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Abstract

Patients with acute pancreatitis (AP) often require ICU admission, especially when signs of multiorgan failure are pre-
sent, a condition that defines AP as severe. This disease is characterized by a massive pancreatic release of pro-inflam-
matory cytokines that causes a systemic inflammatory response syndrome and a profound intravascular fluid loss. This
leads to a mixed hypovolemic and distributive shock and ultimately to multiorgan failure. Aggressive fluid resuscita-
tion is traditionally considered the mainstay treatment of AP In fact, all available guidelines underline the importance
of fluid therapy, particularly in the first 24-48 h after disease onset. However, there is currently no consensus neither
about the type, nor about the optimal fluid rate, total volume, or goal of fluid administration. In general, a starting
fluid rate of 5-10 ml/kg/h of Ringer’s lactate solution for the first 24 h has been recommended. Fluid administration
should be aggressive in the first hours, and continued only for the appropriate time frame, being usually discontinued,
or significantly reduced after the first 24-48 h after admission. Close clinical and hemodynamic monitoring along with
the definition of clear resuscitation goals are fundamental. Generally accepted targets are urinary output, reversal of
tachycardia and hypotension, and improvement of laboratory markers. However, the usefulness of different end-
points to guide fluid therapy is highly debated. The importance of close monitoring of fluid infusion and balance is
acknowledged by most available guidelines to avoid the deleterious effect of fluid overload. Fluid therapy should be
carefully tailored in patients with severe AP, as for other conditions frequently managed in the ICU requiring large fluid
amounts, such as septic shock and burn injury. A combination of both noninvasive clinical and invasive hemodynamic
parameters, and laboratory markers should guide clinicians in the early phase of severe AP to meet organ perfusion
requirements with the proper administration of fluids while avoiding fluid overload. In this narrative review the most
recent evidence about fluid therapy in severe AP is discussed and an operative algorithm for fluid administration
based on an individualized approach is proposed.
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Introduction

Acute pancreatitis (AP) is an acute inflammatory disease
of the pancreas and is among the most common gastro-
intestinal disorders requiring hospitalization. About 80%
of patients with AP have a mild, self-limiting form that
needs only brief treatment in a non-critical setting. How-
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The Atlanta classification for pancreatitis considers two
types of AP (interstitial and edematous/necrotizing) and
a 3-grade severity scale (mild, moderately severe, severe).
Interstitial pancreatitis refers to a diffuse inflammatory
edema, while necrotizing pancreatitis is characterized
by necrosis involving pancreatic parenchyma and/or the
peripancreatic tissue. Both interstitial and necrotizing
pancreatitis can be severe; however, interstitial pancreati-
tis is usually of mild severity, commonly improves in 48 h,
and has a mortality rate below 5%. On the other hand,
necrotizing pancreatitis, which is observed in 5-10% of
patients with AP, often shows a more severe course [2, 3].
The severity of AP is strictly related to the development
of MOF, usually involving the cardiocirculatory, renal and
pulmonary systems. If organ failure lasts less than 48 h,
AP is defined as moderately severe, while it is defined as
severe (severe acute pancreatitis, SAP), if organ failure
persists for more than 48 h [4]. The discussion of compli-
cations not in direct relation with MOF (e.g., pancreatic
pseudocysts and perforation of hollow viscus) is beyond
the scope of the review and can be found elsewhere [5].

Two peaks of mortality have been identified, ie., (1)
during and (II) after the first week from symptoms devel-
opment (“early” and “late” phase, respectively) [2]. The
early phase is usually characterized by a sterile inflamma-
tory process starting from the pancreas and progressing
to a systemic level [6—8]. In this phase, organ failure is
linked to the systemic inflammatory response syndrome
(SIRS) and has a mortality rate of up to 50%, causing
about half of all deaths due to SAP. The second peak of
mortality occurs in the “late phase” and is usually sec-
ondary to infections of the pancreatic necrotic debris [2,
6,9-11].

Intensive care unit (ICU) admission is warranted in
case of organ failure. With the exception of some special
situations (e.g., endoscopic retrograde cholangiopan-
creatography), no specific therapies exist. The treatment
of SAP is, therefore, supportive, mainly based on fluid
administration, enteral nutrition, and pain management
[12]. Many authors consider intravenous (IV) fluid ther-
apy as the treatment cornerstone for SAP, especially dur-
ing the first 24 h after disease onset [13].

The aim of this narrative review is to discuss the most
recent evidence about fluid therapy in severe AP and
to propose an operative algorithm based on an indi-
vidualized approach to administering intravenous fluids
with respect to clinical, hemodynamic, and laboratory
monitoring.

Hypovolemia and organ failure

Pathophysiology

Fluid loss and cytokine release are the two main patho-
logical mechanisms that contribute to AP severity. On
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the one hand, a massive pancreatic release of pro-inflam-
matory cytokines (IL-1, TNF-a, and IL-6) leads to SIRS,
vasodilatation, and cellular dysfunction [7]. On the other
hand, several factors contribute to extensive intravascular
fluid loss (Fig. 1). First, vomit and abdominal pain impair
feeding and enhance gastrointestinal fluid depletion. Sec-
ond, insensible losses are increased by the tachypnea and
diaphoresis related to pain, systemic inflammation, and
fever. Finally, and most importantly, pancreatic inflam-
mation and SIRS are associated with local and systemic
increased capillary permeability, favoring extravascu-
lar fluid accumulation [7, 14, 15]. Of note, local micro-
circulatory dysfunction contributes to pancreatic tissue
hypoperfusion and ischemia [14, 16] which can spread
systemically and further worsen the pancreatic insult
[17]. This vicious cycle might be deleterious also for the
hollow viscera [18]. In particular, ileus and fluid accu-
mulation within the intestinal lumen might occur. In
addition, fluid sequestration frequently occurs in the
retroperitoneal space [19], potentially causing intra-
abdominal hypertension and abdominal compartment
syndrome [20-22].

