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Abstract

OBJECTIVES: Fluid therapy is a cornerstone of the early treatment of acute pancreatitis (AP),
but data are conflicting on whether it affects disease severity. Administering greater fluid volumes
(FV) during induction of experimental AP preserves pancreatic perfusion and reduces severity but
does not prevent onset of AP. We hypothesized that administering larger FV during endoscopic
retrograde cholangiopancreatography (ERCP) associates with less severe post-ERCP pancreatitis
(PEP).

METHODS: In a retrospective cohort study, we identified 6505 patients who underwent 8264
ERCPs between January 1997 and March 2009, 211 of these patients developed PEP (48 mild,
141 moderate, and 22 severe). Data for FVs were available for 173 patients with PEP.

RESULTS: In univariable analysis of only one of sixteen variables was significantly associated
with moderate-severe PEP: larger periprocedural FV was protective (0.94+/-0.3 L vs 0.81+/-0.4
L, P=0.0129). Similarly, multivariable analysis of moderate-severe PEP identified one
independent predictor: larger periprocedural FV was protective (OR 0.20, 95% CI 0.05-0.83).
Conversely, moderate-severe disease correlated with larger FV administered after PEP diagnosis
(reflecting treatment decisions).
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CONCLUSIONS: This hypothesis-generating study suggests that administering larger
periprocedural FVs is protective against moderate-severe PEP. Prospective studies on this topic
are warranted.
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INTRODUCTION

Fluid therapy (FT) is an important and accepted component of the early treatment of acute
pancreatitis. FT mitigates the hypovolemic shock that commonly accompanies acute
pancreatitis, improving pancreatic microvascular perfusion and thereby improving patient
outcomes.1” Unfortunately, the optimal timing, the volume and the impact of FT in clinical
acute pancreatitis are uncertain. A recent systematic review summarized three specific
choices pertaining to FT, including fluid type, fluid rate and assessment of adequate
resuscitation, but concluded that the evidence for recommending FT “remains paltry and of
poor quality.”® Moreover, data are conflicting as to whether administering higher fluid rates
prevents or contributes to clinical outcomes in acute pancreatitis. An important limitation of
these studies is that FT commences after but not during initiation of clinical acute
pancreatitis such that FT only begins when the “therapeutic window” for FT is closing.

It remains unclear whether patients presenting with acute pancreatitis have an open early
therapeutic window for administering FT to achieve better outcomes that would mirror goal-
directed FT for managing sepsis and shock.® Experimental studies partially address this
question by reporting that FT begun before/during the inciting trigger for acute pancreatitis
maintains systemic/pancreatic perfusion, attenuates without preventing onset of pancreatitis
or end organ damage and improves survival.3>6 Conversely, maintenance of pancreatic
perfusion by FT diminishes after microcirculatory damage has occurred, a process which
evolves within 8 hours of onset of acute pancreatitis.®

Based on these experimental data, we hypothesized that administration of greater fluid
volumes before completion of ERCP (“periprocedural fluid”) would reduce the severity of
post-ERCP pancreatitis (PEP). As a secondary aim we examined whether greater
periprocedural fluid volumes reduced the likelihood of PEP of any severity. To test our
hypothesis, we collected and added new data for fluid volumes before and after ERCP to an
established database with which we previously developed a risk model for PEP.10 We
performed univariable and multivariable analyses to quantify the impact of periprocedural
fluid volumes and other variables (including established predictors for PEP11-14) on PEP
severity and PEP onset.

