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 Evaluation of the frequency and severity of postoperative complications is an integral part of establishing the clinical 
utility of a specific treatment. They define the possible consequences resulting from the chosen method of treatment, 
and thus the potential risks associated with this choice. Thanks to the analysis of complications, it is possible to evaluate 
patients’ safety, identify a problem in the course of surgery within a given hospital and surgical team or carry a financial 
analysis. Not only is the frequency of occurrence important, but so is the severity of complications. Therefore, in recent 
years we have seen the development of several new tools for assessing postoperative complications such as the Cla-
vien-Dindo scale, the Accordion Severity Grading System, the Postoperative Morbidity Index or the Comprehensive 
Complication Index. Analysis of the above-mentioned scales may contribute to the development of clear algorithms for 
the management of older patients at increased risk of severe complications and higher mortality, which subsequently 
may lead to increased efficacy and safer treatment in this population.
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Evaluation of the frequency and severity of postoperative 
complications is an integral part of establishing the clinical 
utility of a specific treatment. They define the possible conse-
quences resulting from the chosen method of treatment, and 
thus the potential risks associated with this choice. Thanks to 
the analysis of complications, it is possible to evaluate patients’ 
safety, identify a problem in the course of surgery within a giv-
en hospital and surgical team or carry out a financial analysis 
[1]. Not only is the frequency of occurrence important, but so 
is the severity of complications. Moreover, in the long term, 
for a proper analysis of a given operating procedure and its 

modifications, it is important to report on complications in 
a repeatable manner [2]. In this way the decision-making pro-
cess is based on evidence of higher quality. Unfortunately, for 
many years, scientific studies on postoperative complications 
focused on various data and, in many cases, did not provide 
information on the severity of a given complication [1, 3]. This 
often chaotic and, above all, inconsistent way of informing has 
eliminated the possibility of comparing results between work 
carried out on the same procedures.

Chronological age alone is no longer recognized as a re-
liable factor predicting the postoperative course. Significantly 
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more important are elements of the Comprehensive Geriatric 
Assessment such us: functional activity, the presence of comor-
bidities, polypragmasia, nutritional, cognitive, and psychosocial 
status, which can allow one to determine the frailty status 
(being a surrogate of biological age) [4–7].  During surgery it is 
essential to limit the extent of trauma: conducting scheduled 
surgery, positioning the patient in a safe way, using minimally 
invasive surgical techniques, limiting intraoperative blood loss 
(even at the expense of prolonged surgical time), avoiding 
hypothermia and many more [5, 8]. These elements are parti-
cularly important in the older population with cancer, where 
the most important factors determining overall survival are 
the pathological stage of the cancer and the occurrence and 
severity of complications [9]. Therefore, understanding the 
role of the complication and their proper evaluation is crucial 
across this population [10]. 

Clavien-Dindo scale 
The first notable attempt at standardization of reporting com-
plications was proposed in the 1990s in Toronto by Clavien 
et al. [11]. Negative results of surgery were divided into com-
plications, sequelae, and failures to cure. In terms of severity, 
the grades were distinguished depending on the treatment 
method needed due to the complication, and the incidence 
of permanent disability or death [12]. The authors did not try 
to create a numerical scale. The Toronto 1992 complication 
grading system (T92) was a 4-grade scale with the grade 2 divi-
ded into levels A and B (pharmacological or surgical treatment 
needed). The first grade included all complications that could 
be resolved by interventions at the patient’s bedside, without 
the need to intervene in the operating theater. The second 
grade  had two subcategories and featured potentially life 
threatening complications. In the case of complications that 
left a permanent mark on the patient, they were classified into 
the third grade. In the event of a patient’s death, the case was 
allocated to grade 4 [11]. 

The above scale was the first attempt at organizing a way 
of communicating the severity of complications; the proposed 
system became widespread. Unfortunately, due to the impre-
cise definitions and unclear descriptions in these classification 
systems, much of the work published in the past are difficult to 
compare or unreliable. Researchers in various fields of surgery 
modified the T92 scale and adapted it to a specific procedure, 
a patient’s disease, or type of complication. However, T92 
modified scales differ significantly and through the multipli-
city of cut-off points, comparisons between studies are often 
impossible [12]. 

