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Extrapancreatic necrosis volume: A new tool in acute pancreatitis severity assessment?
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Abstract
BACKGROUND
Many scores have been suggested to assess the severity of acute pancreatitis upon onset. The extrapancreatic necrosis volume is a novel, promising score that appears to be superior to other scores investigated so far.

AIM
To evaluate the discriminatory power of extrapancreatic necrosis volume to identify severe cases of acute pancreatitis.

METHODS
A total of 123 patients diagnosed with acute pancreatitis at Institute of Gastroenterology and Hepatology, St Spiridon Hospital between January 1, 2017 and December 31, 2019 were analyzed retrospectively. Pancreatitis was classified according to the revised Atlanta classification (rAC) as mild, moderate, or severe. Severity was also evaluated by computed tomography and classified according to the computed tomography severity index (CTSI) and the modified CTSI (mCTSI). The results were compared with the extrapancreatic volume necrosis to establish the sensitivity and specificity of each method.

RESULTS
The CTSI and mCTSI imaging scores and the extrapancreatic necrosis volume were highly correlated with the severity of pancreatitis estimated by the rAC (r = 0.926, P < 0.001 and r = 0.950, P < 0.001; r = 0.784, P < 0.001, respectively). The correlation of C-reactive protein with severity was positive but not as strong, and was not significant (r = 0.133, P = 0.154). The best predictor for the assessment of severe pancreatitis was the extrapancreatic necrosis volume [area under the curve (AUC) = 0.993; 95% confidence interval (CI): 0.981-1.005], with a 99.5% sensitivity and 99.0% specificity at a cutoff value of 167 mL, followed by the mCTSI 2007 score (AUC = 0.972; 95%CI: 0.946-0.999), with a 98.0% sensitivity and 96.5% specificity, and the CTSI 1990 score (AUC = 0.969; 95%CI: 0.941-0.998), with a 97.0% sensitivity and 95.0% specificity.

CONCLUSION
Radiological severity scores correlate strongly and positively with disease activity. Extrapancreatic necrosis volume shows the best diagnostic accuracy for severe cases.
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Core Tip: This retrospective study evaluated the role of extrapancreatic necrosis volume in the evaluation of acute pancreatitis. The patients were evaluated by established computed tomography scores, the computed tomography severity index (CTSI), and the modified CTSI, as well as a new method using the extrapancreatic necrosis volume. Although all the imaging scores had a strong correlation with the severity of acute pancreatitis, the extrapancreatic necrosis volume had the best diagnostic accuracy for the severe form.

INTRODUCTION
The incidence of acute pancreatitis has increased in the past two decades and poses a serious health threat[1]. The mild and moderate forms have a benign evolution with rapid resolution of symptoms, while the severe form is a therapeutic challenge and has a high mortality caused by life-threatening complications[2]. Under such circumstances, rapid identification of patients with acute pancreatitis and severe prognosis could lead to timely and more effective therapeutic strategies and reduced morbidity and mortality. Many scores that include clinical, biological, and imagistic markers have been suggested to assess the severity of pancreatitis at onset, for example, the Ranson, acute physiology and chronic health evaluation (APACHE II), and Glasgow scores[3-5]. The computed tomography severity index (CTSI)[6] and the modified CTSI (mCTSI)[7] remain the most widely used imaging scores for assessing the severity of pancreatitis.
Since their development, there have been attempts to design predictive imaging scores, but none has proven better. Extrapancreatic necrosis volume is a recent, promising predictor of severe acute pancreatitis. The Atlanta classification (AC), which was introduced in 1992[8], improved clinical diagnosis, computed tomography (CT) evaluation, and the criteria of disease progression by dividing acute pancreatitis into two morphological subtypes: Mild and severe. In 2012, the AC was revised to create three subtypes: Mild, moderate, and severe[9]. This study aimed to: (1) Evaluate the discriminatory power of the extrapancreatic necrosis volume to identify cases of severe acute pancreatitis; (2) Demonstrate a correlation between the extrapancreatic necrosis volume and the severity of acute pancreatitis; and (3) Improve the existing level of evidence supporting the performance of the extrapancreatic necrosis volume in detecting severe acute pancreatitis, paving the way for better and safer management of patients at risk.