MATERIALS AND METHODS

Selection of Case and Control Samples

This retrospective cohort study was approved by the University of Michigan Institutional
Review Board 2/8/2009. We previously described the methodology used to search our health
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system’s databases between 1/1/1997 and 3/31/2009 to build a data-set of ERCP patients
with and without PEP.10 In short, we identified 6505 unique patients who had 8264 ERCPs.
Of these, 1469 patients had an ICD-9-CM code (577.0) for acute pancreatitis and 211
patients met criteria by Cotton et al® for PEP (Fig 1), and had no exclusion criteria (Fig 1).
Based on previously described sample size calculations,10 we used a random number
generator to select 1.5 controls (of 5036 potential controls) per case, matching controls to
PEP cases by 2-year increments of time. Our existing data set includes patient variables,
descriptive data for ERCP indications, and procedural variables,10 including 7
investigational variables hypothesized to influence the risk of PEP (alcohol use and
cigarette-smoking status, Charlson comorbidity score, cardiovascular disease, hypertension,
aspirin use and body mass),10 6 established variables consistently reported to influence the
risk of PEP by multicenter prospective studies (younger age, female, suspected sphincter of
Oddi dysfunction (SOD), pancreatic sphincterotomy, =2 pancreatic injections, moderate-
difficult cannulation),11-14 prophylactic pancreatic stent placement1® and use of any
nonsteroidal anti-inflammatory drug (Table 1). We did not include a history of PEP (a
validated patient variable) due to concerns of selection bias, which we addressed by
extracting data for the first episode of PEP at the University of Michigan. No patient
received indomethacin suppositories immediately after ERCP, which may reduce PEP
severity.17:18 Because a pancreatitis treatment protocol may reduce PEP severity,® we
emphasize there was no standardized institutional protocol during the study period for fluid
administration before, during or after ERCP.

Data Collection

For the current study, we collected additional data on 211 cases and 348 controls from paper
and/or electronic nursing flow sheets, specifically fluid volumes between arrival time and
procedure completion (“periprocedural” time), during recovery, and during 3 additional time
periods following diagnosis of PEP: 0-12h, 12-24h and 24-48h. Complete fluid data were
not available for 38 patients with PEP (18% of 211) and 85 controls without PEP (24.4% of
348) due to missing flow sheets or lack of documentation, yielding 436 patients for analysis
having a similar ratio of 1.5 controls to cases, compared to the entire cohort of 559 cases and
controls (Fig 1). To control for rate of fluid administration, we collected data for ERCP
duration. Newly collected data were added to our established data set.10 PEP severity was
defined as mild or moderate-severe based on criteria by Cotton et al.1> We used previously
described definitions for multiple variables,2%10 including cigarette-smoking and alcohol-
use, cardiovascular disease (see review by Anderson et al?1), suspected SOD, pancreatic
sphincterotomy, =2 pancreatic injections, moderate-difficult cannulation, pancreatic stent
placement, and 19 variables comprising the Charlson Comorbidity Score.22

Outcomes and Statistical Analyses

The primary outcome analyzed was moderate-severe PEP. The secondary outcome was PEP.
We used methods identical to our previous studies!?-20 to search the entire electronic
medical record for data of interest, to reconcile variations in the data recorded in the
electronic medical record, and to collect, tabulate and analyze data.1% 20 In brief, data were
collected with preprinted data collection forms, tabulated with spreadsheet software (Excel;
Microsoft) and analyzed with Pro JMP 10 (SAS Institute, Cary, NC, USA) and Stata 12
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(StataCorp, College Station, TX) statistical software. Descriptive statistics were compiled on
all variables to evaluate variable distributions prior to modeling. Univariable analyses for
moderate-severe PEP and PEP were performed on all variables. We performed two
multivariable logistic regression analyses to identify independent predictors of moderate-
severe PEP. The first (restrictive) analysis included only those variables with P < 0.1 in the
final model.10 The second (more inclusive) analysis also had two markers of health (body
mass and Charlson score) and six established predictors of PEP on the basis of our published
risk model1® and multicenter prospective studies.11-14 A seventh predictor of PEP (= 2
pancreatic injections) was excluded from the model due to insufficient (zero) patients having
this variable in the mild PEP group. Categorical and dichotomous variables were assessed
by Xz tests or Fisher’s exact test when necessary. Continuous variables were assessed using
either two sample t-tests for normally distributed variables or the Wilcoxon rank sum test for
non-normal variables.

