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Abstract

Background: Postoperative adverse events may be associated with substantial morbidity and mortality. Numerous severity grading
systems for these events have been introduced and validated but have not yet been systematically applied in paediatric surgery. This
study aimed to analyse the advantages and disadvantages of these classifications in a paediatric cohort.

Methods: Unexpected events associated with interventional or organizational problems in the department of paediatric surgery dur-
ing 2017-2020 were prospectively documented daily for all children. Events were classified according to the Clavien-Dindo grading
system during monthly morbidity and mortality conferences. All events were also classified according to five additional grading sys-
tems: T92, contracted Accordion, expanded Accordion, Memorial Sloan Kettering Cancer Center, and Comprehensive Complication
Index (CCI)®.

Results: Of 6296 patients, 673 (10.7 per cent) developed adverse events and 240 (35.7 per cent) had multiple events. Overall, 1253 ad-
verse events were identified; of these, 574 (45.2 per cent) were associated with surgical or medical interventions and 679 (54.8 per
cent) included organizational problems. The grading systems demonstrated high overall correlation (rpears =0.9), with minor differen-
ces in sentinel events. The Clavien-Dindo classification offered the most detailed assessment. However, these details had only lim-
ited additional value. The CCI® scores were correlated with other grading systems (rpears = 0.9) and were useful in analysing multiple
events within individual patients.

Conclusion: Grading systems demonstrated similar scoring patterns for minor and sentinel events, with none being superior for un-
expected events in children. However, the CCI® can be a major improvement in assessing morbidity in patients with multiple events.
Its use is therefore recommended in prospective studies on paediatric surgery.

system were more detailed grading of life-threatening events and
inclusion of long-term disability due to complications.

The Clavien-Dindo classification system has been used in var-
ious prospective studies and evolved into the most important
grading tool for postoperative adverse events®”. It has improved

Introduction

Postoperative adverse events may be associated with substantial
morbidity and mortality’?. However, inconsistent definitions of
complications and unexpected events have limited accurate
analysis of surgical outcomes.

In 1992, Clavien et al. introduced a novel approach, named the
T92 grading system, to rank complications based on their severity
and consequences. Their system differentiated adverse events
into three types of negative outcomes: complications; failure to
cure; and sequelae’. The strength of this classification was in
grading the events based on therapy. The system was acknowl-
edged by numerous surgeons. However, its scientific use has
remained limited. Therefore, the T92 grading system was revised
in 2004, which resulted in a five-scale classification system
according to Clavien-Dindo®*. The main improvements in the new

postoperative documentation and discussion of adverse events in
general surgery, and has been used and modified by trauma, vas-
cular, and urological surgeons®*°.

Other grading systems for the severity of postoperative ad-
verse events have been introduced over time. These mainly in-
clude four additional systems. An early modification of the T92
classification system by Martin et al. is commonly referred to as
the Memorial Sloan Kettering Cancer Center (MSKCC) classifica-
tion'’. Although these two classifications were similar, the main
differences were observed in the numbering of complications.
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However, numerous studies have used shorter versions of these
classifications for simpler documentation of unexpected events.
Therefore, in 2009, the then novel Accordion classification of
postoperative complications offered an abbreviated and extended
version, with focus on its use in clinical studies based on their
sample size'. The expansion of grading in the extended version
related specifically to severe complications, thus offering a more
detailed documentation of sentinel events?.

Whereas the previous grading systems were based solely on
the definition and treatment of a single adverse event, the re-
cently formulated Comprehensive Complication Index (CCI®), in-
troduced by a Zurich study group, was demonstrated to be an
effective quantification system for postoperative morbidity and
highly correlated with the costs of treatment®'* The CCI® is a
metric that includes all recorded complications in an individual.
These complications are weighted according to severity based on
a prior ranking with the Clavien-Dindo classification in a single
formula. Subsequently, the CCI® has been validated in multiple
prospective randomized trials, and its use has been suggested to
significantly decrease the sample size of studies™ ™.
Additionally, the CCI® can be applied for cost assessments, inde-
pendent of the healthcare system™®.

Paediatric surgeons have commonly used the Clavien-Dindo
classification in retrospective and prospective studies. The
authors of this study recently reported the implementation of a
daily documentation algorithm for adverse events by use of the
Clavien-Dindo classification at a tertiary academic institution for
paediatric surgery and emphasized its importance in clinical
practice®®. Prospective assessment of unexpected events helped
to identify organizational shortcomings and develop preventative
strategies'®. However, other grading systems have not yet been
transferred into the specialty of paediatric surgery. The authors
believe that knowledge of the advantages and disadvantages of
different systems will be of great interest to the surgical commu-
nity.

