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( In Bachmann and colleaguéswell-designed study,
Abstract severe pancreatitis was induced in 34 anesthetized pigs
In | studies ¢ o N atitis, through an intraductal infusion of bile acid followed by

” al anesthesia appear lance thg ligation of the pancreatic duct. Animals were randomly

( Jl e end-or¢ Ision,| assigned to receive SAP alone or SAP with a TEA infu-

and favorably influenc lity. The application of |  sion started 75 minutes after SAP was initiated. Over the
thoracic epidurals in the critically nan patientis| course of a 6-hour period, pancreatic tissue oxygen

s ar. Methodological difficulties in reliably assegsirignsion and microcirculation were directly measured by
mesenteric flow have hampered progress, and clinical using a polarographic probe and laser Doppler imager,
concerns surrounding this potentially attractive respectively, after which anesthesia was ceased and the
therapeutic modality reain 'd. Future animals were closely monitored for 7 days prior to sacri-

h needs to focus on the impact of epidural fice. S in tissui on al ula-
anesthesia on basic hum il parameters to| tion were observed after induction of SAP in both
help direct further randomized studies in human disease.groups, but perfusion and oxygenatior itly

g I when \ was started in the treatment group.

In addition, 1 was significantl erin t A

In recent years, researchers have examined a number Qfroup than the control, which had mortality rates of
therapeutic modalities aimed & 1g th ch- joganc 4%, respectively.

nic I, in the hope of g the hos ' This study provides rt to the theory that
response to the insult causing pancreatitis. In the previouschanges in pancreatic ’)n an U IXy-
issue of Critical Care, Bachmann and colleagues [1] 1 2 to the progression of SAP [4]. The
explored the is that regional sympathetic block-peneficial effect of TEA in this study appeared ate
ade, through the use of thoracic epidural anesthesic y to the effects ¢ it ade on the
(TEA), may 2 ic w and ve > 1 and ot ll n, as
: nin . 1e model of severe acute | indices of n such as cardiac output and
pancreatitis (SAP). Acute pancreatitis is @ common surgi-p|ood pressure were tightly »d. Standardization
cal emergency with an annual ca: nce ) 3%f intravascular volume replacement in each group was
1. The tly publishe seritical, as previous studies have shown that different

n has stratified the disorder in'_ild, intravenous fluid preparations can independently influ-

3, anc re categoric  3AP is associated Withece the outcome of SAP [5]. The on of the

rate of up to 6 and is characterized by theepidural catheter (T7/8) was confirmed b am

e of OUrpoth at the start of the procedure and after sacrifice.

the onset of the attack [2]. Th )9y of Definitive proof of epidural spread was not established,
severe pancreatitis it et to be ful - ted, I in-and so the 1t of the sympathetic block and the in-
> pancreatt L lona OXigolvement of the  / escoL 1ot ssed.

'play wroleil  ly disease progression [3]. These results are undoubtedly interesting, but how

- i v—. 5 applicable are they to our daily clinical practice? At
Cgr%rt;?nsep(;) 2;;sr:::oe?lrt];oIgg;/elr?(g:e;gﬁt&oup, Scarborough Hospital, prgsent, y still exists as to_the effects of thoracic
Woodlands Drive, Scarborough YO16 6QL, UK epidurals on the n 16 n me
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clinical trials, in which ic d W was 2.
| y, demonstrated on i nal
1, which was xd with the administra- 5
tion of intravenous s alone. Conversel 1er human
studies demonstratec ses atic blo  low and"
% al blooc  w by usin a ers of
tissue perfusion. In al models of shock and sepsiss.
TEA seems to have ¢ ve effect i ting
. n, Ui the physiological response
 be it in 1s. Furthermore, research in
humans has been hampered by th ack of usé-
Il technique to measure splanchnic flow,
non-invasively [6].
The use of TEA in patients with SAP poses further
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clinical problems. rse
? What about tt
y and epidural
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patients with a biliary etiology who may well be jaundiced?
| do you 2 TEA, when the recovery from
an episode of SAF a1k eks and there is evidence
of
that 3 arein ? Hematological markers of
I may be 'd due to the acut ory
response in pancreatitis ng ar gns Jral-
w do yo 2 ims of increasing
back pain or deteriorating motor function when the
patients may have impaired cognition or require invasive
ventilation? Although some initial feasibility studies of
TEA in SAP have been performed, tt ers ants
assessed ai w to show any meaningful difference in
the significant, but rare, complications of TEA [7]. Despite

this, as the o)
it may be reasonable t 2pt nall rate of TEA
5 fa r n in y was

confirmed.

The use of TEA in the acute clinical setting of SAP and
sepsis remains a fascinating area of research. Reliable
non-invasive measures of splanchnic perfusion require
development to allow further evaluation of the effect of
TEA on basic human physiological parameters and to help
direct randomized trials in critically ill patients.
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Abstract

Introduction

Severe acute pancreatitis is still a potentially life tten@ag disease with high mortality. The
aim of this study was to evaluate the therapeutic effect ct¢hoepidural anaesthesia (TEA)
on survival, microcirculation, tissue oxygenation and histopathologic glama an
experimental animal model of severe acute pancreatitis in a prospectia sinidy.

Methods

In this study, 34 pigs were randomly assigned into 2 treatment grAfips.severe acute
pancreatitis was induced by intraductal injection of glycodedmdiic acid in Group 1 (n
17) bupivacaine (0.5%; bolus injection 2 ml, continuous infusion 4 ml/h) wasedpph
TEA. In Group 2 (n = 17) no TEA was applied. During a period of 6 houes iafluction
tissue oxygen tension (tpin the pancreas and pancreatic microcirculation was assgssed.
Thereafter animals were observed for 7 days followed by atitin and histopathologjc
examination.

Results

Survival rate after 7 days was 82% in Group 1 (TEA) versus 29%aopX2: (Control) P
<0.05). Group 1 (TEA) also showed a significantly superior microation (1608 + 374
AU versus 1121 + 510 AWP <0.05) and tissue oxygenation (215 + 64 mmHg versus 138 +
90 mmHG;P <0.05) as compared to Group 2 (Control). Consecutively, tissue dampge
Group 1 was reduced in the histopathologic scoring (5.5 (3 to 8) versus & (509; P
<0.05).

Conclusions

TEA led to improved survival, enhanced microcirculatory perfusion angetisgsygenatiol
and resulted in less histopathologic tissue-damage in an expefisu@ntal model of severe
acute pancreatitis.

-

Introduction

Severe acute pancreatitis (SAP) is a life threateningasksvith a high mortality despite
improved treatment strategies. The incidence of severe acuteepatis increased during the
last decades [1,2]. The progress from mild edematous, to hemorrhagitizieg form
determines outcome [3-8]. Up to now, no causal treatment of pansreakhown. Though
the pathophysiologic cascade of the development and progress is pooldystood,
microcirculatory disturbances are considered to be a key factor [9,10].



The rationale of this trial is based on the generally accdpteaig that an improvement of
pancreatic microcirculation prevents the progression from mildmatbus to severe
necrotizing pancreatitis [3-7,11]. Different therapeutic interegrstifor improving pancreatic
microcirculation have been evaluated in the last years [9,12-16]. pehei@ efforts aim at
saving injured tissue from infarction and necrosis by improving mil@aatory perfusion

and oxygen supply. The main idea in our approach is sympathetic bldbkragic epidural

anaesthesia (TEA) with consecutive redistribution of blood flood towledsplanchnic

vessels [17]. This effect could be demonstrated in various [ti&l21]. In perioperative and
experimentally induced hemorrhage positive effects due to epicamaksthesia on
gastrointestinal microcirculation could be demonstrated [22,23]. TEhdr is reported to
improve renal and gastrointestinal perfusion during endotoxemia [22,24,25]isTdiso true

for microvascular blood flow in the liver or ileal mucosa in othewdels of systemic
inflammation [24,26]. Some first attempts also showed promisisgtsefor the use of TEA
in pancreatitis demonstrating reduced liver injury, improved ieatosal capillary perfusion
and survival as well as pancreatic microcirculation in the rat [26-28].

