CDCC, if a complication advances through multiple 

grades and becomes increasingly severe over time, the highest 

grade is selected for assessment at the time of discharge [19, 

20]. This approach is entirely justified because it allows us to 

focus on evaluating and measuring the most severe conse-

quences of the event on the patient, thus capturing its full 

impact. 

Furthermore, if a patient experiences complications during 

the postoperative period that are a result of a different inter-

vention unrelated to the surgery itself, these complications are 

still subject to evaluation. This is because without the initial 

surgery, the patient would not have been in the postoperative 

setting where these complications could develop. Similarly, if 

a patient is diagnosed with a new condition during the post-

operative period necessitating intervention or requires transfer 

to another department due to preexisting complications, these 

situations also warrant assessment using the CDCC. In cases 

of fatal complications, whether they occur during surgery or 

after transfer to another department or hospital, they are all 

subject to evaluation using the CDCC [19]. 

4. Assessment of Particular Instances 

Drawing from the principles outlined and the research 

conducted by authors Mélanie Hébert et al and Pierre A. 

Clavien et al, Table 3 provides examples involving patients 

undergoing cardiac surgery [7, 19]. 

Table 3. Assessment of particular instances. 

 PD1 PD3 PD4 PD5 
Grade 

discharge 
CCI 

Patient 1 
Nausea and 

vomiting 
I No  No  No  I 8.7 

Patien 2 

Postoperative 

bleeding required 

1 unit of blood 

transfusion 

I 

Postoperative 

bleeding required 3 

unit of blood 

transfusion 

II 

Postoperative 

bleeding re-

quires surgery 

under general 

anesthesia 

IIb No  IIIb 33.7 

Patient 3 No  

Pneumothorax due 

to central line pro-

cedure 

IIIa No  No  IIIa 26.2 

Patient 4 Epileptic I Brain hemorrhage IVa No  No  IVa 42.4 

Patient 5 Wound infection I 
Deep venous 

thrombosis 
II 

Acute pros-

thetic valve 

regurgitation 

IIIb Stroke IVa 
I, II, IIIb, 

IVa 
58.7 

Patient 6 

Myocardial in-

farction caused by 

occlusion after 

coronary artery 

bypass surgery 

Cardiac Shock 

IIIb 

IVa 
Renal failure IVb 

Deep venous 

thrombosis 
II Dead V V, II 100 

 Complications 
Grade 

1 
Complications 

Grade 

2 
Complications 

Grade 

3 
Complications 

Grade 

4 
  

PD: Postoperative day, The Comprehensive Complication Index (CCI) can be calculated using the website 

https://www.cci-calculator.com/cciCalculator, Grade 1: Grade at PD1, Grade 2: Grade at PD3, Grade 3: Grade at PD4, Grade 4: Grade 

at PD5 
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5. Comprehensive Complication Index 

The Comprehensive Complication Index (CCI) represents 

an extension of the Clavien-Dindo classification, enabling the 

generation of a morbidity score ranging from 0 to 100. This 

adaptation has been put forward as a potentially superior 

approach for evaluating the overall morbidity impact of sur-

gical procedures [9]. In many other surgical procedures, the 

CCI has demonstrated superior predictive capabilities con-

cerning in-hospital costs, length of hospital stays, treatment 

quality, and the assessment of complications compared to the 

CDCC [21, 22]. However, in the field of cardiac surgery, there 

has been no study that directly compares CCI with CDCC. In 

a study conducted by author Mélanie Hébert et al, it was 

discovered that an increase in CDCC/CCI is associated with a 

higher prevalence of comorbidities, longer surgical durations, 

extended lengths of hospital stay, and greater procedure 

complexity. This observation accurately reflects the intrica-

cies of the surgical journey in adult cardiac surgery [7]. 

When a complication progresses gradually, the CCI is 

calculated based on the most severe grade assigned to that 

complication. This approach aligns with CDCC's method of 

recording grades to accurately assess the impact of compli-

cations on patients [19]. The CCI is cumulative for various 

complications, with Table 3 providing examples of CCI cal-

culations for different cases. 

