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Abstract
BACKGROUND
There is conflincting evidence on the intravenous fluid (IVF) strategy for acute
pancreatitis (AP). We perform a metaanalysis of the available evidence.

AIM
To investigate if aggressive IVF therapy in AP patients is beneficial to decrease
mortality and improve outcomes.

METHODS
Metaanalysis of available randomized controlled trials and cohort studies
comparing aggressive IVF vs non-aggressive IVF resuscitation.

RESULTS
There was no significant difference in mortality between the aggressive (n = 1229)
and non-aggressive IVF (n = 1397) patients. Patients receiving aggressive IVF
therapy had higher risk for acute kidney injury and acute respiratory distress
syndrome. There also was no significant difference in the overall incidence of
systemic inflammatory response syndrome, persistent organ failure, pancreatic
necrosis when comparing both study groups.

CONCLUSION
Early aggressive IVF therapy did not improve mortality. Moreover, aggressive
IVF therapy could potentially increase the risk for acute kidney injury and
pulmonary edema leading to respiratory failure and mechanical ventilation.
Studies are needed to investigate which subset of AP patients could benefit from
aggressive IVF therapy.
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Core tip: Early aggressive intravenous fluid therapy did not improve mortality of acute
pancreatitis patients and could potentially be harmful. The intravenous fluid therapy
strategy in acute pancreatitis patients remains to be elucidated.

Citation: Gad MM, Simons-Linares CR. Is aggressive intravenous fluid resuscitation
beneficial in acute pancreatitis? A meta-analysis of randomized control trials and cohort
studies. World J Gastroenterol 2020; 26(10): 1098-1106
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INTRODUCTION
Acute pancreatitis (AP) is a common gastrointestinal disease that can lead to severe
morbidity and mortality[1,2]. AP incidence has been increasing worldwide without an
evident explanation[3]. AP is characterized by inflammation of the pancreas, and its
natural disease can be categorized in two phases: The early phase that is accompanied
with the systemic inflammatory response syndrome (SIRS) and usually last 1-2 wk;
and the late phase refers for patients that suffer sequela of  AP (fluid collections,
infection).  AP  is  classified  in  three  subtypes,  mild  (usually  interstitial),
moderately–severe (transient organ failure) and severe (persistent organ failure). 80%-
85% of cases are mild and typically interstitial, whereas 15%-20% are severe and/or
necrotizing[4-6].

Intravenous fluid (IVF) resuscitation is one of the cornerstones for its management
and is meant to counteract the third spacing and intravascular hypovolemia caused
by the severe pancreatic inflammation. Early aggressive IVF resuscitation has been
recommended by different guidelines[7-10],  but most recently the AGA guidelines
urged caution with this approach[8]. Vigorous IVF resuscitation has been traditionally
given to prevent pancreatic hypoperfusion and necrosis. Although some studies have
shown that is the persistent organ failure that puts the patient at higher mortality
rather than necrosis alone. Other studies have raised concern on aggressive IVF been
detrimental as it could increase the risk for pulmonary edema, respiratory failure,
renal congestion, and acute kidney injury[11].

Despite the growing evidence, AP IVF resuscitation remains a controversial topic.
The purpose of our study was to conduct a rigorous systematic review and meta-
analysis of IVF resuscitation randomized trials and cohort studies.

MATERIALS AND METHODS

Data sources
Three electronic databases, Pubmed, Cochrane, and Embase, were searched from
inception till 25 December 2018 for cohort studies as well as randomized controlled
trials  comparing  aggressive  fluid  administration  to  non-aggressive  fluid
administration in patients with acute pancreatitis. Studies assessing IVF amount and
timing  of  administration  were  included.  Only  articles  published  in  the  English
language were screened. The references of the included studies were also evaluated
for studies not incorporated by the initial search. This meta-analysis was performed in
concurrence with the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses  guidelines  (Supplementary  I)  and  was  registered  on  PROSPERO
international prospective register of systematic reviews(CRD42020146809).