Clinical Characteristics and Univariable Analysis of Moderate-Severe PEP

Of the 173 patients in our sample who developed PEP, 22.5% (n=39) developed mild PEP,
66.5% (n=115) moderate PEP and 11.0% (n=19) severe PEP. In univariable analysis the
mild and moderate-severe PEP groups had similar patient characteristics and procedural
characteristics (Table 1, L eft Panel) with the exception that the moderate-severe PEP group
had a significantly smaller periprocedural FV. All variables had a rate of missing data <
59%.10

Multivariable Analyses of Moderate-Severe PEP

A multivariable logistic regression analysis identified a single independent predictor of
moderate-severe PEP out of 3 variables included in the model (based on having a P value
<0.1 in the univariable analysis). Larger periprocedural fluid volume was an independent
predictor of protection against moderate-severe PEP (Table 1, Right Panel). Adding
additional variables to the multivariate logistic regression, specifically, two markers of
health (body mass and Charlson score) and six established predictors of PEP (on the basis of
our published risk model9 and multicenter prospective studies1-14), did not change these
results (Table 2).

Temporal Relationship Between Fluid Volumes and Moderate-Severe PEP

While fluid volumes before PEP diagnosis were greater in patients with mild PEP compared
to those with moderate-severe PEP, fluid volumes after PEP diagnosis were greater in
moderate-severe PEP compared to mild PEP, presumably reflecting appropriate treatment
decisions related to fluid hydration (Table 3).

Clinical Characteristics and Periprocedural Fluid Volumes of PEP Cases and Controls

We previously described patient characteristics and procedural characteristics of the PEP
case sample and controls.19 We report similar frequencies in the subgroups of cases and
controls, limited to those having periprocedural fluid volume data, except that the frequency
of current smoking was no longer significantly different (P=0.1377; data not shown).
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Regarding periprocedural fluid volumes, mean (SD) values were similar in the PEP and
control groups (0.84 +/-0.3 vs 0.84+/-0.4, P=0.9894).

DISCUSSION

In multivariable analysis we found that larger periprocedural fluid volume is independently
protective against moderate-severe PEP. The larger periprocedural fluid volume in the mild
versus moderate-severe PEP groups is due to a difference of 0.13 L in mean fluid volume
(0.94 L vs 0.81 L, P=0.0129). The clinical relevance of this difference is difficult to judge
on the basis of published clinical studies but is plausible on the basis of experimental
pancreatitis studies.

A recent systematic review, entitled, “Fluid therapy in acute pancreatitis: anybody’s guess”,8
underscores the degree of uncertainty regarding FT in clinical acute pancreatitis. There is
insufficient clinical data to determine whether FT has an impact on major outcomes8 other
than preventing early death from hypovolemic shock in acute pancreatitis.1-356 A second
major limitation is that clinical studies focus on administering FT after patients present with
established acute pancreatitis, which may have little relevance to FT administered before/
during the inciting event, before closure of the therapeutic window.

Experimental pancreatitis studies support the paradigm from sepsis management that the
benefit of FT is likely limited to an early therapeutic window,? prior to onset of
microcirculatory damage, which heralds a markedly diminished impact of FT on
maintaining pancreatic microvascular perfusion.> Administering FT during induction of
acute pancreatitis, however, preserves pancreatic microvascular perfusion, 2324 associates
with lower mortality in mice (31% vs 67%)2° and dogs (9% vs 50%),2* but does not affect
onset of acute pancreatitis.242> How much and what type of fluid to give is unclear. It is
known that administering crystalloid sufficient to maintain cardiac index in dogs better
preserves pancreatic microvascular perfusion,23-24 and improves survival.2 These data are
confusing, however, because the maximal fluid rates differ by 10-fold in the two dog
studies?324 and because other experimental studies illustrate a biphasic relationship between
FT and outcomes.