Another aspect is, that microcirculation is also dependent fromogiesrlatory conditions
and an adequate macrocirculation is an indispensible precondition. Farateal of
macrocirculatory conditions meaning of advanced hemodynamic monitasigubstantially
increased in recent years in intensive care and perioperativeysgR9]. In parts, results of
this study have already been reported demonstrating the impaeb different treatment
strategies for early goal-directed fluid therapy [30]. Howgeverdate no data and final
validation exist evaluating the therapeutic effect of TEA in seaeute pancreatitis during
controlled hemodynamic conditions. We hypothesized that improvementuojamnculation
due to redistribution of blood flow in the inflamed tissue by TEA waoekllt in improved
pancreatic microcirculatory conditions and outcome in severe acute paigreatit

Therefore, the aim of this study was to evaluate the thetfapefiects of TEA in an
experimental model of severe acute pancreatitis. Primary outcanadle was survival after
7 days. Secondary outcome variables were pancreatic micratiocul and tissue
oxygenation during the first six hours after induction as welhasextent of histopathologic
tissue-damage.

Materials and methods

The study was approved by the Governmental Commission on the ri¢atésa of Animals
of the City of Hamburg. The animals received care in comgiawith the OGuide for the
Care and Use of Laboratory AnimalsO (NIH publication No. 86D23, reif@8) and
experiments were carried out according to the ARRIVE guidelines [31].

Study design

The study was designed as prospective randomized trial in 3dha@edomestic pigs
(German Hybrid). Animals were randomized to two different treatngroups: Group 1
(TEA, n = 17) received thoracic epidural anaesthesia after iotucf severe acute
pancreatitis. In Group 2 acute pancreatitis was induced, however Aonvak performed
(Control; n=17).



Anaesthesia and surgical preparation

After fasting overnight ketamine (10 mg/kg), azaperone (4 mgrfkglazolam (15 mg) and
atropine (0.0015 mg/kg) were administered for premedication. Afteoxygenation
induction of anaesthesia and orotracheal intubation were performed. Continfusisn of
fentanyl (0.05 mg/kg/h) and sevoflurane (Fet 2.0) were used fanded anaesthesia. The
animals were mechanically ventilated using tidal volumes of 1Rgmlhspiratory oxygen
fraction (FIQ) was set at 0.35 and respiratory rate was adjusted to maintienperiatory
pCO2 at 3540 mmHg (Zeus, Draeger Medical Systems, LYbeck, Geriangover a
gastric tube was brought in position. For monitoring of heart radeoaygen saturation a 5-
lead electrocardiogram and pulse oximetry were used. Body tetumgergas kept constant
using forced-air warming blankets.

Prior to beginning of further surgical preparation, animals ramemto Group 1 (TEA)
were positioned on the right side and a thoracic epidural cathateinvoduced between Th
7 and Th 8 under sterile conditions and radiographic control. The catletedwanced 2 cm
into the epidural space and correct positioning of the catheter wiisd/and documented
by an epidurogram as goldstandard (Figure 1). For these purposed bantrast agent were
injected in the epidural space during fluoroscopy to exclude an istnalaa position of the
catheter. Thereby it was verified that a minimal spread @8rsegments was present and no
misplacement of the epidural catheter had occured.

Figure 1 Epidurogram after placement of the epidural catheter.

All animals were placed in supine position and after thorough disiofe and sterile
coverage, the femoral artery was canulated using a 5 F therigted arterial catheter
(PICCO, PV 2015L20, Pulsion, Germany). Two central venous cathet¥es surgically
introduced into the internal and external jugular vein, one for volumengtmation the other
to enable injection of cold indicator for transcardiopulmonary thermoatiutiemodynamic
data were recorded using a PiCCOplus monitoring system (vessionPulsion Medical
Systems, Munich, Germany).

Thereafter a transverse upper laparotomy was performed. A yriadineter was placed
directly into the bladder for urinary drainage and intraoperativeusting of urine. Pancreas
and duodenum were mobilized and fixed at the laparotomy incision faop#rative
measurements, whereupon meticulous attention was paid to strgmasi$i®ning. After
dissection and cannulation of the main pancreatic duct (Vasofix 0,8 BanBraun,
Melsungen, Germany) between pancreas and duodenal wall, a fleookdeographic
measuring probe (CCP1, Licox, Kiel, Germany) was placed inptmreatic head for
continuous measurement of the tissue oxygen tension (tpO2) [32,33]. LggaeDimager
(Laser-Doppler Imager LDI2, Moor, Millway, UK), was installemldssess microcirculation
in the pancreatic head. The laser is scattered by the @sglenoving blood cells in the
capillaries, arterioles and venules. The moving blood cells daegaency shifts that are
processed to produce a color coded map of scanned area. ThéDbppkr imager was
positioned above the pancreas and the region of interest (paneasasharked in a color
coded map of the corresponding image. The mean microcirculation ingibe d interest
was calculated automatically [9].



Hemodynamic management

In both groups hemodynamic management was carried out accordirdefmed treatment
algorithm [30]. RingerOs solution and hydroxyethylstarch 6% 130/0.4adheviaistered at a
fixed ratio of 2:1. The treatment algorithm for guidance of fluid therapyeisgoted in Figure
2. Hemodynamic data were assessed continuously during the eoteglpre as well as with
each point of measurement.

Figure 2 Algorithm for guidance of fluid therapy. Stroke volume variation (SVV), Cardiac
Index (CI), mean arterial pressure (MAP).

Therapeutic intervention

Animals in Group 1 (TEA, n = 17) received thoracic epidural anaeathéier induction of

acute pancreatitis. Initially a bolus of 2 ml bupivacaine 0.5% watieal via the epidural
catheter, followed by a continuous application at a fixed rate offl4 using an automated
infusion pump (Pega” Plus, Venner Medical, Kiel Germany). Therety aimed for

blocking 3 to 4 segments above and below site of insertion.

In group 2 (Control; n = 17), acute pancreatitis was induced while no TEA was performed.

Measurement and experimental protocol

After an initial equilibration baseline measurements (MO) werdormed. Measurements
included blood gas analysis, measurement of tissue oxygenation (tpD&)i@ocirculation
in the pancreatic head as well as thermodilution measurementsaskessment of
hemodynamic conditions. After completion of baseline measuremeisthirgroups severe
acute pancreatitis was induced by intraductal infusion of 0.8 thigkgcodesoxycholic acid
(10 mmol I*, pH 8, Sigma, Steinheim, Germany) during a period of 15 minute®@sysly
described, using an automated infusion system (Perfusor” fm (MB@raun, Melsungen,
Germany) to ensure a standardized infusion pressure and avoid panuresdure necrosis
[4,9,30,34]. Thereafter the cannula was removed and the pancreatic duligates. 15
minutes (M1) and 75 (M2) minutes after completion of the intradudiasion measurements
were repeated. After M2 in animals randomized to Group 1 (TEB9las of bupivacaine
was applied via the epidural catheter, immediately followed tgréinuous application at a
fixed rate as described. After beginning of therapeutic intgiv@ measurements were
repeated every 60 minutes (M3-8). After completion of intraoperateasarements (M8) all
catheters were removed except for the TEA catheter in GroligA) (as well as a central
line, tunneled to the dorsal neck, for application of analgesic niegicand blood gas
sampling in the postoperative course. The abdominal cavity andom@$ithe neck were
closed and anaesthesia was ceased. The animals were exaidtednsferred to heated
boxes in the animal facility. In animals randomized to Group 1 {TtBA infusion pump for
application of bupivacain via the epidural catheter during the postiygemibservation
interval was attached to the back using a special dressing.

