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Abstract

Background: Inconsistent definitions of complications and unexpected events have limited accurate analysis of surgical outcomes. 
Perioperative outcome classifications currently used for adult patients have limitations when used for children.

Methods: A multidisciplinary group of experts modified the Clavien–Dindo classification to increase its utility and accuracy in 
paediatric surgery cohorts. Organizational and management errors were considered in the novel Clavien–Madadi classification, 
which focuses on procedural invasiveness rather than anaesthetic management. Unexpected events were prospectively 
documented in a paediatric surgery cohort. Results of the Clavien–Dindo and Clavien–Madadi classifications were compared and 
correlated with procedure complexity.

Results: Unexpected events were prospectively documented in a cohort of 17 502 children undergoing surgery between 2017 and 2021. 
The results of both classifications were highly correlated (ρ = 0.95), although the novel Clavien–Madadi classification identified 449 
additional events (organizational and management errors) over the Clavien–Dindo classification, increasing the total number of 
events by 38 per cent (1605 versus 1158 events). The results of the novel system correlated significantly with the complexity of 
procedures in children (ρ = 0.756). Furthermore, grading of events > grade III according to the Clavien–Madadi classification showed 
a higher correlation with procedure complexity (ρ = 0.658) than the Clavien–Dindo classification (ρ = 0.198).

Conclusion: The Clavien–Madadi classification is a tool for the detection of surgical and non-medical errors in paediatric surgery 
populations. Further validation in paediatric surgery populations is required before widespread use.
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Introduction
Complications and unexpected events are known to have a 

substantial impact on mortality, quality of life, and cost in surgical 
patients1,2. In clinical practice, the use of severity grading systems 

for complications has resulted in structured documentation and 
analysis of adverse events, aiming to further improve patient 
care3,4. These classification systems have become valuable tools 

for outcome assessment and the comparison of outcome data 
between institutions and surgical disciplines5,6.

Prior to the introduction of the Clavien–Dindo classification in 
2004, there were inconsistent definitions of complications and 

adverse events in adult surgery7,8. Since then, the classification 
has been frequently used and validated, and has become an 

integral part of clinical practice in many surgical specialties9,10.
Initially, this classification had minor impacts on clinical and 

academic paediatric surgical practice; however, the number of 

studies examining the application of the Clavien–Dindo 
classification and reporting unexpected events following surgery 

in children has increased in the last decade11–14.
Five classification systems have shown a high correlation with 

graded postoperative events in children, but it has not been 

possible to confirm the superiority of any of these cyctems15. The 

Clavien–Dindo classification offered the highest differentiation and 

proved to be an excellent tool for audit purposes (morbidity and 

mortality meetings) and the systematic analysis of unexpected 

events. However, recent reports have pointed out shortcomings of 

the Clavien–Dindo classification in children15–17.
Limitations of the Clavien–Dindo classification in paediatric 

surgery have been attributed to the fact that the majority of 

interventions in children are performed under general 

anaesthesia, and that the management of complications might 

seriously differ based on age group (preterm infants, neonates, 
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adolescents) and institutional facilities, and that the duration of 
hospital stay or time to recovery after events are not 
considered16–18. Despite these shortcomings, the Clavien–Dindo 
classification has been adopted in paediatric oncological 
surgery12,19,20. These developments illustrate the necessity of a 
standardized classification tailored for children. The aim of this 
study was to modify the Clavien–Dindo classification to improve 
the documentation of perioperative unexpected events in 
paediatric surgery. The study planned to incorporate non-medical 
errors and organizational problems into the new classification 
scheme as these are widely understood to impact the care and 
outcomes of surgical patients21,22.

Methods
Ethical approval for this study was obtained from the 
University Ethics Committee of Hannover Medical School 
(No. 10259_B0_K_2022), and the study was registered at 
clinicaltrials.gov prior to data analysis (NCT05277441). The 
authors followed the STROBE reporting guidelines23.

