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Acute kidney injury following acute pancreatitis: A review

Nadezda Petejova, Arnost Martinek

Backround. Acute kidney injury (AKI) is a common serious complication of severe acute pancreatitis (SAP) and an
important marker of morbidity and mortality in critically ill septic patients. AKI due to severe acute pancreatitis can be
the result of hypoxemia, release of pancreatic amylase from the injured pancreas with impairment of renal microcircu-
lation, decrease in renal perfusion pressure due to abdominal compartment syndrome, intraabdominal hypertension
or hypovolemia. Endotoxins and reactive oxygen species (ROS) also play an important role in the pathophysiology of
SAP and AKI. Knowledge of the pathophysiology and diagnosis of AKI following SAP might improve the therapeutic
outcome of critically ill patients.

Methods and Results. An overview of the pathophysiology, diagnosis and potential treatment options based on a
literature search of clinical human and experimental studies from 1987 to 2013.

Conclusions. Early recognition of AKl and SAP in order to prevent severe complication like septic shock, intraabdominal
hypertension or abdominal compartment syndrome leading to multiple organ dysfunction syndrome is a crucial tool
of therapeutic measures in intensive care.
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INTRODUCTION an ongoing project that aims to produce evidence-based
recommendations for the prevention and management of
Severe acute pancreatitis (SAP), as one of the presen- ~ AKI (ref.™). In intensive care we can use for diagnosis of
tations of clinically acute abdomen is a systemic disease = AKI, the RIFLE (risk, injury, failure, loss, end stage) and
in which the local inflammatory pathological changes of  Acute Kidney Injury Network (AKIN) criteria'®!!. The key
the pancreas involve multiple organs'. SAP is an acute laboratory and clinically indicators are serum creatinine,
clinical syndrome characterised by acute onset, rapid pro-  urine output and glomerular filtration rate. The recent
gression, high incidence of complications and high mor- recommendation of The Kidney Disease Improving
tality, estimated as from 7% to 47% (ref.>*). One common  Global Outcomes (KDIGO) is to use a uniform definition
complication of SAP in critically ill patients due to intra-  of AKI, based on urinary output and on changes in serum
abdominal hypertension, septic shock and/or abdominal creatinine level'2. Both criteria are taken into account and
compartment syndrome is acute kidney injury (AKI). The = AKI is divided into three stages (Table 1).
presence of AKI means higher risk of morbidity and mor-
tality and also leads to increase in the economic cost of
treatment. AKI in the setting of SAP has been shown to
have a 10-fold increase in mortality (74.7% versus 7%) in Stage 1

Table 1. KDIGO criteria for classification of AKI (ref.'> %)

a study of 563 patients®. Another study reported an overall a) Scrincreased 1.5 - 1.9 times baseline or
mortality rate of 81% and 75%, respectively, in patients b) Scr>0.3 mg/dL (26.5 umol/L) or

with acute pancreatitis from AKI (ref.**). This syndrome ¢) UO <0.5 mL/kg/h during a 6 h period

is characterised by rapid loss of kidney excretory function Stage 2

and is typically diagnosed by the accumulation of end a) Scrincrease 2.0-2.9 times baseline or
products of nitrogen metabolism (urea and creatinine) or b) UO < 0.5 mL/kg/h during two 6 h periods
decreased urine output, or both®. The exact mechanism Stage 3

of AKI in patients with SAP is still unclear and it may a) Scrincrease > 3 times baseline or

involve many factors. The combination of renal disease b) Scr increase to 0.4 mg/dL (353 pmol/L) or
and SAP can occur as a result of systemic conditions that ¢) Initiation of RRT or

affect many organs not only kidney and pancreas. One d) UO <0.3 mL/kg/h during more than 24 h or
important question, therefore, is how to assure an early e) Anuria for more than 12 h

diagnosis of AKI before tubular dysfunction occurs and

thus hopefully prevent progression to established AKI  scr - Serum Creatinine, UO -Urine Output, RRT - Renal Replacement
(ref.”). The Acute Dialysis Quality Initiative (ADQI) is  Therapy
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There are also changes in the classification of SAP.
The original Atlanta classification of 1992 was revised and
updated by the working group and identifies two phases of
acute pancreatitis: early (first one or two weeks) and late
(thereafter). The severity of AP is categorized into three
levels: mild, moderately severe and severe, according to
the incidence of local and systemic organ complications'.