The aim of this study was to evaluate the different severity
grading systems in routine paediatric surgical practice and to an-
alyse the CCI® as a novel metric for summarizing multiple events
in individual patients.

Methods

Ethical approval was obtained from the local ethics committee
(approval no 2739-2015), which also approved two protocol
amendments (protocol no 8680_BO_K 2019 and 9557_BO_K_
2021). Informed consent was obtained from the legal guardians
on admission. The study was registered at ClinicalTrials.gov
(NCT04827641). The authors followed the STROBE reporting
guidelines (see Table S1)%°.

Unexpected events in all patients in the study department be-
tween 1 January 2017 and 30 November 2020 were documented
prospectively. The department of paediatric surgery at the
Hannover Medical School is the only tertiary academic institution
in the German federal state of Lower-Saxony serving approxi-
mately eight million inhabitants. The clinical spectrum of the de-
partment includes neonatal, gastrointestinal, hepatobiliary,
thoracic, oncological, and paediatric urological surgery. The pae-
diatric surgical team includes seven consultants and seven train-
ees.

Documentation of unexpected events

Documentation of unexpected events was performed by the des-
ignated team members (C.Z. and J.B.) during daily routine team

conferences, as described previously'®*°. Briefly, the on-call team
members and other staff reported any unexpected event that had
occurred within the previous 24 hours. After weekends, all events
were reported that had occurred during the past 72hours. One
member of the designated team actively asked the participants in
the team conferences for any additional minor or major events to
be documented during every morning report. Furthermore, all
inpatients were discussed three times a week, to complete any
missing information. It was therefore expected that all events
were documented during the study period. Events included those
that had occurred in inpatients and outpatients, and in the paedi-
atric emergency department. Data of each event included patient
demographics, diagnoses, treatments/operations, and types of
events. The data were stored in a password-encrypted database
by the designated team members (C.Z.,].B., and O.M.S.).

After detailed workup, all events were discussed during
monthly morbidity and mortality (M&M) conferences, which
were attended by all surgical and non-surgical team members
and nurses. The events were presented, discussed, and classified
by the team according to the Clavien-Dindo classification. Any
disagreements regarding the classification of adverse events
were discussed during M&M conferences and the result was
documented by the moderator from the designated team. A final
agreement on the classification of events was obtained for all
presented events during the study period. Changes in standard
operating procedures (SOPs) were documented during M&M con-
ferences.

Definition of unexpected events

A modified definition of events according to Mazeh et al. was
used, as reported previously'®'??!. Based on this definition, the
events were stratified as follows: subsequent deviation from the
planned pre-, intra-, and postoperative courses; subsequent
changes in management with any delay in treatment or recovery;
and ongoing disease/disability. Unexpected events associated
with surgical and non-surgical treatments were included.
Organizational problems, such as miscommunication and post-
ponement of operations because of limited admission, anaesthe-
sia, paediatric surgery, or intensive care facilities, were included,
as well as errors concerning the preparation or scheduling of an
operation or perioperative diagnostics.

Expected events comprised deviations from the planned inter-
ventional approach included on the consent forms (for example,
conversion for laparoscopic procedures).

Wound healing disorders were defined based on the criteria by
Horan et al.?”. Infection of a central line was defined as a
catheter-related bloodstream infection (CRBSI) whenever a posi-
tive culture of the catheter tip or blood culture specimens or clin-
ical sepsis was present®”. Urinary tract infections were defined
according to the definition by Horan et al.>?. Anastomotic leaks or
stenosis following bowel surgery were confirmed using radio-
graphic imaging, endoscopy, or surgical exploration with subse-
quent dilatation or revision. Error was broadly defined as an act
of omission or commission in the planning or execution that con-
tributed to, or had the potential to contribute to, an unintended
result®®,

For additional events, the authors used a modification of the
definitions proposed by Mazeh et al.**, which differentiated the
following entities. Bowel dysmotility/adhesion was defined as ei-
ther hyperperistalsis (for example, diarrhoea) or signs of intesti-
nal obstruction (mechanical or paralytic ileus). Postoperative
haematoma or seroma was defined as a collection of blood or
fluid in or around a surgical site, confirmed by ultrasound or


https://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zrab138#supplementary-data

Madadi-Sanjanietal. | 3

other imaging. Postoperative bleeding was defined as ongoing
haemorrhage from an operation site with or without the need for
surgical intervention or transfusion. Catheter leakage was de-
fined as spillage of fluids from a catheter, resulting in repair or re-
moval of the catheter.