The development of the Clavien-Dindo scale led to clearer 
structuring on this issue. The 5-grade classification includes 
7 levels of severity of complications (tab. I) [12, 13]. The refine-
ment of the T92 scale consisted of additional information on 
the need to use general anesthesia in the treatment required 
to deal with the complication, and whether it was necessary 
to admit to the Intensive Care Unit (ICU) due to organ failure 
[12, 13]. This modification significantly improved the reporting 
of postoperative complications, but the obvious drawbacks of 
this scale should also be noted. The Clavien-Dindo scale only 
reports one, i.e. the most serious, complication of a patient after 
treatment [3, 14]. Other, less serious complications are ignored 
and the patient’s picture after treatment is incomplete. Similar 
modifications by various researchers, as with the T92 scale, 
were made to the Clavien-Dindo scale [2]. The most common 
modification reduced the number of severity levels to make it 
simpler and less complex, or to adapt it to a particular disease. 
Moreover, only recently scales were proposed which would 
provide statistical information about the severity of compli-
cations, however, there is still no consensus on the common 
use of the selected scale. 

Defining an appropriate tool for assessing postoperative 
complications in patients, regardless of their health status or 
age group, remains a research problem. As research shows, the 
demand for a universal tool in this matter is growing, which 

Table I. Dindo et al. Classification of Surgical Complications [7]

Grade Definition

I
Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical, endoscopic, 
and radiological interventions. 

II
Requiring pharmacological treatment with drugs other than such allowed for grade 1 complications. Blood transfusions and 
total parenteral nutrition are also included. 

III
a Requiring surgical, endoscopic or radiological intervention not under general anesthesia.

b Requiring surgical, endoscopic or radiological intervention under general anesthesia.

IV
a

Life-threatening complications (including CNS complications) requiring IC/ICU management. Single organ dysfunction 
(including dialysis). 

b Life-threatening complication (including CNS complications) requiring IC/ICU management. Multi-organ dysfunction.

V Death of the patient.

suffix d
If the patient suffers from a complication at the time of discharge, 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. 

CNS – central nervous system, IC – intensive care, ICU – intensive care unit
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can be seen in the number of citations of publications on the 
scales of postoperative complications. The demand for such 
a tool is great across multiple fields, not only general surgery, 
but in every operational field with many scientific publications 
reporting on a demand in urology and gynecology [12, 15, 16]. 
When considering the universality of a given scale, it is funda-
mental for it to be possible to use both in large studies and in 
those with a smaller number of patients or complications 
so that the results are comparable. For this reason, in recent 
years we have seen the development of several new tools for 
assessing postoperative complications such as the Accordion 
Severity Grading System (ASGS), the Postoperative Morbidity 
Index (PMI) or the Comprehensive Complication Index (CCI).

Accordion system
In a 2009 study, Strasberg et al. proposed a new scale based 
on the modification of the T92 and Clavien-Dindo classifica-
tions under the name the Accordion Severity Grading System. 
Since the introduction of the two previous scales, their use 
has steadily increased over time, but reporting in individual 
studies was often inconsistent. Due to the authors’ obser-
vations of the studies published in the past, they noted the 
frequent tendency to combine the levels or even shorten 
the Clavien-Dindo or T92 scales, which often correlated with 
the number of patients or their complications included [12, 
17, 18]. Therefore, the Accordion system is slightly different, 
depending on the sample size. The contracted version for 
smaller studies includes 4 grades: mild, moderate, severe, death 

(tab. II). The expanded classification for larger studies, often with 
more complex operating procedures in the research, includes 
6 grades. The difference comes from dividing grade 3 (severe 
complication) into 3 additional categories: invasive procedure 
without general anesthesia, invasive procedure under general 
anesthesia, organ system failure (tab. III) [12]. 

In order to simplify the scales, both versions of Accordion 
do not contain separate levels, which was often omitted in 
previously published scientific papers. The authors also pro-
posed a graphical version of the scale presentation in the 
form of a table to facilitate clarity and standardize the format 
of reporting the severity of complications. A clear limitation 
of the table, as the authors noted, is that it is only feasible in 
single arm studies [12]. 