Knowledge of the pathophysiology of SAP and the
following AKI might improve the therapeutic outcome
of critically ill patients.

PATHOPHYSIOLOGY

Due to the difficult access to the pancreas in the sense
of acute intervention or biopsy in critical conditions, the
pathophysiology of SAP and AKI was studied using an
animal model. Experimental models of SAP have been the
most commonly performed on rats or cell cultures. In the
pathophysiology of both diseases it is important that AKI
can develop by the same mechanisms as SAP and is also a
severe complication of acute pancreatitis. Different events
are associated with AKI due to severe acute pancreatitis.
These include hypoxemia, release of pancreatic amylase
from the injured pancreas with resulting impairment of
renal microcirculation, decrease in renal perfusion pres-
sure due to abdominal compartment syndrome, intraab-
dominal hypertension and hypovolemia. Endotoxins and
reactive oxygen species (ROS) also play an important
role in the pathophysiology of SAP and AKI. In 1992,
a study was reported on the relationship between renal
tubular cell injury and serum phospholipase A, (PLA,)
activity in acute pancreatitis. Pancreatic phospholipase
A, was rapidly deposited in renal proximal tubular cells
causing damage. However, the exact mechanism of cell
toxicity was unknown'. Recent studies provide a more
comprehensive view. A large amount of PLA is released
by polymorphonuclear leukocytes and mononuclear mac-
rophages when SAP occurs and this causes degradation
of phospholipids characterized by acute inflammation
and necrosis of pancreatic parenchyma, necrosis of pan-
creatic fat, hemorrhage and inflammatory infiltration'®.
Pancreatic and kidney cells may die according to either
necrosis or apoptosis mechanisms. In contrast to necrosis,
apoptosis is an energy dependent mechanism. Apoptosis
occurs in the segment of the distal nephron, which is
relatively resistant to ischemic injury and necrosis oc-
curs more in the proximal nephron. In pancreatics acinar
cells, induction of oxygen free radicals promote apoptosis
whereas their inhibition leads to an increase in necrosis
accompanied by reduced ATP (ref.'”). The apoptotic path-
way is an active process requiring specific proteins, prote-
ases (now called caspases). Caspase activation is a point
of no return in the cell death pathway and even if caspase
activity is inhibited this usually just results in diversion
into a cell death pathway, independent of these proteases.
When talk about cell death in relation to the kidney, we
have to take into account the cell cycle events - specifi-
cally mechanisms of the G, phase cell arrest - and this re-
lationship was best described by Price et al (ref.!®). Severe
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forms of pancreatitis exhibit disbalance in the protease-
antiprotease system with activation of the complement
system, release of factor C5a, which in turn stimulates
macrophage and neutrophil recruitment. This further
promotes intraperitoneal inflammation and cytokine
activation via transcription factors such as nuclear fac-
tor kappa B (NF«B). The release of activating cytokines
involves both pro-inflammatory (tumor necrosis factor,
interleukins IL-1, IL-6, IL-8 and platelet activating factor)
and anti-inflammatory (interleukins I1L-2, IL-10 and IL-
11) cytokines®. Systemic inflammation with increase in
vascular permeability leads to exsudation with inflamma-
tory fluid accumulation in intraabdominal and retroperi-
toneal cavities and increase in intraabdominal pressure
with resultant intraabdominal hypertension (IAH) (ref.?°).
Abdominal compartment syndrome (ACS) is a severe
complication of SAP and is significantly associated with
patient prognosis. The increased intra-abdominal pressure
(IAP) reduces the blood supply to the abdominal organs,
leading to low perfusion in the kidneys and this is a com-
mon cause of AKI (ref.?"). Changes in visceral blood flow
with elevated IAP were well-described by Caldwell’s re-
search work in 1987 (ref.??). Later in another study it has
been reported that IAH leads to decreased renal arterial
blood flow and decreased perfusion of renal cortex?. All
these changes shunt blood away from the renal cortex
leading to impaired glomerular and tubular function and
significant reduction in urinary output?***. However, AKI
in SAP is much more complex and renal blood flow is also
altered because of changes in intrarenal hemodynamics
during sepsis. For this reason, of ventilation with positive
end expiratory pressure which can reduce renal perfu-
sion pressure (RPP) should also be used (ref.?°). RPP
can be defined as mean arterial pressure (MAP) minus
IAP (ref.?®). The earliest signs of increasing IAP include
oliguria and renal dysfunction?. These changes occur in
direct response to increasing IAP with oliguria developing
at an IAP of 15 mmHg and anuria at 30 mmHg (ref.?*).
Another mechanism proposed to explain this kidney
alteration is direct renal compression with consequent
ischemia and renal failure?. Several studies have shown a
relationship between intraabdominal hypertension (IAH)
and AKI. TAP of 12 mmHg was the optimal cut off for
AKI defined using the RIFLE classification in the study
of 123 patients treated on general ICU (ref.?”). As the
duration and intensity of IAP increases, direct compres-
sion of heart, lungs and aorta results in decreased cardiac
output, potentially misleading elevations in central venous
pressure and pulmonary arterial occlusion pressure, in-
creased intrathoracic pressure and hypoxia®’. However,
correction of cardiac output by volume loading does not
prevent AKI as has been shown in animal experiments®.
Conversely, excess fluid overload in critically ill patients
can lead to increased intraabdominal hypertension due to
endothelial dysfunction, increase of capillary permeability
and leak of fluids into the third space. Further, decreased
urine output and glomerular filtration are not only altered
during SAP with IAH. IAH also affects plasma renin ac-
tivity (PRA) and aldosterone (ALDO) levels®'. Direct re-
nal compression and renal venous hypertension increases
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renal vascular resistance by obstructing renal venous out-
flow and has been associated with renal dysfunction and
significant increase in PRA and ALDO levels®. Urinary
sodium and chloride concentrations decreased signifi-
cantly with elevated IAP and returned to normal with
abdominal decompression*. Activation of proteolytic en-
zymes, lipase, kinins and other active peptides too may be
some of the crucial mediators responsible for alterations
in the renin-angiotensin-system?*3*,

