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aBstract

aim

The wide use of computed tomography (CT) scans for diverticulitis initiated new classifi-
cations. The reliability of these classifications has not been studied. Our aim was to study 
the inter-observer agreement of radiologists for these classifications of diverticulitis, for 
agreement with the reference standard and for individual CT features of diverticulitis.

material and methods

A set of 100 CT examinations of patients with an episode of diverticulitis was used to 
assess inter-observer agreement. Cases were derived from two prospective trials and a 
retrospective cohort to comprise an evenly distributed case mix of patients. Reference 
standard was the modified Hinchey classification based on all available information. 
Three blinded radiologists independently read all CT examinations. We calculated the 
proportion of agreement and kappa values for the Hinchey and Ambrosetti classifica-
tions. For the Dharmarajan classification only interobserver agreement was calculated.

results

The agreement with the reference standard was substantial for both the modified 
Hinchey, the Ambrosetti classifications (0.68 and 0.76, respectively). Overall inter-
observer agreement for the modified Hinchey classification was substantial (median 
kappa 0.72), for the Ambrosetti classification almost perfect (median kappa 0.83) and for 
the Dharmarajan classification substantial (median kappa 0.76). 

conclusion

The Ambrosetti classification is more reproducible than the modified Hinchey and 
Dharmarajan classification. The Ambrosetti and modified Hinchey classifications have 
a substantial agreement with the reference standard and therefore produce a reliable 
classification. The Dhamarajan is applicable only in complicated diverticulitis and is an 
important complimentary classification to the other more general diverticulitis clas-
sifications.
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 intrOductiOn

Multiple classification systems for diverticulitis are available; two clinical classifications 
(Hansen/Stock and Köhler classification) [1, 2] and three including radiological findings 
(modified Hinchey, Ambrosetti and Dharmarajan classification) [3, 4, 5]. The Hinchey 
classification is most commonly used. The original Hinchey classification was based on 
clinical and surgical findings only.  However, several studies using combined clinical 
features and radiological imaging showed that the clinical diagnosis of acute diverticu-
litis is accurate in only 43%-68% of the patients [6, 7]. Therefore imaging, and especially 
computed tomography (CT), became essential in the diagnosis of diverticulitis. CT has a 
high sensitivity (94%) and specificity (99%), gives a good overview as well as important 
information on alternative diagnoses [8]. Apart from diagnosing diverticulitis, CT has 
become important in determining the severity of the disease. This has led to modifica-
tion of the original Hinchey classification as well as to new CT-based classifications, the 
Ambrosetti and Dharmarajan classifications (see Table 1) [5, 9, 10, 11]. 

Treatment decisions are nowadays based upon these classifications [12, 13]. Abscess 
formation and abscess size are important factors for clinical management. Studies have 
suggested specific treatment options for different abscess sizes and locations based on 
the Hinchey classification. Small abscesses (Hinchey Ib) could be treated conservatively 
[14]. Larger abscesses (≥ 5 cm) are preferably drained percutaneously and, therefore, this 

table 1. Classifications for acute diverticulitis. 

Modified Hinchey (CT findings)8 Ambrosetti10 Dharmarajan4 *

0 Mild clinical diverticulitis 
Diverticuli ± colonic wall thickening

Ia Confined pericolic inflammation or phlegmon
Colonic wall thickening with pericolic soft tissue changes

Ib Pericolic or mesocolic abscess <  5 cm
Ia changes + pericolic or mesocolic abscess

II Abscess ≥ 5 cm, pelvic, distant intraabdominal, or 
retroperitoneal abscess 
Ia changes + distant abscess (generally deep in the pelvis or interloop 
regions)

III Generalized purulent peritonitis
Free air associated with localized or generalized ascites and possible 
peritoneal wall thickening

IV Generalized fecal peritonitis
Same findings as III

Moderate diverticulitis 
Localized sigmoid wall thickening 
(>5 mm)
Pericolic fat stranding