MATERIALS AND METHODS
This retrospective study included 123 patients, hospitalized at the Institute of Gastroenterology and Hepatology in Iaşi, Romania between January 1, 2017 and December 31, 2019. The diagnosis of pancreatitis was established in patients with two of the following three revised AC (rAC) protocol criteria: (1) A clinically significant picture; (2) An increase in pancreatic enzymes of > 3 times normal; and (3) Radiological evidence. Following the Atlanta criteria, severe acute pancreatitis was defined by organ failure (i.e., cardiovascular, respiratory, or renal) exceeding 48 h. Moderate acute pancreatitis was defined as remission of organ failure within 48 h. Patients without organ failure were classified as having mild pancreatitis.
Cardiovascular failure was defined as hypotension requiring the administration of vasoactive medications. Renal failure required a serum creatinine level > 1.3 mg/dL, or the need for hemo- or peritoneal dialysis. Respiratory failure required a partial oxygen pressure of 60 mmHg or ventilatory support. Neurological failure required a Glasgow coma score of < 6 in the absence of sedation. Hematological failure required a platelet count ≤ 100000/mm3. Baseline patient data were collected on admission and included age, sex, and C-reactive protein (CRP; normal value < 0.5 mg/dL). Radiological scores were calculated from the CTSI, mCTSI, and extrapancreatic necrosis volume within 48-72 h from the onset of symptoms.

Computed tomography
Contrast-enhanced CT examinations were performed using a Siemens Somatom Emotion 16 system (Erlangen, Germany) with a 70-s scanning delay after intravenous injection of 100 mL of iopromide (370 mg I2/mL of Ultravist 370; Berlex Laboratories, Wayne, NJ, United States) at a rate of 3 mL/s. The volume was adjusted to the patient’s mass, to a maximum 1 mL/kg body weight. CT was performed at 130 kVp, with a maximum current of 300 mAs, 16 mm × 1.5 mm collimation, Care4Dose dose modulation, 3 mm thick reconstructed images, 1.5 mm increment, and a B41s filter. The field of view was 42 cm and the matrix was 512 × 512. CT studies were retrospectively reviewed with a Syngo CT 2007E picture archiving and communication system workstation (Siemens).
The CTSI (1990) and mCTSI (2007) scores were calculated. Areas of extrapancreatic necrosis were determined by peripancreatic and retropancreatic fat necrosis and collection of intra-abdominal fluid or fluid including solid components. Pancreatic ascites was excluded from the measurement. Peritoneal spaces that normally accumulate fluid include parieto-colic gutters, perihepatic and perisplenic spaces, spaces between intestinal loops, and those that lack vascular structures. The CT studies were reviewed by two radiologists who specialize in abdominal imaging. To assess inter- and intraobserver agreement, the images were interpreted at a 3-mo interval and the average of the two values was determined. Results that differed by extrapancreatic necrosis volumes of more than 20 mL between baseline and the 3-mo determination were excluded. Both radiologists were blinded to the clinical data. Patients with other pancreatic diseases (e.g., chronic pancreatitis or pancreatic neoplasm) and those without a CT examination within 48-72 h of the onset of symptoms were excluded. Of the 42 patients who were excluded, 23 had other pancreatic diseases and 19 had a CT scan within 48-72 h of the onset of symptoms, because of the sub-evaluation of lesions in that interval.

Statistical analysis
Statistical analyses were performed with PASW (SPSS) Statistics for Windows, Version 18.0 (IBM Corp., Armonk, NY, United States). Because of the non-Gaussian data distribution, indicated by the distance of the mean from the median dataset values, the correlations between parameters were analyzed using the Spearman rank correlation coefficient. P < 0.05 was considered to indicate a statistically significant difference. A receiver operating characteristic (ROC) curve was constructed to determine the optimal threshold of extrapancreatic necrosis volume to predict severe acute pancreatitis. ROC curves were also constructed for the CTSI 1990 and mCTSI 2007 scores. The area under the ROC curve (AUC) was calculated and used as a measure of diagnostic accuracy.

Ethical approval
The study was approved by the local ethics committee. All the patients enrolled in the study gave their written informed consent.