Understanding of the complex pathophysiology of
both diseases, AKI and SAP, is required to determine ade-
quate subsequent diagnostic and therapeutic procedure.

DIAGNOSIS

Early recognition of AKI in SAP is an important fac-
tor for potentially life-saving procedures in critically ill
patients. We have no definite parameter for daily clinical
routine for exact early determination of AKI diagnosis.
AKIT has traditionally been defined and detected by mea-
suring serum creatinine and blood urea nitrogen concen-
tration which can significantly increase after substantial
kidney injury and with time delay**-¢. The concentration
of serum creatinine depends on the muscle mass and can
be significantly lower in elderly and cachectic patients.
Serum creatinine is also secreted by the renal tubule
and this secretion can be modified by pharmacological
agents®. The glomerular filtration rate is determined
from 24 hour collection of urine or using the calculation
method of MDRD or Cockroft-Gault. However, both of
these calculation methods are affected by errors as they
are based on serum creatinine levels.

Early determination, incidence and mortality of
AKI has been investigated in several clinical studies®™!.
Bagshaw et al has described examination of urine micros-
copy and urinary biochemical tests in septic AKI. In this
study, the authors focused on differential diagnostics to
distinguish between pre-renal azotemia from acute tubu-
lar necrosis using urine sodium (UNa), fractional excre-
tion of sodium (FeNa) and fractional excretion of urea
(FeUrea) (ref.*?). UNa was found to be highly variable and
depended on time changes and use of diuretics. However,
UNa values >40 mmol/L were more consistent with ATN.
The detection of FeNa is based on the physiological prin-
ciple that filtered sodium is reabsorbed by the renal tu-
bules in pre-renal azotemia (FeNa<1%) and not in ATN
(FeNa>1%). However, in patients treated with diuretic
agents or on rhabdomyolysis, contrast nephropathy and
hypo- and hyperaldosteronism, the results may unclear**3,
In contrast to FeNa, the FeUrea>35% has been shown to
have greater sensitivity and specificity in determination of
septic AKI (ref.**). Renal tubular cells and muddy brown,
hyaline or granular casts have been commonly found in
urine microscopy of septic ATN (ref.*).

