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Korperwasserverteilung Erwachsenen
(KG 70 kg, 60 % Wasser, d.h.ca. 42 Liter)

K*> Na*

Na*® > K*

+

Intrazellularraum 40 % (28 Liter) >

Extrazellularraum 20 % ( 14 Liter)

KOD

davon |15 % interstitiell (11Liter) >
5% intravasal ( 3 Liter)




Physiologischer Flussigkeitsbedarf -
Erhaltungsbedarf

Erwachsener 2ml/kg/h

Kinder 4-2-1— Schema

4 ml/ kg /h far die ersten 10 kg Korpergewicht
+2 ml / kg / h far jedes kg tber 10 kg Kdrpergewicht
+1 ml/ kg / h far jedes kg tiber 20 kg Kdrpergewicht

J. Schumacher, K.-F. Klotz, ains 2001



Elektrolytbedarf bel Kindern
Na * 3 mmol /kg KG /¢
K™ 2 mmol /kg KG /¢
Mg ™ 1 mmol /kg KG/c
Cl- 2 mmol /kg KG /d

gleich

wie Erwachsene



Erhaltungsbedarf

,Padiatrie — Losungen®

Viertel (30 mmol Na* /1)
Drittel (50 mmol Na* /1)
Halb (70 mmol Na* /1)

Volumenersatz Kristalloide (VEL)



Na® - reduzierter Volumenersatz

Hyponatremia in the postoperative
craniofacial pediatric patient population:
a connection to cerebral salt wasting
syndrome and management of this

disorder

Plast Reconstr Surg 2001; 108 (6) 1501 -08



Isotone Vollelektrolyte

Voll - Elektrolyt - Lésung ( VEL)
Kation Na* > 120 mmol /|

Anion Cl- (nicht metabolisierbar)
acetat , lactat (metabolisierbar)



Perioperativer Flussigkeitsbedarf

Erhaltungsbedarf 2ml/kg/h
kleine Eingriffe + 4ml/kg/h
mittlere Eingriffe + 6ml/kg/h
grol3e Eingriffe + 8ml/kg/h

Veraltet Datenlage !
NuUchternheitsgebot
Orthograde Darmspulung




Fast Track Chirurgie

H. Kehlet, Danemark

i Kasten |

Pathologische Ursachen der verzoger-
ten Rekonvaleszenz nach operativen
Eingriffen

s BESChlEUNIGLe

. _ i Frihrehabilitation in der
® posttraumatische Stressreaktion - - =
® Schmerz Operatlven MedIZII'I

® Immobilisation ,Fast-track "-Rehabilitation

® fFasten — gastrointestinale Atonie
® perioperative Hypothermie Deutsches Arzteblatt | Jg. 102 | Heft 21| 27. Mai 2005

@ postoperative Ubelkeit und Erbrechen
(PONV)

® perioperative Flissigkeitsiberlastung

® kontinuierliche und episodische
Hypoxidmie

® Schlafstorungen
® fFatigue

® chirurgische und andsthesiologische
Traditionen

® psychosoziale Faktoren



Prinzipien des aktuellen , Fast-track " -Rehabilitationsprogramms bei elektiven Kolonresektionen der Charité Campus-Mitte

Leitpunkt JFast-track™-Rehabilitation bei elektiven Kolonresektionen

praoperativ Operationsaufklarung; Gesprach mit Patient und Angehérigen; avisierte Entlassung ab 3. postoperativen Tag;
préoperativer Informationsbogen; PONV-Prophylaxe* ! fverkiirzte praoperative Nichternheit®

intraoperativ total intravendse Anasthesie*!: thorakale kombinierte Periduralanalgesie (Lokalanasthetikum/Opioid) *1, Nichtopioid-
Analgetikum; konvektive aktive NormothermiemaBnahmen*; quere/gebogene Laparotomien oder 5 Trokar-Laparoskopie*';
Magensonde bei Extubation entfernen*?, keine Drainagen*?