Study design
This single-centre prospective cohort study was conducted at the 
tertiary Hannover paediatric surgical centre. A novel 
classification of unexpected events was established and tested 
in a paediatric cohort. The study included the following steps: 
unexpected events in all patients treated at our institution 
during the study period from 1 January 2017 to 31 December 
2021 were prospectively recorded; each event was immediately 
classified according to the Clavien–Dindo classification by a 
designated team; each event was discussed during monthly 
morbidity and mortality (M&M) conferences and, when 
necessary, reclassified according to the Clavien–Dindo 

classification by the entire surgical staff; a novel instrument for 
classification of unexpected events in children (Clavien–Madadi 
classification) was established by a multidisciplinary group of 
experts; all (prospectively recorded) events were graded using 
the novel classification, henceforth referred to as the Clavien– 
Madadi classification, based on the adjustment of the 
Clavien-Dindo classification for paediatric cohorts; and the 
accurate grading of the severity of an event according to the 
novel instrument was then validated based on the hypothesis 
that a more complex procedure results in a more severe or 
higher-graded unexpected event, based on the protocol by 
Dindo et al.7. For this purpose, the ranking of the complexity of 
the initial procedure was correlated with the grading according 
to the Clavien–Dindo and Clavien–Madadi classification.

Study centre characteristics
The study was performed in the only tertiary academic institution 
in the German Federal State of Lower–Saxony, serving 
approximately 8 million inhabitants, 1.5 million of whom are 
under the age of 18 years. The clinical spectrum of the 
department includes treatment of neonatal, gastrointestinal, 
hepatobiliary, thoracic, oncological, urological, and trauma 
surgery. Furthermore, endoscopic and radiological interventions 
are also delivered within the unit.

Definition of unexpected events
Events were stratified as follows: events with subsequent 
deviation from the planned pre-, intra-, and postoperative 
courses of patients; events with subsequent changes in 
management with any modifications in treatment or recovery 
courses of patients; and events related to underlying diseases/ 
disabilities13,14,24. All unexpected events following surgical 
and non-surgical management were included. In addition, 

Table 1 The Clavien–Dindo classification for severity grading of postoperative complications and the Clavien–Madadi classification for 
grading of perioperative unexpected events in paediatric surgery

Grade Clavien–Dindo classification7 Grade Clavien–Madadi classification

I Any deviation from the normal 
postoperative course with the 
need for pharmacological 
treatment 
Allowed therapeutic regimens 
are: drugs as antiemetics, 
antipyretics, analgesics, 
diuretics, electrolytes, and 
physiotherapy 
This grade also includes wound 
infections opened at the bedside

I A Any deviation from the planned course due to management and/or organizational 
problems

B Any deviation from the planned clinical course with the need for pharmacological 
treatment, such 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

II Requiring pharmacological treatment with drugs other than such listed for Grade Ib 
Blood transfusions and parenteral nutrition are also included

III A Intervention not under general 
anaesthesia

III A Endoscopic- and radiologically guided interventions 
Interventions via laparoscopy/thoracoscopy 
Interventions under anaesthesia (other than such listed for grade IIIb)

B Intervention under general 
anaesthesia

B Interventions via laparotomy/thoracotomy

IV A Single-organ dysfunction 
(including dialysis)

IV Multiorgan dysfunction*

B Multiorgan dysfunction
V Death of a patient V Death of a patient

*Multiorgan dysfunction is defined as the concurrent dysfunction of two or more organs or systems, including respiratory, cardiovascular, haematological, 
neurological, gastrointestinal, hepatic, and renal25.



578 | BJS, 2023, Vol. 110, No. 5

organizational problems such as miscommunication and 
postponement of operations due to limited capacities for 
admission, anaesthesia, surgery, or intensive care were 
included. Errors related to facility use for the organization and 
scheduling of interventions or perioperative diagnostics were 
also documented.

Documentation of unexpected events
Algorithms for the assessment and documentation of 
unexpected events have been previously reported13–15. Briefly, 
the documentation of unexpected events was performed by 
designated team members during routine daily conferences. 
Inpatient, outpatient, and paediatric emergency department 
events were all documented. On-call team members and 
other staff reported on any unexpected event that had 
occurred within the previous 24 or 72 hours after weekends 
during daily morning conferences. The data included patient 
demographics, diagnoses, types of treatment, types of events, 
and the consequences of each event. All data were stored in a 
password-encrypted database by designated team members.