On the other hand, since serum creatinine is a poor
predictor of AKI and is detected in serum with a time-
delay, other markers of AKI are needed. Cytokines in
particular are easily measured and are potential bio-
markers of AKI. Several serum and urinary biomarkers
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have been recently investigated in AKI and characterised
as more sensitive indicators of AKI than serum creati-
nine or urea nitrogen*®>'. An ideal renal biomarker would
be easily measured, inexpensive, sensitive to detection of
subclinical injury and correlate prognosis with onset and
severity of injury. Last but not least, it would be sensitive
to renal recovery and response to therapy and allow iden-
tification of AKI subtypes and etiologies’>>*. The most
promising biomarkers are urine and plasma Neutrophil
Gelatinase-Assotiated Lipocalin (NGAL), urine interleu-
kin 18 (IL-18), urine Kidney Injury Molecule 1 (KIM-
1), plasma cystatin C, urine pi-glutathione S-transferase
(pi-GST), urine tissue inhibitor of metalloproteinases-2
(TIMP-2), urine insulin-like growth factor - binding pro-
tein (IGFBP-7) and urine liver fatty acid binding protein
(L-FABP) and serum and urine interleukin 6 (IL-6)
(ref.’®). The first mentioned biomarker associated with
AKI commonly detected in plasma and urine is NGAL
- a 25-kDa protein covalently bound to gelatinase from
neutrophils and markedly induced in injured epithelia®’.
NGAL is also increased in cisplatin toxicity, radiocontrast
nephropathy and hypoxia mediated nephrotoxicity. The
performance of serum and urine NGAL in the setting of
AKIT following cardiac surgery, in sepsis or burn, has been
investigated in several studies in critically ill patients>®>>%,
Cystatin C is a cysteine protease inhibitor that is synthe-
sized and released into the blood at a relatively constant
rate by all nuclear cells. It is freely filtered by the glomeru-
lus, completely reabsorbed by the proximal tubule, and
not secreted®. The use of cystatin C in prediction of AKI
in critically ill patients has been also investigated after car-
diac surgery, after application of nephrotoxic drugs and
recently during renal replacement therapy for prediction a
renal recovery**%. Cytokines are also potential biomarkers
of AKI and are easily measured in ICU practice. Urine
and serum IL-6 increase early in patients with AKI and
reflect the failure of proximal tubule metabolism of IL-6
(ref.®!). The serum concentration of IL-6 and inter - cellu-
lar adhesion molecule 1 (ICAM -1) are also good markers
for predicting SAP (ref.??).

Two multicenter observational studies in critically ill
patients at risk of AKI, were recently undertaken to vali-
date and discover cycle cell arrest biomarkers in human
AKI. The primary endpoint of validation was develop-
ment of moderate to severe AKI (KDIGO stage 2 to 3)
in critically ill patients within 12 hours of sample collec-
tion. The two top biomarkers validated were: IGFBP-7
and TIMP-2 both inducers of G cell cycle arrest, a key
mechanism implicated in AKI (ref.’%).