In summary, patients with SAP are frequently charac-
terized by a severe hypovolemic and distributive shock,
which ultimately leads to the development of MOF
[23-25]. The extent of fluid depletion/shifts is, how-
ever, difficult to assess precisely. Up to four liters of fluid
sequestration have been reported in mild pancreatitis at
48 h, and up to six liters in more severe forms [26, 27].
In several studies, greater fluid sequestration has been
associated with a higher complication rate and morbidity
[28-31].

Fluid resuscitation: general recommendations

Available guidelines for the treatment of AP under-
line the importance of early fluid therapy [13, 32-37].
However, there is currently no consensus neither
about the type nor about the optimal fluid rate or goal
of fluid administration [38, 39] (Table 1). In this con-
text, three main features of AP should be kept in mind.
First, AP is a dynamic illness that can worsen after
initial presentation [40, 41]. Continuous monitoring
and reassessment of fluid requirements are, therefore,
warranted. Second, AP is considered a time-depend-
ent illness whose outcome could be influenced by the
promptness of interventions. Indeed, the first hours
from disease onset are considered pivotal to prevent
progression of SIRS, MOF, and/or worsening of pan-
creatic necrosis [42]. On the other hand, however, the
administration of excessive amounts of fluids might be
detrimental in the presence of an increased capillary-
permeability state [6, 43, 44]. Third, hypovolemia in
the context of SAP is not a simple loss of intravascular
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Fig. 1 Pathophysiology of fluid loss/hypovolemia in patients with severe acute pancreatitis. The intrapancreatic activation of proteolytic enzymes
causes local tissue inflammation with leukocyte activation, cytokines, and reactive oxygen species release. At a systemic level, the massive release of
pro-inflammatory cytokines from the injured pancreas leads to SIRS, causing an intravascular fluid loss through vasodilatation, cellular dysfunction,
and increased capillary permeability. lleus, vomit, decreased fluid intake, and increased insensible losses further contribute to intravascular fluid
depletion. If not interrupted, this vicious cycle leads to a severe hypovolemic and distributive shock and ultimately to MOF. /-1 Interleukin-1; TNF-a
Tumor necrosis factor; IL-6 Interleukin-6; SIRS Systemic inflammatory response syndrome; G/ Gastrointestinal; MOF Multiorgan failure

volume, but a combination of hypovolemia and micro-
circulatory dysfunction due to SIRS. Of note, it is
conceivable that fluid therapy might play a role in
modulating inflammation and reducing capillary per-
meability [44-47].

Some studies have shown that the rapid reversal of
hypovolemia is associated with improved outcomes

[48-52]. In addition, multiple animal experiments sug-
gested that adequate fluid therapy could reduce pancre-
atic damage and in some cases mortality [53—55]. Based
on these results, most guidelines advocate for early and
adequate fluid resuscitation.



Page 4 of 15

Crosignani et al. Annals of Intensive Care 2022, 12(1):98

8007 Jeak

01dn Nd pue Aljenow ssa7
1 pue AJI9AIS YlIM paje
-1D0SSe SWIN|OA pINy JaybiH

742461y yum

p31eID0SSe |W 00EY <¥CAd
S9UWODINO 131190 YIMm
Po1e120SSe |W 000 L < puUe

|W 0001-00S 43NS

dnoub anissaibby ui
UO[1RJ]USDUODOWY SS3| pue
JUsWdO[RAIP SY|S PadNpPal
"Juswanoidul [esiul)d JaybiH

A)[e1IOW $S9| Y1IM
Pa1eID0SSe Y H7 UM 19<
MY Ym

pa1eI1D0SSe 21Ns0dxa SpLO|YD
Jaybiy pue Aep/1 <

2WODINO Ul @dUalaip ON

%ty < IH pue

dvS Ul 14 pidel yum paje
-Dosse 5O [eudsoy pue AN
sdnoib oml

3Y1 U99MI2q 9DUI3HIP ON

dnoub uone1dsnsal aAls
-s2166e 231 Ul peOJISAO PINY
40 dduapIdUl IaYbIH 'sdnoib
OM1 34} UD3MISQ SWODINO
Atewnid ay3 ul 9dUaIa4Ip ON

Avjenow ‘Nd 40

Nd 40 D1 ‘Aw1=nas

Aljeriow
‘JUswiieal) SAISeAU| 4O D]

Buipa9y [pIO 01 3DURIS|OL
uled pasnpay
1D 'NNg ‘IH Ul 9sealdsg

Ayjeyous [eudsoy-uj

2INsodxa apLojyD
1u2WdoaAIp MY

40
pue SY|S Jo uswdore(

SOT'AW Jo 318y
44 DIV 40 ‘Nd “Aujeriony

peolIano

piny Jo subis swodino
K124es "uonezjeydsoy
ay1 buunp snneanued
2I9AIS 10 I9A3S A91RID
-poul jo uawdojansg

/

D'NNG H

%St >1H 'U/D

/IW §0<ON "ubls [_UA

SHIS ‘a1e10e]