Inclusion and exclusion criteria
A study was included if  it  satisfied all  of  the  following:  (1)  A randomized trial,
prospective cohort, or a retrospective cohort; and (2) Reporting outcomes of patients
who received aggressive hydration versus patients who received non-aggressive
hydration. Aggressive IVF amount administered had variation between studies (from
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3 mL/kg/h to 5 mL/kg/h in first 24 h), but the definitions were still compliant with
guideline definition of aggressive IVF hydration therapy. Studies that reported only
outcomes  of  one  group,  studies  that  did  not  clearly  define  the  rate  of  fluid
administration, studies that were published as conference abstracts,  case reports,
narrative reviews, or studies that were designed as case-control studies were excluded
from our current study.

Data extraction
Two authors (Mohamed M Gad, C Roberto Simons-Linares) independently screened
the titles and abstracts of the search results after removing duplicated studies. Same
two authors selected full-text studies for screening and performed the final  data
extraction of the baseline characteristics as well as outcomes of interest. Any conflicts
were settled by consensus between the authors.

Definition of outcomes
The primary outcome evaluated was in-hospital mortality. In-Hospital mortality was
chosen due to the impactful consequential clinical management decision based on
mortality outcomes as well as the uniform definition across all studies, corresponding
with  the  least  possible  study  heterogeneity.  Secondary  outcomes  were  SIRS,
pancreatic necrosis, persistent organ failure, Acute Kidney Injury (AKI), and the need
for  mechanical  ventilation.  All  outcomes  were  determined  as  per  the  study’s
definition.

Assessment of studies quality
The Cochrane risk of  bias tool  was utilized in randomized controlled trials,  and
Newcastle-Ottawa  Scale  was  used  in  observational  studies  as  advised  by  the
Cochrane handbook of systematic reviews and meta-analysis.

Conventional meta-analysis statistical analysis: Categorical variables were described
using weighted frequencies, and weighted means/ SD were calculated for continuous
variables. Weights were determined based on the sample size of each study. Fixed
and Random effects risk ratios (RRs) were calculated for all outcomes using inverse
variance method-DerSimonian-Laird estimator.  I2  statistic was used to assess the
heterogeneity  between the  included studies.  A two-sided P  value  of  <  0.05  and
confidence interval (CI) of 95% were considered to be statistically significant, and all
statistical analyses for the meta-analysis were performed with the use of RStudio®

software package (meta) (RStudio, Boston, MA, United States).

RESULTS
The initial search revealed 2033 citations, but a total of 11 studies were included[11-21];
giving a total of 2686 patients. 1256 received aggressive resuscitation, and 1430 did
not. Four randomized controlled trials (RCTs) addressed the issue of aggressive IVF
resuscitation vs non-aggressive IVF. Seven cohort studies were also included. The
end-points  for  outcomes varied among studies,  and we tested for heterogeneity,
which was found to be high between the studies.

Mortality
There  was no significant  difference  between the  aggressive  (n  =  1229)  and non-
aggressive IVF (n = 1397) patients in terms of mortality benefit (RR: 1.30; 95%CI: 0.79-
2.12). In most studies, the mortality was not significantly different, and this could be
due to the low mortality and small sample size. With the exception of the study by
Yamashita et al[18] that studied over one thousand patients and had over 130 events
(deaths);  but the investigators did not find mortality difference between groups.
However, in only one study by Warndorf et al[16], the aggressive IVF group showed to
have a lower mortality (RR: 0.21, 95%CI: 0.05-0.91). In contrary, both RCT studies
performed in China by Mao et al[12,22], revealed increased mortality when aggressive
IVF strategy was used.  These studies in China showed higher risk for  increased
mortality in the aggressive IVF group: 2009 study RR 3.06 (95%CI: 1.07-8.75) and 2010
study RR 2.22 (95%CI: 1.10-4.50) (Figure 1). Of note, most studies had low event rate
(0-11 deaths in the study group) with the exception of two studies: Mao et al[22] 2010
had 19 deaths; and Yamashita et al[18] had 62 deaths.