TREATMENT

Clinicians have 4 aspects to consider in the man-
agement of AKI associated with SAP: 1) treatment of
underlying disease (pancreatitis), 2) intraabdominal hy-
pertension and abdominal compartment syndrome treat-
ment measures, 3) renal function supportive measures
and 4) renal replacement therapy (RRT).
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Treatment of underlying disease (SAP)

The treatment of SAP depends on illness severity and
also on the patient’s clinical condition. After the diagnosis
of SAP, it is necessary to predict severity of the disease
using various scoring systems: APACHE II, SOFA or
BISAP. In the management of SAP treatment multi-disci-
pline measures are an important step. The basic principles
of SAP treatment includes usually: a) emerging hospitali-
sation, b) monitoring of vital function, c) restriction of
oral intake, d) adequate enteral and parenteral nutrition,
e) adequate analgesic treatment, f) the emplacement of
nasogastric tube, g) antibiotic treatment for infectious
complications, h) percutaneous drainage, endoscopic
therapy or abdominal laparotomy. The basic standard
for diagnosis of pancreatic necrosis is contrast-enhanced
computed - tomography. However, cross-sectional imag-
ing in the early phase of evaluation is not associated with
improved outcome, but is very important and usually
used between 48-72 h after hospitalisation. Antibiotic
treatment in SAP is still a controversial option and some
studies recommend use of antibiotics agents only if the
complications of sepsis are presented but not for their pre-
vention®*®, In addition, broad spectrum antibiotics with
good tissue penetration are necessary to prevent infection
in SAP after CT-proven pancreatic necrosis®®. Patients suf-
fering from infected necrosis, massive hemorrhage, bowel
perforation, sterile necrosis with clinical deterioration or
symptomatic organized necrosis are usually indicated for
surgical intervention®’.

Experimental animal studies, have reported the protec-
tive effects of dexamethasone on multiple organ injury
in rats with SAP. There was no significant difference in
survival between the dexamethasone treatment group and
the control group of rats. Nevertheless, the pancreas, liver,
lung and kidney pathological scores were significantly
lower in the dexamethasone treatment group (P<0.001 to
P=0.046 respectively) (ref.%®). In another study, the same
authors showed the effect of dexamethasone on NF-«xB
expression in multiple organs in rats with SAP. They con-
cluded that dexamethasone can lower the plasma amylase,
plasma endotoxin, serum TNF-a and reduce the NF-«B
expression in the liver and kidney and apoptosis may be
a protective response to pancreatic cell injury'. Esrefoglu
M. summarized experimental and clinical evidence of
antioxidant therapy e.g ascorbic acid, alpha tocopherol,
beta-carotene, melatonin, carnitine and N-acetyl-cysteine
in cases of AP. Use of antioxidant regimens in the man-
agement of AP as a supplement and combined with
conventional therapy are reasonable, but there are no
sufficient data for using them alone'. Another study on
rats showed an anti-inflammatory effect of pentoxifylline
by inhibiting NF-«B activation in acute pancreatitis and
pancreatic ischaemia-reperfusion (I-R) models. The aim
of this experimental study was to evaluate the effect of
pentoxifylline administration in a rat model of pancreatic
I-R injury. Significant reductions in serum TNF-a, IL-6
and IL-10 were observed in the group treated with pentox-
iphylline compared with the group without pentoxifylline
(P<0.05). The histologic score was significantly lower in
pentoxifylline-treated animals, denoting less severe pan-
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creatic histologic damage. Pentoxifylline administration
in this study reduced the systemic inflammatory response,
the pancreatic histological lesion and renal dysfunction
in pancreatic I-R injury®.

The efficacy of blood purification methods including
hemofiltration or hemodialysis in the treatment of un-
derlying SAP by ameliorating the systemic inflammatory
response has been investigated in several studies.