For example, two experimental pancreatitis studies2>26 support the clinical premise that too
little or too much FT may adversely impact outcomes.8In pigs,?® FT that was “goal-
directed” (using functional hemodynamic parameters) rather than “less restrictive” (using
central venous pressure and mean arterial pressure parameters) resulted in a significantly
greater 7-day survival (29.4% vs 11.8%). Mean FT administered during the peri-induction
period of pancreatitis was 1.0 vs 2.0 L/hour (normalized to 70 kg body mass),
respectively.28In mice,2° the impact of administering crystalloid FT differed by the route of
delivery, presumably due to the slower vs rapid absorption of fluid into the circulation from
subcutaneous and intraperitoneal locations, respectively. Subcutaneous FT (0, 1.3, 2 and 2.6
ml tid) dose dependently increased survival but had no effect on biochemical or
morphological parameters of acute pancreatitis. In contrast, intraperitoneal FT (0, 1.3, 2 and
2.6 ml tid) dose dependently triggered early deaths associated with pulmonary edema.
Survival increased with FT of 2.0 ml and 2.6 ml tid but not 1.2 ml tid, corresponding to
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mean hourly FT of 1.2 L, 1.6 L and 0.8 L (normalized to 70 kg body mass), assuming a
constant rate of fluid absorption. Collectively, these data indicate that during induction of
acute pancreatitis, outcomes are better with mean hourly FT ranging 1.0-1.6 L (normalized
to a 70 kg person) and worse with mean hourly FT < 0.8 L or = 2.0 L. These data?>:26
support the plausibility that seemingly small differences in mean periprocedural fluid
volumes can differentially impact severity of pancreatitis due to ERCP, particularly when
the fluid is administered during an early therapeutic window.

The pattern of FT in our patient population supports but does not prove the concept of an
early therapeutic window by illustrating a biphasic relationship between timing of FT and
severity of PEP. Specifically there appears to be a different temporal pattern of cumulative
fluid volume administered in the mild compared to moderate-severe PEP groups: greater in
the ERCP periprocedural period, no significant difference during recovery or 0-12h after
diagnosis of PEP, and significantly less 12-24h and 24-48h after diagnosis of PEP. We
interpret this data as indicating that small difference in FT may influence severity early in
the disease course and that larger cumulative fluid volumes beginning 12-24h after diagnosis
of PEP associate with moderate-severe PEP. Although evidence is lacking, we attribute the
latter observation to sick patients receiving more FT rather than greater FT contributing to
disease severity.

Periprocedural FT was almost exclusively crystalloid in our study. Whether specific fluid
types provide superior FT in acute pancreatitis is controversial.3>6 Compared to standard
crystalloid solutions (e.g. 0.9% normal saline or Ringer’s lactate solution), however,
experimental studies generally report less severe or less frequent end organ damage and
improved survival with use of hypertonic saline?’ and several different colloids, including
albumin,1-2 high molecular weight dextrans,28-3% purified bovine hemoglobin36:37 and fresh
frozen plasma.38 Although few controlled, non-PEP, clinical studies address this issue,3941
studies in critically ill or septic patients report a survival benefit for albumin#2 but not
hydroxyethyl starch43 compared to crystalloid.

In patients undergoing ERCP, better definitions are required to determine which patients
would benefit from prophylactic measures. As we previously reviewed,0 nonstandardized
application of a variety of variables have been used to identify “high-risk” groups.1”44 To
this end we recently generated a risk model for PEP10 by examining investigational
variables and those for which there is some consensus by 2 of 4 large multicenter
prospective studies.11-14 Options for reducing risk of PEP or severity of PEP have
similarities and differences, as previously reviewed.10 Placement of a prophylactic
pancreatic duct stent® or administering indomethacin suppositories immediately after
ERCP7.18 jn “high-risk” groups may reduce the risk of PEP. Prophylaxis against more
severe PEP also may be possible,1617.18 but protection from pancreatic duct stenting may be
limited to those with moderate but not severe PEP according to a systematic review.16
Following ERCP, use of a pancreatitis treatment protocol, initiated after patients present
with PEP, may also reduce severity.19