Categorization of adverse events

Events associated with surgical and non-surgical interventions
and events not associated with interventions, such as organiza-
tional problems, management problems, or underlying disease,
were differentiated. Organizational and management problems
were prospectively assessed and graded as minor events (grade I)
if the patients did not experience any impact on their health
status.

Classification of adverse events

The severity of adverse events was finally classified prospectively
according to the Clavien-Dindo classification (grades I-V) by the
team during M&M conferences®. These were divided into minor
non-life-threatening events (grades I-IIIb) and sentinel events
resulting in serious physical or psychological injury or death
(grades IV-V) by use of the modification by Rodziewicz et al.**.

All events that had been classified according to the Clavien—
Dindo system were reclassified by designated team members (J.B.
and O.M.S.) according to the additional four grading systems
(Table S2). Briefly, the T92 system includes four grades (grades
[-IV) and five levels of complications®. The MSKCC classification
was the first attempt to modify the T92 system and includes five
grades (grades I-V) for severity of adverse events*»**°. The con-
tracted Accordion classification for assessment of the severity of
complications includes four grades (grades I-IV)'*. The extended
version of the Accordion classification includes six grades (grades
[-VI)*?. Strasberg et al.*® recommend the application of the ex-
tended classification in large studies with a focus on complex
procedures, for example oesophageal and pancreatic resection,
because of the risk of severe complications. The expansion of
grading occurs exclusively in areas with severe complications.

Additionally, the study assessed the CCI® score for all patients.
The CCI® score is a validated metric for grading postoperative
morbidity on a scale of zero (no complication) to 100 (death)***’.
The CCI® score is based on prior ranking by the Clavien-Dindo
system and includes multiple adverse events in a single patient.
The CCI® score was calculated using the template available at
http://www.ccl.assessurgery.com, as previously reported by
Staiger et al.** CCI® score assessment can be performed in all
patients (including from preterm to 17 years of age) with a single
unexpected event, including single minor events during the peri-
operative period (for example, one grade I event correlates with a
CCI® score of 8.7) (see Table S3 and Figure S1). For calculation of
the CCI® score, the authors included all events in an individual
within the follow-up period of 90 days (3 months) following an in-
tervention. For events appearing later than 90days after the in-
tervention, a new case identification number was created and a
new/additional CCI® score was calculated. Therefore, the analy-
sis could include multiple CCI® scores in single individuals within
the study period.

Differentiating items

The severity grading systems were analysed in terms of differen-
tiation of items. Eight criteria for severity assessment of adverse
events were identified, including unforeseen drug administration,
differentiation between oral and intravenous drug administra-
tion, bedside procedures, use of antibiotics, blood transfusion

and/or parenteral nutrition, procedures performed under general
anaesthesia, endoscopic or radiological interventions, differentia-
tion between single- and multiorgan failure, and standalone
grading for death. The scoring systems were reviewed for differ-
entiation of these items.

Follow-up data

Data of patients who were readmitted or seen in the outpatient
clinic because of adverse events were included. All available data
from follow-up were reviewed by the designated team members
(C.Z.,J.B., and O.M.S.) and used to assess the five systems.

Statistical analysis

Statistical analysis was performed using GraphPad Prism (v8.0;
GraphPad Software, San Diego, California, USA). Pearson’s corre-
lation coefficient was used (rpears) to compare the Clavien-Dindo
classification with T92, the contracted and extended Accordion,
and MSKCC's Surgical Secondary Events Grading systems;
Tpears > 0.8 was defined as strong, and rpeas > 0.9 as very strong.
Data are presented as mean(s.d.). Statistical significance was set
at P<0.050.

Results

Of the 6296 patients who were treated during the study period,
673 patients (10.7 per cent) experienced adverse events. A total of
1253 adverse events were identified; 433 (64.3 per cent), 127 (18.9
per cent), and 113 (16.8 per cent) had one, two, and more than
two events respectively. The mean age of the cohort at the time
of the adverse event was 76.5(4.3) months.

Patient age at time of adverse events

A total of 421 events (33.6 per cent) occurred in children aged un-
der lyear, and 220 events (17.6 per cent) in toddlers aged
1-3years. A total of 133 (10.6 per cent) of the events occurred in
children aged 3-5years, 194 events (15.5 per cent) in those aged
5-12years, and 285 events (22.7 per cent) in those aged
12-18years.

