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Abstract

Background Fluid therapy (FT) is a critical intervention
in managing acute pancreatitis (AP). There is a paucity of
evidence to guide FT and virtually no data on current
prescribing practice. This survey aims to characterize
current practice and opinion with regard to FT in AP
throughout New Zealand.

Methods Information was collected on fluid selection,
administration, and goal-directed FT. The survey was dis-
tributed online and in print to all doctors employed in
General Surgery Departments in New Zealand on 1 May
2012. Monthly email reminders were sent for 6 months.
Results The overall response rate was 47 % (n = 190/
408). Crystalloids were the preferred initial fluid for all
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categories of severity; however, colloid use increased with
severity (p < 0.001). Fluid volume also increased with
severity (p = 0.001), with 74 % of respondents prescrib-
ing >4 L for AP with organ failure (OF). Clinicians
treating 2650 patients per year with AP were less likely to
prescribe colloid for AP with OF (8 vs 43 %) (p = 0.001).
Rate of fluid administration in AP with OF varied
according to physicians’ seniority (p = 0.004); consultants
prescribed >4 L more than other groups (83 vs 68 %).
Only 17 % of respondents reported the use of guidelines.
Conclusions This survey reveals significant variation in
prescription of FT for AP, and aggressive FT is commonly
prescribed for AP with OF. There is little adherence to
published guidelines or best available evidence.

Introduction

Intravenous fluid therapy (FT) is regarded as an essential
element of the early management of acute pancreatitis
(AP). A recent review of the evidence base for FT in AP
has revealed relatively few clinical trials and exposed the
low quality of available evidence [1]. It is not surprising
then that guidelines are of highly variable quality and
offer little with regard to specific recommendations for
FT [2].

Fundamental questions remain. We do not know the best
fluid to use, the optimal rate to prescribe, or the best
goal(s) to guide and monitor fluid resuscitation [1]. These
questions must be answered by well-designed, adequately
powered, prospective clinical studies. In the absence of
high quality evidence, we hypothesize that contemporary
prescribing practice will be highly variable. The aim of the
present study was to perform a national survey to document
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contemporary prescribing practice and variation of FT for
AP in New Zealand and the application of available evi-
dence. This approach will not only enable an evaluation of
compliance with current guidelines but will also be a useful
baseline of practice when further evidence is introduced,
should a change in prescribing practice be required.

Methods
Survey design

The survey was divided into two parts: (1) 8 items col-
lecting demographic information about the participants and
(2) 11 stem questions collecting information on current
practice of FT in AP patients. Questions to document fluid
prescription practice were written as clinical vignettes
(supplementary content) to encourage real-world responses
and presented patients with AP without systemic inflam-
matory response syndrome (SIRS), AP with SIRS, and AP
with organ failure (OF).

The survey was reviewed by members of the Pancreas
Network of New Zealand (PANNZ) prior to final approval
for distribution. Ethical approval was not necessary for this
anonymous survey.

Survey distribution

The target population for the survey was all doctors [house
officers (n = 100), registrars (n = 130), fellows (n = 12),
and consultants (n = 160)] working within the Depart-
ments of General Surgery in all the District Health Boards
in the public health sector in New Zealand (n = 20). All
the departments were contacted by telephone to obtain
email addresses for clinical directors and their secretaries
as well as the number of medical staff. Because of privacy
laws in New Zealand, it was not possible to obtain indi-
vidual contact details for all potential participants. This
made it difficult to determine the response rate accurately
as the denominator could not be calculated precisely. An
estimated denominator was obtained through human
resources units within the departments.

The survey was distributed both electronically (online)
as well as in print to the clinical directors of each depart-
ment. We also approached the registrars and fellows
directly in various departments to encourage participation.
In addition, reminders were sent at monthly intervals via
email to the clinical directors of the surgical departments
along with details about the response rates from their
department. Final print reminders were mailed at the
beginning of the sixth month of the survey.

Data collection and analysis

All responses were collated into a central database. One
center had to be excluded from the survey because paper
responses were irretrievably lost in transit.