Persistent organ failure
Not distinguishing between transient and persistent organ failures was one of the
most important limitations of RCTs. Including cohort studies allowed us to compare
between  them,  but  with  a  lower  level  of  evidence.  We  were  able  to  assess  this
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Figure 1

Figure 1  Forest plot for mortality outcomes. RR: Relative risk; CI: Confidence interval.

outcome in 5 studies (n = 1159), of which only one study had statistically significant
findings in favor of aggressive IVF (Warndorf et al[16], RR: 0.17, 95%CI: 0.10-0.30) but
this benefit was not observed in the overall calculations of the metaanalysis (RR: 0.98,
95%CI: 0.31-3.14) (Figure 2).

Pancreatic necrosis
Eight studies with 2001 patients were included in the analysis. In the fixed model of
out metaanalysis, patients receiving aggressive IVF therapy (n = 848) seemed to have
higher risk for pancreatic necrosis (RR: 1.52; 95%CI: 1.32-1.75); this could be explained
by assuming that probably patients who had necrosis were more likely to receive
aggressive IVF therapy and more prolong IVF therapy that could be detrimental
(Figure 3). However, due to the significant differences between the included studies
(differences in terms of end points, patients enrollment method, and overall studies
designs), we interpreted the results of our metaanalysis by using the random effect
models for all our results (rather than the fixed model). In the random effect model,
there was no difference in pancreatic necrosis rates between groups (RR: 1.60, 95%CI:
0.69-3.73). Location, extension, and degree of necrosis were not provided by studies.
Additionally, the incidence of infection of the necrosis was not studied.

SIRS
1549 patients were included, and there was no significant difference in the overall
incidence of SIRS when comparing both study groups (RR: 1.0;  95%CI: 0.71-1.40)
(Figure 4). There were two cohort studies and one RCT that reported a decreased
incidence of SIRS in the aggressive IVF group[14,16,20]. Contrary, there were two RCTs
and three cohort studies that showed that the aggressive IVF group had higher rates
of SIRS[9,11,15,18,22]. However, the only statistically significant results for this outcome
were reported in three studies: Mao et al[22] 2010 study and 2009 study, both reported
increased incidence of SIRS with aggressive IVF: RR: 1.36, 95%CI: 1.05-1.76 and RR:
1.70, 95%CI: 1.07-2.72, respectively. Warndorf et al[16] reported a significant benefit of
decreasing SIRS with aggressive IVF (RR: 0.36, 95%CI: 0.26-0.51).

AKI
We included four studies involving 1440 patients for the analysis of AKI. All four
studies showed an increased risk for AKI with aggressive IVF. Although, only two
studies reached statistical significance (Yamashita et al[18], Ye et al[11]). Interestingly, our
metaanalysis shows that patients that received aggressive IVF therapy were more
than two times more likely to develop AKI (RR: 2.17; 95%CI: 1.66-2.83). Renal vascular
congestion,  similar  pathophysiology  of  the  cardiorenal  syndromes–has  been
demonstrated that could cause injury to the glomeruli. The latter mechanism could be
implicated and was reported in some of the papers included in our analysis (Figure 5).

Respiratory failure or mechanical ventilation support
1316 patients from 3 studies were included in the analysis. All three showed worse
outcomes with aggressive IVF; Two studies (Yamashita et al[18], Ye et al[11]) reached
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Figure 2

Figure 2  Forest plot for persistent organ failure. RR: Relative risk; CI: Confidence interval.

statistical significance. Not surprising, patients who received aggressive IVF therapy
were also more likely to develop pulmonary edema, fluid overload that leads to
respiratory failure,  and mechanical  ventilation support.  Overall,  aggressive  IVF
patients were two times more at risk to develop respiratory failure (RR: 2.40, 95%CI:
1.63-3.54) (Figure 6).