RESULTS
Most patients were men (66.8%) and more than half (56.1%) had a moderate form of acute peritonitis according to the rAC. Extrapancreatic necrosis was absent in 12 patients with mild pancreatitis. The patient characteristics are shown in Table 1. Highly significant correlations were observed between the CTSI (r = 0.926, P < 0.001), mCTSI (r = 0.950, P < 0.001), and extrapancreatic necrosis volume (r = 0.784, P < 0.001) imaging scores and the severity of pancreatitis estimated by the rAC (Figures 1-3), with mild, moderate, and severe disease indicated by values of 1, 2, and 3, respectively. The correlation between CRP and severity (r = 0.133, P = 0.154) was positive but was not significant (Figure 4).
Differences between the mean volumes of extrapancreatic necrosis observed at each level of rAC-defined severity were significant (Figure 5). The best predictor of severe acute pancreatitis was the necrosis volume [AUC = 0.993; 95% confidence interval (CI): 0.981-1.005)], with a 99.5% sensitivity, 99.0% specificity, and cutoff value of 167 mL, followed by the mCTSI (2007) score (AUC = 0.972; 95%CI: 0.946-0.999), with a 98.0% sensitivity and 96.5% specificity, and the CTSI (1990) score (AUC = 0.969; 95%CI: 0.941-0.998), with a 97.0% sensitivity and 95.0% specificity (Figure 6). CRP was a good predictor of severity (AUC = 0.613; 95%CI: 0.489-0.737) but with a lower sensitivity (62.5%) and specificity (50.0%) and a cutoff value of 7 mg/dL (Figure 6).