Data were analyzed for variations in practice. Pearson
Chi square tests were performed for the following com-
parisons: (1) type of fluid used for AP without SIRS versus
AP with OF, (2) rate of fluid administration for AP without
SIRS versus AP with OF, (3) type of fluid used according
to physician seniority in AP with OF, (4) type of fluid used
according to patient load in AP with OF, (5) rate of fluid
administration for AP with OF according to seniority, and
(6) rate of fluid administration for AP with OF according to
patient load. Statistical significance was set at a p value of
0.05. All analyses were performed with the SPSS statistical
package 19.0.0.1 (SPSS Inc., Birmingham, AL).

Results
Demographic

The overall response rate for the survey was 47 %
(n = 190/408). The response rate from each level of phy-
sician seniority, respondent experience, and patient load is
summarized in Table 1.

Fluid selection

FT was considered important by almost all respondents
across all levels of pancreatitis severity. Crystalloid solu-
tions were the most commonly used type of fluid for all
categories of AP. Colloids were prescribed at higher rates
as severity increased (x> = 244.553 df = 12; p < 0.001),
either alone or together with a crystalloid.

Normal saline (0.9 %) was the most common crystalloid
used at all levels of severity. There was little variation in
the other crystalloid fluids used at all levels of severity. The
main colloid used by respondents was Gelofusine (4 %
succinylated gelatine with crystalloid component of
154 mmol/L sodium and 120 mmol/L chloride) (B. Braun
Melsungen AG, Melsungen, Germany) at all levels of
severity. The other colloids prescribed to a lesser extent
were albumin, hydroxyethyl starch (e.g., Voluven), penta-
starch (e.g., StarQuin), and some respondents indicated
they would use any colloid available to them.

Surgical trainees were less likely than consultants to
include colloids in the treatment of AP as severity
increased (X2 = 97.786 df = 20; p < 0.001). In addition,
respondents who treated 26-50 patients with AP with OF in
the past 12 months were less likely to prescribe colloids
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Table 1 Characteristics of respondents
seniority, and the institution they work in

indicating experience,

No. of respondents %

Years since graduating from medical school

<5 89 40
5-10 42 19
11-15 24 11
16+ 65 30
Years treating AP
<5 76 39
5-10 43 22
11-15 25 13
16+ 51 26
AP patients treated in the last 12 months
<5 55 29
6-15 78 41
16-25 41 22
26-50 13
51+ 3
Position (response rate)
House officer (41 %) 43 23
Registrar (48 %) 63 33
Fellow (67 %) 8 4
Consultant (48 %) 76 40
Type of hospital
Secondary 76 40
Tertiary 113 60

Values in parentheses next to House officer, Registrar, Fellow, and
Consultant represent the response rate for the individual subgroup
calculated from staff numbers provided by each department

AP acute pancreatits

than the rest of respondents (x* =41.110 df = 16;
p = 0.001).

Rate and volume of administration

Nearly half the respondents (46 %, n = 82/180,) defined
aggressive FT to be >4 L in the first 24 h. There was a
clear relationship between the severity of AP and the vol-
ume of fluid prescribed for the first 24 h (y* = 27.040,
df =9; p =0.001) (Fig. 1). The respondents prescribed
larger volumes of fluid in the initial 24 h as the severity of
distant organ dysfunction increased.

Rate of fluid administration in AP with OF varied
according to physician seniority (3> = 28.688, df = 12;
p = 0.004), with consultants more likely to prescribe >4 L
in the initial 24 h than other groups. Although it appears
that lesser volumes are prescribed in the initial 24 h with
increasing patient loads in the past 12 months, this was not
statistically significant (x> = 18.010, df = 12; p = 0.115).

@ Springer
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Fig. 1 Volume given in 24 h according to severity of organ
dysfunction

Goals of resuscitation

All respondents indicated that it is important to be able to
tell if a patient has responded to FT, with 92 % (n = 163/
177) of respondents indicating that they use goals to guide
FT. The goals used can be divided into clinical and labo-
ratory goals; their use is summarized in Table 2.

Variation in practice according to employment level
showed no substantial changes in the types of goals used
between staff. When looking at variation in practice
according to patient load, there were no substantial changes
in the goals used to guide FT other than base excess being
used being used more frequently when laboratory goals
were being used by respondents who treated 26-50
patients.