IH 'NNG ‘0N ‘suBis [euA

/

dgs 'uonelp
-Ayap jo subis ‘0N IH ‘NNg

Y 91siy uly/|ul #8¢=800¢
018661 Woiq

y9isiyul

Y/lw €11 =8661 1eak [nun

/

|w 0ogt <l dnoin

|W 00€ — 00Z€ || dnoio
|w 00zE >| dnoio

v

|w 0001 <|I| dnoin

|W 0001=006 Il dnoio
|W 006 >| dnoi

YN

(U 2/ 16°€ ueipaw) u/by
/W GTL+ Y/ |W QL piopupls
u/By/|u € +snjog

Y/|W 07 :aAIssa1bby

Kep/1| 9 > aAissa1bbp-uop
Kep/i| 9 < anissaibby

(Kep/1 1 >) aAIssa1660-UON
(Kep/1 <) anissaibby

Aep/Byy/jw o€ uaL

'Y #¢ 10§ y/B34/|W G| aAls
-sa1bbp-uop Kep/by/|u 0¢-
Yz 10} y/Bx/|w €D

/W QT SNjOq :aAIssa1bby

u/6%1/|w € >:mofs
u/B/|w € Z:prdoy

INIS

-521bbD-UON SA aAISS210bYy

eIUWLR|OAOdAY 10 PROJIDAO
pINy 10} %2942 01 Y ¢/ pue
'S 7 ‘71 'S 1B SJUSWISSISSe
'sdnoJb yioq u| y/by

/lw G 1=B3/ui o1 snjoq
21012pOYY /B¥/|ut €O
/W QT SNjOq 2AIssa1bby

uonN|os sJabuly

1d

T4 SN

uonn|os udewey

d

(987=u) Dy
(leE=U) DY
(OLoL=u)Dy
(09=u) 124
(L601=U) DY
(6£1=U) Dy
(88=U) 1Dy
(cl6=Uu) DY

(9897 =U) sisAjeueiaiy

(6vc=u) 104

(0511 11em

[9e1] Zaom

[££] A YybuIs

[LeL] r wnegxng

[LS] 'L eyysewel

(88] ‘9 °A

[sell
‘I OIgNUISIUON-IR|I2ND

el N

[6€] WA PeD

(0€1] 'F euepey-2Q

s)nsay

julodpus Apmg

jutodpus uoneydsnsay

uoneslsiujwpe Jo ey

PNy Al o 2dA)

ubisap Apnis

sioyny

siieanued a1nde Ul uonensiuiwpe pinpg bunebnssaul sa1pnis Ulely L ajqel



Page 5 of 15

Crosignani et al. Annals of Intensive Care 2022, 12(1):98

ndino Kieunn O ‘DwoipuAs asuodsay Aioyewrwielyu] d1WdISAS §y/s ‘2inssaid poojq d1j03sAS
dgS ‘91e10e7 43buly 7Y ‘el [ed1ul)D paziwopuey DY ‘1oYoD) 9A11D3ds011aY DY ‘ain|iey A10leiidsay HY ‘2in|ie) uebio 4O ‘SIS0IDRU d13eaIdURd Nd ‘DUI|eS [EWION SN ‘UOIIR[1IUDA [edIUBYIDN AWV ‘SUoliedljdwod [e20o] )7 ‘Aels jo
Y16ua |eNdsoH SO7 Nun 31D SAISUSIU| D] %9 Y2.els |AYIDAX0IPAH %9 STH ‘H4d01eWSH 1H ‘SisA[elpowaH gH ‘uonezijeydsoy |ejo} bulinp Aep ad swn|oA piny 0} paiedwod ‘Y 81 151y a3 ul Aep Jad swn|oA piny abesany
(01384 BWIN|OA PIN|4) YAS ‘Y 8% [B13UI BY) Ul Aep Jad SWIN|OA pIN|4 85/ 4 "P4em |e3dsoy Yl 03 UOISSILUPE 3DUIS ‘Y $Z 1SIY Ul PJ31SIUIWPE SWN|OA PIN|{ £Z/\4 {UOISSIWPE WO} Y $ UIYIM ‘Wooy Aduabisaw3 ul swn|oA pinjd YA
‘Adesayy piny 14 19%05—01—S UOIIN|OS 95013x3Q %0S—0L -5 ‘duluneald 4D ‘usaboiiu eain poojg NNg DWoIpuAs Juswiiedwo) 31Ndy SOy ‘Suoi1d9||od piny dneasnueduad a1ndy D44y ‘Ainful A&supiy a1ndy [yy ‘payidads JoN /

Y ¥¢/IW 0007 < Ylm
SUOISSILIPE 218D SAISUIUI
10} paau pue suoped|d

Ayjerow
‘918 UOISSILP. D] ‘'SUOI}

Y ¥7¢/IW 0008 >SA

(Ulwingle Ajutew)

