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Abstract

Background—Prior studies have evaluated clinical characteristics associated with opioid dose 

requirements in hospitalized patients with acute pancreatitis (AP) but did not incorporate 

morphologic findings on CT imaging.

Aims—We sought to determine whether morphologic severity on imaging is independently 

associated with opioid dose requirements in AP.

Methods—Adult inpatients with a diagnosis of AP from 2006 to 2017 were reviewed. The 

highest modified CT severity index (MCTSI) score and the daily oral morphine equivalent (OME) 

for each patient over the first 7 days of hospitalization were used to grade the morphologic 

severity of AP and calculate mean OME per day(s) of treatment (MOME), respectively. Multiple 

regression analysis was used to evaluate the association of MOME with MCSTI.

Results—There were 249 patients with AP, of whom 196 underwent contrast-enhanced CT. The 

mean age was 46 ± 13.6 years, 57.9% were male, and 60% were black. The mean MOME for 

the patient cohort was 60 ± 52.8 mg/day. MCTSI (β=3.5 [95% CI 0.3, 6.7], p = 0.03), early 

hemoconcentration (β = 21 [95% CI 4.6, 39], p = 0.01) and first episode of AP (β = −17 [95% 

CI −32, −2.7], p = 0.027) were independently associated with MOME. Among the 19 patients 

undergoing ≥ 2 CT scans, no significant differences in MOME were seen between those whose 

MCTSI score increased (n = 12) versus decreased/remained the same (n = 7).

Conclusion—The morphologic severity of AP positively correlated with opioid dose 

requirements. No difference in opioid dose requirements were seen between those who did versus 

those who did not experience changes in their morphologic severity.
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Introduction

Pain management is one of the most important treatment objectives in patients hospitalized 

with acute pancreatitis (AP) [1]. In North America, opioids are utilized for this purpose in 

the majority of patients despite the lack of evidence supporting their use over non-opioid 

analgesics [2-5]. The quantity of daily opioids used impacts the dynamic pancreatitis activity 

score, particularly in patients with mild AP, and this has been reported to be associated 

with several important clinical outcomes in AP [6]. The widespread use of opioids for 

the treatment of conditions associated with acute pain in hospital settings is coming under 

greater scrutiny [7]. Even a single opioid prescription can lead to long-term use among 

opioid-naïve patients [8]. Recent data have shown that about 40% of opioid-naïve patients 

hospitalized with AP are discharged with opioids [9] and that 17% become persistent opioid 

users [10].

In order to appropriately identify potential interventions for reducing opioid use, the factors 

associated with inpatient opioid dose requirements must be identified. Prior studies have 

examined demographic and clinical factors associated with opioid dose requirements in 

AP, but none have evaluated the impact of morphologic changes on imaging [11-13]. A 

Ashok et al. Page 2

Dig Dis Sci. Author manuscript; available in PMC 2022 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



positive correlation between morphology and opioid dose requirements may offer clinicians 

additional tools for pain assessment beyond patient-reported scores. It would also be 

important to know if opioid use correlates with morphologic changes of AP as the direction 

of the relationship is not clear, especially in light of recent experimental data that show that 

opioid administration can worsen AP histology [14] and an administrative database study 

[15], admittedly with several limitations [16], that suggests that opioid exposure can cause 

AP.

The primary aim of this study was to evaluate risk factors, including morphology on 

imaging, for their association with opioid dose requirements over the first 7 days of 

hospitalization in patients with AP. The secondary aim was to determine if the opioid dose 

requirements resulted in changes in morphologic severity among the subgroup of patients 

undergoing ≥ 2 CT scans.

Methods

Study Design, Patient Population

We conducted a retrospective cohort study of all adult patients (≥ 18 years of age) who 

were admitted to our institution between 2006 and 2017 with a diagnosis of AP. These 

patients were identified using the International Classification of Diseases, Ninth Revision, 

Clinical Modification (ICD-9-CM) or Tenth Revision, Clinical Modification (ICD-10-CM), 

but diagnoses were confirmed and data were collected for all patients through review of the 

paper and electronic medical records.