All events were then analysed by designated department 
team members and presented and discussed during monthly 
M&M meetings attended by surgical and non-surgical staff. All 
event classifications were further discussed, approved, or 
reclassified according to attendee consensus. All M&M meeting 
decisions were documented separately, and changes in 
standard operating procedures were circulated within the 
surgical team.

Initial classification of events
The severity of adverse events was classified prospectively 
according to the Clavien–Dindo classification (Table 1) by the 
designated team7. The final classification was based on the 
results of team discussions during M&M meetings.

Novel Clavien–Madadi classification
The local study team (O.M.S., J.F.K., J.B., and B.M.U.) reviewed 
the prospectively collective data from previous studies for 
the identification of drawbacks of the Clavien–Dindo 
classification14,15. Despite the high numbers of organizational 
and management errors, most problems of differentiations 
were identified for Clavien–Dindo grade III (differentiation 
between interventions with and without general anaesthesia) 
and grade IV (single- and multiorgan dysfunction). Those 
results were discussed with the study group from the 
Department of Surgery and Transplantation in Zurich (A.D. 
and P.A.C) and the alternative Clavien–Madadi classification 
was created. Owing to their expertise in this field and their 
conceptualization of the Clavien–Dindo classification, the 
Zurich study group supervised the study. The novel instrument 
was then presented to a multidisciplinary group of experts that 
consisted of paediatric surgeons (A.M.), methodologists (S.E.), 
and statisticians (S.W.) from three European Reference 
Network for rare Inherited and Congenital Anomalies (ERNICA) 
centres. All group members individually reviewed the 
modifications and the data, their comments were implemented 
into the classification, and the final version was applied in the 
presented cohort (Fig. S1).

The goal was to create a tool for the assessment and grading of 
unexpected events in paediatric surgery, on the basis of the 
well-established structure of the Clavien–Dindo classification. 
This novel classification aimed to meet the specific requirements 

of differentiation in a paediatric cohort, focusing on the 
management and treatment of children.

A previous analysis performed by the study team found that 
55 per cent of unexpected events were associated with 
management and organization15. Although these events were 
documented and classified in recent studies, these alterations 
were within Clavien–Dindo grade I, thereby pooling the 
non-medical events in the group of medical events defined for 
a grade I event. This strategy increased the number of grade I 
events in the present cohort massively, without adequately 
weighing the impact of the patients’ treatment and 
convalescence. Therefore, it was decided to substratify grade I 
events into Ia (any deviation from the planned course due to 
management and/or organizational problems); and Ib (any 
deviation from the planned clinical course resulting in the 
need for pharmacological treatment; previously grade I under 
the Clavien–Dindo classification).

The definition of grade II was adopted from the Clavien–Dindo 
classification without modifications.

Regarding Clavien–Dindo grade III, the previous analysis 
revealed that the vast majority of procedures following 
unexpected events in children were performed under general 
anaesthesia15. Therefore, the traditional differentiation between 
events with and without anaesthesia was not suitable for the 
differentiation of the severity of an event in the paediatric 
cohort. Grade III events were also stratified into grade IIIa 
and grade IIIb, based on the invasiveness of procedures as a 
consequence of unexpected events but adapted to the paediatric 
cohort, with grade IIIa defined as endoscopic, radiological, 
and minimally invasive (laparoscopy and thoracoscopy) 
interventions; and grade IIIb defined as open laparotomy and 
thoracotomy procedures (Table 1). This stratification of grade III 
is based on the invasiveness and trauma of open (laparotomy, 
thoracotomy) versus less invasive procedures; and the expected 
longer duration of recovery after open versus minimally invasive 
procedures.

In terms of grade IV stratification of organ failure, a previous 
study confirmed that most paediatric surgical patients 
experience a rapid deterioration resulting in multiorgan failure 
following complications, although the analysis showed only 
minor and temporary organ dysfunction in a group of children 
with single-organ failure15. The Clavien–Madadi classification 
reduced grade IV to a single grade which includes multiorgan 
dysfunction. Clavien-Madadi grade V is identical to that of the 
Clavien–Dindo classification, including the death of a patient.

All members of the multidisciplinary group of experts agreed 
on the final classification (Table 1), and all events were 
subsequently graded using the Clavien–Madadi classification by 
designated team members.