Severe diverticulitis 
Abscess
Extraluminal air
Extraluminal contrast

1 Localized free air (mesocolic) 
without abscess

2 Collection of free air (< 2cm) or 
Abscess 
(< 4cm)

3 Collection of free air (> 2cm) or 
Abscess
 (> 4cm)

4 Free air with nonloculated free 
fluid in the peritoneal cavity 

* Dharmarajan is a classification based on only complicated diverticulitis.
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abscess cut-off size has been added to the modified Hinchey classification (Hinchey II) 
[15, 16]. The Ambrosetti classification was initially set up to correlate stage with clinical 
outcome. In this classification any form of abscess is classified as severe disease. This 
is underlined by a recent study in which also small abscesses (Hinchey Ib) showed a 
higher risk for recurrence or complications during follow-up [17]. The Dharmarajan clas-
sification is applicable only in complicated diverticulitis and propagates non-operative 
management of acute complicated diverticulitis. [5]. The stage of the classifications is 
correlated to treatment options. Initial conservative treatment is proposed for stage 1-3 
and direct operative treatment is advised only for stage 4 [5].

Before a classification system can be used, the reproducibility of such systems should 
be studied and shown to be robust. An earlier study showed a high inter-observer 
agreement for the CT diagnosis of diverticulitis, but the inter-observer agreement of 
the modified Hinchey, the Ambrosetti and the Dharmarajan classifications have not 
been studied [18]. In this retrospective study we compare the inter-observer agreement 
of three radiologists for the two classifications of diverticulitis, for agreement with the 
reference standard and for individual CT features of diverticulitis.

material and metHOds

Patient population

To establish a reliable inter-observer agreement we needed to include 100 patients with 
acute diverticulitis (see power analysis). To come to the required number of 100 patients, 
subjects with an episode of diverticulitis were randomly extracted from two prospective 
databases [19, 20]. The first trial is a multicenter randomized clinical trial investigating 
the cost-effectiveness of treatment strategies with or without antibiotics for uncompli-
cated acute diverticulitis in which patients with Hinchey Ia and Ib (abscess size smaller 
than 5 cm) diverticulitis were included. The second trial is a multicenter trial comparing 
different operative methods in perforated acute diverticulitis (Hinchey III and IV). 

Both trials were conducted in accordance with the principles of the Declaration of 
Helsinki and good clinical practice guidelines. The Medical Ethical Committee of Amster-
dam had approved both studies. 

Both trials did not include diverticulitis patients with abscesses larger than 5 cm and 
distant abscesses, i.e. Hinchey II classification. To include also patients with this stage of 
disease in the study set, we used our retrospective database containing all patients with 
imaging proven acute diverticulitis diagnosed between 2004 and 2012. The patients 
were identified from the hospital patient registries using registry codes for diverticulitis. 
Records from four teaching hospitals were searched. For this type of medical record 
research, approval of an institutional review board is waived.
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The distribution of extracted patients from the different databases is shown in Table 2. 
All patients had a CT within 24 hours of presentation. The distribution of intravenous and 
oral contrast medium is presented in Table 2. Different hospitals included patients and 
consequently different CT scanners were used: SOMATOM Sensation 4; Siemens Medical 
Systems, Discovery CT750 HD; GE Healthcare, Aquilion 4 Slice; Toshiba Medical Systems 
and Brilliance CT 64-slice; Philips Healthcare. The CT scan protocols were comparable 
but not identical. For 4 slice CT scanners the following protocol was used with an effec-
tive level of 200 mAs, 120 kV, 2.5-mm collimation, 3-mm slice width and 0.5s rotation 
time. For 64 slice CT scanners the protocol was with an effective level of 165mAs, 120 
kV, 0,6 mm collimation, 3-mm slice width and 0.28s rotation time. 100-125 ml contrast 
medium (Visipaque 320, General Electric Healthcare, Chicago, USA, or Ultravist 300, 
Bayer HealthCare Pharmaceuticals, Leverkusen, Germany) was injected intravenously at 
a rate of 3 or 3.5 ml/s and the CT was performed after a 60s delay. 

the observers

The CT examinations were blinded and presented to three experienced radiologists 
who had not been involved in initial reading of the CT examinations. They were only 
instructed about the goal of the study, and the scoring methods that were evaluated. 
They were not informed about other patient data such as clinical symptoms and labora-
tory results. One radiologist worked as an emergency radiologist (LFMB) in an academic 
hospital and the two other observers (AMBF, SJ) as abdominal radiologists in a large 
teaching hospital. Two observers had 10 years of experience in abdominal radiology, in 

table 2. Patients and CT characteristics, reference standard.