Heterogeneity
One study (Buxbaum et al[19]) was not designed to have mortality as an outcome and
hence  not  reported.  There  were  significant  variations  on  the  definitions  of  the
outcomes (persistent organ failure, respiratory failure, AKI). Another concern we
have is how AKI was defined; unfortunately there are no details about this in the vast
majority of the studies. Finally, one of the biggest concerns that the authors of this
paper  have  is  in  regards  to  persistent  organ  failure–there  was  significant
heterogeneity  of  this  definition,  and  none  of  the  RCTs  reported  this.  We  have
evidence  that  is  persistent  organ failure  that  drives  mortality  in  AP rather  than
isolated pancreatic necrosis without persistent organ failure. The mentioned concerns
are limitations of the study, and our findings should be interpreted with caution (Sup-
plemental I Table 1).

Subgroup analysis
We explored studying our outcomes in subgroups according to AP etiology and also
according to age groups (older > 55 years old vs younger < 55 years old). However,
very few studies had data for us to include in the subgroup analysis and most studies
did not report appropriate data for this analysis. From the available data, we did not
find any significant differences in the subgroups analysis (Supplemental II). Subgroup
analysis by AP severity could not be studied due to lack of data.

DISCUSSION
The capillary leak from pancreatic inflammation behaves similar to other diseases
such as sepsis and burn injuries[23-26]. The intravascular depletion, hypovolemia, and
third-spacing of fluid causes pancreatic tissue hypoperfusion and necrosis. It is also
known that this hypoperfusion state damages other sensitive organs such as the
kidneys, lungs, and heart; leading to multi-organ failure with or without hypovolemic
shock. Apart from the hypovolemia and hypoperfusion, pancreatitis itself causes
severe inflammation in its early phase that can also lead to other organ failures such
as  acute  respiratory  distress  syndrome,  hypercoagulable  state,  and  venous
thromboembolisms[6].

The rationale of intravenous fluid resuscitation is to provide hemodynamic support
and expand the severely depleted intravascular space to aid the perfusion of vital
organs. Unfortunately, there is no medication approved as of yet to help counteract
the capillary leak from AP systemic inflammation. Rapid hemodilution was studied in
multiple  retrospective  studies  and data  showed that  rapidly  administering  IVF
therapy and using the hematocrit and blood urea nitrogen as markers to achieve rapid
hemodilution were effective[19,27-29].

In  recent  years,  some  studies  have  raised  concerns  about  aggressive  IVF
resuscitation causing serious side effects such as AKI and pulmonary edema leading
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Figure 3

Figure 3  Forest plot for pancreatic necrosis. RR: Relative risk; CI: Confidence interval.

to respiratory failure[11-13,19]. Our meta-analysis found that individuals in the aggressive
IVF group were two times more likely to develop AKI (Figure 5). AKI could worsen
with  aggressive  IVF therapy through multiple  possible  mechanisms.  First  renal
congestion with excessive intravascular fluid, a similar mechanism to cardiorenal
syndrome. Second, visceral edema and congestion of the renal vasculature bed can
also affect the kidney’s perfusion and lead to AKI. Third, the type of IV fluid used
may also impact; for example, excessive chloride is a risk for kidney injury. Fourth, if
patients are fluid overload, the use of diuretics to treat the fluid overload can impact
the  kidneys  and contribute  to  the  multifactorial  causes  of  AKI  during  AP.  Less
common, intra-abdominal compartment syndrome could cause constriction of the
renal vasculature and lead to AKI as well[30,31].

Our study also found that patients in the aggressive IVF group were two times
more  at  risk  to  develop  respiratory  failure  and  require  mechanical  ventilation.
Although direct conclusion cannot be drawn from this finding; for example, these
patients had more pulmonary edema from excessive IV fluids, but it could also be that
these patients were just sicker and developed acute respiratory distress syndrome
from  pancreatitis  itself.  There  is  undoubtedly  a  concern  for  this  possible  and
detrimental side effect of aggressive IVF to the lungs, that could lead to higher risk for
mechanical  ventilation in  the  aggressive  IVF group.  However,  we are  unable  to
conclude that the higher rates of respiratory failure in our analysis was due to a more
aggressive IVF strategy.