-wod Aioyelidsal aIo|N -ed||dwod Aioyedidsay / Y #2/|W 000t < SPI0]|0D) ‘sploj|eIsAID (66=U) DY [S/]1 D ||emiay]
3181 A Aujeriow
-leuow Jaybiy SOV pue AW '3ouUapIdUl SIsdas pue Y/03/|wi 01-6 3| dnoio
Jo 9duappuIaybIy | dnoin SOV AN 91035 || JHDVAY %S€>1H ‘0N dYIN UH u/B/lw §1-01 | dnoin %9 S3H "ewse|d Y ‘SN (9£=u) 1DY [8/1'3 cey
SWIN|OA pINj} JO JUNOWE
19ybIH 918t Aljeiow Jaybiy
pue sisdas jo acuapioul Ayjeyow 9%G€E <
J1ofew :94G€ >1H [POD ‘sisdas Jo aduapIdU| SA96GE >1H 1H-]eob uo buipuadag 99 S3H "ewseld 7Y ‘SN (SL1=Uu) 1Dy [6/]1'3 orN
Yy isiyury/jul |/ 149107
dnoib Ut (9%6) 19 '(%02) %S0
B6y ur 21e1 Aljeriow saybiH SOT40 ‘Aujeniow / ISIY Ul Y/|W €0 14 AUp3 12BN +9%S5A ‘(%1£) SN (Sy=u) Dy (8] ‘gL Joupie
s1onpoid poo|q (%G UIw
-NQ|V dUisnjo|20) SPIoj|0d
Aujenow uaybly paJ23s ‘21eydsoyd ‘s1euoquediq
YHUM Pa1edOosse spinjj ss97 -UIWUPE SPINj JO SWINJOA JuswbpN( s uedisAyd / winIpos ‘9%605-5a ‘SH ‘SN (0g=u) Dy [ze1]'rd 10w
SN PUe Ty Usamiaq wawbpn(uep
9OURIIYIP 'SI1BJ JUIYIP -IsSAyd sA y/By/|u € +snjoq
U92M13Q 3DUIRYIP ON SYIS NNg B/1w 0z prepueis T4 SASN 10y [L¥]'g Pm
dnolb gy
219A3S 9Y3 U] A1j|e1IoW Jomoy
YlIM Pa1e1D0SSe YA JaybIH
AJjeriow
‘SIsK|elp ‘AW JO 21e1 paspaioul YA
Y1IM pa1e120sse gyAd JayBIH sisAeig ‘AN ‘Aujerion / S/ splojjeisAid (6¥86=U) DY [9/] ") esegeMNYy
7 1'y <D dnoin
11y - 1'g:gdnoin
o1kl VY dgsS [puou 15 Mo 71Ue>y dnoin 9%010/%Sd
pue 4y aJjow pey D dnoio A3EHOW D4dV ‘Nd 4O "Y/1W 05 <ON ‘%t >IH Y ¥ 3154 U SWN|OA | snjd SN (L¥T=U) DY [/]'3 euepeN-2Q
(Y ¥g/|W €0v'T)
Y ¢ 3514 943 Ul pala)
-slulwipe ¢/ >4 2107
Y ¢ 3514 943 Ul pala)
14 Aes yum -SIUIWpE SWNJOA PINY Y ¢/
P33e1D0Sse 40 ‘NDI‘SYIS 51 SOT'NDI 0 ‘SIS “Axjeron /  PI0)3YIJO €/ i AT (59583 JO 9658 Ul) SN (Fer=Uu) D4 (6] 'OW Jlopuiep
s)nsay juiodpua Apnis  julodpus uonedsSnsay uoneJisiulwpe jo ajey pIny Al Jo 2dAL ubisap Apnis sioyiny

(Panunuod) 1 3jqey



Crosignani et al. Annals of Intensive Care 2022, 12(1):98

Some laboratory values such as hematocrit (Ht) and
blood urea nitrogen (BUN) have been traditionally con-
sidered markers of hypovolemia and might contribute to
the assessment of fluid status. High values at admission
and their increase during the first 24—48 h could thus
indicate inadequate fluid resuscitation [56, 57].

Hemoconcentration (i.e., high Ht) is associated with
high fluid sequestration and increased blood viscosity,
which, by itself, might contribute to impaired pancreatic
microcirculation, favoring pancreatic necrosis [28]. Sev-
eral studies reported a higher probability of severe dis-
ease when Ht>45% at admission [57-60]. Likewise, the
failure to reduce Ht within the first 24 h has been linked
to inadequate fluid therapy and worse outcomes.

In addition, hypovolemia might lead to an increase
in BUN. Its specificity is, however, low, as the increase
might be multifactorial: hypovolemia, renal failure,
increased protein catabolism, and gastrointestinal bleed-
ing [61]. Nevertheless, high BUN values at admission
(>20 mg/dL, equivalent to plasma urea>42 mg/dL),
regardless of the underlying cause, and increasing values
at 24 h have been found to be predictive of organ failure/
mortality [61-65].

While both parameters are discussed in literature, Ht
might be a more appealing endpoint to guide fluid resus-
citation, as compared to BUN, being the latter more
influenced by other pathological conditions that are com-
mon in the critically ill patients. Moreover, Ht is relatively
simple to measure, as it is commonly calculated from the
results of the point-of-care arterial blood gas analysis.

Infusion rate and cumulative administered volume

The optimal timing and rate of fluid administration are
still unknown. Available guidelines recommend early and
aggressive fluid therapy [13, 38]. This definition refers to
a higher fluid rate in the first hours of the disease and a
lower rate in the following days.

Gardner et al. retrospectively analyzed fluid adminis-
tration over the first 72 h of hospitalization in a group of
45 patients with SAP [48]. When more than one-third of
the cumulative fluid volume was infused within the first
24 h, the treatment was classified as “early; while it was
defined as “late resuscitation” if less than one-third of the
cumulative volume was infused within the first day. As
expected, the difference in fluid volume administered in
the first 24 h was marked: almost five liters in the “early”
and less than 2 liters in the “/ate” resuscitation group.
Interestingly, the “early” experienced significantly lower
mortality as compared to the “late” group. Based on
Gardner’s and other similar findings, progressively larger
amounts of fluid have been administered in the early
phases of SAP [49, 50].
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Currently, different guidelines suggest a starting fluid
rate for patients with AP presenting with features of
hypovolemia (Table 2) [13, 33, 34]:

+ 5-10 ml/kg/h for the first 24 h until resuscita-
tion goals are achieved [33]. Suggested goals are
heart rate (HR)<120 bpm, mean arterial pressure
(MAP)>65 mmHg, urinary output (UO)>0.5 ml/
kg/h, and Ht 35-44%.

+ 250-500 ml/h of isotonic crystalloid for the first
12-24 h, with little benefit beyond this time period
and with the goal to decrease BUN and Ht [13].