Definition of the complexity of surgery
A modified version of the grading system used to validate the Clavien– 
Dindo classification in the original work was adopted for definition of 
procedure complexity26. Briefly, in class A interventions patients did 
not undergo surgery; class B interventions included procedures that 
did not enter the abdominal or thoracic cavities, such as inguinal 
hernia repairs, orchidopexies, or thyroglossal duct cyst resections; 
class C interventions included laparoscopic and thoracoscopic 
procedures, such as laparoscopic cholecystectomies, laparoscopic 
fundoplication, and thoracoscopic diaphragmatic hernia repairs; 
and class D interventions included open procedures that entered 
the abdominal and/or thoracic cavities such as oesophageal atresia 
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repairs, gastric pull-ups, Kasai procedures, hepatectomies, and 
pancreatectomies.

Statistical analysis
Statistical analysis was performed using GraphPad Prism v8.0 
(GraphPad Software, San Diego, California, USA) and SAS v9.4 
(SAS Institute, Cary, North Carolina, USA). The correlation 
between the Clavien–Dindo and Clavien–Madadi 
classifications, as well as between complication grades and 
surgery complexity, was analysed using Spearman’s rho (ρ). A 
Spearman’s ρ of 0.7 was considered to represent a strong level 
of correlation.

Results
Within the 5-year study period, treatment was provided to 17 502 
inpatients, outpatients, and patients in the paediatric emergency 
department. A total of 970 (5.5 per cent) experienced at least one 
unexpected event; of these, 296 (30.5 per cent) experienced more 
than one unexpected event.

A total of 1605 unexpected events were documented, including 
445 (27.7 per cent) organizational and management errors 
(non-medical events) and 1160 medical events (72.3 per cent) 
with deviations from the clinical course and medical or 
interventional consequences.

Comparison of the Clavien–Dindo and Clavien– 
Madadi classification in paediatric cohort
The Clavien–Madadi classification identified 449 additional 
unexpected events over the Clavien–Dindo classification due to 
inclusion of organizational and management problems. The 
modified classification increased the total number of events by 
38 per cent (1158 versus 1605 events).

The two classifications were highly correlated (ρ = 0.95084) 
with graded events (Fig. 1 and Table S1). The Clavien–Madadi 
classification led to a downgrading of 352 events from grade 
IIIb (Clavien–Dindo) to grade IIIa (Clavien–Madadi), and five 
events were downgraded from grade IVa (Clavien–Dindo; 
single-organ dysfunction) to grade II (Clavien–Madadi). Of the 
five patients who were downgraded, three presented with 
postoperative respiratory distress managed with continuous 
positive airway pressure or high-flow nasal oxygen, without 
need for reintubation. No events were upgraded under the 
Clavien–Madadi system as compared with the Clavien–Dindo 
classification.

Grading according to the Clavien–Dindo and 
Clavien–Madadi classifications
A detailed analysis of grades revealed similar results for grade Ib 
Clavien–Madadi and grade I Clavien–Dindo classifications (P >  
0.9) (Fig. 2 and Table 2).

Only minor differences were observed for grade II in both 
classification systems (P > 0.9).

The modification of grade III in the Clavien–Madadi 
classification system led to significant changes compared with 
the Clavien–Dindo classification (P ≤ 0.0001). The Clavien– 
Madadi classification documented 438 grade IIIa events versus 86 
events under the Clavien–Dindo classification, and 128 grade IIIb 
events versus 480 events under the Clavien–Dindo classification.

Grade IV of the Clavien–Madadi classification (multiorgan 
dysfunction) was equal to grade IVb of the Clavien–Dindo 
classification (n = 19; P ≥ 0.9).

Grade V equals death in both classification systems (n = 47).

Grading of reinterventions according to the 
Clavien–Dindo and Clavien–Madadi 
classifications
A total of 566 events resulted in reinterventions in the present 
cohort. The Clavien–Dindo classification differentiates 
between procedures without general anaesthesia (grade IIIa; 
n = 86 (15.2 per cent)) and with general anaesthesia (grade 
IIIb; n = 480 (84.8 per cent)). The Clavien–Madadi classification 
differentiates between minimally invasive procedures (grade 
IIIa; n = 438 (77.4 per cent)) and surgical procedures in which 
the abdominal or thoracic cavities are opened (grade IIIb; n =  
128 (22.6 per cent)).