Accordion was the first response to the previous widely 
used and recognized classifications: T92 and Clavien-Dindo. 
It focused on introducing solutions that were more concise 
and adapted to the type and size of the study, hence the 
name of the scale – Accordion. In successively published pa-
pers, the ASGS turned out to be a good tool in assessing the 
severity of complications, and thanks to the systematization 
of the reporting method, it enabled reliable comparisons be-
tween them [19]. Its positive correlation with the length of 
hospital stay and  the economic aspects of treatment was 
also assessed [20]. It is necessary to note some disadvantages 
of this classification. It is a system that evaluates the severity 
of complications based on the required form of treatment to 
counter the complication – similar to the previous scales. It is 

Table II. Accordion Severity Classification of Postoperative Complications: Contracted Classification [6]

Mild complication Requires only minor invasive procedures that can be done at the bedside, such as insertion of intravenous lines, urinary 
catheters, and nasogastric tubes, drainage of wound infections. Physiotherapy and the following drugs are allowed – 
antiemetics, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy.

Moderate complication Requires pharmacologic treatment with drugs other than such allowed for minor complications, for instance antibiotics. 
Blood transfusions and total parenteral nutrition are also included.

Severe complication All complications requiring endoscopic or interventional radiologic procedures or re-operation as well as complications 
resulting in failure of one or more organ systems.

Death Postoperative death.

Table III. Accordion Severity Classification of Postoperative Complications: Expanded Classification [6]

Mild complication Requires only minor invasive procedures that can be done at the bedside such as insertion of intravenous lines, urinary 
catheters, and nasogastric tubes, drainage of wound infections. Physiotherapy and the following drugs are allowed – 
antiemetics, antipyretics, analgesics, diuretics, electrolytes, and physiotherapy. 

Moderate complication Requires pharmacologic treatment with drugs other than such allowed for minor complications, for instance antibiotics. 
Blood transfusions and total parenteral nutrition are also included. 

Severe: invasive procedure 
without general anesthesia 

Requires management by an endoscopic, interventional procedure or re-operation without general anesthesia. 

Severe: operation under 
general anesthesia

Requires management by an operation under general anesthesia. 

Severe: organ system 
failure

Such complications would normally be managed in an increased acuity setting, but in some cases patients with 
complications of lower severity might also be admitted to an ICU. 

Death Postoperative death.
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a hepatectomy was performed with a colectomy, the PMI 
increased to 0.468. It is worth mentioning that two reviewers 
evaluating the complications from selected cases using the 
Accordion Severity Grading System had an initial concordance 
above 98%. The very process of calculating the index is to 
match the grade to a given complication, taking into account 
its weight assigned to each of the 6 accordion levels (tab. IV).

There are two ways to calculate and interpret the PMI. In the 
first case, the weights of complications of all patients of a given 
procedure are summed up and divided by the number of pa-
tients; in the second case, they are divided by the number of 
patients who had any complications at all. As a result, the first 
method informed us of chance of developing a complication 
after a given operation per case. The second method informed 
us of the estimated percentage of cases that might develop 
a complication, and, when it does occur, its severity is X [21]. 

PMI also facilitates observing the difference between 
surgical procedures, which differ both in the frequency of 
occurrence of a given complication as well as their severity 
for a given operation. Thanks to this new index, it is possible 
to identify trends in the occurrence of complications in given 
procedures and thus compare the quality of treatment within 
a given hospital over time [22]. It can also indicate the direc-
tion of successive studies due to differences in its values, as 
in the case of the modification of a procedure. Appropriate 
analysis and knowledge of the index scores by the attending 
physician gives a better opportunity to present to the patient 
the potential risk resulting from a given operation [23]. It was 
the first semi-quantitative scale which was not achieved in the 
previously described tools. M.K. Lee et al., who analyzed PMI in 
patients undergoing distal pancreatectomy, showed that the 
incidence of postoperative complications does not necessa-
rily reflect the severity of these complications [24]. Thanks to 
the countability of this index, the results can be presented in 
a transparent manner.