Survival and postoperative observation

Animals were closely monitored for 7 days. Analgesics warengevery 6 hours (piritamide
15 mg). Once a day blood samples for evaluation of pancreatic senmyiatal bilirubin



(TBIL) liver enzymes (aspartate-transaminase (AST), alamaresaminase (ALT)),

leucocyte count, lactate, creatinine, prothrombin time (PT), andlpdmomboplastin time

(pTT) were taken via the central venous catheter and laboratatysess was carried out.
Hemoglobine, leucocytes and thrombocytes were counted with a futignatit blood count

analysis unit. TBIL was measured by spectral absorption wieleneasurement of ALT and
AST was based on their enzyme activity.The concentration gfaam was measured by
amylase activity enzyme kit (Abcam). Isotope dilution mass speetry was applied to

analyze serum creatinine. PT and pTT were measured in aafiithynated system as well.
Moreover a porcine well-being was assessed in all animals [35].

Animals surviving the observation period were re-anaesthetized off fhastoperative day,
and sacrificed by fast injection of potassium chloride during deepsthesia. The correct
positioning of the thoracic epidural catheter was reassured by anefi@urogram.
Postmortem examination was carried out and the pancreas wagerefior histopathologic
examination. In animals that died during the postoperative observadéiriod postmortem
examination, removal of the pancreas and the epidurogram were condutiediately after
diagnosis of death. Specimens of the pancreas were stored in 3.5%dddienalin and
routinely processed. They were embedded in paraffin ahth Slices were stained with
hematoxylin and eosin. The slices were examined by an expetipateologist blinded for
the treatment (A.H.) using an established scoring system [9,8@].nTedian score of the
histopathologic examination is based on the analysis of 10 high powds ({i¢PF) in four
different slices.

Power calculation and statistical analysis

Primary endpoint of the trial was survival. Secondary endpoints vpemecreatic
microcirculation, tissue oxygenation and histopathologic tissue damfagdetectable
difference of 25% versus 75% in survival was used to calcglaigp size. The calculated
group size (using 5% alpha error and 80% power) was n = 17. SR8SNindows™
(Version 13.0) (SPSS Inc., Chicago, IL) was used for statisticalysis. Survival curves
were plotted using the Kaplan-Meier method, data were analyzed thgnlog-rank test.
Assessment of Normal distribution was conducted using the Kolmogonow®/-Test.
Descriptive analysis of parametric parameters is ex@eas means and standard deviation.
Ordinal data were expressed as median and range. For awoélysesdifference between the
groups in repeated measurements the variance analysepéated measurements (ANOVA)
followed by a time-by-treatment-Interaction test was used. thuhdilly the area under curve
was calculated during the intraoperative treatment intervaiNiR Differences between the
treatment groups were analyzed using a one way ANOVA. Signife statements refer to p
values of two-tailed tests that were less than 0.05.

Results

In both groups 17 animals were studied. There were no statistsogiificant differences
between the different treatment groups. Mean body weight of anim&moup 1 (TEA) was
32.0 + 7.5 versus 32.0 = 6.9 kg in Group 2 (Control), while mean body leagti02 + 5
cm and 102 £ 6 cm (p > 0.05).



Survival and postoperative observation

Overall survival after 7 days was 82.4% in Group 1 (TEA) versus 29M%roup 2
(Control) (p < 0.001). Survival data are presented in Figure 3.

Figure 3 Kaplan Meier Curve for survival of animals in the postoperative treatment
intervall (TEA Group versus Control-Group).

During the postoperative course evaluation of the OPorcine Well-beiogCs also
demonstrated significantly better results in Group 1 (TEA) (Table 1).

Table 1 Scoring results of the porcine Wellbeing Score

Porcine Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7

Wellbeing Score  Tga 34+13 35+17 34+17 35+17 37+18 37+18 +38
Control 28+17 29+20 27421 25+22 23+23 17+ 224+ 22*

Data are presented as Mean + Standard deviatioorigg Range: 0D50).
* representing statistically significant differen@e< 0.05).

Tissue oxygenation and microcirculation of the paneas

In both groups (group 1 and 2) strong decreases of pancreatic micitencyFlux) and
tissue oxygenation (tpO2) were detected after induction of s@oeite pancreatitis. After
beginning of TEA, pancreatic microcirculation improved in Group BA)land a significant
time by treatment interaction was detected in the variance anaysepkated measurements
(p < 0.001). Comparing the areas under the curve during the treatteemai a significantly
enhanced pancreatic microcirculation was found in Group 1 (TEA) (1608.4 + ¥édsdis
Group 2 (Control) (1121.0 £ 510.) (p = 0.003) (Figure 4).Concerning the tissuenatim a
significant time by treatment interaction was detected invdreance analysis for repeated
measurements (p < 0.001) and when comparing the areas under teedouing the
treatment interval a significantly better tissue oxygematvas found in Group 1 (Group 1
(TEA) 215 + 64 in comparison to Group 2 (Control) 138 £ 90; p = 0.007) (Furehe
detailed course is presented in Table 2.

Figure 4 Microcirculation and Tissue Oxygenation (tpO2). a)pancreatic microcirculation
andb) tissue oxygenation in the pancreatic head. (MPO = before Induction of the acute
pancreatitis, MP1 and 2 after Induction of the acute pancreatitis, MP3-8 during T&aA. M
and SD; Value in Flux (AU).




Table 2Data on microcirculation, tissue oxygenation, hemodynamics, blood gas analysis anddlbalance

Parameter Group M O M1 M 2 M 3 M 4 M 5 M 6 M7 M 8
Tissue oxygenation 1 (TEA) 63,8+ 14,1 40,2+ 17,7 325+114 36,3+ 13,7 13722 36,8+11,0 36,2+ 10,5 352+91 35001+
[tpO > mmHg] 2 (Control) 64,2+14.1 452 +21.4 32,4+16,2 25,7+159* ,82215,6* 22,2 £ 15.9* 20,4 £15,0r 20,5+14,3*0.2+14.2*
Microcirculation 1 (TEA) 391,9+82,8 253,3+81,2 236,1+55,1 288,9 + 73,4300,4 + 68,5 276,2 + 65,7 254,1+73,8 249,9866241,5+ 97,0
[Flux AU] 2 (Control) 408.5+88.3 267.4+103.4 233.2+56.3 215.9 £9r04201.8 + 108.1* 182.4.0 £ 90.0* 168.6 + 89.0* 160.5 + 80.7150.6 + 85.7*
HR [min™] 1 (TEA) 90.5+249 91.9+245 954 +215 94.4+19.9 7 9716.8 100.7 £ 16.3 99.4+14.6 99.3+10.3 9932