CT
Oral contrast

CT
IV
contrast

Reference standard
(total patients n=100)

Clinical Outcome

Uncomplicated 
diverticulitis

18 (72%) 25 (100%) Hinchey 1a; n=25
(blinded)

Surgery: none
Colonoscopy: 25

Diverticulitis with 
abscess 

18 (72%) 25 (100%) Hinchey 1b; n=25
(blinded, n=22,
Retrosp cohort database n=3)

Surgery: 8
Elective (>30 days): 4
Percutaneous drainage: 3 
Colonoscopy: 21
Histopathology: 8

19 (72%) 25 (100%) Hinchey II; n=25
(Retrosp cohort database, n=22, 
blinded, n=3)

Surgery: 14
Elective (>30 days): 3
Percutaneous drainage: 11
Colonoscopy: 11
Histopathology: 14

Perforated 
diverticulitis

8 (32%) 23 (92%) Hinchey III; n=21
Hinchey IV; n=4
(blinded)

All patients had surgery, 
Purulent peritonitis: 21 
Faecal peritonitis:4
Histopathology: 25
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which they had evaluated approximately 10,000 (LFMB) and 7,000 (AMBF) abdominal 
CT examinations, respectively. One observer had four years of experience as a general 
radiologist, and had evaluated approximately 2,500 (SJ) abdominal CT examinations. 
The observers were blinded for patient and clinical data, other imaging examinations, 
other CT readings and findings during follow-up. All CT examinations were interpreted 
using a picture archiving and communication system workstation (OsiriX 5.5.2, DICOM 
viewer) connected to a 21.5” Dell UltraSharp™ U2212HM monitor, on which observers 
evaluated the axial-CT images and related coronal and sagittal multiplanar reformats. 
Abscess size was measured on the axial images; the largest possible diameter was noted. 
The decision on whether it was an abscess was made by the observer,

The observers had to classify each CT scan according to the modified Hinchey, the 
Ambrosetti and Dharmarajan classification. The following specific radiological features 
important in classifying the patients were assessed: abscess, abscess size, free intraperi-
toneal air and localized sigmoid wall thickening (>5 mm).

the reference standard

Reference standard was the modified Hinchey classification based on all available in-
formation (e.g., clinical, imaging, preoperative findings) including at least six months of 
follow-up. This was established by the study coordinator (CU).

The reference standard was also determined by clinical outcome and discharge clas-
sification. In uncomplicated diverticulitis (Hinchey Ia) no diverticulitis-related complica-
tions had occurred and no invasive treatment was performed. Diverticulitis with small 
abscesses (<5 cm) (Hinchey Ib) was most often treated conservatively, by percutaneous 
drainage or surgery. These latter treatments were decided by the attending physician and 
generally based on clinical deterioration, persisting and/or recurrent disease. Diverticu-
litis with large (≥5 cm) and distant abscesses (Hinchey II) were treated by percutaneous 
drainage or surgery. Microbiological cultures, operative findings and pathology reports 
were noted to confirm the diagnosis. All patients with perforated diverticulitis (Hinchey 
III/IV) were operated within 24 hours of diagnosis. Operative findings and pathology 
reports were noted and checked for correlation with CT findings.

All non-operated patients had routine colonoscopy approximately six weeks after 
the initial presentation. Pathology was the reference standard for the presence of 
malignancy (surgical specimen or biopsy during colonoscopy). Only the Dharmarajan 
classification was not set out on the reference standard. The Dharmarajan classification 
is applicable only to complicated diverticulitis and consequently on treatment based on 
CT findings. Since our reference standard was not based on the Dharmarajan classifica-
tion, agreement with the reference standard is not possible. 