Events related to surgical subspecialties

In stratifying the number of events to paediatric surgical subspe-
cialties, 100 events (8.0 per cent) were registered in neonatal sur-
gery, 201 events (16.0 per cent) in gastrointestinal surgery, 46
events (3.7 per cent) in hepatobiliary surgery, 65 events in tho-
racic surgery (5.2 per cent), 78 events (6.2 per cent) in oncological
surgery, and 262 events (20.9 per cent) in paediatric urology. A to-
tal of 501 events (40 per cent) were related additional procedures,
not associated with the subspecialties.

Categorization of adverse events

A total of 574 (45.2 per cent) adverse events were associated with
surgical and non-surgical interventions, whereas 679 (54.8 per
cent) events were associated with organizational and manage-
ment problems. Of the 574 intervention-associated events, 485
(84.4 per cent) were managed by surgical and non-surgical inter-
ventions, whereas the remaining 89 (25.6 per cent) were managed
conservatively using bedside procedures and medicines (antibiot-
ics, parenteral nutrition, blood transfusion). A total of 386 (79.6
per cent) patients required an intervention under general anaes-
thesia, whereas 99 (20.4 per cent) patients were managed by an
intervention without general anaesthesia or under local anaes-
thesia. Of those 99 patients, 80 (80.8 per cent) had more than one
event and 51 (51.5 per cent) underwent at least one additional
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procedure under general anaesthesia. Of the 386 patients who
underwent procedures under general anaesthesia, 343 (88.9 per
cent) underwent surgical reinterventions, whereas 43 (11.1 per
cent) underwent radiological or endoscopic interventions under
general anaesthesia.

Comparison of classifications of adverse events

Results of classification of 1253 adverse events using the five sys-
tems are presented in Fig. 1. Differences were mainly observed
with minor events (grades I-III or I-IV) (see Table S4), including
different gradings of drug groups (antibiotics) and procedures
(chest tube, urinary catheter insertion). The median score was 2
in all grading systems, with similar patterns, despite differences
in scale and numbering of events in the classification systems
(see Table S5). According to all severity grading systems, minor
events were identified in 94.9 to 96.5 per cent and major/sentinel
events in 3.5 to 5.1 per cent of events. Fig. 1 illustrates similar pat-
terns in all classifications, except the contracted Accordion sys-
tem. Stratification of grades revealed grade I events in 44.4 to
49.4 per cent of patients. Grade II events were documented in
10.1 to 11.8 per cent of patients with use of four of the grading
systems. However, according to the T92 classification, grade II
events were subclassified; grade Ila events were observed in 11.8
per cent and grade IIb events in 38.7 per cent of patients. Grade
IIb in the T92 classification system corresponds to grade III in the
MSKCC classification system (38.7 per cent), the sum of grades
Illa (7.9 per cent) and IIIb (30.8 per cent) in the Clavien-Dindo
classification system, and grades III (5.9 per cent) and IV (30.4 per

contracted Accordion classification system demonstrated differ-
ent distribution patterns, beginning from grade III, because of
summarization of events in one grade—ranging from endo-
scopic/radiological/surgical interventions to multiorgan failure—
and consequently including both minor and major events.

Correlation between the Clavien-Dindo
classification and the grades of four other
systems

A strong correlation was identified between the Clavien-Dindo
classification system and the T92 (rpears=0.95, P<0.0001), con-
tracted and extended Accordion (rpears=0.94, P<0.0001 and
Tpears =0.96, P<0.0001 respectively), and MSKCC classification
systems (rpears=0.99, P<0.0001) (Table 1 and Figure S2). These
results were also observed after stratification of all classifications
into minor events (fpears>0.9, P<0.0001) and major/sentinel
events (fpears > 0.9, P <0.0001).

The comprehensive complication index (CCI®)

A total of 771 CCI® scores were calculated, with 1253 adverse
events detected (Fig. 1). A CCI® score of 8.7-33.6 was identified in
408 (52.9 per cent) patients, 33.7-46.1 in 297 (38.5 per cent)
patients, and more than 46.2 in 66 (8.6 per cent) patients. Scores
higher than 462 (n=66) included 43 infants with grade V
Clavien-Dindo event (death) that corresponded to CCI® of 100.
Two children had CCI® > 80. Both had been hospitalised for sev-
eral months. One had a history of inflammatory bowel disease
and was admitted because of a toxic megacolon for various surgi-

cent) in the extended Accordion classification system. The cal and endoscopic procedures, long-term antibiotics,
T92 Clavien—Dindo MSKCC
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Table 1 Correlation between the Clavien-Dindo grade and scores of T92, contracted Accordion, extended Accordion, and MSKCC for