In the early phase of severe acute pancreatitis (SAP),
serious pulmonary complications which are directly corre-
lated with mortality are very common. Endothelial injury
has been shown to play a key role in the pathogenesis
of acute respiratory distress syndrome (ARDS) (ref.”?).
Continuous blood purification (CBP) has been widely
used in treating patients with multiple organ dysfunction
syndrome (MODS) including ARDS (ref.”). However,
there are a recent data of a Chinese study, which inves-
tigated the efficacy of continuous venovenous hemofil-
tration (CVVH) in treating SAP in previous performed
studies. Four comparative studies and seven case series
comprising a total of 354 patients were included. The
overall mortality rate of patients receiving CVVH was 20%
(55/275). After CVVH, the patient conditions improved
between the 6™ and 72 hour. Overall however, no solid
clinical evidence has proven the efficacy of CVVH in
treating SAP. High-volume CVVH that is initiated early
and sustained for at least 72 h may be adopted to investi-
gate the efficacy of CVVH for treating SAP (ref.”!). The
aim of the Gong et al study was to investigate the effect
of high-volume hemofiltration (HVHF) on ameliorating
immune dysfunction in patients with severe acute pancre-
atitis (SAP). The patients were assigned to the standard
medical treatment group (SMT group, n=4) or the HVHF
group (n=8) at the outset, in a 1:2 ratio. The SMT group
were given standard treatment for SAP, while the HVHF
group were given standard as well as 72-h HVHF treat-
ment initiated within 2 h of the start of the study. Plasma
levels of IFN-gamma, TNF-alpha, IL-1, IL-2, IL-5, and IL-
13 in the HVHF group were significantly lower than those
in the SMT group. Peripheral CD4+ and CD8+ T cells,
monocyte count, and HLA-DR expression were increased
significantly (P<0.05) only in the HVHF group, not in the
SMT group. In this study HVHF significantly reduced
plasma inflammatory cytokine concentrations including
those of IFN-gamma, TNF-alpha, IL-1, IL-2, IL-5, and
IL-13, while it increased monocyte HLA-DR expression
in patients with SAP (ref.”?). The use of different types of
blood purification in non-renal indications for treatment
SAP in previous human studies is summarized in Table 2.

Intraabdominal hypertension and abdominal compart-
ment syndrome treatment measures

The first recommended approach is early recognition
of IAP and ACS, and if the clinician needs to make that
diagnosis he or she needs to measure the IAP in clinical
practice. Routine measurement of IAP in patients admit-
ted to the ICU because of SAP is rarely performed, which
makes it difficult to determine the exact magnitude of
the problem?®?. The IAP can be measured directly by an
intraperitoneal catheter or indirectly by gastric or the uri-
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Table 2. Blood purification modalities on treatment SAP in human studies.

. & z s =
& = = m °
Study 5 g %% g g 6 g
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Chu LP et al. 2013 (ref.”) 30 MODS PHVHF/ decrease PHVHF NA decrease PHVHF PHVHF
CVVH decrease> improved  improved
Zhu'Y et al. 2011 (ref.’) 75 MODS HVHF NA NA NA NA improved  improved
Yang C et al. 2010 (ref.”®) 51 SIRS HF+PD NA decrease decrease decrease NA NA
Yu C et al. 2008 (ref.’) 16  SIRS HV-CVVH decrease decrease NA decrease improved  improved
Pupelis et al. 2007 (ref.”’) 111 SIRS/ CVVH NA NA NA NA improved  improved
MODS
Chen ZH et al. 2007 (ref.”®) 20  SIRS/ CVVH NA NA NA NA improved  improved
MODS
Jiang HL et al. 2005 (ref.”?) 37  SIRS CVVH (high/ NA decrease NA decrease NA improved
low volume)
Oda S et al. 2005 (ref %) 17 SIRS CHDF NA decrease NA NA NA improved
Wang H et al. 2003 (ref.*") 28 MODS CHVHF NA NA NA NA improved  improved
Xie H et al. 2003 (ref.*?) 13 MODS CVVH NA NA NA decrease improved  improved

BP - Blood Purification, MODS - Multiple Organ Dysfunction Syndrome, IL-6 - interleukin 6, IL-8 - interleukin 8, IL-10 - interleukin 10, SIRS -
Systemic Inflammatory Response Syndrome, TNF alpha - tumour necrosis factor alpha, APACHE II - Acute Physiology and Chronic Health
Evaluation II score, CVVH - Continuous Venovenous Hemofiltration, NA - not available, HV-CVVH - High-Volume Continuous Venovenous
Hemofiltration, PD - Peritoneal Dialysis, PHVHF - Pulse High-Volume Hemofiltration, CHDF - Continuous Hemodiafiltration, HVHF - High-
Volume Hemofiltration, CHVHF - Continuous High-Volume Hemofiltration