Interobserver reliability of diverticulitis classifications on computed tomography. 31

Power analysis

A power analysis was performed to achieve a reliable assessment of the inter observer 
agreement. When the sample size is 100, a one-sided 95% confidence interval computed 
using the large sample normal approximation for an inter-observer agreement based on 
three observers will extend about 0.050 from the observed inter-class correlation when 
the expected inter-class correlation is 0.800.

statistical analysis

The CT examinations were classified using both the Hinchey and Ambrosetti classifica-
tions by three observers. We studied the inter-observer agreement between the three 
observers; also we looked at the agreement of the observers with the reference standard. 
The multirater kappa measure (κ) was used to estimate agreement. It is a commonly 
used statistic to describe chance-corrected agreement in a variety of inter-observer ob-
servations [21, 22, 23]. Kappa values were interpreted as proposed by Landis and Koch 
[22]: values of 0.01 to 0.20 indicate slight agreement, 0.21 to 0.40 fair agreement, 0.41 
to 0.60 moderate agreement, 0.61 to 0.80 substantial agreement, and more than 0.80 
almost perfect agreement. To lower the possibility of coincidence of agreement, the dif-
ferent initial Hinchey classifications were equally divided in the set of 100 patients. This 
does not reflect the actual incidence of diverticulitis; where uncomplicated diverticulitis 
is present in the majority of the patients [3]. If prevalence of a specific classification is 
very high or very low, chance on agreement increases, thereby lowering kappa values. 
Kappa values (i.e. the observed agreement adjusted for chance) were calculated for each 
observer. Median kappa values were calculated for all three observers as well as percent-
ages of agreement (concordance). Correlation of abscess size measurements between 
the three observers was determined using intraclass correlation coefficient (ICC) with 
a two-way mixed effects model. An ICC <0.4 indicates poor agreement, between 0.4 
and 0.6 moderate agreement, between 0.6 and 0.8 good agreement, and >0.8 indicates 
excellent agreement [24]. 

For all analyses the statistical software package SPSS 19 was used (SPSS, Chicago, Ill.).

results

Of the 100 patients evaluated in the inter-observer analysis, 98 patients had received in-
travenous contrast agent, whilst two patients had unenhanced CT (due to renal failure) 
(see Table 2). Median follow-up was 22 months (interquartile range 14-41.75 months). 
The clinical outcome is summarized in Table 2. 

Agreement of the three observers between the modified Hinchey classification and 
the reference standard was substantial, with a median kappa value of 0.68. The agree-
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ment analysis of the reference standard and Ambrosetti classification also showed a 
substantial agreement, median kappa value of the three observers was 0.76 (Table 3).

Overall agreement

Overall inter-observer agreement for the modified Hinchey classification was substan-
tial, with a kappa value of 0.72 (95% CI: 0.66–0.77) for observers 1 and 2, a kappa value of 
0.72 (95% CI: 0.67–0.77) for observers 1 and 3 and a kappa value of 0.70 (CI: 0.65–0.76) for 
observers 2 and 3. The median kappa value was 0.72. The observed agreement was 0.79, 
0.79 and 0.78 for observer 1 and 2, 1 and 3, 2 and 3, respectively (Table 4). 

Overall inter-observer agreement for the Ambrosetti classification was almost perfect 
with a kappa value of 0.81 (95% CI: 0.74–0.87) for observers 1 and 2, a kappa value of 
0.83 (95% CI: 0.77– 0.89) for observers 1 and 3 and a kappa value of 0.89 (CI: 0.84–0.94) 
for observers 2 and 3. The median kappa value was 0.83. The observed proportion of 
agreement was 0.92, 0.93 and 0.95 for observer 1 and 2, 1 and 3, 2 and 3, respectively 
(Table 4).

Overall inter-observer agreement for the Dharmarajan classification was substantial 
with a kappa value of 0.67 (95% CI: 0.62–0.73) for observers 1 and 2, a kappa value of 
0.76 (95% CI: 0.70– 0.81) for observers 1 and 3 and a kappa value of 0.76 (CI: 0.71–0.80) 
for observers 2 and 3. The median kappa value was 0.76. The observed proportion of 

table 3. Observer agreement with reference standard 

Classification Observer 1 Observer 2 Observer 3 Median Kappa

Observed 
agreementA

Kappa
(95% CI)

Observed 
agreementA

Kappa 
(95% CI)

Observed 
agreementA

Kappa 
(95% CI)

Modified 
Hinchey 

0.76 0.68 (0.62-0,74) 0.77 0.69 (0.64-0.75) 0.76 0.68 (0.62-0.74) 0.68

Ambrosetti 0.86 0.76 (0.69-0.83) 0.82 0.77 (0.70-0.84) 0.82 0.72 (0.64-0.80) 0.76