Operationstag | Verlegung via Aufwachraum auf die Normalstation; kontinuierliche PDA (LA/Opioid)*; Nichtopioid-Analgetikum

I. v., Vermeidu stemischer Opioidgaben*'; Magnesiumcitrat 300 mg 3 x tgl. bis 1. Stuhlgang;
b2 postop. étunée: 7500 mL lee; 2 brotm@nnEs oder Joghurt] 5. postop. Stunde: Mobilisation in den Stuhl

tur 2 Stunden und Laufen aut dem Stationstur

1. postop. Tag kontinuierliche PDA (L A/Opioid)*": Nichtopioid-Analgetikym oral; Vermeidung systemischer Opioidgaben*’;

\ollkost + Proteindrinks; Trinkmenge > 1 500 ml beachter§ Mobilisation aus dem Bett mindestens 8 Stunden;
TS TETTS ZWeiTat CaurerT aut den Statorstmr

2. postop. Tag Periduralkatheter entfernen; Nichtopioid-Analgetikum oral; Vermeidung systemischer Opioidgaben*’;
Vollkost; Trinkmenge > 1 500 mL beachten; vollstandige Mobilisation (im Bett zur Mittagsruhe und nachts);
Entlassungsgesprach mit Patienten, Angehorigen; Informationsbogen poststationarer Verlauf; Ernahrungsberatung

3. postop. Tag Nichtopioid-Analgetikum; Vollkost; Trinkmenge > 1 500 mL beachten; Vollkost; vollstandige Mobilisation (im Bett zur
Mittagsruhe und nachts); Abschlussgesprach, Entlassung ab mittags nach Wunsch der Patienten moglich;
sonst weiter analoges Vorgehen bis zur Entlassung; Informationsbogen fur Hausarzt

8. postop. Tag ambulante Wiedervorstellung; Entfernen des Hautnahtmaterials; Besprechung des histologischen Befundes;
ggt. Terminierung der adjuvanten Therapie

PONV, postoperative Ubelkeit und Erbrechen; PDA, Peridualanalgesie; LA, Lokalandsthetikum
*1 MaBnahme durch randomisierte, kontrollierte Studien belegt; *2MaBnahme nach randomisierten, kontrollierten Studien nicht erforderlich

Deutsches Arzteblatt | Jg. 102 | Heft 21 | 27. Mai 2005



Postoperative G | -tract Dysfunction
PGID

PGID intolerance of enteral nutrition
nausea, vomiting

433 pat., prospective blinded Cohort-Study

diverse group of routine, moderate risk,
elective risk surgery

PGID most common:
POD 5,8, 15: 55%, 51%, 52%

Benett-Guerro E, et al.; Anesth Analg 1999; 89:514 — 519



Praoperative Dehydratation

Acta Anaesthesiol Scand 2002; 46: 1089-1093
Compensatory fluid administration for preoperative

dehydration — does it improve outcome?

K. HOLTE and H. KEHLET
Department of Surgical Gastroenterology, Huidovre University Hospital, Denmark

pain. Administration of =1litre fluid generally reduced post-
operative drowsiness and dizziness, while the effects on post-
operative nausea, vomiting and thirst has not been clarified.



British Jowrnal of Anaesthesia 93 (3): 381=5 (2004)
DOl 10.1093/bja’ach219  Advance Access publication June 25, 2004 B]A

Effect of intraoperative intravenous crystalloid infusion on
postoperative nausea and vomiting after gynaecological
. . —1
laparoscopy: comparison of 30 and 10 ml kg

J. J. Magner' #, C. McCaul?, E. Carton'?, J. Gardiner'? and D. Buggy”

Background. |.V. fluid administration has been shown to reduce postoperative nausea and
vomiting (PONV). The optimum dose is unknown. We tested the hypothesis that administration

of i.v. crystalloid of 30 ml kg_' would reduce the incidence of PONV compared with [0 ml kg_' of
the same fluid.

Conclusion. |.V. administration of CSL30 ml kg ™' to healthy women undergoing day-case gynae-

cological laparoscopy reduced the incidence of vomiting, nausea and anti-emetic use when com-
pared with CSL 10 ml kg~ '



Intraoperatives Volumenmanagement

Pathophysiology and clinical implications of perioperative fluid
excess

K. Hulte"’f‘, N. E. Sharrock® and H. Kehlet'
Br | Anaesth 2002; 89: 622-32

Dry Regimen in pulmonary surgery:
pulmonary morbidity\l«

supports safety of low —volume regimen
In high-risk patients undergoing major surgery



Intraoperatives Volumenmanagement

Effects of Intravenous Fluid Restriction on Postoperative
Complications: Comparison of Two Perioperative
Fluid Regimens

A Randomized Assessor-Blinded Multicenter Trial
Birgitte Brandstrup, MD, PhD.* Hanne Tonnesen, MD, DMSc,* Randi Beier-Holgersen, MD,

[Ann Surg 2003238 641648



Intraoperatives Volumenmanagement

TABLE 1. Intracperative Fluid Therapy

Restricted Regimen

Standard Recimen

Preloading of Mo preloading.
epidural analgesia

Third space loss Mo replacement

Loss during fast 500 mL of glucose 5% in water less oral fluid
(maintenance) intake during fast.