In summary, we report that a larger periprocedural fluid volume is an independent protective
factor against moderate-severe PEP. This hypothesis-generating observation reaffirms the
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concept from experimental pancreatitis (and sepsis) studies that FT administered during the
early therapeutic window reduces severity of pancreatitis. Moreover, the observation has
clinical implications for preventing moderate-severe PEP because fluid administration is a
simple, low cost, and easily modifiable factor. Ultimately, prospective studies are required
to validate our findings'O (to address limitations of the retrospective study design), and to
determine whether administering greater fluid volumes in the periprocedural period reduces
PEP severity independently of other prophylactic measures.
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Subset with diagnosis of
acute pancreatitis
N=1469

UMHS database search
e 1/1/1997 - 3/31/2009 S~

N=8264 ERCPs
N=6505 unique patients

Application of PEP consensus criteria (>/=2)

*New/increased abdominal pain > 1 night
*Serum lipase or amylase > 3 times upper limit
normal at >/= 18 hours after ERCP

*Imaging findings of acute pancreatitis

Potential controls
N=5036

|Application of exclusion criteria

*Age <18 yrs

*Pregnancy

*Biliary stent removal or exchange without
planned pancreatogram

*Variables confounding diagnosis of PEP
oactive pancreatitis pre-ERCP

ochronic pancreatitis

opancreatic cancer

oprior pancreatic surgery

Random selection of controls to achieve
>1.5:1 ratio of controls to cases per year

PEP cases
N=211

v

Controls
N=348

v

‘ Minus N=38

e{ No data available for fluid volume l%

Minus N=85 ‘

]

¥

Final PEP cases
N=173

Figure 1.
Methodological Summary

<— Cases and controls for analyses ——>
(1.5:1 ratio of controls to cases)
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Univariable and Multivariable Analyses of Moderate-Severe PEP

Table 1

Univariable Multivariable
Variables Mild Moderate-Severe  P-value OR  95% ClI  P-value
(%) N=39 (%) N=134
Patient Variables
Mean (SD) age™, yrs 46.4 (13.4) 47.2 (15.7) 0.7592
Female 27 (69.2) 107 (79.8) 0.1921
Suspected SOD 15 (38.5) 49 (36.6) 0.8520
Alcohol-use status 0.1224
Never drinker 20 (51.3) 50 (37.3) Reference
Current drinker 10 (25.6) 58 (43.3) tooe20 168 0097-2.93 0.0653
Former drinker 9(23.1) 26 (19.4) 0.6525
Cigarette-smoking status 0.5268
Never smoking 27 (69.2) 82 (61.2) Reference
Current smoking 5(12.8) 16 (11.9) 1.0000
Former smoking 7(18.0) 36 (26.9) 0.2986
Median (IQR) Charlson Score™ 1(0-2) 0(0-2) 0.3012
Cardiovascular disease (any of 8 variables) 2(5.1) 15 (11.2) 0.3667
Cerebral vascular accident 0 (0) 0 (0) 1.0000
Transient ischemic attack 0 (0) 3(2.2) 1.0000
Previous myocardial infarction 2(5.1) 10 (7.5) 1.0000
Angina 1(2.6) 0 (0) 0.2254
Congestive heart failure 0 (0) 5(3.7) 0.5889
Claudication 0(0) 2(1.5) 1.0000
Cardiovascular stent/angioplasty 1(2.6) 1(0.8) 0.4011
Coronary bypass surgery 0 (0) 5(3.7) 0.5889
Hypertension 7(18.0) 30 (22.4) 0.6603
Mean (SD) body mass (kg)* 80.6 (21.2) 76.3(19.8) 0.2683
Aspirin use 1(2.6) 15 (11.2) 0.1249
NSAIDs 3(7.7) 7(5.2) 0.6959
Procedural Variables
> 2 pancreatic injections 0 (0.0) 10 (7.5) 0.1192
Pancreatic sphincterotomy 11 (28.2) 25(18.7) 0.2613
Moderate/difficult cannulation 10 (25.6) 43 (32.1) 0.5547
Pancreatic stent placement 14 (35.9) 41 (30.6) 0.5609
Mean (SD) periprocedural fluid volume (L)* ~ 0-94 (0-27) 0.81 (0.36) t00129 020 005083 00272
ERCP duration (per additional minute) 46.1 (21.3) 53.0 (23.9) 00904 102 1.00-1.03 0.0962