Exclusion criteria included patients transferred from an outside hospital, those readmitted 

for AP within 2 weeks of discharge for a previous episode of AP, those requiring intubation 

with mechanical ventilation within the first 7 days and those with incomplete data, 

psychiatric comorbidities, cancer, end-stage renal disease, underlying chronic pancreatitis 

as defined by the presence of calcification(s) and/or a dilated main pancreatic duct (≥ 5 

mm) on past or current abdominal imaging, no contrast-enhanced CT imaging over the first 

7 days of hospitalization, chronic opioid (scheduled opioid use for longer than 3 months) 

and illicit drug use (Fig. 1). This study was approved by the Johns Hopkins Institutional 

Review Board for Human Research and complied with Health insurance Portability and 

Accountability Act (HIPAA) regulations.

Imaging Protocol and Analysis

CT scans were obtained on various Siemens® multidetector CT scanners. These studies 

were obtained using standard voltage (120 kVp) and current settings (290 mAs) and utilized 

Siemens® CareDose to reduce total radiation dose to the patient. The pancreas protocol 

is a dual-phase intravenous contrast-enhanced study. Iodinated contrast (up to 120 mL) is 

injected intravenously at 4–5 mL/sec, and the patient may receive an additional 1000 mL of 

water by mouth to serve as a neutral oral contrast agent. The arterial phase is bolus triggered 

based on peak enhancement of the aorta (20–30 s after contrast injection) and is obtained 

from the diaphragm through the iliac artery bifurcation. The venous phase is obtained 60 s 

after contrast injection, covering from the diaphragm through the pelvis. Thin axial data sets 
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are obtained for both phases and multiplanar reconstructions are created for review and are 

saved in the picture archiving and communication system. An expert abdominal radiologist, 

blinded to the clinical data, reviewed all CT imaging studies obtained over the first 7 days 

of hospitalization and calculated the modified CT severity index (MCTSI) score. Pancreatic 

inflammation and pancreatic necrosis (depending on the degree) can each contribute up to 

4 points to the MCTSI, while extrapancreatic complications can contribute up to 2 points. 

The morphologic severity of AP according to MCTSI is categorized as mild (0–2 points), 

moderate (4–6 points), or severe (8–10 points) [17]. The highest MCTSI score for each 

patient over the first 7 days was used for the analysis.

Definitions

AP was defined according to the revised Atlanta classification criteria as two or more of the 

following: characteristic abdominal pain, serum amylase or lipase levels three or more times 

the upper limit of normal and/or changes consistent with AP on abdominal imaging [18]. 

Hospitalization refers to the time period between presentation and discharge.

Systemic inflammatory response syndrome (SIRS) was defined by the presence of 2 or 

more of the following: temperature > 38 or < 36 degrees Celsius, heart rate > 90 beats 

per minute, respiratory rate > 20 respirations per minute or PaCO2 < 32 mmHg, and/or 

white blood cell count > 12,000 cells/mm3 or < 4000 cells/mm3 or > 10% band cells. Early 

hemoconcentration and early SIRS were defined as a hematocrit ≥ 44% and presence of 

SIRS within the first 24 h of hospitalization, respectively. The bedside index for severity 

in acute pancreatitis (BISAP) was used to assess prognosis [19-21]. SIRS was persistent 

if duration was > 48 h. Persistent (> 48 h) organ failure (POF) was defined as a Marshall 

score of ≥ 2 in the renal, pulmonary and/or cardiovascular system(s) [22]. Organ failure and 

SIRS were assessed each day during the first 7 days of hospitalization, based on the most 

extreme laboratory value and/or clinical measurement within any 24-hour period. Mortality 

was defined as death during hospitalization.

The medication administration record was reviewed to calculate the total opioid dose 

administered during the first 7 days of hospitalization. Using the CDC opioid conversion 

chart [23], this was converted to oral morphine equivalent (OME). This total OME was 

then divided by the number of days that opioids were administered in order to determine 

the mean OME per day(s) of treatment (MOME). For example, the administration of 100 

mg, 40 mg, 30 mg, 20 mg and 10 mg of OME to a patient over 5 days of hospitalization, 

respectively, would equal a MOME of 40 mg/day. In those patients who underwent 2 or 

more CT scans, we also calculated the interval MOME which was defined as the total OME 

between the first two CT scans divided by the number of days of treatment between those 

two scans.