A Observed agreement was calculated as the number of classifications scored by both observed divided by 
the total of patients

table 4. Observer agreement of all classifications

Classification Observer 1 and observer 2 Observer 1 and observer 3 Observer 2 and observer 3 Median 
KappaObserved 

agreementA

Kappa
(95% CI)

Observed 
agreementA

Kappa
(95% CI)

Observed 
agreementA

Kappa 
(95% CI)

Modified Hinchey 0.79 0.72 (0.66-0.77) 0.79 0.72 (0.67-0.77) 0.78 0.70 (0.65-0.76) 0.72

Ambrosetti 0.92 0.81 (0.74-0.87) 0.93 0.83 (0.77-0.89) 0.95 0.89 (0.84-0.94) 0.83

Dharmarajan 0.82 0.67 (0.62-0.73) 0.76 0.76 (0.70-0.81) 0.83 0.76 (0.71-0.80) 0.76

A Observed agreement was calculated as the number of classifications scored by both observed divided by 
the total of patients
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agreement was 0.82, 0.76 and 0.83 for observer 1 and 2, 1 and 3, 2 and 3, respectively 
(Table 4).

radiological features

Inter-observer agreement for specific radiological features important for classifying the 
patients, such as presence of abscess, abscess size, free intra-peritoneal air and localized 
sigmoid wall thickening (<5 mm) are summarized in Tables 5 and 6. Detection of an 
abscess had a substantial level of agreement, with a median kappa value of 0.64  (Table 
5). The intraclass correlation coefficient was almost perfect (0.84) for overall abscess 
size agreement (Table 6). The agreement on abscess size larger than 5 cm is a more 
important classification determinant because of treatment consequences, and here the 
median kappa value was substantial (0.69) (Table 5).

Agreement on free intraperitoneal air was substantial, with a median kappa value of 
0.72 and a high agreement (0.89, 0.92 and 0.88). Localized sigmoid wall thickening had 
also a high observed agreement however a moderate median kappa value (0.44) (Table 
5).

table 5. Observer agreement on specific radiologic features

Radiological features Observer 1 and observer 2 Observer 1 and observer 3 Observer 2 and observer 3 Median 
KappaObserved 

agreementA

Kappa
(95% CI)

Observed 
agreementA

Kappa
(95% CI)

Observed 
agreementA

Kappa
(95% CI)

  Abscess  0.87 0.74 (0.67-0.81) 0.79 0.59 (0.51-0.66) 0.82 0.64 (0.57-0.71) 0.64

  Abscess < 5cm 0.77 0.54 (0.42-0.62) 0.85 0.69 (0.58-0.80) 0.86 0.72 (0.62-0.82) 0.69

  Free  intraperitoneal 
  air

0.89 0.72 (0.64-0.80) 0.93 0.82 (0.75-0.89) 0.88 0.71 (0.63-0.79) 0.72

Localized sigmoid 
wall thickening (>5 mm)

0.89 0.44 (0.21-0.67) 0.89 0.48 (0.17-0.78) 0.89 0.30 (0.06-0.54) 0.44

A Observed agreement was calculated as the number of features scored by both observed divided by the total of 
patients

table 6. Agreement on abscess size between the three observers, using intraclass correlation coefficient 
(ICC) with a two-way mixed effects model 

Radiological 
finding

Observer 1 and 
observer 2

Observer 1 and
observer 3

Observer 2 and 
observer 3

ICC of the three 
observers

ICC (95% CI) ICC (95% CI) ICC (95% CI)

  Abscess size 0.91 (0,83-0,95) 0.82 (0,70-0,90) 0.70 (0.52-0.82) 0.84 (0.74-0.90)
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discussiOn 

The inter-observer agreement for classifying diverticulitis with the modified Hinchey 
score was substantial (median kappa value 0.72) and for the Ambrosetti classification 
almost perfect (median kappa value 0.83). This was a consistent finding for the three 
radiologists involved. Important features for the classifications such as detection of 
abscess, abscess size larger than 5 cm and free intra-peritoneal air had a substantial level 
of agreement, with a median kappa value of 0.64, 0.69 and 0.72 respectively. Localized 
sigmoid wall thickening had a moderate median kappa value (0.44). Comparing the 
reference standard to the modified Hinchey and Ambrosetti classification, both clas-
sifications had a substantial agreement, median kappa of 0.68 and 0.76, respectively. 