Perception of the literature

Ninety-five percent (n = 179/188) of respondents consider
FT to be important in the management of AP. Despite
having 30 clinical guidelines to choose from [2], only a
minority of respondents (17 %, n = 31/180) indicated that
they employ any guidelines, and 90 % (n = 28/31) of these
people either consider the evidence to be of poor quality or
are unaware of the quality of the evidence. The guidelines
used most frequently were those of the United Kingdom
working party on AP [3]. Other guidelines used are sum-
marized in Table 3.

Discussion

Here we conducted a national-level survey of current
practice of intravenous FT for AP. It documents that in
New Zealand, the practice of FT in AP is variable, with the
majority of respondents not actively using any of the 30
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Table 2 Clinical and laboratory goals used for goal-directed fluid
therapy (n = 163) and the percentage of respondents who stated they
used the listed clinical or laboratory goal to guide fluid therapy for AP

Clinical goals % (n)
Urinary output 97 (158)
Heart rate 89 (145)
Systolic blood pressure 76 (124)
Jugular venous pressure 59 (96)
Central venous pressure 50 (81)
Respiratory rate 48 (79)
Mean arterial pressure 47 (76)
Sp0O, 47 (76)
SIRS (systemic inflammatory response syndrome) 42 (69)
Crepitation on auscultation 28 (45)
Pulse pressure 20 (33)
Curly B lines on CXR 15 (24)
Other 7(11)
End tidal CO, 24
Pulmonary artery wedge pressure 2(3)
SvO; (central venous oxygen saturation) 23
Laboratory goals

Hematocrit 55 % (90)
Base excess 53 % (87)
Blood urea nitrogen 47 % (76)
Lactate 47 % (76)
Other (please specify) 8 % (13)
Do not use a parameter 7% (11)
Lactate/pyruvate ratio 2% (4)

available guidelines, which are known to be highly variable
in quality [2].

Clinical practice should ideally be guided by high-
quality, evidence-based guidelines. Within the 30 available
guidelines, recommendations for FT in AP are either
entirely absent or based predominantly on expert opinion
(level 5 evidence) (Table 4). The guidelines that offer a
recommendation on fluid selection advise the use of crys-
talloids, such as Ringer’s lactate and normal saline [5, 6]

(Table 4). With regard to the rate of fluid administration,
the consensus of the clinical guidelines is that prompt
aggressive FT is of importance [3, 5-8]. The guidelines
also recommend use of goals to guide FT [3, 6-9]; however
there is no consensus with regard to the best goals to use.
Given the general poor quality of the guidelines for FT in
AP [2], it is not surprising that the practice in New Zealand
is in keeping with the prevalent dogma of aggressive
resuscitation with a crystalloid. The following discussion
examines the practice in New Zealand and the available
best evidence regarding the choice of fluid, the rate at
which this fluid should be administered, and the goals that
can be used to monitor FT.

What fluid to resuscitate with?

When turning to the literature for guidance, clinicians will
find only two studies (both of which are recently published
RCT) to aid them in their decision [10, 11]. The use of
Ringer’s lactate has been shown to reduce systemic
inflammation when compared to normal saline [11], and
when hydroxyethyl starch was used in combination with
Ringer’s lactate, patients showed reduced intra-abdominal
pressure and a lower requirement for mechanical ventilation
when compared to patients resuscitated with Ringer’s lac-
tate alone [10]. Adding to this evidence, a recent editorial by
Lobo [12] highlighted the growing body of evidence
mounting against normal saline in favor of crystalloids with
compositions closer to that of plasma (i.e., Ringer’s lactate).
Two factors may contribute to this recommendation. First,
the presence of constituents other than sodium chloride (i.e.,
Ringer’s lactate contains lactate 28 mmol/L, potassium
4 mmol/L, and calcium 1.5 mmol/L) may offer a resusci-
tation medium more capable of maintaining physiological
norms. The second, and, key factor in the physiological
mechanism for this is the reduced ability of the human body
to clear the salt load imposed by the use of normal saline,
leading to a hyperchloremic acidosis, reduced urine output,
increased plasma ADH, and edema [13, 14]. The mechanism
behind this factor is considered to be that it is not until recent