In our metaanalysis we were also able to assess for mortality, persistent organ
failure, pancreatic necrosis and SIRS; but we did not find an statistical difference
between groups. The available studies in the literature and the ones included in this
metaanalysis have significant heterogenicity in terms of design, populations studied
(variations in AP severity, races), IVF types, IVF amount/definitions of aggressive
IVF; hence we do not believe that the outcomes of this metanalysis can be used to
draw strong or definitive conclusions. However, the present study contributes to the
current literature with a summary of  the available studies and it  also shows the
signifcant heterogenicty among the published studies and the need for a well design
multicenter  randomized control  trial  to  answer the question if  aggressive IVF is
beneficial and in what type of patient it would be beneficial.

In conclusion,  there is  very limited evidence to support  aggressive over goal-
directed IVF resuscitation. RCTs are needed to first address the baseline accurate fluid
status of the patient with a non-invasive hemodynamic assessment. Moreover, the
fluid responsiveness of the patient also needs to be studied, as all patients may not be
responsive  to  IV  fluid  resuscitation,  and  additional  therapies  remained  to  be
elucidated.
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Figure 4

Figure 4  Forest plot for systemic inflammatory response syndrome. RR: Relative risk; CI: Confidence interval.

Figure 5

Figure 5  Forest plot for acute kidney injury. RR: Relative risk; CI: Confidence interval.

Figure 6

Figure 6  Forest plot for respiratory failure/mechanical ventilation requirement. RR: Relative risk; CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
The background, present status, and significance of the study should be described in detail.
Intravenous fluid (IVF) resuscitation is the cornerstone for Acute pancreatitis (AP) management
and Early Aggressive IVF therapy has been traditionally recommended. Recent evidence has
raised concern for detrimental effect of aggressive IVF therapy, hence we analyzed the evidence
of randomized controlled trials (RCTs) and cohort studies comparing aggressive IVF vs non-
aggressive IVF therapy.
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Research motivation
There is growing controversial evidence on AP IVF resuscitation and the IVF strategy remains a
controversial topic. The purpose of our study was to conduct a rigorous systematic review and
meta-analysis of IVF therapy for AP reported in randomized trials and cohort studies.

Research objectives
To investigate if aggressive IVF therapy in AP patients is beneficial to decrease mortality and
improve outcomes.

Research methods
We perform a metaanalysis of RCTs and cohort studies. Three electronic databases (Pubmed,
Cochrane,  and  Embase)  were  searched  from  inception  till  25  December  2018  for  studies
comparing aggressive IVF to non-aggressive IVF therapy in patients with AP.

Research results
A total of 11 studies were included; giving a total of 2686 patients. Our study found that early
aggressive IVF therapy did not improve mortality and it could potentially increase the risk for
AKI, pulmonary edema leading to respiratory failure and mechanical ventilation requirement.
This controversial topic remains to be studied and more studies are needed to investigate which
subset of AP patients could benefit from aggressive IVF therapy.

Research conclusions
Early Aggressive IV fluid therapy did not improve mortality. RCTs are needed to first address
the baseline accurate fluid status of the patient with a non-invasive hemodynamic assessment.
There is very limited data comparing aggressive IVF to non-aggressive IVF therapy, and the
published studies  are  very  heterogenous;  which  difficults  the  proper  assessment  to  draw
conclusions. It seems that aggressive IVF therapy in AP patients is not for everyone and the look
to identify the subset of AP patients who may benefit from is still ongoing. We first need to
address  a  baseline and accurate  fluid status  of  AP patient  and we could use non-invasive
hemodynamic assessment technology such as the one that has been extensively used in the
critical care, trauma, burns and cardiology settings. Additionally, the fluid responsiveness of
patients  also  needs to  be  studied,  as  all  patients  may not  be  responsive to  aggressive  IVF
resuscitation, and hence additional therapies may be needed and remained to be elucidated.

Research perspectives
As there is very limited and heterogenous evidence to support aggressive IVF over goal-directed
IVF therapy, further studies are needed to assess the baseline fluid status of the patient before,
during, and after IVF resuscitation. Non-invasive identification of the fluid responder patients
would be beneficial  to help optimize the management of AP patients and avoid pancreatic
necrosis, multiorgan failure and mortality.
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