2 (Control) 85.5+1338 85.4+149 91.1+16.6 95.5+16.7 99815.0 101.0+13.8 103.3+14.7 102.6 +16.5 .8801.3
MAP [mmHg] 1 (TEA) 725+ 10.6 74.1+11.5 76.8 £ 10.6 74.8 £8.7 248% 70.9+7.2 67.2+6.6 64.1+5.3 62.2+6.2

2 (Control) 74.7+10.4 73.3+8.3 735+94 73477 73112 69.6 £5.8 66.5+6.7 64.2+6.2 61.9+6.8
ClI [I/min] 1 (TEA) 47+13 49+13 52+11 51+0.9 50+0.9 .2 $50.9 48+0.7 46+05 4.7+0.8

2 (Control) 46+0.8 46+0.8 51+11 51+0.8 51+0.9 .1 450.9 52+1.0 52+11 52+09
SVV [%] 1 (TEA) 6.5+27 6.2+11 59+10 59+1.0 7.1+19 115 6515 7115 73x15

2 (Control) 6.6+16 6.8+16 6.1+13 6.1+ 1.3 69+18* 6.6+0.9* 6.2 £ 1.6* 6.8+ 1.7* 7.2 £2.6*
CVP [mmHg] 1 (TEA) 6.7+1.9 6.6+1.7 7.0+1.9 6.6+23 6.5+22 A4 617 6.6+1.8 6.7+1.6 6.6+1.9

2 (Control) 7.2+24 6.6+19 7.1+20 7017 7.1+20 2 £72.2 78+23 7.5%2.6* 8.1+29*
pPa02 [mMmHg] 1 (TEA) 161.1 £ 67.7 147.8 +24.9 139.1+14.7 137.1 +12.7134.7 £ 16.5 131.1+17.6 130.2+18.0 126.8217125.3+17.3

2 (Control) 159.2+21.2 145.4 +16.8 141.1+14.9 138.6 + 16.7128.8 + 12.7 124.8 +18.2 122.4+17.1 118.4 6161159 +18.7
Scvo, [%] 1 (TEA) 728+8.4 75.2+83 73.9+10.8 74.4+11.7 #318.2 71.6+12.6 71.3+9.6 69.1+9.3 65.6 912.

2 (Control) 81.6+9.9 775+9.6 79.4+9.8 77.3+9.4 70128 73.6+12.2 73.4+110 748+115 72.0512.
Lactate [mmol/l] 1 (TEA) 0.9+03 0.8+0.2 0.8+0.2 0.9+0.2 0.8+0.2 .8 400.2 0.7+0.2 0.7+0.2 0.7+0.2

2 (Control) 0.9+03 09+04 09+04 09+04 0.8+0.3 .7 400.2 0.6+0.2 0.6+0.2 0.6+0.2
Colloids [ml] 1 (TEA) 59 + 141 121 + 193 397 £ 235 518 + 203 676 £ 290 9 18367 1088 + 434 1294 + 460 1594 + 560

2 (Control) 0+0 50 + 132 174 + 209 388+ 172 538 + 156 7885 1032 + 171 1382 +269 1694 = 420
Cristalloids [ml]s 1 (TEA) 757 + 210 1047 + 325 1268 + 403 1518 * 460 18448+ 5 2347 + 637 2756 + 748 3232 +968 3606 + 1103

2 (Control) 621 + 211 932 + 292 1271 + 335 1415 + 363 18294+ 35 2276 + 370 2788 £ 501 3300 £ 663 3800 + 794
Urine [ml] 1 (TEA) 297+ 271 406 + 370 579 + 491 682 + 552 1012 + 702 1294 + 833 1571 +1015 1868 + 1166 2188 *+ 1343

2 (Control) 206 * 228 335 + 337 582 + 559 762 * 644 1065 + 748 1424 + 858 1876 + 1013 2376 + 1136 2844 + 1305

Values for tissue oxygenation (tpo2 [mmHg]), midroalatory flow (Flux [AU]), Heart rate (HR [mir]), mean arterial pressure (MAP [mmHg]), cardiader (CI [I/min]),
systemic vascular resistance (SVRi [dynes*setitr}), stroke volume variation (SVV [%)]), central varspressure (CVP [mmHg]), arterial partial oxygeessure (g0,
[mmHg]), central venous oxygen saturation (Sg¥¥8)), lactate measured in arterial blood gas aialjymmol/l], cumulative crystalloid infusion (migumulative colloid
infusion (ml) and urine output (ml). Data are prasd as mean * standard deviation. * representatgstically significant differenence between treaht groups (p < 0.05)
at time of measurement. M 0: Before induction o #cute pancreatitis, M 1 and 2: After Inductiontlbé acute pancreatitis, M 2D8: During treatmetenial.



Histopathologic examination

Histopathologic tissue examination revealed a lower severdgwtk pancreatitis in Group 1
(TEA) compared to Group 2 (Control). Overall histopathologic pantiseestore was 5.5 (3D
8) (Group 1 (TEA)) versus 8 (5.5-10) (Group 2 (Control)) (p < 0.001). Betan
histopathologic scoring for acinarnecrois, fatty tissue necradigrimation and edema in
the pancreatic head are presented in Table 3.



Table 3Histopathologic Scoring for severity of acute porcine pancreatitis

Histopathologic severity score of acute pancreatis
Group Acinar necrosis* Fatty tissue necrosis* Inflammation Edema* Overall*
Group 1 (TEA) 2 (0-3) 1 (0b2) 2 (0b2) 1 (0Bb2) 5.5 (3Db8)
Group 2 (CONTROL) 3 (0-3) 2 (1b3) 2 (1b3) 1.5 (0.5-3) 8 (5.5-10)
Acinar necrosis Fatty tissue necrosis Inflammation (plasma cells, Edema

(in relation to plane) lymphocytes and granolocyts outside
parechymal and fatty tissue)
0 nil 0 nil 0 nil 0 nil
1 <10 single necrosis/lobule 1 <1/3 of plane kbowmfiltrates (30 cells/HPF) 1 intralobular edema
2" 10 single necrosis/lobule "21/3 to <2/3 of plane 2 moderate infiltrates (300&%/HPF) 2 interacinar edem&? lobules
* p<0.05 3" 1/3 of plane 3 2/3 of plane 3 dense infiltrate’s1(00 cells/HPF) 3 intercellular edemni&lobules

Data are presented as Median (Range); HPF: Higlepbeald.

Pancreatitis Score: 0 (no pancreatitis)- 12 (separereatitis).
Histopathologic pancreatitis score (0-12Points)uding acinar necrosis (0D3) fatty tissue neci@), inflammation (0B3) and Edema (0D3).

*p<0.05 representing statistically significant difénce.



Hemodynamics and fluid balance

Hemodynamic data on macrocirculatory conditions did not present any saaghffii€ferences
during the entire intraopaerative period. Neither norepinephrine nappine were applied
in either of the treatment groups. Detailed data on hemodynamitdliad balance are
presented in Table 2. The amount of fluids infused also did not diffeeebetthe treatment
groups.

Laboratory data

Neither arterial blood gas analysis during the treatment inté2tM8) nor analysis of
pancreatic amylase, liver enzymes, bilirubin, leucocyte counttdéacad creatinine, from
the blood samples taken in the postoperative observation period did presaimraficant

differences between the two treatment groups (p > 0.05); (Table 4).