+ 150-600 ml/h in patients with shock or dehydra-
tion, until MAP>65 mmHg and UO>0.5 ml/kg/h,
and 130-150 ml/h in patients without severe signs of
hypovolemia [34].

Other infusion strategies are reported in Table 2. After
the early critical phase, fluid rate is usually reduced to
2-3 ml/kg/h [36, 47, 66, 67]. Close clinical monitoring
and the definition of clear resuscitation goals are fun-
damental [68]. Generally accepted targets are urinary
output, reversal of tachycardia and hypotension, and
improvement of laboratory markers, such as BUN and
Ht. The usefulness of different endpoints to guide fluid
therapy is still debated. There is, however, general agree-
ment regarding the importance of close monitoring of
fluid status, to reduce the risks of fluid overload [13, 69].

In most cases, a cumulative volume of 2.5-4 L during
the first 24 h has been shown to be sufficient to reach
the resuscitative targets [33]. However, clinicians should
be aware that up to five or more liters per day may be
required in the initial phase [51, 70].

Complications of excessive fluid administration
Despite the clear benefits of IV fluid therapy, excessive
administration of fluids can lead to several complica-
tions. Overall, markedly positive fluid balances are asso-
ciated with worse outcomes in critically ill patients [71].
Fluid might be retained in the interstitial space leading
to interstitial edema, impaired organ perfusion, and pos-
sibly acute pulmonary edema. In the specific context of
SAP, intestinal wall edema and retroperitoneal edema are
feared complications for abdominal compartment syn-
drome development [22]. A global increased permeability
syndrome (GIPS) might develop in the context of persis-
tent systemic inflammation (i.e., high capillary leak) and
positive cumulative fluid balance (i.e., edema formation
and polycompartment syndromes) with persistent organ
failure [72, 73]. It is, therefore, fundamental to tailor fluid
therapy carefully.

Many authors described in observational studies an
association between high IV fluid volumes and increased
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Table 2 Suggested fluid therapy regimens in severe acute pancreatitis

Authors, year IV infusion rate (in the first 24 h)

Goals/endpoints

Comments

De Waele E et al. [70] 5-10 ml/kg/h /

Working group IAP/APA, [33];
Hines OJ, Pandol SJ, [5]

5-10 mi/kg/h

Clinical targets (UO>0.5 -1 ml/kg/h)
Invasive targets (ITBV, SVV)

Up to 250-500 ml/h for 24 h. Up
to>5000 ml may be necessary

2500-4000 mL in the first 24 h are usu-
ally sufficient

Laboratory markers (Ht 35-44%)

Buxbaum et al. [131] 20 ml/kg bolus, then 3 ml/kg/h

Urea, Ht, creatinine

Higher clinical improvement with
aggressive IV hydration

Tested only on mild AP
DiMagno MJ, [66] 5-10 ml/kg/h until hemodynamic HR < 120, MAP 65-86 mmHg, After 6 h check BUN:
stability, then 3 ml/kg/h uo>s0mlh e If <20 mg/dl or falling: change to
1.5 ml/kg/h
------ If not, infusion of 5-10 ml/kg/h

Yokoe M et al. [34] 150-600 ml/h

MAP > 65 mmHg and UO > 0.5 ml/

Reduce to 130-150 ml/h when dehy-

kg/h dration and shock are reversed
Pezzilli R et al. [36] Initial bolus of 20 ml/kg within Normal UO, MAP, HR. BUN <20 mg/dL, Monitor every 8-12 h for the first
30-45 min, then 2 ml/kg/h Ht 35-44% 24-48 h
Aggarwal et al. [67] Bolus 1000 mLin 1 h, then 3 ml/kg/h UO>0.5 ml/kg/h, Ht 25-35%, drop Continue for 24-48 h, until signs of
(200 ml/h) in BUN volume depletion disappear
Tenner Setal. [13] 250-500 mi/h Decrease Ht and BUN Benefits are limited to first 12-24 h
Fisher MJ, Gardner TB, [82] 250-300 ml/h Enough to produce a UO of 0.5 ml/ Tailor on patients’ characteristic, urine

kg/h output, blood pressure, and modest
decrease in hematocrit
Nasr JY, Papachristou Gl, [132]  Initial bolus 20 mi/kg, followed by BUN, Ht Subsequent maintenance: 2-3 ml/kg/h

150-300 ml/h (3 ml/kg/h)

Bolus 20 mi/kg in 30 min, then 3 ml/
kg/h maintenance

(1.5 ml/kg/h for less hypovolemic
patients)

Wu BU et al. [47]

Pandol Setal. [133] Level of dehydration: fluid rate
-Severe: 500-1000 mi/h
-Moderate: 300-500 ml/h

-Mild: 250-350 ml/h

Decreased BUN level

Vital signs, UO, Ht

No improved outcome in early goal
directed therapy was evidenced

Reassess every 1-2 h

AP Acute Pancreatitis; BUN Blood urea nitrogen; HR Heart rate; Ht Hematocrit; /TBV Intrathoracic blood volume; MAP Mean arterial pressure; UO Urine output; SVV

Stroke volume variation; / Not specified

intra-abdominal pressure, increased organ failure, and
mortality in the specific setting of AP [74-76]. The
observational nature of these studies, despite multiple
corrections and normalizations, limits the soundness of
the findings, as patients with more severe forms of AP
usually require more fluids and have a worse prognosis.
In this context, it is, therefore, difficult to establish the
definitive causal relationship between fluid volume and
outcome [43, 77].