6. Evidence Deficiency in Cardiac 

Surgery 

Currently, limited research has been conducted on the ap-

plication of the CDCC in cardiac surgery, despite its wide-

spread use in other medical specialties. Mélanie Hébert and 

her colleagues explored the application of CDCC and the CCI 

in cardiac surgery, albeit without including cases of emer-

gency surgery and congenital heart disease. The initial find-

ings of their study demonstrate that CDCC and CCI effec-

tively quantify both the number and severity of complications 

in adult cardiac surgery, offering numerous research oppor-

tunities for other institutions to contribute valuable data to the 

field of cardiac surgery [7]. 

Nonetheless, the lack of research on the application of 

CDCC in aortic surgery, congenital heart disease, and emer-

gency cardiac surgery has hindered our ability to gain a 

comprehensive understanding of the complications associated 

with these procedures. Looking ahead, it is imperative that 

these specific areas receive focused research attention, as this 

will provide critical evidence for clinical practice and enhance 

patient care in these specialized realms of cardiac surgery. 

7. Recommendations and Future Studies 

Cardiac surgery is inherently complex, involving a wide 

array of procedures and unique patient characteristics. Com-

plications in this field are often multifaceted and may not fit 

neatly into the existing classification. This challenge neces-

sitates a comprehensive approach that considers cardi-

ac-specific intricacies, highlighting the need for more re-

search. 

Addressing evidence scarcity requires a concerted effort 

from the cardiac surgery community. Robust research initia-

tives must be undertaken to establish a more solid foundation 

for the Clavien-Dindo Classification's use in this field. These 

endeavors should involve comprehensive data collection, 

detailed complication analysis, and a focus on the specific 

nuances of cardiac surgery. 

To address this issue, collaborative research is vital. Car-

diac surgeons, researchers, and healthcare institutions should 

come together to initiate large-scale, multicenter studies that 

focus on complication classification and outcomes. The de-

velopment of standardized reporting systems specific to car-

diac surgery can aid in data collection and analysis, enabling a 

more accurate classification of complications. 

Moreover, incorporating complication data into existing 

cardiac surgery registries can streamline data collection ef-

forts and enhance the evidence pool. To further enhance the 

field, it is crucial to establish criteria for normal conditions 

after cardiac surgery. Rigorous scientific analysis or input 

from professional councils should guide this research effort. 

In addition, researchers should assess the effectiveness of 

the consensus-adjusted CDCC score when applied to cardiac 

surgery outcomes. Such an investigation will help determine 

if this score can provide accurate and comprehensive insights 

into the field. 

Furthermore, it is important to conduct research on the ap-

plication of CDCC and the CCI in aortic and emergency car-

diac surgery to assess their effectiveness in these specific 

contexts. 
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Figure 1. Clavien-Dindo Complications Classification in Cardiac Surgery Practice. 

Last but not least, there is a need to tailor the CCI calcula-

tion to align with data collected from cardiac surgery patients. 

This adaptation ensures that the CCI score is in harmony with 

the unique characteristics of cardiac surgery cases. Collec-

tively, these research efforts aim to enhance the understanding 

and evaluation of complications in the intricate domain of 

cardiac surgery, ultimately improving patient care and out-

comes. 

8. Conclusion 

In conclusion, the utilization of the CDCC in cardiac 

surgery, although a promising avenue, faces a significant 

challenge - the scarcity of comprehensive research and data. 

While CDCC has demonstrated its efficacy in various 

medical specialties, its application in the context of cardiac 

surgery remains underexplored. Mélanie Hébert et al pre-

liminary research provides valuable insights into the poten-

tial of CDCC in quantifying the number and severity of 

complications in adult cardiac surgery. However, their 

study's focus on non-emergency cases and those not related 

to congenital heart disease underscores the pressing need for 

further research. 

To address this gap, the cardiac surgery community must 

embark on collaborative and rigorous research initiatives. 

These efforts should encompass the incorporation of CDCC in 

aortic surgery, congenital heart disease cases, and emergency 

cardiac surgery. The development of standardized reporting 

systems specific to cardiac surgery and integration with ex-

isting registries can streamline data collection efforts. By 

expanding the scope of research in these areas, we can bridge 

the evidence gap and provide crucial data for clinical practice. 

The journey to refining the application of CDCC in cardiac 

surgery is an ongoing one, marked by collaborative research, 

adaptation, and the unwavering commitment to improving 

patient care in this specialized field. 
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