Procedures received following 566 unexpected events included 
19 radiological or endoscopic interventions (3.4 per cent), 39 
minimally invasive procedures (6.9 per cent), and 380 
procedures (67.1 per cent) that did not enter the abdominal or 
thoracic cavities (e.g. wound revisions). Laparotomies or 
thoracotomies following an unexpected event were performed 
in 128 patients (22.6 per cent).

The majority of the 86 interventions without general 
anaesthesia (Clavien–Dindo grade IIIa) were wound revisions 
(thoracic, abdominal, or inguinal) and radiologically guided 
drains (abdomen and thorax), of which 27 (31.4 per cent) were 
performed in the paediatric intensive care unit.

All endoscopic and radiological interventions were managed 
under general anaesthesia.

Correlation between event grading and procedure 
complexity in a cohort of 17 502 patients
In terms of the complexity of initial procedures (class A–D), a 
stronger correlation was identified for the Clavien–Madadi 
classification (ρ = 0.7558) than for the Clavien–Dindo 
classification (ρ = 0.2470). Following further stratification of 
events higher than grade III (reinterventions), the Clavien– 
Madadi classification showed much higher correlation with 
the complexity of the initial procedures (ρ = 0.6580) than the 
conventional Clavien–Dindo classification (ρ = 0.1977) 
(Table S2).

For the analysis, the Clavien–Madadi grade Ia events were 
excluded, as they represent organizational and management 
problems not associated with any treatment, and not considered 
in the Clavien–Dindo classification (Fig. 3).
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Discussion
Previous reports have pointed out that the Clavien–Dindo 
classification has several drawbacks when used in paediatric 
surgical patients. It does not sufficiently differentiate the severity 
of varied interventions used to treat complications in children 
based on in-house facilities and patient age16. In preterm neonates 
and infants, conservative and interventional approaches are 
preferred for some conditions where surgery would normally be 
considered, which may result in a downgrading of complications 
in some cases, despite their severity.

For these reasons, it was felt that a modification of the Clavien– 
Dindo classification was necessary for use in preterms, neonates, 
and children. The novel Clavien–Madadi classification considers 
all aspects mentioned above and included three modifications, 
including alterations in organization and management plans 
for treatment (grade Ia); stratification of interventions or 
reinterventions for complications according to procedure 
invasiveness (grade IIIa: minimally invasive; grade IIIb: 
laparotomy and thoracotomy); and all organ failure events were 
defined as multiorgan dysfunction (grade IV). The modified 
classification system retained most of the original structure and 

grades of the Clavien–Dindo classification system and still 
focuses on the therapeutic consequences of unexpected events. 
The study aimed to maintain the frequently appraised benefits 
of the Clavien–Dindo classification in minimizing the potential of 
subjective interpretation.

A comparison of the Clavien–Dindo classification and the novel 
Clavien–Madadi classification showed an increase in the number 
of registered unexpected events by 38 per cent (1158 events 
according to Clavien–Dindo versus 1605 events according to 
Clavien–Madadi). Within the 5-year study period, 449 
organizational and management errors were identified. Despite 
the additional events documented according to the Clavien– 
Madadi classification, the results of both grading systems were 
highly correlated. Grading of postoperative and 
postinterventional events according to the novel classification 
was correlated with the complexity of initial procedures in this 
paediatric cohort, indicating that complications following 
complex procedures result in more invasive management. 
Grade III (interventions) events under the Clavien–Madadi 
classification showed a higher correlation with the complexity 
of initial procedures than the conventional Clavien–Dindo 
classification.

Table 2 Grading of all events between 2017 and 2021 according to the Clavien–Dindo and Clavien–Madadi classification

Grade Clavien–Dindo 
classification (n)

Grade Clavien–Madadi 
classification (n)

I 314 I A 445
B 317

II 207 II 209
III A 86 III A 438

B 480 III B 128

IV A 5 IV 21
B 19 V 47

V 47
Total number 1158 Total number 1605
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The high incidence and relevance of management and 
organization problems with subsequent changes in planned 
courses was confirmed in our recent study. Incidents such as 
miscommunication and lack of appropriate equipment 
occurred in 49 of 438 events (11.2 per cent) and accounted for 
18 per cent of all unexpected events14. These events would have 
been missed under the classical Clavien–Dindo classification, 
while a recent study has emphasized the negative effect of 
interprofessional miscommunication between surgeons and 
nurses, and organizational and technical errors on the outcome 
and well-being of general surgical patients27. In particular, 
interprofessional miscommunication or disruption of 
communication has repeatedly been reported to be associated 
with an increase in clinical (e.g. drug administration on the 
ward) and surgical errors, with a negative effect on patients’ 
well-being28–30 .