Table 3 Clinical guidelines

used by respondents (n = 31/ Guidelines used

Year published Reference No. of respondents

180; 17 % of respondents)

o United Kingdom Working Party on Acute Pancreatitis 2005 [3] 11

indicating that they do use . o

guideline for fluid therapy in AP Other non-specified guidelines N/A N/A 8

patients Hospital protocol N/A N/A 4
International Association of Pancreatology 2002 [4] 2
American College of Gastroenterology 2006 [7] 2
Japanese Society of Emergency Abdominal Medicine 2010 [9] 1
World Congress of Gastroenterology 2002 [6] 1
Uptodate N/A N/A 1
American Gastroenterological Association 2007 [5] 1

@ Springer
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times that humans have been exposed to salt excess, and thus
the suppression of the renin-angiotensin-aldosterone system
is slow. It takes 2 days to excrete the salt load imposed by a
rapid 2 L normal saline infusion [15]. Further to this, it has
been demonstrated that a 2 L infusion of normal saline
reduces renal artery blood flow velocity and renal cortical
perfusion when compared to an infusion of 2 L of Plasma-
Lyte 148 (crystalloid: sodium 140 mmol/L, potassium
5 mmol/L, magnesium 1.5 mmol/L, chloride 98 mmol/L,
acetate 27 mmol/L, and gluconate 23 mmol/L) (Baxter
Healthcare, Thetford, UK) [16].

In the present survey, 97 % of respondents consider the
type of fluid used in resuscitation to be important; however,
the majority of participants chose to resuscitate with nor-
mal saline. Only 4 % of respondents used Ringer’s lactate
solution at all levels of severity, and hydroxyethyl starch
solutions made up a minority of colloid use. It is evident
that the recent evidence presented by Du, Wu, Lobo, and
colleagues [10—12] favoring the use of Ringer’s lactate has
not yet become established in clinical practice in New
Zealand. It may be that respondents are reluctant to
resuscitate with a potassium-containing fluid in patients at
risk of renal failure, and that they therefore see normal
saline as a preferred option.

What rate to administer fluids?

The prevailing dogma advocates for aggressive FT in AP
[1,3,5-7, 17-20]. However, the evidence for aggressive FT
stems from historically poor quality observational [17-20]
while recent evidence from observational [21-23] and ran-
domized [24, 25] studies favor controlled volume expansion
during resuscitation in AP. There is an emerging body of
evidence demonstrating adverse outcomes for aggressive FT
in the management of AP, with increasing rates of mortality,
organ dysfunction, acute peripancreatic fluid collections,
ICU admissions, abdominal compartment syndrome, sepsis,
and APACHE 1I score at days 1, 2, and 3 [21-25].

In the present survey, the rate of fluid administration has
been shown to have a clear tendency to increase as the
severity of AP increases. The percentage of respondents
who would give >4 L (aggressive FT) in the initial 24 h
increased from 6 % in AP without SIRS to 20 % in AP
with SIRS to 74 % in AP with OF. Thus, the majority of
New Zealand general surgical doctors consider that
aggressive FT in AP with OF is appropriate. Again, this
indicates that recent evidence is yet to establish itself in
clinical practice.

Which goals should guide fluid therapy?

It is acknowledged that the likely solution to providing
clinicians with guidance in determining how much fluid to