Table 4 Laboratory results of analysis of hemoglobine, leucocyte count, thrombocyt®unt, prothrombin time (PT), partial
thromboplastin time (PTT), creatinine, aspartate-transaminase (A¥), alanine-transferase (ALT), pancreatic amylase and total

bilirubin

Group M 0 M1 M 2 M3 M 4 M5 M6 M7 M 8 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7
Hemoglobine TEA 88+06 86+06 82+06 87+07 91+09 6405 86+05 84+07 8.2+0.8 97+08 6914 9.3+1.2 9.2+1.4 9.4+1.2 93+1.2 184
[g/dI] Controll 86+05 87+05 81+06 85+04 87+05 .4407 85+09 80+09 7.8+06 95+05 4191.2 9.4+0.9 9.3+04 93+16 10.0+0.7 5191.0
Leucocytes TEA 92+30 87+39 108+40 94+45 119+421.8+34 11.0+3.0105+3.4 95+43 11.0 + 4.0 151+4.6 1886 17.0+7.1 23474 241+76 235+7.2
[109/] Controll 9.0+3.4 11.3+3.2 128+53 11.9+24 1331+3128+3.3 124+3.811.6+3.4 98+43 11.4+ 35 179+ 4.6  18.26t6 17.7+3.9 215+6.7 250+24 21.2+6.3
Thrombocytes TEA 279+97 196+40 263+72 176+13  202+38  19F+ 198+19 186+29 266+ 97 356 + 148 337+ 103 8043140  417+174 445+191 408+178 403+ 151
[109/] Control 322+97 240+41 296+100 251+32 237+42 280+ 233+20 211+18 272+100 366 + 99 321+ 94 331363 361+ 100 423+164 353+175 408+ 101
PT [sec] TEA 108+ 9 110+ 5 107+ 8 112+ 7 110+ 6 113+4 #I0 1109 107 £ 10 94 + 10 112+8 109 + 15 402 98 + 13 98 + 11 94 +11

Control 115+8 108+5 105+23  107+3 106+ 5 104+9 5#6 101+8 101+ 11 97+9 100 + 31 112 + 13 414 104 + 15 109 + 11 98 + 11
PTT [sec] TEA 89 + 16 79+ 15 85+ 24 81+ 27 86 + 10 91+26 +93 76+4 92 + 30 134+ 22 103 £ 40 109 + 22 29+ 9748 107 + 48 43+ 25

Control 84+21 81+ 18 86 + 27 84 + 27 82+ 19 90+30 +719 8819 98 + 19 121+ 25 111 + 30 100+33  +8T 69+ 17 79 + 27 58 + 14
Creatinine  TEA 08+01 08+01 08+01 0.8+01 08+01.8401 08+01 08+02 0.8=*0.1 0.8+0.2 700.2 0.8+0.2 0.9+0.4 1.0+1.0 11+1.3 #1220
[mg/dI] Control 0.7+0.1 08+01 07%01 08%02 08+02 8402 08+02 08+03 0.8+0.1 07+0.1 740.2 06+0.1 0.7+0.1 0.7+0.1 0.7+0.2 #0071
AST [U/l] TEA 38+ 13 42+ 22 38+ 14 45+ 18 48+ 20 47+19 +82 52+18 60 + 21 348 + 220 116 + 62 54 + 25 +40 32+ 15 30+ 14 41+48

Control 34 +11 40 + 12 40 + 15 40 +13 43+ 10 46+13 +Bl 51+13 58 + 19 319+ 116 86 + 27 45+ 12 33+ 30%4 29+ 12 32+9
ALT [U/l] TEA 77 £ 15 80+6 63+ 13 77+9 76+5 70+ 9 66+ 463 +8 50+ 8 111 + 30 105 + 25 93+ 24 77+24 +18 66 + 16 49 + 15

Control 76 +13 70+ 12 63+ 11 62+9 61+ 11 55+ 8 85+ 47+7 46 + 10 115+ 28 105 + 21 88 + 15 82+9 1+83 71+13 50 + 12
Amylase [Ul] TEA 2155+ 368 2606 + 103 2388 + 509808 + 137 2960 + 280 2895 + 2311 + 1873045 + 319 3153+ 965 8726 + 3736 8196 + 4195 6745 + 4591 433 3966 + 29303909 + 3319 3225 + 3886

Control 1971 + 432 2165 + 476 2249 + 8142278 + 556 2479 + 541 2567 + 6@B76 + 9532733 + 978 3261 + 1296 10186 + 5195 9001 + 6610 8472 + 593709 &17347 6726 + 55010129 + 66707926 + 6196
Bilirubine TEA 02+00 0200 02+01 02+0.0 02+00 .2#00 02+00 0200 02%0.0 04+02 200.0 0.2+0.0 0.2+0.0 0.2+0.1 02+01 @1
[mg/dl] Control 0.2+0.1 02+0.0 02+01 02+00 02+00 .2#00 02+00 02+00 0.2+0.0 0.3+0.1 2400.0 0.2+0.0 0.2+0.0 0.2+0.0 02+0.0 0®@0

MO BM8: During intraoperative setting.Dayl-Day7sRlé&s of blood samples taken in the postoperatbseovation period.



Discussion

This study is analyzing the effects of thoracic epidural as&lga severe acute pancreatitis
in an experimental setting. We found that TEA improved survival dk agepancreatic
microcirculation and tissue oxygenation resulting in reduced histopaitdisgue-damage.
It is the first study assessing the effects of TEA ducimgtrolled hemodynamic conditions as
comparable to an intensive care setting. This is a necessaegyisgte to reliably assess
microcirculatory dysfunction and tissue oxygenation.

The rationale for the use of TEA in acute pancreatitis isitit@stinal and hepatic perfusion
is regulated by sympathetic and parasympathetic nerves. thyheabjects the regulation of
blood flow is optimized for maintaining metabolic stability. Duriegting circumstances the
sympathetic tone is low and blood flow is mainly regulated by véma¢ activity. An
increasing sympathetic activity resulting in an intestwadoconstriction and consequently
reduced blood flow has been shown in acute stress and pain [28]. Ths® igue for
systemic inflammation where an affection of microcirculatiorpliesent [22,36,37]. The
effects of TEA have been analyzed in different experimemadiels. Adolphs and co-
workers were able to detect an improved microcirculation 8k during hemorrhage-
induced impairment of intestinal perfusion [38]. Additionally, there saeeral studies in
animals suffering from systemic inflammation demonstrating litsnfefr the use of TEA.
Models using coecal ligation to induce severe systemic inflaramabuld demonstrate an
improvement of sepsis induced alterations of hepatic blood flow assvetiproved mucosal
microcirculation in rats [24,26]. In a model of systemic inflamoratiuring endotoxemia in
an ovine model as well as in the rat, superior renal perfusion lassvan attenuation of
impairment of gastrointestinal organ perfusion and improved microasaulucosa
perfusion could be demonstrated [22,24,25]. A study by Lauer et al. deatedsthat TEA
also improved pulmonary endothelial integrity in hyperdynamic sepsis [39].