Following the publication of the revised expanded ASGS 
and PMI, an implementation evaluation in urology procedures 
was undertaken. Based on the evaluation of complications in 
654 cases from 11 urological procedures, using the expanded 
Accordion Severity Grading System, the PMI was calculated for 
each procedure. Beilan et al. positively verified the possibility of 
using the PMI as a tool to assess the severity of postoperative 

not a quantitative classification in which the complication 
can be assigned a numerical value. Even though it is difficult 
not to match the appropriate form of treatment, its initiation 
depends on the subjective assessment of the patient’s phy-
sician [20]. One of the ways to deal with the situation was 
proposed by Jung et al. [17]. Due to the precise determination 
of complications after gastrectomy due to gastric cancer, with 
the appropriate assignment of the method used to eliminate 
adverse effects, the possible ambiguity of the choice of the 
procedure by the surgeon was eliminated. It should be noted 
that the system can be adapted to many procedures in the 
field of surgery. It is better defined than its predecessors, but 
it cannot be specified as a fully universal scale. 

An attempt to modify the Accordion Severity Grading 
System towards the quantitative scale was made by Porem-
bka et al. using the severity weighting method before the 
actual publication of the original Accordion classification [18]. 
Questionnaires were sent to surgical outcome experts at US 
hospitals, containing 12 cases, corresponding to 6 levels of the 
expanded ASGS (2 cases for each level). As the system was not 
published then, experts were not able to follow it. They were 
asked to rate the cases on a scale of 0–100 (0 no complication, 
100 death). After analyzing the returned questionnaires, it was 
decided to revise the Accordion scale due to the identification 
of a false-positive type error [18]. In their responses, the experts 
did not distinguish between single organ system failure and 
a need for reoperation under general anesthesia in a statis-
tically significant manner. Thus, the criteria for grade 4 were 
improved and single-organ failure was included in it. It should 
be noted that the severity weighting method did not affect 
the interpretation of the contracted Accordion scale.

The study describing the modification of the expanded 
Accordion scale initiated the development of the Postoperative 
Morbidity Index (PMI). This revised system was still not a fully 
quantitative scale, but only a refinement of the Accordion 
Severity Grading System, another stage before the creation 
of a fully numerical scale. 

Postoperative Morbidity Index
In another publication, Strasberg et al, based on deriving util-
ity weights, proposed a new classification: the Postoperative 
Morbidity Index. In their study, they recommended the Index 
as a useful tool in the quantitative assessment of morbidity 
for surgical procedures [21]. Based on five surgical procedures 
and their possible extensions, the use of PMI was assessed. 
A selection of 636 cases were analyzed by 2 independent 
reviewers and complications were assessed based on the mod-
ified expanded Accordion Severity Grading Scale. The analysis 
included the following procedures: hernia repair, appendec-
tomy, laparoscopic colectomy, hepatectomy, and pancreati-
coduodenectomy. PMI scores were respectively: 0.005, 0.031, 
0.082, 0.145, 0.150 [21]. The extension of the procedures had 
a significant impact on the change in the index value. When 

Table IV. Accordion Classification System with Severity Weights [14, 17]

grade 1 0.110

grade 2 0.260

grade 3 0.370

grade 4 0.600

grade 5 0.790

grade 6 1.000
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complications within their institution [25]. They also pointed to 
the opportunity of using this as a signaling factor for the need 
for further studies to determine the causes of complications 
in transurethral prostatectomy.

Despite the positive feedback, PMI still has some limi-
tations. It still takes into account only the highest grade of 
complication per patient. Thus, there is a possibility of misinter-
pretation of PMI in patients with many different complications. 
It is also not a tool that sufficiently assesses the risk and possi-
ble severity of a given complication in an individual patient. 
Remember that the index is based on the ACS-NSQIP system, 
which only reports complications of the procedure entered 
into the system as a template, and does not necessarily report 
all actual complications [26]. Moreover, possible differences 
in the characterization of complications between ACS-NSQIP 
and the institutional database have been demonstrated [27]. 
An attempt to interpret it in terms of a different type of surgery 
carries the risk of the subjective assessment of those persons 
conducting the study. Risk adjusted PMI may help to verify the 
reasons for the change in the index results, like the characte-
ristics of patients or even the improvement of the quality of 
provided treatment.