Blood loss Volume-to-volume with HAES 6% with allowance

for max. 500 ml. extra.

Blood component therapy started at approximate
loss = 1500 mL dependent on hematoerit.

500 mL HAES &%, *

Normal saline 0.9%: 7 mL/&kg'h first hour; 5 mL/kg'h second
and third hour; 3 mL/&kg'h following hours.

500 mL of normal saline 0.9% independent of oral intake.

Loss up to 500 mL: 1000-1500 mL of normal saline; Loss
=500 mL, additional HAES &%

Blood component therapy started at approximate loss = 1500
mL dependant on hematoerit.

*Hydrosyethyl starch 6% in normal saline.

[Amm Surg 2003238 64]- 648)



Intraoperatives Volumenmanagement

TABLE 3. MNumber of Patients With Complications (Per-Protocol Analysis)

Blinded Assessment

Unilinded Assessment

Restricted Standard Restricted Standard
Group Group P value Group Group P value
Crverall complications 21 40 0.003 21 43 0.000
Major complications’ 8 18 0.040 8 19 0.026
Minor complications’ 15 36 0.000 15 37 0,000
Tissue-healing complications® 11 22 0.040 10 24 0.009
Cardiopulmonary complications’ 5 17 0.007 4 18 0.002

n = 60 m restneted group and n =

72 m standard group.

"Mumber of patients in subgroups does not add up to number of overall complications because some patients had more than | complication.

[Ann Surg 2003238 641648



Intraoperatives Volumenmanagement

Effect of salt and water balance on recovery of gastrointestinal
function after elective colonic resection: a randomised controlled
trial

Dileep N Lobo, Kate A Bostock, Keith R Neal, Alan C Perkins, Brian J Rowlands, Simon P Allison

Present practice > 3 L water, 154 mmol sodium per day
Restricted intake < 2L water, 77 mmol sodium per day

Lancet 2002; 359: 1812-18
See Commentary page 1792



Intraoperatives

Volumenmanagement

Standard group (n=10) Restricted group (n=10) Difference (95% Cl} p
Total intravenous sodium input (mmaol) 1440 {1320 to 1620) R20 (490 to 590) 915 (740 to 1100} =0-0001
Total urinary sodium output (mmol) B85 (400 to 940) 490 (315 to 645) 141 (90 to 425) 020
Sodium balance (mmol) THO (490 to 1090) 80 180 to 230) T20 (365 to 1045) 0-001
Total water (intravenous+oral) input (L) 180 (164 10 19-3) 116 (10-4 10 12:2) G4 (4-8 1o 8-1) <0-0001
Total water {urine-+vomitus/nasogastric aspirate) output (L) 10:6 (87 to 11-8) 77 (64 to 8-8) 2:5 (0-8 1o 4-5) C-008
Water balance (L) 72 (5810 9:3) 3T (26 1o 4-7) 3-8(2:2 to b-G) =0-0001
Estimated insansible losses over & days (at O-7 L/day) 35 35 .
Net estimated water balance (L) 37 (2:4 10 5-8) 0:2 ~0-9 10 1-2) <0-0001

All values median (1QR), Mann Whitney U test.

Table 2: Cumulative sodium and water balance over days 0-4

Lancet 2002; 359: 1812-18
See Commentary page 1792



Intraoperatives Volumenmanagement

Solid phase gastric emptying time Tgy (min)

:

:

:

:

2

]
L

n=10

h=10

p=0-028

Standard group

Restricted group

Liguid phase gastric emptying time Tg; (min)

200

150

100+

50

n=10

n=10

p=0-017

Standard group Restricted group

Lancet 2002; 359: 1812-18
See Commentary page 1792



Intraoperatives Volumenmanagement

Standard group (n=10) Restricted group (n=10) Difference {95% CI) p
Endpoints
Day on which flatus first passed 4.0 (4-0-5-0) 30 (2:0-3-00 21(1-2) 0-001
Day on which stool first passed 65 (5-8-58-0) 40 (3-0-4-0) 3i2-4) 0-001
Day on which intravenous infusion discontinued 60 [(4-8-5-3) 4.0 (3.8-4-0) 21(1-3) 0-001
Day on which solid food intake resumed 65 (5-5-7-0) 40 (4-0-4-3) 2(1-3) 0-002
Postoperative hospital stay (days) 9.0 (7-8-14-3) 6.0 (5-0-7-0) 3{1-8) 0-001

Values are median (IQR), Mann Whitney U test applied.