To date, only a few randomized clinical trials (RCTs)
have compared a more aggressive versus a more conserv-
ative resuscitation strategy. A Chinese group conducted
two RCTs on patients with SAP. In the first study [78], a
group received a fixed fluid rate of 10-15 ml/kg/h, while
the second group received 5-10 ml/kg/h, as needed to
achieve hemodynamic stability. In the second trial [79],
a group received IV fluids at admission rapidly aiming at
a Ht<35%, while the other group had a Ht target>35%.
In both studies, the authors report a higher incidence of
sepsis, higher complications due to fluid overload, and a

higher mortality rate when fluids were administered in
high volume. The results of these studies are, however,
not definitive, as several flaws (unclear randomization
method, unreported incidence of necrosis, contradictory
data on the amount of volume infused) have been identi-
fied [80—-82].

In summary, it is still unknown how to identify the cor-
rect amount and rate of IV fluid to prevent or reverse the
evolution of organ failure and reduce the complications
due to fluid overload.

According to the most recent evidence and experts’
opinion, fluid therapy should be tailored based on
patient’s needs, enhanced in the first hours, and con-
tinued only for the appropriate time frame. For this
reason, fluid therapy is usually discontinued or signifi-
cantly reduced after the first 24 after admission. Of note,
patients who do not show a prompt clinical response
after the first 6-12 h of fluid therapy might not benefit
from a large fluid administration [13, 66, 82, 83].
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Types of intravenous fluids
The ideal IV fluid in the context of SAP should improve
hemodynamics/organ perfusion by restoring extra-
cellular fluid volume while modulating inflammatory
response in the presence of altered capillary permeability.
Crystalloids and colloids are the two broad fluid catego-
ries available in the critical care setting. In theory, they
have different distributions within fluid compartments,
resulting in different intravascular volume expansions.
Importantly, they show different adverse effects [84—86].
Studies comparing different fluid administration strate-
gies in AP used different types or combinations of IV flu-
ids: normal saline (NS), balanced crystalloids, or mixed
strategies using a combination of crystalloids and colloids
(such as albumin, starches, and fresh frozen plasma) [38].
Different IV fluids likely have a different impact on some
clinical outcomes [87]. In a retrospective study, Ye et al.
observed that an aggressive resuscitation strategy was
associated with an increased incidence of acute kidney
injury in patients with SAP [88]. Of note, both high vol-
ume resuscitation (>4 L in the first 24 h) and high chlo-
ride exposure due to NS infusion were independent risk
factors for acute kidney injury. High concentrations of
serum chloride have been associated with renal failure in
critically ill patients also in other studies [87, 89].

Crystalloids
Normal saline (0.9% sodium chloride solution) and bal-
anced crystalloid solutions (such as Ringer’s lactate) are
broadly used fluids. Balanced solutions are more similar
to extracellular fluid as they contain some organic anions
(buffers), which are metabolized once delivered to the
patient and allow to lower the chloride concentration of
the fluid. Different crystalloids have different strong ion
differences (SID), i.e., the difference between strong cati-
ons (mainly [Na+]) and strong anions ([Cl-]). According
to Stewart’s acid-base approach, SID is an independ-
ent variable affecting the pH of a biological solution [90,
91]. Normal plasma SID ranges between 33-40 mEq/L,
according to the used definition. A reduction in SID,
shifts the system toward acidosis while an increase in
SID toward alkalosis [92]. The SID of infused crystalloids
(after metabolism of the organic anions) might, there-
fore, significantly alter plasma SID and, therefore, affect
pH [85, 86]. Normal saline has a SID of 0 mEq/L as Na*
and Cl™ have the same concentration, and its net effect
is, therefore, always acidifying. On the other hand, the
infusional SID of balanced crystalloids ranges between 28
and 55 mEq/L with a reduced effect on plasma acid—base
[93].

Ringer’s lactate solution (RL), a slightly hypotonic,
balanced crystalloid, has been compared to NaCl 0.9%
for fluid resuscitation in a small RCT in patients with
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AP [47]. In this trial, patients randomized to RL had a
reduced prevalence of SIRS and a lower concentration of
C-reactive protein at 24 h post-admission. Similar results
were described by other authors [46, 94-97].

These findings might be explained by a possible immu-
nomodulatory, anti-inflammatory, and organ-protective
effect of lactate, but also to a detrimental effect of high
chloride concentrations [98]. Indeed, experimental ani-
mal studies suggest that an exogenous hydrochloric acid
load might worsen AP, as the local acidification at the
pancreatic acinar level could favor pancreatic edema/
necrosis [99]. While clinical data on this topic are lack-
ing, these findings provide an additional rationale for
avoiding the exogenous acid load resulting from the infu-
sion of large volumes of NaCl 0.9%. Finally, it might be
worth mentioning that isotonic fluids, besides providing
water, contain large quantities of sodium, which might
contribute to water and salt overload, ultimately favoring
edema formation [100-102].

Colloids

Colloids are solutions based on semi-synthetic or
plasma-derived molecules dissolved in crystalloids.
Human albumin, starches, gelatines, and dextrans are the
colloids used in clinical practice. In theory, these mole-
cules are large enough to be retained by semi-permeable
membranes and should exert higher colloidal-osmotic
pressures than crystalloids. Their putative advantage is
the achievement of higher volume expansions with less
infused volume and the longer persistence in the intra-
vascular space, conceptually leading to less edema forma-
tion and better hemodynamic stability [71, 84]. However,
their use in critically ill patients is highly debated [89].
Indeed, no definite benefit exists over crystalloids on
mortality, and colloids are rather known for their poten-
tially harmful effects [103].