Comprehensive Complication Index 
The newly created scale proposed by Slankamenac et al. is 
the Comprehensive Complication Index (CCI) [28]. It is a sys-
tem based on the Clavien-Dindo classification. Severity, unlike 
previous studies, has been analyzed and revised by both pa-
tients and doctors using the given questionnaires. Based on 
30 selected cases, 227 patients and 245 doctors rated severity 
using a numerical analogue scale from 0 (best) to 100 (worst). 
Cases corresponded to the five most common complications 
in the Clavien-Dindo grades I–IVb. Grade V, with is the patient’s 
death, which was omitted in the questionnaires.

The two main reasons for developing the CCI are for the 
scale to be fully quantitative rather than ordinal and to include 
all complications in a single patient. The second reason is 
to distinguish it from previously created scales, such as the 
Clavien-Dindo, Accordion or PMI. One of the main problems 
was trying to create an appropriate mathematical formula. 
It would have to differentiate between the series of moderate 
complications of a given case and the severity of single compli-
cation but with greater health consequences. For this purpose, 
a method known from economic sciences was used: “operation 
risk index” [28]. In using this method to assess the severity 
of postoperative complications, more severe complications 
were assigned higher severity values   than lesser complica-
tions. The index was created from the summed values. Due to 
the theoretically countless possible number of complications 
and thus the high values   that CCI could achieve, which would 
definitely reduce the usefulness and ease of reporting of the 
scale, the authors decided to transform it so that it was within 
the limits of 0–100. After all the modifications, the formula for 

calculating CCI is as follows: CCI = √ (CW1 + CW2 ... + CWX )/2, 
where CW means complication weight. An online calculator 
to calculate CCI is available at https://www.assessurgery.com/
about_cci-calculator/.

Slankamenac et al. validated the CCI from four different 
perspectives. The results presented in the study demonstrated 
that the CCI significantly differentiates patients with compli-
cations of varying frequency. The authors also postulate the 
usefulness of CCI in complications observed over a longer 
period of time in the case of studies in which the follow-up was 
taken into account, and not only complications during hospital 
observation. The structure of the CCI makes it possible to add 
in a way and to take into account complications occurring 
later. This is not possible for other classifications because they 
take into account only the most serious complication, which 
can potentially dramatically change the perception of a given 
procedure. If the complication was more severe than previously 
reported, the entire index changes its character, however, in 
the case of a less significant complication, it is not taken into 
account when it comes to other systems.

As with the previously described scales, the CCI can 
be used as a tool to assess the quality of treatment within 
an institution or between different centers. If it is used for 
benchmarking, risk-adjustment is also necessary. In some 
centers specialized in carrying out given procedures, the 
characteristics of patients admitted may affect the interpre-
tation of the CCI.

Previous studies also proved the usefulness of CCI as 
a more sensitive tool than traditional endpoints in detecting 
between-group differences [29]. Based on the 3 RCTs deve-
loped in accordance with the CONSORT guidelines, the CCI was 
found to be a more sensitive tool in assessing the necessary 
sample size to demonstrate differences than the traditional   
primary end points. It was shown that CCI significantly cor-
related with length of hospital stay and ICU stay. The possibility 
of using CCI to estimate the costs of potential complications 
was also presented.

Several of the above opinions about CCI turned out to 
be controversial, especially the validation methodology was 
questioned. Of the 3 RCTs on which the CCI was validated, 
only 1 used overall morbidity as the primary end point, the 
rest were limited to the assessment of a specific complication. 
Booney et al. adequately pointed out that the scales that take 
into account all possible complications in a given patient may, 
in a way, mask the results of particular specific complications 
in different groups [30]. The statement concerned only the CCI 
scale, but this may be true in relation to all collective scales 
reporting complications.

In subsequent years, research studies have proven a better 
correlation of CCI with the length of hospital stay compared to 
the Clavien-Dindo scale [31], the usefulness of the CCI asses-
sment in predicting the costs of abdominal surgery [32, 33], 
and the increased usefulness of CCI in assessing particularly 
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extensive surgery over a longer period of observation of pa-
tients (up to 3 months) [34].