give lies in establishing the optimal method to guide and
monitor the response to FT rather than try to set volume
targets. Goal-directed FT is not a new concept; it dates
back to a landmark study by Shoemaker et al. [26] that
demonstrated that using cardiovascular variables to guide
FT could reduce mortality in critically ill postoperative
patients. Since that study there has been an explosion of
physiological parameters promoted as potential goals to
guide FT. The sheer number of potential goals available
serves as an obstacle to determining which is best in each
particular setting. Goals that have been investigated in the
setting of AP include blood urea nitrogen, central venous
pressure, hematocrit, heart rate, blood pressure, and urine
output. It has been shown that blood urea nitrogen offers no
advantage with respect to the outcomes of systemic
inflammation and C-reactive protein level [11]. Central
venous pressure was shown not to be a reliable sole goal
for resuscitation, because its use led to inappropriate use of
inotropes and vasopressors [27]. Controversy surrounds the
usefulness of targeting a particular hematocrit level as a
goal; while levels >44 % have been associated with pan-
creatic necrosis [17], it has also been shown that if a
hematocrit goal of <35 % is achieved rapidly there is an
increased rate of sepsis and death [24]. The combined use
of heart rate, blood pressure, urinary output, and hematocrit
together as goals is associated with less severe AP, shorter
hospital stays, and reduced requirement for CT imaging
and antibiotics [28]. Urine output is a widely used goal for
FT in AP; however, a recent review highlights an incon-
sistent relationship between renal perfusion pressure and
diuresis/natriuresis in critical illness [29]. With the obvious
benefits to be gained from refining goal-directed FT in AP,
determining the optimal goal to guide FT should be con-
sidered a high priority for future research due to its
potential to refine current practice and reduce the guess-
work involved.

Goal-directed FT is widely used by New Zealand doc-
tors working in the specialty of General Surgery in the
treatment of AP. Heretofore, there was a tendency to use
goals that are easy to apply at the bedside and that are
readily available from the patient chart. Urine output, heart
rate, systolic blood pressure, jugular venous pressure, and
central venous pressure were the most commonly imple-
mented clinical goals and lactate, base excess, hematocrit,
and blood urea nitrogen were the most common laboratory
goals used. It is worth noting that despite the poor corre-
lation between urine output and the fluid status of patients,
urine output was used by 97 % of our respondents. Doctors
are trained to recognize the importance of maintaining
adequate urine output (generally > 0.5 ml/kg), and it is not
surprising that it is in common use in the context of AP.
However it is important to draw attention to evidence
suggesting that the use of urine output alone has significant
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limitations, because it is a poor marker of organ perfusion
in severe and critical AP.

Only 17 % of respondents in our survey indicated that
they use guidelines for FT in AP. Nevertheless, the results
of this survey clearly demonstrate that current practice of
FT for AP in New Zealand is consistent with current
guidelines, such as they are, as well as the prevailing
dogma of a crystalloid fluid, infused aggressively.
Although this result appears reassuring, it is at odds with
recent evidence that favors non-aggressive FT in AP.

Limitations of this work stem from the nature of New
Zealand privacy regulations. These regulations prevented
us from directly accessing staff lists. This introduces the
possibility for inaccuracy in the denominator used in the
calculation of response rates and dependence on each
department to distribute the survey to its own staff
members. Our response rate was 47 % and, based on
recent literature, this is acceptable. A recent meta-analysis
of 68 online surveys indicates a mean response rate of
35 &£ 16 % [30]. Our response rate is similar to other
surveys of doctors treating AP around the world [31-36].
Further to this, recent literature suggests that the absolute
response rate may not be as strongly associated with
survey quality as originally believed [37], and it is the
representativeness of the sample that is more important
and this does not necessarily increases with response rate
[38]. With this in mind, we consider our response rate of
47 % to be very reasonable, particularly considering we
have nearly 200 respondents who were diverse with
regard to expertise, volume of patients treated, and geo-
graphic location.

In conclusion, the use of FT in AP in New Zealand is
variable, and the majority of respondents did not refer to
current clinical guidelines or best available evidence.
Normal saline is the most commonly used fluid; however,
this may change as evidence mounts against its use in favor
of more physiologically balanced solutions, such as Ring-
er’s lactate. There was a clear tendency to resuscitate more
aggressively as the severity of distant organ dysfunction
increased, and while this follows the prevailing dogma of
aggressive fluid resuscitation in AP, emerging evidence
favors non-aggressive FT. Establishing the optimal goals to
guide FT is a logical next step as it will provide a focus that
will refine the practice of FT in AP.

With significant unanswered questions about to the type
of fluid, the optimal infusion rate, and the best way to guide
and monitor resuscitation, and with the current variable
practice, there is substantial room for evidence-based
standardization of practice.
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