Statistical Analysis

Demographic and clinical characteristics at the time of presentation were reported using 

descriptive statistics, as proportions (percentages) for categorical variables and means 

(standard deviation) for continuous variables. Nonparametric tests were used when variables 

deviated from the normal distribution, and the results are shown as medians and interquartile 
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ranges [IQRs]. The association between MOME and gender, race, alcohol, age-adjusted 

Charlson comorbidity index (ACCI), first episode of AP, the MCTSI within the first 72 

h and the highest MCTSI over the first seven days of hospitalization, early SIRS and 

hemoconcentration were assessed with simple linear and multiple regression analyses. These 

variables were selected based on prior studies that established their association with opioid 

administration [11, 12]. Non-normal values were log 10 transformed to approximate a 

normal distribution. MOME was treated as a continuous variable. Multicollinearity was 

measured by variance inflation factors and tolerance, which were below 2. Furthermore, 

correlations between independent variables were tested using Pearson’s product–moment 

correlation. The risk of overfitting was controlled by using a ratio of 1:10, at least for 

the number of independent variables and sample size. A p-value < 0.05 was deemed 

significant. All statistical analyses were conducted using Stata version 15 (StataCorp LP, 

College Station, TX).

Results

A total of 861 adult AP admissions were identified between 2006 and 2017 using the 

ICD-9-CM and ICD-10-CM. There were 196 patients who met inclusion criteria (Fig. 1). 

There were 53 patients who were excluded due to the absence of contrast-enhanced CT 

imaging, among whom 23 underwent CT imaging but without contrast administration. These 

53 excluded patients had similar demographic and clinical characteristics compared to those 

with mild MCTSI scores (data not shown). A total of 172 (88%) patients were discharged by 

day 7.

Table 1 shows demographic and clinical characteristics of the 196 patients in our cohort. 

The mean age was 46 ± 13.6 years, 113 (57.9%) were male and 117 (60%) were black. 

The mean duration of symptoms prior to presentation was 3 ± 1.5 days. The two most 

common etiologies for AP among all patients were alcohol and biliary at 55.8% and 

20.5%, respectively. There were 1.5%, 30.7%, and 55.1% of patients with BISAP ≥ 3, 

early hemoconcentration and SIRS, respectively. Within the first week of presentation, 5.1% 

developed POF. Morphologically mild, moderate, and severe AP by MCTSI was found 

in 93 (47.4%), 91 (46.4%) and 12 (6.1%) patients, respectively, over the first 7 days of 

hospitalization.

All 196 included patients had contrast-enhanced CT within 72 h of presentation among 

whom 19 had additional contrast-enhanced CT scans between hospital days 3–7. Only two 

patients had > 2 CT scans but there was no change in MCTSI scores. Among those 19 

patients who had repeat CT, 1 had a lower MCTSI, 6 had the same MCTSI, and 12 had 

higher MCTSI scores with an average increase of 4 points. Among those with repeat CT 

scans, MOME was not significantly different between patients with increased MCTSI versus 

those with decreased/unchanged MCTSI scores (88.3 ± 80 vs 65.9 ± 36.8 mg/day, p = 0.8) 

over the first 7 days of hospitalization. The interval MOME between the first and second 

scans was not significantly different in those who had increased MCTSI scores on the 

second CT scan versus those who had decreased/unchanged MCTSI scores (83.9 ± 94 vs 

50.9 ± 40 mg/day; p = 0.3).
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Figure 2 illustrates daily MOME over the first 7 days of hospitalization for the study cohort. 

The overall mean MOME for the cohort was 60 ± 52.8 mg/day. There were 18 patients who 

did not receive any opioid analgesics during the first 7 days of hospitalization.

Table 2 shows the simple linear and multiple regression analyses of variables associated with 

MOME using both MCTSI within the first 72 h and the highest MCTSI within the first 7 

days of hospitalization. Male gender, black race, alcohol etiology, ACCI, and early SIRS 

were not associated with MOME on either the simple linear or multiple regression analyses. 

Patients with early hemoconcentration had, on average, a 21 mg increase in MOME (β = 

21 [95% CI 4.6, 39], p = 0.01); patients with an increase in MCTSI score (each increment 

of 2 points) had, on average, a 3.5 mg increase in MOME (β = 3.5 [95% CI 0.3, 6.7], p = 

0.03); and patients experiencing their first episode of AP had, on average, a 17 mg decrease 

in MOME (β = −17 [95% CI −32, −2.7], p = 0.027) than those experiencing a recurrent 

AP episode over the first 7 days of hospitalization after adjusting for all other variables. 

Figure 3 illustrates the mean MOME according to the highest MCTSI over first 7 days of 

hospitalization.