DISCUSSION
Since the early 1970s, attempts have been made to develop pancreatitis activity scoring systems that can identify acute pancreatitis with the potential to evolve to a severe condition, organ failure, and a need for intensive therapy. One of the first systems to use radiological methods (CT) was described by Balthazar et al[10] in 1985 and is widely used. It assessed the size of the pancreas and the inflammatory changes, peripancreatic fat, and peripancreatic collection. Its major disadvantage was that it did not assess pancreatic and peripancreatic necrosis. In 1990, the same investigator developed the CTSI, which combined the initial classification system with the presence and extent of pancreatic necrosis. The CTSI score had better diagnostic and prognostic accuracy than the initial Balthazar score[6], but it also has disadvantages. The score is not significantly correlated with the subsequent development of organ failure, extrapancreatic, parenchymal, or vascular complications[11]. In addition, Lecesne et al[12] reported low interobserver agreement between classes C and D and between classes D and E of the Balthazar subscore. Finally, the estimation of the degree of necrosis by the CTSI score is subjective and may be inaccurate for minor necrosis of less than 30%, or between 30% and 50%[7]. The CTSI score has been found to correlate with severe acute pancreatitis. Leung et al[13] reported that the CTSI score was superior to the APACHE II and Ranson scores in assessing severe pancreatitis in a sample of 121 patients[13]. They also found a strong correlation between the CTSI score and the development of systemic complications, including multiple organ failure and mortality[13]. Gürleyik et al[14] found that the CTSI score was better than clinical scores or CRP values in a sample of 55 patients with acute pancreatitis, but other studies do not support those observations. De Waele et al[15] did not find a significant association between CTSI and mortality, and Triantopoulou et al[16] did not find a correlation between severe acute pancreatitis and the CTSI score. In the present study, the CTSI score had a significant positive correlation with the severity of acute pancreatitis, and the ROC curve analysis confirmed a high 97% sensitivity and 95% specificity for predicting severe acute pancreatitis.
Given its limitations, Mortele et al[7] published a modified CTSI score in 2004. The mCTSI is easier to calculate than the CTSI and correlates more accurately with the patient’s progression. It was more accurate in predicting the length of hospital stay, the need for surgery, the risks of infection, and mortality than the CTSI developed by Balthazar. It combines three subscores that assess inflammation of the pancreas and peripancreatic fat, pancreatic or peripancreatic fluid accumulation, pancreatic necrosis of less than 30% or more than 30%, and extrapancreatic complications such as pleurisy, ascites, and vascular or gastrointestinal complications[7]. A recent study by Shaikh et al[17] reported that the mCTSI score had a 100% sensitivity and 87% specificity in distinguishing severe forms of pancreatitis and its complications. The accuracy of the two scores in discriminating the severe forms of pancreatitis has been evaluated in several studies[18,19]. In 2012, Bollen et al[18] did not report a difference in the performance of the two scores in assessing acute pancreatitis, and from a study by Sahu et al[19] published in 2017, the authors found that both scores were highly predictive of moderate-severe acute pancreatitis, with mCTSI being more sensitive (100% vs 97.1%) but less specific (92.3% vs 100%) compared with CTSI. Raghuwanshi et al[20] reported that the mCTSI score was easier to calculate and less operator-dependent than CTSI and that mCTSI had a stronger correlation with clinical parameters. Similar to previously published results, we found that both scores were highly predictive of severe acute pancreatitis (98.0% sensitivity and 96.5% specificity for mCTSI and 97.0% sensitivity and 95.0% specificity for CTSI). Both scores significantly correlated with rAC disease severity (r = 0.926, P < 0.001 and r = 0.950, < 0.001, respectively). The mCTSI was more sensitive and specific than the CTSI for severe acute pancreatitis, but the CTSI had a stronger correlation with severity, possibly because of a greater accurate assessment of moderate forms. The results are in line with a study published in 2017 by Sahu et al[19], which also found that although the mCTSI score had better sensitivity and specificity for assessing severe acute pancreatitis, the CTSI score had a stronger correlation with mild-to-moderate forms of pancreatitis.
CRP is widely used in clinical practice and its benefit is significant if evaluated more than 48 h after the onset of symptoms. De Waele et al[15] reported that CRP was 84.6% sensitive and 73.8% specific with a cutoff value of 150 mg/L, and De la Peña et al[21] reported that with cutoff values of < 100 mg/L, CRP was 100% sensitive and 86% specific in predicting severe acute pancreatitis. Meyrignac et al[22] found that CRP had a sensitivity of 75% and specificity of only 67% in predicting organ failure with a cutoff value of 199 mg/L. Slight increases in sensitivity and specificity were seen when the cutoff was lowered to 150 mg/L. This study found that CRP was predictive of pancreatitis severity (AUC = 0.613; 95%CI: 0.489-0.737), but with a low sensitivity (62.5%) and specificity (50%) and a cutoff value of 70 mg/L. CRP was positively correlated with the severity of pancreatitis, but not significantly (r = 0.133, P = 0.154). These low cutoff values have been a consequence of the assessment of CRP in most patients at the time of diagnosis, which could also explain the reduced accuracy of CRP and its weaker correlations with disease activity[21].
Over time, several authors have noticed that patients with extensive extrapancreatic necrosis had a poorer prognosis in terms of organ failure, need for surgery, or mortality[23,24]. Kitamura et al[25] reported that low enhancement in early CT of the pancreatic parenchyma in the head and tail was independently associated with increased mortality in severe acute pancreatitis. Recently, attempts have been made to determine a cutoff value from which the volume of pancreatic necrosis can accurately assess severe pancreatitis. In 2015, Meyrignac et al[22] evaluated the correlation between the volume of extrapancreatic necrosis and the severity of acute pancreatitis and found that with an extrapancreatic necrosis cutoff volume of 114 mL, the occurrence of multiple organ failure was estimated with a sensitivity of 95% and specificity of 83%. In 2020, Çakar et al[26] reported that an average volume of 246.4 mL (median: 120.24 mL; range: 2-2135 mL) accurately predicted severe acute pancreatitis. In the present study, the volume of extrapancreatic necrosis and the severity of pancreatitis, quantified by the rAC, were correlated but less strongly than the CTSI and mCTSI scores (r = 0.784, P < 0.001). We consider that the extrapancreatic necrosis volume can accurately assess severe pancreatitis but less accurately than the mild and moderate forms. Comparative analysis of the volume of extrapancreatic necrosis showed significant differences (P < 0.01) with each degree of severity of acute pancreatitis. ROC curve analysis of the radiological scores and CRP found that the best predictor for the assessment of severe pancreatitis was the necrosis volume (AUC = 0.993; 95%CI: 0.981-1.005), with a sensitivity of 99.5%, specificity of 99.0%, and cutoff value of 167 mL. The advantage of necrosis volume is that it is a computer-based evaluation, which excludes the subjective parameters included in the Balthazar and mCTSI scores. Another advantage is that the assessment does not require the injection of contrast agents, which makes it particularly useful in patients with severe acute pancreatitis associated with acute renal failure. A disadvantage is that although there were significant differences in average necrosis volume calculated for each degree of severity, it appears that the correlation of necrosis volume was less strong than that seen with the CTSI and mCTSI scores. We consider that it occurred because of a weaker correlation with the mild and moderate forms, in which the necrosis volume can be very low or even absent.
The limitations of this study include the relatively small number of cases of severe acute pancreatitis (n = 20), which requires studies conducted in larger patient samples to validate a cutoff value. However, the observed differences reached statistical significance and we believe that it is of practical value, considering the fact that the percentage of cases of severe pancreatitis (25%) was clinically significant. Second, early CT images underestimate the extension of the pancreatic necrosis lesions. Therefore, CT examinations were performed 48-72 h after the disease onset. Third, the atypical distribution of severity in our study, with a low proportion of mild cases and frequent occurrence of moderate AP, may have resulted from a particularity of our center, as mild acute pancreatitis does not have a clinical indication for CT assessment. Therefore, CT examinations were not performed.