The CCI is the first fully quantitative scale proposed to 
assess the severity of complications. The authors also propo-
sed a scale that takes into account all complications of the 
patient. Its modification is much easier and takes into account 
a patient’s treatment course from the very beginning. Despi-
te the controversy in validation, CCI is the first classification 
to significantly change the way of reporting postoperative 
complications and their severity.

Postoperative complications and the use of 
scales in older patients
Consistency in reporting postoperative complications and the-
ir severity is particularly important in older patients. Biological 
age alters both the frequency and severity of complications. 
In  patients with frailty syndrome, the force of a potentially 
harmless complication can initiate a significant disruption 
of body homeostasis (p6, p7). Postoperative complications 
are a better predictor of mortality than perioperative com-
plications, further emphasizing the need for scales. The mere 
occurrence of a postoperative complication affects the health 
status and survival of the patient even months after surge-
ry [37]. Many papers in the past have reported prolonged 
hospitalization, increased perioperative mortality, increased 
investigations and subsequent treatments due to complica-
tions, which obviously carried over to the burden of additional 
costs [38, 39]. According to the literature reviewed, 25–40% 
of elderly patients have postoperative complications [40–42]. 
The most common significant complications are neurological 
disorders, mainly postoperative delirium as well as pulmonary 
complications and renal impairment [36, 41, 43]. Prolonged 
recovery of activity or, in many cases, some degree of loss of 
organ function definitely affects the organism with reduced 
physiological reserves. Tahiri et al. showed that only 68% of 
patients with postoperative complications returned to pre-
operative function after 6 months [40]. A comparable result 
was reported by Lawrence et al. who showed 63% of patients 
returned to preoperative performance after 6 months [44]. 
Postoperative complications affect the subsequent functio-
ning of the patient, unfortunately often with varying degrees 
of disability and thus a reduced subjective quality of life for 
the patient [45]. For this reason, the assessment of the elderly 
patient should be done on an individual basis with an in-depth 
analysis of comorbidities and preoperative activity [46, 47]. 
The analysis of the above-mentioned scales may contribute to 
the development of clear algorithms for the management of 
patients at increased risk of severe complications and higher 
mortality, thereby leading to increased efficacy and safety of 
treatment.

Currently, few studies address the use of the scales descri-
bed above in patients with frailty syndrome. Artiles-Armas et al. 
demonstrated the correlation of frailty and CCI [48]. They also 

indicated efficacy in predicting the emergence of additional 
complications of greater severity when complications were 
initially present. The correlation of CCI with long-term overall 
survival in patients 65 years of age and older undergoing colo-
rectal cancer resection has also been demonstrated [49]. In the 
same study, CCI was shown to have a similar predictive value 
for long term overall survival as that of CDC. Carli et al. used CCI 
to evaluate postoperative complications in frail patients when 
comparing the implementation of a prehabilitation program 
versus postoperative rehabilitation in patients undergoing 
resection for colorectal cancer [50]. It is necessary to include 
the follow-up in the reporting of surgical complications. If the 
assessment of complication frequency and severity is closed 
after the hospital stay, data on complications resulting from the 
implemented intervention are lost. Ommundsen et al. in their 
study indicated that if had it not been for a 30-day follow-up, 
they would not have known about the 19% of frail patients who 
had complications only after the end of their ward stay while 
expressing no symptoms during hospitalization [51]. Further 
studies and applications of indexes in frail patients are needed 
to compare their effectiveness. The next step should also be to 
determine the magnitude or ratio of intraoperative and posto-
perative complication scales. Such attempts have already been 
made, where Kinaci et al. found the predictive value of intraope-
rative complications described by the CLASSIC (Classification 
of Intraoperative Complications) scale relative to the postope-
rative complications described by the ASGS. The correlation 
was particularly pronounced in the higher grades [52]. The use 
of appropriate scales of postoperative complications and their 
severity unifies reporting and thus contributes to increased 
knowledge of the risks associated with a given operation. This 
is particularly important in frail patients, where the margin for 
error is even smaller and may be associated with irreversible 
functional deterioration in such a patient.
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