The modified Hinchey has six classes while the Ambrosetti classification is a dichoto-
mous classification. This difference in number of classes may contribute to the difference 
in inter observer agreement in favour of the Ambrosetti classification. Importantly, the 
clinical interpretation of the two classifications is different. The Ambrosetti classification 
is based on clinical outcome and the treating physician chooses the different treatment 
options individually. The Ambrosetti classification is used to evaluate the risk of recur-
rence and outcome. The studies showed that severe classification is associated with a 
worse prognosis [24, 25]. 

The modified Hinchey classification is a classification with multiple stages on which 
CT findings (abscess sizes and locations) are linked to standard treatment options. This 
leads to a more unified treatment of the different stages that can be considered as an 
advantage of the modified Hinchey score [11, 12, 13]. However generalized purulent 
and faecal peritonitis (Hinchey III and IV) is a surgical and not a radiological observation. 
This is a downside of the CT based modified Hinchey classification. Free air on CT is 
considered as Hinchey III/IV. Old treatment dogmas have been challenged, and not all 
free air should be treated with surgery [20]. Therefore, a new classification has emerged 
focussing on complicated diverticulitis only, especially on different free air depositions 
[26]. This Dharmarajan classification comprises a four-grade CT grading system for 
complicated diverticulitis. This is an important extension of existing classifications. 
Based on CT findings patients may be selected for successful conservative treatment of 
complicated diverticulitis. The authors claim a successful non-operative management 
with avoidance of an emergent operation in 91% of patients with acute complicated 
diverticulitis based on this classification. Similar results are reported elsewhere [27]. A 
possible addition could be that stage 1 could also include uncomplicated diverticulitis 
(as in stage 1a Hinchey and moderate Ambrosetti classification). Then a more complete 
detailed classification of diverticulitis could emerge.

The present study has potential limitations that have to be taken into account. First 
and most important is the bias of incorporating the modified Hinchey classification in 
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the assessment of the reference standard. This especially applies for smaller abscesses 
(Hinchey 1b) treated conservatively, in which we only could use clinical outcome to con-
firm this diagnosis. The main problem with incorporation bias is overestimation of the 
accuracy and agreement with the reference standard. Since the agreement between the 
different classifications was substantial, no large overestimation is expected. Further, the 
reference standard we used is to our opinion the best available when studying the com-
plete spectrum of diverticulitis. Secondly, we did not evaluate intra-observer agreement. 
As inter-observer agreement for modified Hinchey classification was overall substantial 
and almost perfect for the Ambrosetti classification, determination on intra-observer 
agreement is less important. The different levels of experience of the observers can be 
considered as a potential limitation of this study. However, these different levels of expe-
rience reflect daily practice and importantly, agreement scores were comparable. In the 
observer agreement on specific radiologic features, localized sigmoid wall thickening 
had a moderate median kappa value with large confidence intervals. This is probably 
due to the low observed prevalence (5-20%) of localized sigmoid wall thickening. The 
findings may be related to the absence of rectal contrast.

cOnclusiOn

In conclusion, the Ambrosetti classification has an almost perfect inter-observer agree-
ment and is more reproducible than the modified Hinchey and Dharmarajan classifica-
tion that has a substantial inter observer agreement. The Ambrosetti and Hinchey clas-
sifications have a substantial agreement with the reference standard. Advantage of the 
modified Hinchey classification is that it is more suited for guiding treatment decisions. 
This as different treatment strategies apply for the different classifications of this system 
while the Ambrosetti classification lacks this close link to management decisions. This 
important clinical advantage of the modified Hinchey classification for management, 
in combination with a substantial inters observer agreement and agreement with the 
reference standard might favour this classification over the Ambrosetti classification. 
The Dharmarajan classification can be seen as a complimentary classification. The more 
dated modified Hinchey and Ambrosetti do not take into account the possible non-
operative management of complicated diverticulitis. More data are needed on the rela-
tion between CT factors (abscess, free air, free intraperitoneal fluid, location and length 
of involved colon) and their impact on severity of disease and the patients’ prognoses.
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