1253 adverse events in 673 patients

Clavien-Dindo classification versus

T92 Contracted Accordion

Extended Accordion MSKCC

Tpears 0.95 0.94
(0.93,0.95)
R-squared 0.9 0.9
<0.0001

95 per cent c.i. (0.94,0.95)

P <0.0001

0.96 0.99
(0.95,0.96) (0.98,0.99)
0.92 0.97
<0.0001 <0.0001

MSKCC, Memorial Sloan Kettering Cancer Center; rpears, Pearson’s correlation coefficient.

immunosuppressive treatment, and parenteral nutrition result-
ing in 20 events during the in-hospital stay and the follow-up pe-
riod. The other was an infant with cardiac necrotizing
enterocolitis who underwent multiple surgical procedures and
encountered life-threatening electrolyte fluctuations and central
line infections.

Correlation between the comprehensive
complication index (CCI®) scores and
Clavien-Dindo scores

Of 673 patients, 240 (35.7 per cent) had more than one event. The
study aimed to investigate whether CCI® scores provided infor-
mation on the severity of the events in the cohort or whether ac-
cumulation of multiple minor (non-life-threatening) events in a
single patient distorted the analysis. The authors found that CCI®
scores correlated with the Clavien-Dindo grades in patients with
one event and with the highest Clavien-Dindo score in patients
with multiple events. A very strong correlation (rpears=0.9,
P <0.0001) was detected, indicating high sensitivity of the CCI®
score to distinguish between minor and major events in patients

(Fig. 2).

Items for severity grading of adverse events

The Clavien-Dindo classification system included seven out of
the eight criteria for severity assessment of adverse events (87.5
per cent), whereas the extended Accordion and MSKCC systems
included five criteria each (62.5 per cent) and the T92 and con-
tracted Accordion systems included two criteria each (25 per
cent) (Table 2).

Changes in standard operating procedures during
the study period

During the study period, 39 M&M meetings were held. A total of
64 changes to the SOPs were documented, 44 (68.8 per cent) of
which were associated with events following surgical and non-
surgical interventions. Those SOP changes included standardized
instructions for diagnostic algorithms and therapeutic interven-
tions. The remaining 20 SOP changes (31.2 per cent) were associ-
ated with organizational and management problems. To
implement these SOP changes, system quality improvement
infrastructures with an in-house risk management team were
available.

Discussion

The present study confirmed that all grading systems demon-
strated identical median values despite differences in scale and
numbering of adverse events. This can be explained by the high
number of non-life-threatening events in the study cohort. All
the investigated grading systems, except the contracted

100 . .
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o
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Fig. 2 Correlation between the highest Clavien-Dindo grade in 673
patients with multiple adverse events and 771 CCI® scores for a total of
1253 adverse events. CCI®, Comprehensive Complication Index.

Accordion classification system, offer a standalone grade for in-
vasive procedures. However, only the Clavien-Dindo classifica-
tion system differentiates procedures performed without (grade
II1a) and those performed with general anaesthesia (grade IIIb).

In the study cohort, 80 per cent of interventions were per-
formed under general anaesthesia (grade 1IIb). A detailed review
of the remaining 20 per cent of interventions (grade Illa) revealed
that a majority of procedures were performed under sedation
with anaesthetic support and post-interventional monitoring in
the recovery room. Furthermore, a third of patients with grade
Illa complications, according to the Clavien-Dindo classification,
had already been managed in a paediatric ICU. Of 99 patients
with grade Illa complications, 81 per cent had more than one un-
expected event and 52 per cent had at least one additional
event of grade IlIb or higher. Therefore, Clavien-Dindo grade Illa
had only limited additional value to the study cohort. It is worth
mentioning that, in contrast to adults, minor procedures in chil-
dren, including wound revisions and change of vacuum dress-
ings, are usually performed under general anaesthesia. A notable
feature of the Clavien-Dindo differentiation concerning anaes-
thesia may also be concluded from the multicentre APRICOT
study?’, in which the incidence of critical events under general
anaesthesia in children was significantly higher than that under
sedation; however, the all-cause in-hospital mortality was inde-
pendent of the type of anaesthesia. Other studies have confirmed
the intensive peri-interventional management of children, result-
ing in improved safety with procedural sedation, which may indi-
cate that differentiation between general and local anaesthesia
in children may be unnecessary”*=°.
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Table 2 Differentiating items according to severity grading scores