CONCLUSION
To conclude, the radiological severity scores correlated strongly and directly with disease activity. The best correlation was seen for the CTSI score (r = 0.926, P < 0.001). The extrapancreatic necrosis volume had the highest diagnostic accuracy for the severe form, with a 99.5% sensitivity and 99.0% specificity for a cutoff value of 167 mL. Extensive studies are required to validate the result. This study has increased the overall quality of evidence, compared with widely used imaging sores, for the inclusion of this score in clinical practice to predict severe pancreatitis. The difference between the study data reported by others consists in finding different cutoff values. Many additional studies and subjects are necessary to identify a common cutoff value that can be used in clinical practice.

ARTICLE HIGHLIGHTS
Research background
Acute pancreatitis has increased in frequency over the past two decades and poses serious health threats. Mild and moderate forms have a benign evolution with rapid resolution of symptoms. Severe forms are a major therapeutic challenge and have a high mortality because of life-threatening complications. Rapid identification of patients with acute pancreatitis and a severe prognosis could lead to timely and more effective treatment and reduced morbidity and mortality.

Research motivation
Many scores derived from clinical, biological, and imaging markers have been proposed to assess the severity of pancreatitis at onset, including the Ranson score, APACHE II, and the Glasgow criteria. The computed tomography severity index (CTSI) and the modified CTSI (mCTSI) are the most widely used imaging scores for assessing the severity of pancreatitis. Since their development, there have been several attempts to design predictive imaging scores, but none has proven better. A recently studied indicator, the extrapancreatic necrosis volume, has shown promise.

Research objectives
The study aimed to: (1) Evaluate the discriminatory power of the extrapancreatic necrosis volume to identify severe acute pancreatitis; (2) Demonstrate a correlation between the extrapancreatic necrosis volume and the severity of acute pancreatitis; and (3) Improve the existing level of evidence regarding the performance of the extrapancreatic necrosis volume to detect severe acute pancreatitis and to pave the way for better and safer management of patients at risk.

Research methods
We conducted a retrospective study of 123 patients, hospitalized at the Institute of Gastroenterology and Hepatology, Iaşi, Romania between January 1, 2017 and December 31, 2019. The pancreatitis was diagnosed by the revised Atlanta protocol in patients with two of the three following criteria: A clinically significant picture, a significant increase of pancreatic enzymes to at least three times the normal level, and significant radiological findings. The patient characteristics included age, sex, and C-reactive protein on hospital admission (normal value is < 0.5 mg/dL). Radiological scores (CTSI, mCTSI, and extrapancreatic necrosis volume) were calculated following computed tomography examination and within 48-72 h after the onset of symptoms.