nary bladder pressure®*33. Usually the bladder has been
used as the method of choice for measuring IAP and this
easy technique is a closed sterile system which does not
increase the previous reported risk for urinary tract infec-
tion®*¥’. One important disadvantage in the intermittent
technique that interferes with urine output without the
option of obtaining a continuous trend?®®. Comparison
of intermittent and continuous intra-abdominal pressure
monitoring using an in vitro-modes has been described by
McBeth et al which showed no evidence to suggest the
superiority of one method over the other®. The presence
of IAP > 15 mmHg was connected to higher mortality and
severity of SAP and also with impaired renal function®.
The management of necrotising pancreatitis has been
changing over the last decade. Surgical debridement was
the preferred treatment to control necrotising pancreatitis
in the past. Using ultrasound or CT confirmation of asci-
tes and pancreatic pseudocysts, the first step of IAP treat-
ment might be percutaneous drainage. Decompressive
laparotomy in high IAP 21-49 mmHg with development
to ACS has been reported in several studies as the most
effective way of decreasing IAP (ref.?¥%). Plaudis et al
described abdominal negative-pressure therapy in their
prospective study with 25 surgical patients as a new
method in countering ACS and peritonitis®. However,
management of the open abdomen is still associated with
a number of complications including persistent sepsis and
development of multiple organ dysfunction®?. The sec-
ond step is control of fluid balance for maintenance of
adequate organ perfusion and also to control the third
space. Pupelis et al described the use of early continuous
venovenous hemofiltration in a study with 130 critically
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ill patients suffering from SAP with IAH. Development
of MODS and sustained increase of IAP>12 mmHg was
a strong indicator for commencement of CVVH in these
patients. Application of CVVH in 75 of studied patients
resulted in faster decrease in IAP during the first phase
of the disease when IAP reached 10.6+3.9 mmHg within
two weeks, while the mean IAP in patients treated without
CVVH was still elevated at 12.9+4.1 mmHg (ref.°).

Renal function supportive measures

Significant risk factors for AKI in patients with SAP
include history of renal disease, hypoxemia, and ACS.
Measures that can prevent AKI include homeostasis main-
tenance, adequate perfusion of the kidneys, adequate oxy-
genation, and abdominal decompression to avoid ACS.
As mentioned previously, adequate renal perfusion is the
most desired measure for support and preservation of
renal function. Further, aggressive volume resuscitation
might preserve cardiac output, but is an independent pre-
dictor of developing secondary ACS (ref.**). In patients
with IAH and septic shock, use of norepinephrine (NE)
probably has an appropriate effect on maintaining renal
perfusion. NE has been reported to increase renal blood
flow, urine output and creatinine clearance in experimen-
tal and human sepsis through a combined increase of
renal perfusion pressure and an increase in renal vascu-
lar conductance®*3. Norepinehrine is more potent than
dopamine at doses ranging from 0.01-3.3 ug/kg/min to
achieve increase of MAP in hypotensive patients after
fluid resuscitation®®®. The targeted mean MAP with NE
therapy varied in several studies, but was as high as 75
mmHg. Improvements in renal function with increased
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perfusion pressure, have not been demonstrated in pro-
spective randomized studies!®. Several human cell studies
have shown that low-dose furosemide can improve renal
hemodynamics and attenuate ischemia-induced apoptosis
and high concentration of furosemide have immunosup-
pressive properties by reducing IL-6, IL-8 and TNF-a
(ref.’!), On the other hand, furosemide may aid in the
management of fluid overload by increasing natriuresis
and diuresis'®2.

The option of using diuretic therapy in the case of
decreasing urine output in early AKI is controversial and
we need relevant randomized double-blind, placebo con-
trolled trials of early furosemid therapy in these cases. It
is important for eventually further recommendation of
this treatment'®.

In one experimental animal study, Zhang XP et al.
reported some protective effects and the mechanism of
Baicalin and Octreotide on renal injury in rats with SAP.
The authors showed from histopathological tissue micro-
array sample of kidney inhibition of inflammatory media-
tors, decreasing the expression level of Bcl-2 protein and
enhancing the apoptosis-promoting effect of Bax dimmer
to induce apoptosis of renal tubular cells!®.