In the specific context of AP, experiments conducted
in animals suggest that resuscitation with dextrans could
be superior to crystalloids, possibly due to improved
pancreatic perfusion [104, 105]. In humans, only a few
studies assessed the use of colloids for fluid resuscitation
of patients with AP/SAP. Zhao et al. compared patients
treated with hydroxyethyl starch (HES) and NS in a 1:1
ratio to patients treated with NS alone and observed a
shorter time to hemodynamic stability and microcircula-
tion perfusion improvement in the first group [45]. How-
ever, HES administration has been largely investigated
in critically ill patients and the adverse effects have been
shown in large RCTs [106, 107]. Thus, current evidence
does not support HES use in most patients admitted to
the ICU, including those with SAP [108].

It is, therefore, clear that no conclusive evidence exists
about the ideal fluid in SAP and guidelines do not provide
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a definitive indication, given the moderate quality of the
available evidence [109, 110]. However, most experts and
guidelines recommend crystalloids, and among them, RL
is usually indicated as the fluid of choice [111].

Fluid resuscitation: an individualized approach
Recent data support the importance of a tailored and
individualized fluid therapy in the context of SAP requir-
ing ICU admission [112]. As described above, early and
aggressive fluid therapy can be beneficial for some, but
deleterious for other patients. Aggressive fluid therapy
might be well-tolerated in patients with mild AP, as the
patient is able to eliminate fluids in excess. On the con-
trary, patients with SAP have persistent organ failure and
markedly increased vascular permeability. Here, a large
amount of IV fluids might lead to water and salt overload
and further worsen the disease [68, 83, 113]. Given the
potential harm of an inappropriate administration of flu-
ids in critically ill patients, patients need to be carefully
monitored [114].

Clinical endpoints that could guide fluid resuscitation
in patients with SAP can be classified in three groups:
noninvasive clinical parameters (1), invasive hemody-
namic parameters (2), and laboratory markers (3).

1. Clinical parameters that are commonly and easily
monitored are MAP, HR, and UO. A high HR and/
or a low MAP and UO can be indicative of low cir-
culating blood volume, oxygen delivery, and impaired
end-organ perfusion [115]. An HR<120/min, a MAP
between 65 and 85 mmHg, and UO>0.5 ml/kg/h
are desirable endpoints in the management of SAP.
Abnormal values alone or with other signs of organ
hypoperfusion should prompt fluid administration in
the early phase, [116, 117]. The skin mottling score
and the capillary refill time are other useful clinical
markers of microvascular perfusion and could be
helpful clinical parameters in this context [118].

2. Invasive hemodynamic parameters, such as those
obtained from a central line catheter or from the
arterial pulse contour analysis, are useful to assess
hypovolemia and fluid responsiveness. Static indi-
ces of cardiac preload like central venous pressure
(CVP) are still used in common practice, though
their use is highly debated. CVP values might be use-
ful as a safety limit to avoid fluid overload in the set-
ting of right-heart failure. Calibrated hemodynamic
monitoring systems, such as PiCCO (Pulsion Medi-
cal Systems SE, Feldkirchen, Germany), are based
on transpulmonary thermodilution. Such systems
are commonly available in the ICU and have been
investigated also in the specific setting of SAP with
promising results [119-122], showing that PiCCO

Page 9 of 15

parameters could better correlate with changes in
cardiac output and could guide fluid resuscitation
with favorable outcomes.

3. Lactate levels and central venous saturation are indi-
rect markers of organ perfusion and oxygen delivery
[123]. Inadequate organ perfusion and inadequate
oxygen utilization at the cellular level are the ultimate
result of massive fluid loss in early SAP and also a key
feature of hemodynamic shock state. In addition, Ht
and BUN, as previously mentioned, are useful labora-
tory markers which could help estimate the degree of
fluid sequestration at admission.

Four distinct phases of fluid resuscitation for critically
ill patients have been recently proposed and conceptual-
ized through the R.O.S.E. acronym (Resuscitation, Opti-
mization, Stabilization, Evacuation), which could also
be adapted for patients with SAP [114]. In the hypera-
cute phase (phase 1, Resuscitation), the patient might
be in hypovolemic shock and the physician must pro-
vide an early, adequate goal-directed fluid management
with an abundant fluid infusion. A positive fluid balance
is inevitable and tolerated to achieve adequate perfu-
sion. In the Optimization phase (phase 2), although still
hypovolemic, patients with SAP present a more com-
pensated shock. The individual fluid requirement must
be regularly assessed. The goal is to maintain adequate
tissue oxygenation to limit organ damage and to main-
tain a neutral fluid balance to avoid fluid overload. Intra-
abdominal pressure measurement has been advocated in
patients with abdominal problems, to monitor the pos-
sible development of abdominal compartment syndrome
[124, 125]. The Stabilization (phase 3) evolves over the
following days and signs of circulatory shock are absent.
Fluids are needed only to replenish ongoing losses.
Finally, the Evacuation (phase 4) starts with spontane-
ous evacuation (the “flow” phase) when the acute insult
resolves. When evacuation is not spontaneous, a strategy
of active fluid removal, using diuretics, might be pursued
[71]. If this model is applied to the clinical context of SAP
in its early phase, most of the fluid therapy is directed to
reverse hypovolemia in the Resuscitation and Optimiza-
tion phases. In both cases, an individualized approach for
fluids administration is advocated.

A single clinical marker alone unlikely reflects the over-
all volume status and the assessment of multiple param-
eters simultaneously is considered more reliable [113].
The patient should be frequently reassessed during the
first 24 h, ideally every 2-3 h to adjust fluid administra-
tion based on modification in these parameters, to avoid
under- or over-treatment [56, 68] (Fig. 2).