Discussion

Our study shows that the morphologic severity of AP on CT imaging, early 

hemoconcentration and first episode of AP are independently associated with opioid dose 

over the first 7 days in patients hospitalized with AP. To our knowledge, this is the first 

study to show a positive association between morphologic severity of AP and opioid dose 

requirements in patients hospitalized for AP, regardless of whether the CT scan used for 

analysis was within 72 h or the CT scan showing the highest MCTSI score within the first 7 

days of hospitalization. We have also shown, in a smaller subset of patients undergoing 2 or 

more CT scans, that there was no significant difference in the total opioid dose requirement 

or the interval dose requirement between the two scans among those with increased versus 

decreased/unchanged morphologic severity.

Despite the well-established correlation between early hemoconcentration and necrosis [24, 

25], we did not find collinearity between early hemoconcentration and MCTSI based on 

a Pearson’s product-moment correlation (r2 = 0.2). This is likely because the MCTSI 

score also incorporates extrapancreatic complications such as pleural effusion, ascites and 

gastrointestinal involvement [17], thus weakening the association between MCTSI and early 

hemoconcentration alone. We chose the MCTSI over the original CT Severity Index because 

the MCTSI has been shown to have a greater correlation with clinical outcomes [26]. 

Since MCTSI is broadly utilized by practicing radiologists, has been validated in several 

studies and given the paucity of studies evaluating the morphologic changes of AP and their 

association with opioid use, we felt that this would be the optimal radiologic scoring system 

for our study.

Previous studies have focused on clinical factors associated with opioid administration in 

AP. An Italian prospective study showed higher rates and longer duration of opioid use in 

patients with severe compared to mild AP [13]. The results may be less generalizable to 

North America as opioids are, in general, less commonly used for analgesia in Europe [2]. 

Ashok et al. Page 6

Dig Dis Sci. Author manuscript; available in PMC 2022 June 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



In addition, this study had several limitations including utilization of the original Atlanta 

classification to define severe AP and the lack of adjustment for possible confounders 

including pre-existing chronic pain and substance abuse. Subsequent studies [11, 12] 

addressed these issues by using the revised Atlanta classification and accounting for 

confounders, but they still did not incorporate the findings on imaging.

While prior experimental data showed that opioid administration results in worsened 

histologic severity of AP [14], our results suggest these microscopic changes do not appear 

to correlate with morphologic changes on imaging in patients. We evaluated 19 patients 

who underwent two or more CT scans during the first 7 days of hospitalization and did 

not find a significant difference in opioid dose administered between the 12 patients with 

increased versus the seven patients with decreased or unchanged morphologic severity. 

There was also no significant difference between these groups with regard to the opioid 

dose requirements between CT scans. These are small numbers of patients but the lack of a 

significant difference in the opioid dose administered between these two groups of patients 

is worth highlighting. It is important to emphasize that opioid administration can result in 

elevated lipase levels in patients due to spasm of the sphincter of Oddi, findings that were 

once utilized for the now defunct Nardi test [27] and are also the presumptive explanation 

for lipase elevations in patients treated with the weak opioid eluxadoline [28, 29]. What 

remains unclear is how frequently opioid induced sphincter of Oddi spasm is accompanied 

by unequivocal changes of AP on imaging which is arguably the criterion standard for AP. 

This impacts all studies in AP as imaging is variably utilized and clinical criteria (i.e., upper 

abdominal pain and pancreatic enzyme elevations) lack specificity for AP [30].

There are three clinical implications of our study. First, it provides support for morphologic 

severity on imaging as a biomarker of pain in AP, thus offering an additional clinical 

tool to assess analgesic requirements beyond patient-reported pain intensity scores. Since 

non-opioid analgesics are effective in treating pain in patients with mild AP [31, 32], a 

patient with pain but mild morphologic severity and who is experiencing their first episode 

of AP could potentially be treated with either non-opioids or low-dose opioid analgesics. 

This could have a substantial systemic impact on reducing opioid analgesic use and dose 

since most patients have mild AP. Second, imaging may have prognostic potential in 

anticipating total opioid requirements over the course of hospitalization for AP. Since all of 

our patients underwent a CT scan in the first 72 h of hospitalization and the majority of our 

patients (88%) were discharged over the first 7 days of hospitalization, early morphologic 

severity effectively correlates with the total opioid dose administered during hospitalization. 