Items Clavien- T92 Contracted Extended MSKCC
Dindo Accordion  Accordion
Identification of unforeseen drug administration X X X X X
Differentiation between oral and intravenous administration of drugs - - - - X
Differentiation of bedside procedures from invasive procedures * general anaesthesia X - X X X
Identification of antibiotics, blood transfusions, and parenteral nutrition X - - X X
Differentiation between procedures performed without and with general anaesthesia X - - X -
Differentiation of endoscopic or radiological interventions without and with X - - - -
general anaesthesia

Differentiation between single- and multiorgan failure X - - - -
Standalone grade for death X X X X X
MSKCC, Memorial Sloan Kettering Cancer Center. x = item included in the severity grading systems; — = item not included in the severity grading system.

All grading systems, except the contracted Accordion classifi-
cation, include a standalone grade for sentinel events, organ fail-
ure, and organ loss. The Clavien-Dindo classification system
remains the only system to differentiate between single-organ
and multiorgan dysfunction. However, in this series, grade IVb
(multiorgan failure) complication was observed in only one pa-
tient. Again, Clavien-Dindo grade IVb had only limited additional
value to the study cohort. Additional analysis of the sentinel
events demonstrated that they mainly occurred in the group of
neonatal surgery with children aged less than 1year, including 14
grade IV events (14 of 21; 66.7 per cent) and 37 grade V (death)
events (37 of 43; 86.0 per cent).

Severity grading systems focus on single complications that
occur during the perioperative period. They do not include infor-
mation on complications during follow-up and multiple compli-
cations in a single patient. This gap may be filled by the CCI®,
which was introduced as a metric of postoperative morbidity,
including all complications in individual patients in a single
formula®®.

The authors calculated 771 CCI® scores and identified individ-
ual patients with up to 20 events during the in-hospital stay and
follow-up period of 3months. The CCI® scores adequately
weighted the sentinel events, compared with minor non-life-
threatening events. After excluding the CCI® score of 100 (death),
only two patients had scores above 80. Both patients were hospi-
talized for several months and experienced repeated life-
threatening events. To understand the weighting of major and
minor events in the metric, the authors correlated the CCI®
scores with the highest Clavien-Dindo grades in individual
patients, which demonstrated high correlation (rpears=0.9).
Children with multiple non-life-threatening events still had lower
scores, compared with those with a sentinel event. Sentinel
events may be associated with additional complications, longer
duration of hospital stay, and longer follow-up periods.
Therefore, the CCI® may be a better routine grading system in in-
dividual patients with multiple complications.

The CCI® is not intended to replace the Clavien-Dindo classifi-
cation, as they both work in close concert*>**, The focus of the
Clavien-Dindo classification and its ordinal scale is to offer a sim-
ple and practicable tool in the clinical routine, especially for the
presentation of single events in M&M conferences'**. In con-
trast, the CCI®, with its longitudinal assessment of multiple com-
plications, is valuable in interpreting overall morbidity and
therefore might be better to evaluate perioperative care.
Therefore, those who developed the CCI® strongly recommend
the use of both classification systems for clinical and scientific
purposes >4,

In this study, analysis of the CCI® focused on postoperative
morbidity only. However, it has also been demonstrated that the
CCI®is also a reliable predictor of costs of surgical care’. This in-
vestigation has not yet been applied to a paediatric cohort but
could highlight an additional benefit of incorporating the CCI®
into future studies.

This present study has some limitations. While the Clavien—
Dindo classification was used prospectively, additional grading
systems were documented retrospectively. The authors aimed to
reduce the bias by having a designated team responsible for col-
lecting all data and grades. Furthermore, the profile of proce-
dures in the study cohort was heterogeneous and included
abdominal, hepatobiliary, thoracic, urogenital, and numerous
other types of operations. However, the study focused on events,
rather than on a comparative analysis of groups of procedures.

The systems used in this study demonstrated high correlation
in the grading of postoperative events. None of the grading sys-
tems were superior to others in documenting unexpected events.
Based on the authors’ previous experience, the Clavien-Dindo
classification is a simple tool for assessment of single events and
is used routinely in M&M meetings at their institution®®.
Furthermore, the Clavien-Dindo classification can be used for
CCI® score calculations, which may be an adequate and valuable
metric for documentation of multiple events in individual
patients and is now included in the authors’ institutional
protocol.
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