Regarding TEA and pancreatitis data are rare. Up to now, oolydasibility studies using
TEA in acute pancreatitis in humans have been published so far. rstheial, it was
shown that the use is safe and rate of complications is low, ghhwoo control group was
investigated in this trial. In the second trial TEA was found teugeerior in terms of pain
management [40,41]. Overall no clinical data concerning the therapdteat of TEA in
severe acute pancreatitis especially on improvement of outcomsuaridal are available.
Since there is enormous experience in the clinical use of TEA in humans foratmdgoninal
and thoracic surgery, as well as for acute and chronic pain maeag#re implementation
of TEA in the early treatment of severe acute pancreatippears possible if no
contraindications are present. Nonetheless the idea of using T&A ial systemic
inflammation and sepsis still is discussed controversially [4@]tdhow, three experimental
trials analyzing the impact of TEA in acute pancreatitisats have been published. In a
setting similar to ours Demirag and co-workers for the firse demonstrated an improved
pancreatic microcirculation also using laser Doppler flowmedasy well as reduced
histopathologic damage in a small series in the rat. Howeveurniva data were available
[27]. Freise et al. were the first analyzing the impactBA on survival in an experimental
model of severe acute pancreatitis in the rat. Besides improveg sudéval they found an
increased capillary perfusion and lower Inflammation, while no fsgnit difference
regarding histopathologic damage was present [43]. Another stuBlyeise and coworkers
analyzed the impact of TEA on the liver in acute pancreatitise lereduction of the
vasoconstriction of the sinusoids and reduced apoptosis was found [28]. Thesareda



completely in accordance with our findings, that applying TEAulted in improved
microcirclutation and oxygenation of the pancreas and finally beiteival as well as less
histopathologic damage in SAP. Moreover in our study the effedi&aAfon survival could
be evalutated in a model where TEA was applied continuously over a periathp$ gimilar
to a clinical setting, since animals were equipped with an atdonmafusion pump. To date
for practical reasons no direct assessment of pancreatioamniciation exists in awake
animals. Nonetheless, the effect of sympathetic block by BEadsb demonstrated for awake
animals [44]. In the animals included in this study no obvious sigasnoebtor block were
present. Unfortunately there is no reliable and validated methadsess analgesic effects
and a sensory block, such as a pain scoring system, availgbgsinrhough for reasons of
the experimental setupt not direct evaluation of sympathicol¥fiéctewas carried out, the
correct positioning of the epidural catheter was verifiethatend of the observation period
by performing another epidurogram. Therefore we can only postulatethina¢pidural
catheter was in the correct position and that due to the applicatidrupivacaine a
sympathetic block and a sensory effect were present and thatt¢eceedesffects of TEA on
pancreatic microcirculation and tissue oxygenation during the intrabgetreatment period
are present during the entire protocol, thereby contributing to thei@upgervival. Our
findings are therefore in accordance to the afore mentioned tlvabzinsiderations and are
in line with the positive effects in other models of systemilammation using endotoxemia
or bowel perforation. What has to be considered is, that overall not parigreatic
microcirculation but also other aspects like improved intestinalbsalgerfusion with less
gut barrier dysfunction and improved liver perfusion potentially migkt rentributed to
improved survival in our setting. Since especially the liver alsovislved in a multitude of
physiologic processes and decisively contributes to the host@Qsémeaction in sepsis and
inflammation [28].

Some other aspects need to be taken into consideration. With aovithe evaluation of
effectiveness of the treatment of severe acute pancréaistisnportant, that a model is used
that closely mimics the clinical situation with a high matyain severe acute pancreatitis
where the severity of the pancreatitis ensures that somealansurvive but also that some
animals die without treatment. In our setting a model of intraduggdtion of bile acid in
the main pancreatic duct followed by closure was used. The modelyclepresents the
clinical situation of acute biliary pancreatitis caused byrabsbn of the papilla by bile
stone and has been established in previous trials [9,45-47]. Another adwaintiagenodel
is, that it allows a very high standardization, using standardizedge®sand infusion
pressures unlike other models suggesting to induce severe acuteapiaadoy ischemia,
hypotension or indigestion of alcohol [48,49].

Another aspect is that in our study we cannot explicitly demoadtinat sympathetic block.
Measurements of arterial plasma levels epinephrine and norepinepler@aot carried out
and also thermal imaging was not possible for reasons of the reepéai setup. When
looking at hemodynamics we also could not find a significant imgaetto onset of TEA.
The level chosen at Th 7/8 for TEA will not result in relevant vdatdn of capacitance
vessels, neither should there be a relevant effect on the nerlgraotes. Therefore to our
understanding it is not surprising that onset of TEA did not preséntsignificant changes
and result in significant differences of hemodynamic parameters.

In addition to the data presented we analyzed the effects of TBAsimall series of healthy
animals as well, where no experimental induction of pancreatdss carried out. In one
group only surgical preparation was carried out, while in the otleeipgsurgical preparation



and TEA were performed. Most importantly it was shown that thergatitts is not caused
by the experimental setting (except the intraductal injecifdnile acid), surgical trauma or
anesthesia or TEA. No differences regarding pancreatic micuteiion and tissue
oxygenation were detected and no sign of pancreatitis or infliormaas found in the
histopathologic examination.

An issue, worth to be discussed is the interval between induction ofep#itis and
beginning of treatment. In our study, the interval chosen wasrrattort. However to our
understanding this seems to be adequate, because the direct intiagaattan of bile acid
induces an acute pancreatitis within a few minutes, which isrfaster than acute biliary
pancreatitis found in the clinical situation [50,51]. In our experimesgiting a severe acute
pancreatitis was observed macroscopically in all animals foidreginning of therapeutic
intervention. If the interval between induction and beginning of the tesdtia too long the
effect of improvement of the pancreatic microcirculation malytéaappear when fulminate
necroses are already present, as the rationale for the @rgapproach is to improve
microcirculatory perfusion and thereby save not yet irreversipleed tissue from infarction
and necrosis [52,53]. This aspect should not be forgotten and similaprimaahes for early
goal-directed hemodynamic stabilization by fluid therapy inesygt inflammation it holds
probably true, that the treatment intervall is short and TEA dhoellcommenced as early as
possible.

Concerning the animal model, pigs were chosen since in smalleralanno adequate
hemodynamic monitoring and therapy is possible which is essetdialule out

macrocirculatory effects on pancreatic microcirculation as npia@leconfounding factors
influencing the estimation of effects of TEA in our trial. The bomation of invasive

intrapancreatic measurement of tissue oxygenation and micratioculoy microvascular
blood flow does not only allow a reliable assessment of the paiccragrocirculatory

conditions, it also allows evaluation of the amount of oxygen reacliagehd organ.

Although a substantial benefit of TEA in severe acute pancreatissdetected in our animal
model, the direct transfer of the results to humans is not provencdnception of the trial
with a 7 days observation period allowed evaluation of outcome feresecute pancreatitis
and in this regard represents a good model closely mimickinglitiieal situation and an
important basis for potential further prospective randomized clinical trials.

Another fact is that measurement of pancreatic tissue oxygeratid microcirculation was
limited to a period of only six hours. For this reason we cannot malginite statement on
the effects of TEA on pancreatic microcirculation and tissygemxation in the later course.
Nonetheless, the effects and differences are present at gnstagé and TEA led to a
significant improvement in survival and less histopathologic daniBgs. strengthens the
assumption of our hypothesis that TEA has a relevant therapdigtat e severe acute
pancreatitis.

Conclusions

In conclusion, our data suggest, that application of TEA resulted in inpsav®ival and
lead to enhanced pancreatic microcirculation and tissue oxygenasioling in reduced
histopathologic damage in a model of severe acute porcine pancreatitis.



Key messages

¥ The use of epidural anesthesia in systemic inflammation is still cosiedver

¥ The results of our study suggest there is a relevant improvement in pancreatic
microcirculation and tissue oxygenation due to the use of TEA in severe acute i@ creat

¥ Further we could demonstrate, that this improvement due to TEA resulted in less
histopathologic damage and improved survival.

¥ Further evaluation is required to transfer these promising results intalgbiractice.