Furthermore, the median length of stay and MOME in our patient cohort were similar to 

previous studies [33, 34]. While only 19 patients underwent 2 or more CT scans over the 

first 7 days of hospitalization, our multiple regression model showed that use of the highest 

MCTSI score did not result in any change in the β coefficients for any of our significant 

variables. Third, our study lends support for a future study to investigate if type of opioid 

administered actually worsens AP morphologic severity as we did not find a significant 

difference in the total or interval opioid dose administered between patients with increased 

versus decreased/unchanged morphologic severity over 2 CT scans.
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Our study has several strengths. First, we relied on hospital opioid administration records, 

which tend to be highly accurate due to federal and state regulations. Second, we used 

a validated assessment of morphologic severity in AP and incorporated all the clinical 

variables that are known to be associated with opioid administration in AP in our 

multivariable model. Third, the strict exclusion criteria we used should have minimized 

confounding by reducing the number of patients who might have had non-AP related needs 

for opioids. Fourth, we included patients over recent years, thus increasing the overall 

generalizability of our results since opioid prescription patterns have likely changed as the 

opioid crisis in the USA has garnered more attention and regulatory oversight.

There are several limitations to our study. First, our cohort included only 12 cases of 

severe AP by MCTSI thus limiting the generalizability beyond the moderate group. We 

suspect that we had fewer severe AP patients because of exclusion of transferred patients 

due to concerns around incomplete records and those who were intubated and placed on 

mechanical ventilation early in the course of their hospitalization as they may have received 

opioids for sedation. Second, we are at risk for selection bias by having excluded 53 patients 

since they did not undergo contrast-enhanced CT scans; however, we believe this was 

minimized because those 53 excluded patients had clinical and demographic characteristics 

similar to our mild MCTSI group. Third, alcohol was the etiology of AP for more than 

half of our patient cohort, which was predominantly composed of black patients. While 

this could limit the applicability of our results, the impact should be mitigated by the 

fact that alcohol is among the two most common causes of AP in Western countries [35]. 

Fourth, we used opioid administration as a surrogate marker for pain, but the majority of 

our patient cohort were not using scheduled opioids as inpatients (e.g., patient-centered 

analgesia pumps), and therefore, received opioids only on an as needed basis based on their 

reported pain intensity. Fifth, only one radiologist reviewed our imaging thus limiting our 

ability to account for interobserver variation.

In conclusion, morphologically severe AP is independently associated with opioid dose 

requirements. Among patients undergoing 2 or more CT scans, there was no significant 

difference in opioid dose requirements in those with increased versus decreased/unchanged 

morphologic severity.
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Fig. 1. 
Flow diagram for patients included in the study cohort
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Fig. 2. 
Daily mean OME over the first seven days of hospitalization. n = number of patients 

receiving opioids on that day. OME, oral morphine equivalent
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Fig. 3. 
Mean MOME according to the highest MCTSI over first 7 days of hospitalization. OME 
oral morphine equivalent, MCTSI modified CT severity index. The line is indicating the best 

fitted line (β = 4.6 [95% CI 1.5, 7.6]; p = 0.004)
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Table 1

Demographic and clinical characteristics of study cohort (n = 196)

Age, y 46 ± 13.6

Male sex 113 (57.9)

Race

 Black 117 (60)

 White 59 (30.2)

 Hispanic 16 (8.2)

 Other 3 (1.5)

Etiology

 Alcohol 109 (55.8)

 Biliary 40 (20.5)

 Idiopathic 21 (10.8)

 Other 25 (12.8)

Smoking

 Never smoker 90 (46.1)

 Current smoker 80 (41)

 Former smoker 20 (10.2)

First episode of acute pancreatitis 117 (60)

Duration of symptoms before presentation, days 3 ± 1.5

Age-adjusted Charlson comorbidity index 2 [1, 4]

Measures of prognosis

 Early hemoconcentration 60 (30.7)

 Early SIRS 108 (55.1)

 BISAP ≥ 3 3 (1.5)

Measures of severity

 Persistent SIRS 66 (33.8)

 Persistent organ failure 10 (5.1)

 ICU admission 8 (4)

Death 1 (0.5)

Data presented as numbers (%), mean ± SD and median [interquartile range]

SIRS systemic inflammatory response syndrome, BISAP bedside index of severity in acute pancreatitis

Dig Dis Sci. Author manuscript; available in PMC 2022 June 23.
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