Over the first Resuscitation phase and the follow-
ing Optimization phase, the use of vasopressors (like
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ACUTE PANCREATITIS

Presenting with

hypovolemic shock

Presenting without
hypovolemic shock

Minutes

RESUSCITATION Rapid IV fluid boluses
(4-7 ml/kg)

Targets: MAP >65 mmHg;
lactate <2 mmol/l; UO >0.5 mi/kg/h

OPTIMIZATION

Continuous IV fluid for the first 12-24 hours
(start with 5-10 ml/kg/h, decrease to
2-3 ml/kg/h once resuscitation goals are met)

First 24 hours

FREQUENTLY REASSESS
MAP, lactate, UO, and use calibrated
hemodynamic monitoring (transpulmonary thermodilution)

INCREASE

- Increasing Ht
- Increasing BUN

- UO <0.5 ml/kg/h

IV FLUID RATE IF:

- MAP <65 mmHg
- Lactate >2 mmol/I

Days

DECREASE
IV FLUID RATE IF:
Signs of fluid overload
such as:
- Pulmonary edema
- Increasing CVP
- Increasing IAP

STABILIZATION
|

STOP/REDUCE continuous IV fluid

\ / EVACUATION

If fluid accumulation
+/- GIPS
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Fig. 2 Proposed algorithm for fluid resuscitation in severe acute pancreatitis. Hypovolemic shock is reversed with intravenous balanced crystalloids
until Resuscitation goals are met. In the Optimization phase, a continuous infusion should be provided to meet ongoing fluid losses. A continuous
Reassessment is required to assess further needs for fluids, guided by advanced hemodynamic monitoring systems, aiming to define the real fluid
requirements while evaluating any signs of fluid overload. The Stabilization evolves over the following days. Here, fluids are needed only to replenish
ongoing losses and the evacuation starts with spontaneous or induced evacuation when the acute insult resolves. [V Intravenous; MAP Mean arterial
pressure; UO Urinary output; Ht Hematocrit; BUN Blood urea nitrogen; AP Intra-abdominal pressure; CVP Central venous pressure; GIPS Global

increased permeability syndrome



Crosignani et al. Annals of Intensive Care 2022, 12(1):98

norepinephrine) could be considered [126]. During SAP,
hypotension is partially due to vasodilation and an hyper-
dynamic circulatory state usually follows fluid resuscita-
tion [127, 128]. In the very early phase, fluids are virtually
mandatory, but vasopressors might be administered as an
adjunct to temporarily increase a low MAP—while fluid
resuscitation is ongoing. During the following stages,
fluid requirement is constantly reassessed: a vasopres-
sor can be used when a low MAP is a concern, but the
patient seems otherwise euvolemic. However, a patient
with SAP and clear signs of hypovolemia should not
receive vasopressor instead of fluids, given the risk of fur-
ther organ hypoperfusion. Once fluid status is optimized
de-escalation should be considered [129].

Recent and ongoing research

Three main questions are still not completely answered
about fluid therapy during SAP. First, the optimal rate
and the extent of fluid administration in the early phase
of the disease. Second, the most accurate clinical and lab-
oratory endpoint to guide fluid resuscitation. Third, the
best fluid that, administered in large volume, could guar-
antee the highest efficacy and safety [38].

WATERFALL is a very recently published RCT [130].
The study aimed at comparing aggressive versus moder-
ate fluid resuscitation in patients with AP. Patients who
met the criteria for moderately severe or severe disease at
baseline were excluded. A total of 122 subjects received
an aggressive (RL 20 ml/kg bolus administered over
2 h followed by RL 3 ml/kg/h) and other 127 patients
received a moderate fluid resuscitation (RL bolus 10 ml/
kg in case of hypovolemia or no bolus in normovolemic
patients, followed by RL 1.5 ml/kg/h.). Patients in the
aggressive resuscitation group developed a significa-
tive higher fluid overload as compared to the moderate
resuscitation group, with no improvement in clinical out-
comes [130].

Other ongoing RCTs are mainly focused on the com-
parison between normal saline and other crystalloids.
Farrell et al. plan to enroll 80 pediatric patients with acute
pancreatitis receiving either RL or NS to assess inflam-
matory markers and SIRS status at 24 and 48 h (clinical-
trials.gov NCT03242473). Poropat et al. aim to enroll 276
adult patients with acute pancreatitis to receive either
Plasmalyte or normal saline as an initial bolus of 10 ml/
kg in the first 60 min after randomization, and then at
a rate of 2 ml/kg for the next 72 h (Clinicaltrials.Gov
NCT04688645). The primary endpoint of the study is the
incidence of SIRS.
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Conclusions

Fluid therapy is a key treatment of patients admitted
to the ICU with severe forms of acute pancreatitis. A
broadly accepted early and aggressive fluid therapy has
been recently questioned due to potential harm and not
definitive efficacy in clinical trials. Since there is a possi-
ble risk of under-resuscitation when a fixed infusion rate
is used, a more tailored approach is warranted. It should
be based on a careful assessment of the patient’s volume
status, with enhanced volume expansion in the first hours
of admission for the most severe cases. Crystalloids, and
in particular RL, are the fluids of choice, with a sug-
gested initial fluid rate usually ranging between 5-10 ml/
kg/h. Then, if at any time during the first 24 h resuscita-
tion goals are met, it is reasonable to reduce fluid rate to
2-3 ml/kg/h. Patients with SAP should be strictly moni-
tored in the ICU, where advanced hemodynamic moni-
toring systems are available to guide clinicians.

Abbreviations

AP Acute pancreatitis

BUN Blood urea nitrogen

Ht Hematocrit

HR Heart rate

ICU Intensive care unit

v Intravenous

MAP Mean arterial pressure
MOF Multi-organ failure
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RCT Randomized clinical trial
RL Ringer lactate

SAP Severe acute pancreatitis
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SIRS Systemic inflammatory response syndrome
uo Urine output
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