Abbreviations

ALT, Alanine transaminase; ANOVA, Analysis of variance; AST, Asgiartieansaminase;
Fet, Endtidal fraction; Fig) Inspiratory oxygen fraction; HPF, High power field; PT,
Prothormbin time; pTT, partial thromboplatin time; SAP, Severe acute patisrdalIL,
Total bilirubin; TEA, Thoracic epidural anesthesia; iptissue oxygen tension.

Competing interests

The authors declare they have no competing interests.

AuthorsO contributions

KB, CT, DR and OM have made substantial contributions to conception agd,dasalysis
and interpretation of data and have been involved in drafting and revisingatiescript.
AG, TS and JI have been involved in analysis and interpretation afadal in drafting and
revising the manuscript critically for important intellectuadntent. LT JS WB LH
participated in the acquisition of data and execution of the expeahpmotocol. AH carried
out the histopathologic examination. All authors read and approved the final manuscript.

Acknowledgements

Grant support: The study was supported by funds of Deutsche Forsobunegsschaft
(DFG) as well as departmental funds.

References

1. Shen HN, Lu CL, Li CY:The effect of gastrointestinal bleeding on outcomes of
patients with acute pancreatitis: a national population-basedtudy. Pancreatology2012,
12:331D336.

2. Spanier B, Bruno MJ, Dijkgraaf MGncidence and mortality of acute and chronic
pancreatitis in the Netherlands: a nationwide record-linkel cohort study for the years
1995D2005World J Gastroentera2013,19:3018D3026.



3. Foulis AK:Histological evidence of initiating factors in acute necrotisig pancreatitis
in man. J Clin Pathol1980,33:1125D1131.

4. Knoefel WT, Kollias N, Warshaw AL, Waldner H, Nishioka NS, RattDW: Pancreatic
microcirculatory changes in experimental pancreatitis of gradedseverity in the rat.
Surgery1994,116:904D913.

5. Kusterer K, Poschmann T, Friedemann A, Enghofer M, Zendler S, UsHde\rterial
constriction, ischemia-reperfusion, and leukocyte adherenca iacute pancreatitis.Am J
Physiol1993,265:G165DG171.

6. Nuutinen P, Kivisaari L, Standertskjold-Nordenstam CG, Lempinen Mro8er T:
Microangiography of the pancreas in experimental oedemic and haemrhagic
pancreatitis. Scand J Gastroenterol Supj$86,126:12D17.

7. Werner J, Dragotakes SC, Fernandez-del Castillo C, RiveraDdAJ), Rattner DW,
Fischman AJ, Warshaw AlT.echnetium-99 m-labeled white blood cells: a new method to
define the local and systemic role of leukocytes in acute eequmental pancreatitis. Ann
Surg1998,227:86D94.

8. Petrov MS, Shanbhag S, Chakraborty M, Phillips AR, WindsorQl8an failure and
infection of pancreatic necrosis as determinants of mortalt in patients with acute
pancreatitis. Gastroenterology010,139:813D820.

9. Freitag M, Standl TG, Kleinhans H, Gottschalk A, Mann O, Rempf C, Bachmanodkt G
A, Petri S, lzbicki JR,et at Improvement of impaired microcirculation and tissue
oxygenation by hemodilution with hydroxyethyl starch plus cell-fre hemoglobin in
acute porcine pancreatitis.Pancreatology2006,6:232D239.

10. Kinnala PJ, Kuttila KT, Gronroos JM, Havia TV, Nevalainen TJnikbiski JH:
Splanchnic and pancreatic tissue perfusion in experimentalcute pancreatitis.Scand J
Gastroentero002,37:845D849.

11. Cuthbertson CM, Christophi (isturbances of the microcirculation in acute
pancreatitis. Br J Surg2006,93:518D530.

12. Klar E, Mall G, Messmer K, Herfarth C, Rattner DW, Warskhdw Improvement of
impaired pancreatic microcirculation by isovolemic hemodiluton protects pancreatic
morphology in acute biliary pancreatitis. Surg Gynecol Obstdi993,176:144D150.

13. Kleinhans H, Mann O, Schurr PG, Kaifi JT, Hansen B, Izbicki IRteST: Oxygen
radical formation does not have an impact in the treatment of severe acuéxperimental
pancreatitis using free cellular hemoglobinWorld J Gastroentera?006,12:2914D2918.

14. Mann O, Kaifi J, Bloechle C, Schneider CG, Yekebas E, Kluth DglebR, Strate T:
Therapeutic small-volume resuscitation preserves pancreatimicrocirculation in acute
experimental pancreatitis of graded severity in ratsPancreatology2009,9:652D661.



15. Marik PE, Baram M, Vahid BDoes central venous pressure predict fluid
responsiveness? A systematic review of the literature antid tale of seven mareChest
2008,134:172b178.

16. Schmidt J, Fernandez-del Castillo C, Rattner DW, LewandrokBki Messmer K,
Warshaw AL: Hyperoncotic ultrahigh molecular weight dextran solutions redwce
trypsinogen activation, prevent acinar necrosis, and lower mortaly in rodent
pancreatitis. Am J Surgl993,165:40D44. discussion 45.

17. Hogan QH, Stekiel TA, Stadnicka A, Bosnjak ZJ, KampineREgion of epidural
blockade determines sympathetic and mesenteric capacitanceffects in rabbits.
Anesthesiolog$995,83:604D610.

18. Clemente A, Carli FThe physiological effects of thoracic epidural anesthesia and
analgesia on the cardiovascular, respiratory and gastrointestinal sysmns. Minerva
AnestesioR008,74:549D563.

19. Kapral S, Gollmann G, Bachmann D, Prohaska B, Likar R, Jandgsigeinstabl C,
Lehofer F: The effects of thoracic epidural anesthesia on intraoperate visceral
perfusion and metabolism.Anesth Anald.999,88:402D406.

20. Meissner A, Weber TP, Van Aken H, Rolf Nmited upper thoracic epidural block
and splanchnic perfusion in dogsAnesth Anald999,89:1378D1381.

21. Sielenkamper AW, Eicker K, Van Aken Hhoracic epidural anesthesia increases
mucosal perfusion in ileum of rats Anesthesiolog2000,93:844D851.

22. Adolphs J, Schmidt DK, Korsukewitz I, Kamin B, Habazettl H, SchisliekVelte M:
Effects of thoracic epidural anaesthesia on intestinal microvaslar perfusion in a
rodent model of normotensive endotoxaemidntensive Care Me@004,30:2094D2101.

23. Lazar G, Kaszaki J, Abraham S, Horvath G, Wolfard A, Szentpd&akzt A, Balogh A,
Boros M: Thoracic epidural anesthesia improves the gastric microcirdation during
experimental gastric tube formation.Surgery2003,134:799D805.

24. Daudel F, Bone HG, Traber DL, Stubbe HD, Lettau M, Lange Marge M, Van Aken
H, Westphal M:Effects of thoracic epidural anesthesia on hemodynamics andaglal
oxygen transport in ovine endotoxemiaShock2006,26:615D619.

25. Schaper J, Ahmed R, Perschel FH, Schafer M, Habazettl Itk WeThoracic epidural
anesthesia attenuates endotoxin-induced impairment of gastroedgtinal organ
perfusion. Anesthesiolog010,113:126D133.

26. Freise H, Daudel F, Grosserichter C, Lauer S, Hinkelmann J, Akam HK,
Sielenkaemper AW, Westphal M, Fischer LGhoracic epidural anesthesia reverses
sepsis-induced hepatic hyperperfusion and reduces leogyte adhesion in septic rats.
Crit Care 2009,13:R116.