Renal replacement therapy

The renal indications for RRT or blood purification as
mentioned previously in patients with AKI following SAP
do not significantly differ from other critically ill patients.
Fluid overload unresponsive to diuretics, severe metabolic
acidosis, hyperkalaemia (>6.5 mmoL/L), severe oliguria or
anuria (urine output <200 mL over 12 h) and clinical com-
plications of uremia are the conventional criteria for initia-
tion of RRT in acute kidney injury®. The choice of RRT
modality intermittent or continuous is determined by the
patient’s clinical condition especially hemodynamic status.
Continuous renal replacement therapy (CRRT) is usually
preferred in patients with severe hemodynamic instability,
treated with high doses of vasopressors. CRRT methods
can be performed in multiple modalities: using filtration
alone in continuous venovenous hemofiltration, dialysis
alone in continuous venovenous hemodialysis (CVVHD)
or using a combination of both physical principles in con-
tinuous venovenous hemodiafiltration (CVVHDF). The
primary goal of anticoagulation for CRRT is to extend
circuit life!. The patients with SAP are in high risk of
bleeding and if the CRRT is given, regional citrate anti-
coagulation of the circuit is the best choice. Citrate can,
hovewer, with inadequate use cause metabolic derange-
ments. Full advantages of citrate can only be realized if
its risk are well- controlled!®. Extended daily dialysis or
slow low-efficiency daily dialysis are preferred intermit-
tent methods in hemodynamic stable patients. Clinicians
have some concerns about the right timing of RRT and
recovery of renal function in critically ill patients. The
comparison of continuous and intermittent renal replace-
ment therapy has been shown in a study of 191 patients
with AKI including 125 patients who were treated with
CVVHDF or high-flux IHD in the ICU. The primary end
point of the study was all-cause mortality in the ICU and
in the hospital and secondary endpoint were vasopressor
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requirement, hemodynamic stability and renal function
recovery. Of the 64 patients who survived, 97% had com-
plete or partial recovery of renal function. The percentage
of patients with full recovery of renal function was 50% in
the CVVHDF and 42% in the IHD group. There was no
difference in the number of patients or the rate of vaso-
pressors in the two groups'®. We have no relevant studies
in adult patients specifically investigated for intensity of
renal support in patients with AKI following SAP. For this
reason, we have to determine the therapeutic approach
based on results from studies on animals or experimental
models. Or we can use results from human studies in all
critically ill patients. Intensity of renal support in critically
ill patients with AKI has been investigated in the VA/NIH
study that compares intense and less intensive therapy:
CVVHDF at a filtration dose 35 mL/kg/h and IHD or
SLEDD 6 times per week or CVVHDF at a filtration rate
20 mL/kg/h and IHD or SLEDD 3 times per week. In this
multicenter, randomized, controlled study were included
1124 adult patients. There was no added benefit from an
intensive (high-dose) treatment strategy compared with
more conventional, less-intensive strategy. There were no
significant differences in mortality and kidney function re-
covery and duration of RRT (ref.!°7). The multicenter, mul-
tinational, prospective, epidemiological study - The BEST
(beginning and ending supportive therapy for the kidney)
with 1700 patients including 1260 who were treated with
RRT, found that RRT practice was quite varied around the
world. RRT practice is not aligned with the best evidence
and variations in practice may be responsible for signifi-
cant morbidity'®.

In general, RRT treatment is usually adapted to the
patient’s individuality and to the clinician’s experience.

CONCLUSIONS

Acute kidney injury is a known complication of severe
acute pancreatitis and can lead to a poor outcome in criti-
cal illness. Early recognition of AKI and SAP to prevent
severe complications like septic shock, intraabdominal
hypertension and abdominal compartment syndrome
leading to multiple organ dysfunction syndrome is cru-
cial in intensive care. When renal replacement therapy
is necessary, we have to consider not confusing the dis-
eases. We can choose the best method for the patient’s
actual clinical condition with regard to the possibility of
influencing the systemic inflammatory response, renal
recovery, metabolic status and fluid management.
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