Statistics:

Cl, confidence interval; IQR, interquartile range; L, liter; NSAID, nonsteroidal anti-inflammatory drug; OR, odds ratio; PEP, post-ERCP

pancreatitis; SD, standard deviation; SOD, sphincter of Oddi dysfunction.

*

t-test,
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**
Wilcoxon rank sum test, otherwise Fisher’s exact test.

iThree variables with P<0.1 were included in the multivariable logistic regression analysis.
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Multivariable Analyses of Moderate-Severe PEP Adjusted for Predictors of PEP

Table 2

Variables OR 9% ClI  P-value

Investigational variables

Mean (SD) periprocedural fluid volume (L) 0.13 0.03-0.62  0.0107

ERCP duration 1.02 0.99-1.04 0.0794

Current drinker 181 0.98-3.34 0.0563
Markers of health

Mean body mass (kg) 099 0.97-1.01 0.4161

Median Charlson Score 0.89 0.69-1.14  0.3600
Established predictors of PEP

Mean (SD) age*, yrs 1.01 0.98-1.04 05183

Female 142 0.85-2.38 0.1760

Suspected SOD 125 0.79-200 0.3423

Pancreatic sphincterotomy 0.63 0.33-1.19 0.1515

Moderate/difficult cannulation 0.90 0.57-1.42 0.6554

Pancreatic stent placement 1.06 0.61-1.84 0.8462

Page 13

Statistics: Multivariable logistic regression analysis included 11 variables from the univariate analysis (Table 1): three investigational variables
with P <0.1 and eight additional variables with P >0.1 but included to adjust for health status (body mass and Charlson score) and six established

risk factors for PEP on the basis of our published risk model10 and multicenter prospective studies.12-15 A seventh predictor of PEP (= 2
pancreatic injections) was excluded from the model due to insufficient (zero) patients having this variable in the mild PEP group.

Cl, confidence interval; IQR, interquartile range; L, liter; OR, odds ratios; PEP, post-ERCP pancreatitis; SD, standard deviation; SOD, sphincter of

Oddi dysfunction.
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Table 3
Mild PEP  Moderate-Severe PEP
Time Periods Liters (SD) Liters (SD) P-value
Periprocedural (arrival to ERCP completion)  0.94 (0.27) 0.81 (0.36) 0.0308
ERCP recovery 0.94 (0.49) 0.88 (0.55) 0.5373
Total fluid before PEP diagnosis 1.87 (0.69) 1.66 (0.79) 0.1786
0Oh -12h after PEP diagnosis 1.11 (0.53) 1.32 (0.69) 0.0785
12h — 24h after PEP diagnosis 1.02 (0.65) 1.48 (0.80) 0.0014
24h — 48h after PEP diagnosis 1.16 (1.20) 2.70 (1.40) <0.0001
Total fluid after PEP diagnosis 3.30 (1.91) 5.50 (2.54) <0.0001

Before PEP diagnosis fluid volumes were greater in patients with mild PEP compared to those with moderate-severe PEP, particularly during the
periprocedural period. In contrast, fluid volumes after PEP diagnosis were smaller in mild PEP compared to moderate-severe PEP, presumably
reflecting appropriate treatment decisions related to fluid hydration.

Statistics: *t-test.

ClI, confidence interval; L, liter; OR, odds ratios; PEP, post-ERCP pancreatitis; SD, standard deviation; SOD, sphincter of Oddi dysfunction.
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