Research results
Highly significant correlations were noticed between the imaging scores (CTSI, mCTSI, and extrapancreatic necrosis volume) and the severity of pancreatitis estimated by the rAC (r = 0.926, P < 0.001; r = 0.950, P < 0.001; and r = 0.784, P < 0.001, respectively). The correlation between CRP and severity was positive but did not reach significance (r = 0.133, P = 0.154). Differences between the mean volumes of extrapancreatic necrosis observed at each level of rAC-defined severity were significant. The best predictor of severe pancreatitis was the volume of necrosis [area under the curve (AUC) = 0.993; 95% confidence interval (CI): 0.981-1.005], with a 99.5% sensitivity, 99.0% specificity, and cutoff value of 167 mL, followed by the mCTSI (2007) score (AUC = 0.972; 95%CI: 0.946-0.999), with a 98.0% sensitivity and 96.5% specificity, and the CTSI (1990) score (AUC = 0.969; 95%CI: 0.941-0.998), with a 97.0% sensitivity and 95.0% specificity.

Research conclusions
To conclude, the correlations of radiological severity scores with disease activity were positive and significant. The best correlation was seen for the CTSI score (r = 0.926, P < 0.001). The extrapancreatic necrosis volume had the highest diagnostic accuracy for severe pancreatitis, with a 99.5% sensitivity and 99.0% specificity for a cutoff value of 167 mL. The study increases the overall quality of evidence in support of the inclusion of this score in current practice, as it was more useful in predicting severe forms of pancreatitis compared with widely used imaging scores.

Research perspectives
The results have significant impact and value. The relationship of severity with mortality has been documented in numerous evidence-based studies. Disease severity is the single most important indicator of a negative prognosis. Early recognition of severe disease and intervention could be lifesaving. Extensive study is required to validate the superiority of extrapancreatic necrosis volume to assess the severity of acute pancreatitis.
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Figure Legends
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Figure 1 Correlation between computed tomography severity index 1990 and revised Atlanta criteria. CTSI: Computed tomography severity index; rAC: Revised Atlanta criteria.
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Figure 2 Correlation between modified computed tomography severity index 2007 and revised Atlanta criteria. mCTSI: Modified computed tomography severity index; rAC: Revised Atlanta criteria.
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Figure 3 Correlation between extrapancreatic necrosis volume and revised Atlanta protein. rAC: Revised Atlanta criteria.
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Figure 4 Correlation between C-reactive protein and revised Atlanta criteria. CRP: C-reactive protein; rAC: Revised Atlanta criteria.

[image: ]
Figure 5 Correlation between pancreatic necrosis volume and the severity of acute pancreatitis. rAC: Revised Atlanta criteria.
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[bookmark: _GoBack]Figure 6 Receiver operating characteristic curve analysis. Computed tomography severity index (1990) and modified computed tomography severity index (2007) scores, necrosis volume, and C-reactive protein in determining the severity of pancreatitis. CTSI: Computed tomography severity index; mCTSI: Modified computed tomography severity index; CRP: C-reactive protein.

Table 1 Patient characteristics
	Parameter
	Pancreatitis sample, n = 123

	Sex
	

	Male, n (%)
	84 (68.3)

	Female, n (%)
	39 (31.7)

	Male/female ratio
	2.15 (84/39)

	Age
	

	Mean ± SD (min-max)
	50.38 ± 15.66 (20-92)

	CTSI (1990) score (%)
	

	Mild: 0-3
	41 (33.3)

	Moderate: 4-6
	75 (61)

	Severe: 7-10
	7 (5.7)

	mCTSI (2007) score (%)
	

	Mild: 0-3
	29 (23.6)

	Moderate: 4-6
	71 (57.7)

	Severe: 7-10
	22 (17.8)

	rAC score (%)
	

	Mild
	29 (23.6)

	Moderate
	69 (56.1)

	Severe
	25 (20.3)

	Necrosis volume in mL
	

	Mean ± SD (min-max)
	352.38 ± 39.85 (5-2143)

	CRP in mg/dL
	

	Mean ± SD (min-max)
	11.62 ± 11.59 (0.02-51.60)


CRP: C-reactive protein; CTSI: Computed tomography severity index; mCTSI: Modified computed tomography severity index; rAC: Revised Atlanta criteria.
image4.png
vo s ey s
o was
PR TN P
2 8’ 8 °

/3w ‘e




image5.png
1400
WrAC=1 WrAC=2 WrAC=3 p=0.00

1000

H
i
£
H
£
£
H
H

587

Pancrestitsseveriy [AC)




image6.png




image1.png
16

u

B

@
0667 1S1D

rAC




image2.png
10

°
Loz isw





image3.png
- wgea s

. R

-

.

g

s samjon

g &

S