The differentiation between interventions with or without 
general anaesthesia by the Clavien–Dindo classification did not 
add additional value to the present cohort15. Various procedures 
for treating complications in adults such as radiological- or 
endoscopic-guided interventions are performed under sedation 
or local anaesthesia25,31. In children, the vast majority of 
reinterventions are performed under general anaesthesia. A 
shift was observed from a low number of grade IIIa events to a 
high number of grade IIIb events with the use of the Clavien– 
Dindo classification in the present cohort15. However, those 
grade IIIb events included local wound dressings under general 
anaesthesia, relaparotomies with adhesiolysis, bowel resections, 
and others. Therefore, the classification system used in this 
cohort did not accurately differentiate the severity of these 
complications, and, based on previous results, the focus of the 
novel instrument was the invasiveness of procedures rather 
than anaesthetic management.

Furthermore, the Clavien–Dindo classification differentiates 
between single- and multiorgan dysfunction. Sepsis or surgical 
complications rarely lead to single-organ failure in preterms, 
neonates, and infants—these patients mostly develop 
multiorgan failure32–34 . In the current literature, complications 
of preterms, neonates, and infants leading to organ failure are 
differently interpreted as grade IV events according to the 
Clavien–Dindo classification35. Most patients experienced rapid 

deterioration resulting in multiorgan dysfunction rather than 
single-organ failure. Previous analysis of sentinel events in our 
paediatric cohort confirmed that the majority occurred in the 
group of neonatal surgery, including 67 per cent of all grade IV 
and 86 per cent of all grade V events15. Although analysis of the 
majority of grade IV events in neonates showed single-organ 
failures, further analysis revealed at least dysfunctions of 
another organ system15. Some authors have bypassed this 
problem in their analysis of complications following neonatal 
surgery by defining grade IV as a combination of severe single- 
and multiorgan dysfunction35.

Recently, the study team has reported on the benefits of the 
Comprehensive Complication Index (CCI®), a numeric metric of 
overall postoperative morbidity, in the evaluation of the 
perioperative management of paediatric patients15,36–38 . In 
children with multiple unexpected events, the CCI® adequately 
weighted the sentinel events and corresponded with the 
duration of hospital stay in critically ill children15. Despite the 
fact that the CCI® is based on a prior grading of events according 
to the Clavien–Dindo classification, we strongly recommended 
its use in prospective studies in paediatric surgery as its formula 
also allows observation of morbidity over the course of time, 
which is especially important in the paediatric population, 
considering that 30 per cent of patients with unexpected events 
in our cohort experienced more than one event. While the 
advantages of the CCI® in the documentation of postoperative 
complications, the applicability with the Clavien–Madadi 
classification might be subject of future studies.

The current study has some limitations. This was a 
single-institution study, and multicentre studies using this 
novel instrument need to be conducted for further validation. 
Data on unexpected events were collected prospectively from 
2017 to 2021 and classified during M&M meetings by an entire 
paediatric surgical team using the Clavien–Dindo classification. 
The novel Clavien–Madadi classification was applied by selected 
members of the team using the same prospectively collected 
data, which might have resulted in bias. The number of experts 
who participated in the instrument setup was small. However, 
the majority of experts were members of ERNICA, which assures 
high-quality standards. Finally, the implementation of our 
approach in dealing with unexpected events during daily 
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routines may prove challenging, as evidenced by the fact that this 
study was conducted over several years at our institution. 
However, the results of our previous study confirm that the 
effort is worth it, providing information on 64 changes of 
standard operating procedures since the implementation of our 
systematic assessment of unexpected events, subsequently 
improving outcomes in paediatric surgical patients15.
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