27. Demirag A, Pastor CM, Morel P, Jean-Christophe C, SielenkanWezivener N, Mai
G, Berney T, Frossard JL, Buhler LHEpidural anaesthesia restores pancreatic



microcirculation and decreases the severity of acute pancreas. World J Gastroenterol
2006,12:915D920.

28. Freise H, Lauer S, Konietzny E, Hinkelmann J, Minin E, Van Aken kifch MM,
Sielenkaemper AW, Fischer LGHepatic effects of thoracic epidural analgesia in
experimental severe acute pancreatitisAnesthesiolog009,111:1249D1256.

29. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, KnobliciPd@erson E,
Tomlanovich M, Early Goal-Directed Therapy Collaborative BEarly goal-directed
therapy in the treatment of severe sepsis and septic shotk Engl J Med2001,345:1368D
1377.

30. Trepte CJ, Bachmann KA, Stork JH, Friedheim TJ, Hinsch A, @dejiS, Mann O,
Izbicki JR, Goetz AE, Reuter DA:he impact of early goal-directed fluid management on
survival in an experimental model of severe acute pancreatiiintensive Care Me@013,
39:717D726.

31. Kilkenny C, Browne WJ, Cuthill IC, Emerson M, Altman DI@iproving bioscience
research reporting: The ARRIVE guidelines for reporting animal research.J Pharmacol
Pharmacotherapeutic3010,1:94D99.

32. Boekstegers P, Riessen R, Seyde Q¥ygen partial pressure distribution within
skeletal muscle: indicator of whole body oxygen delivery in patreés? Adv Exp Med Biol
1990,277507D514.

33. Lee SK, Morabito D, Hemphill JC, Erickson V, Holcroft JJ, DerugirKnudson MM,
Manley GT: Small-volume resuscitation with HBOC-201: effects on cardiovastar
parameters and brain tissue oxygen tension in an out-of-hospitahodel of hemorrhage
in swine.Acad Emerg Me@002,9:969D976.

34. Warshaw AL, Rattner DW, Fernandez-del Castillo I@ravenous contrast does
aggravate experimental pancreatitisGastroenterology1994,107:320D321.

35. Bloechle C, Emmermann A, Strate T, Scheurlen UJ, Schneiderh@llea&, Wolf M,
Mack D, Zornig C, Broelsch CH:aparoscopic vs open repair of gastric perforation and
abdominal lavage of associated peritonitis in pigSurg Endosd 998,12:212P218.

36. De Backer D, Creteur J, Preiser JC, Dubois MJ, Vincertlilrovascular blood flow
is altered in patients with sepsisAm J Respir Crit Care Me?002,166:98D104.

37. Sielenkamper AW, Meyer J, Kloppenburg H, Eicker K, Van AkerTlht effects of
sepsis on gut mucosal blood flow in rat€ur J Anaesthesid®2001,18:673D678.

38. Adolphs J, Schmidt DK, Mousa SA, Kamin B, Korsukewitz |, Habakgtchafer M,
Welte M: Thoracic epidural anesthesia attenuates hemorrhage-induced pairment of
intestinal perfusion in rats. Anesthesiolog003,99:685D692.

39. Lauer S, Freise H, Westphal M, Zarbock A, Fobker M, Van Aken $i&lenkamper
AW, Fischer LG:Thoracic epidural anesthesia time-dependently modulates fmonary
endothelial dysfunction in septic ratsCrit Care 2009,13:R1009.



40. Bernhardt A, Kortgen A, Niesel H, Goertz BWsing epidural anesthesia in patients
with acute pancreatitisbprospective study of 121 patient®Anaesthesiol Reanir@002,
27:16D22.

41. Niesel HC, Klimpel L, Kaiser H, Bernhardt A, al-Rafai &g U:Epidural blockade
for analgesia and treatment of acute pancreatitisReg Anaestti991,14:979100.

42. Mutz C, Vagts DA:Thoracic epidural anesthesia in sepsisbis it harmful or
protective? Crit Care 2009,13:182.

43. Freise H, Lauer S, Anthonsen S, Hlouschek V, Minin E, Fischer L&h MM, Van

Aken HK, Sielenkamper AW:Thoracic epidural analgesia augments ileal mucosal
capillary perfusion and improves survival in severe acute paneatitis in rats.

Anesthesiolog®2006,105:354D359.

44. Freise H, Anthonsen S, Fischer LG, Van Aken HK, Sielenkamper @dtinuous
thoracic epidural anesthesia induces segmental sympathetidobk in the awake rat.
Anesth Anal@005,100:255D262.

45. Schmidt J, Ebeling D, Ryschich E, Werner J, Gebhard MM, KlRaEkcreatic capillary
blood flow in an improved model of necrotizing pancreatitism the rat. J Surg Re2002,
106:335D341.

46. Schmidt J, Rattner DW, Lewandrowski K, Compton CC, Mandavilli U, Kho&fe,
Warshaw AL:A better model of acute pancreatitis for evaluating therapy.Ann Surg
1992,215:44D56.

47. Senninger N, Moody FG, Coelho JC, Van Buren Dkt role of biliary obstruction in
the pathogenesis of acute pancreatitis in the opossuBurgery1986,99:688D693.

48. Gillland L, Steer ML:Effects of ethionine on digestive enzyme synthesis and
discharge by mouse pancreassm J Physioll980,239:G418DG426.

49. Niederau C, Crass RA, Silver G, Ferrell LD, Grendell Therapeutic regimens in
acute experimental hemorrhagic pancreatitis. Effects of hydratn, oxygenation,
peritoneal lavage, and a potent protease inhibitorGastroenterology988,95:1648D1657.

50. Klar E, Schratt W, Foitzik T, Buhr H, Herfarth C, Messmer Ikpact of
microcirculatory flow pattern changes on the development of acet edematous and
necrotizing pancreatitis in rabbit pancreas.Dig Dis Sci1994,39:2639D2644.

51. Norman JThe role of cytokines in the pathogenesis of acute pancreasitiAm J Surg
1998,175:76D83.

52. Foitzik T, Hotz HG, Eibl G, Buhr HExperimental models of acute pancreatitis: are
they suitable for evaluating therapy?Int J Colorectal Dis2000,15:127D135.

53. Lankisch PG, Pohl U, Otto J, Rahlf @hen should treatment of acute experimental
pancreatitis be started? The early phase of bile-inducedcute pancreatitis.Res Exp Med
(Berl) 1988,188:123D129.






SVV <10%

no

yes

Volume administration until

SVV <10%

(Fluid Bolus 7ml kg")

|

k

Cl > 2.5 I/min

no

yes

Catecholamine
(epinephrine until
Cl >2.5l/min)

decrease of CI

9&%§ation of volume administration

MAP > 60 mmHg

no

yes

Vasopressor

(norepinephrine until

MAP > 60mmHg)

o.k.




1,0—
L| TEA-GROUP
0,8
= 907 0=0.002
>
-
B 04—
0,2 CONTROL
0,0
| | | | |
0,0 50,0 100,0 150,0 200,0

Figure 3 POST-OP Time (h)



Flux (AU)

600

500

400 -

300

200

100

a) Microcirculation

Induction of pancreatitis

Begin of TEA

Figure 4

=—+— TEA-GROUP

—@-—- CONTROL

b) Tissue Oxygenation

100,0 7 Induction of pancreatitis

N
8001 < i
B Begin of TEA p=0.007

60,0 -
40,0 -
20,0 - T

0,0
MO M1 M2 M3 M4 M5 M6 M7 M8

-t TEA-GROUP =0== CONTROL



	Abstract
	Abbreviations
	Competing interests
	References