Lancet 2002; 359: 1812-18
See Commentary page 1792



Intraoperatives Volumenmanagement

Aanesthesiology 2005, 103:25-32 @ 2005 Amedcan sockty of anesthesiologlsts, Inc. Lippincott Willlams & Wilkins, Inc

Effect of Intraoperative Fluid Management on Ouitcome

after Intraabdominal Surgery

Vadim Nisanevich, M.D.,” ltamar Felsenstein, M.D., T Gidon Almogy, M.D.,T Charles Weissman, M.D., T
Sharon Einav, M.D.,§ Idit Matot, M.D.|

Liberal Protocol (n=75) Restrictive Protocol (n=77)

Bolus 10mL /kg BW
Cont. 12mL /kg/h 4mL/kg/h




anesthesiology 2005, 103:25-32 @ 2005 amercan Sockety of Anesthesiologlsts, Inc. Lippincott Willlams & Wilkins, Inc

Effect of Intraoperative Fluid Management on Outcome
dafter Intraabdominal Surgery

Vadim Nizanevich, M.D.,” ltamar Felsenstein, M.D., T Gidon Aimogy, M.D., T Charfes Weizsman, M.D., T
Sharon Einav, M.O.§ idit Matot, M.D.||
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anesthesiology 2005, 103:25-32

@ 2005 amercan Sockety of Anesthesiologlsts, Inc. Lippincott Willlams & Wilkins, Inc

Effect of Intraoperative Fluid Management on Outcome
dafter Intraabdominal Surgery

Vadim Nizanevich, M.D.,” ltamar Felsenstein, M.D., T Gidon Aimogy, M.D., T Charfes Weizsman, M.D., T
Sharon Einav, M.O.§ idit Matot, M.D.||

Total volume of fluid
administarad, mil,
median {rangea)

Eztimated blood loss, mi,
median {range)

Patients receiving bolus of
fluids (as indicated by
fluid algorithim},

Mumber of patients
receiving 6%
Frycrowyethyl starch

Patients receiving blood
transfusion, %

LPG

3,670
(1, 8808, 800

440 {50-1,800)

1{1.3)

19 (25)

RPB

1,230
(400-7,810)*

400 {50-2,100)

26 (33)°

12 (15.5)



anesthesiology 2005, 103:25-32 @ 2005 amercan Sockety of Anesthesiologlsts, Inc. Lippincott Willlams & Wilkins, Inc

Effect of Intraoperative Fluid Management on Outcome

dafter Intraabdominal Surgery

Vadim Nizanevich, M.D.,” ltamar Felsenstein, M.D., T Gidon Aimogy, M.D., T Charfes Weizsman, M.D., T
Sharon Einav, M.O.§ idit Matot, M.D.||

Table 4. Perioperative Complications

Raestrictive
Libsral Protocal  Protocol Group
Complications Group mo= 7&) in = T7)
Infactious
Wound dehiscencasdinfaction 11 7
Pertonitisfanastomaotic leaks 3 2
intraabdominal abscess
Preumonia 5 3
Urinary tract infection 2 3
Sepais 1 0
Gastrointestinal
Bleading 0 0
Bowal costruction 2 0
Pulmonary
Acute respiratory distress 2 0
syndrome
Death 0 0
Total number of complications az 17
Total number of patients with 23 13"

complications

P < 0005 we libsral protocol group.



anestheslology 2002, STEI0-6& @& 2002 amerdcan Sockety of anesthesiologlsts, Inc. Lippincott Willams & Wilkins, Inc.

Goal-directed Intraoperative Fluid Administration Reduces
Lengtb of Hospital Stay after Major Surgery

Tong J Gan, M.B., B.S, F.A.C.A,” Andrew Soppitt, B.Sc., M.B., B.5.. F.A.C.A. T Mohamed Maroof, M.D.. T
Habib Ei-Moalfem, Ph.D.,§ Kent M. Robertson, M.O.,” Eugene Moretti, M.D., T Peter Dwane, MO, T
Peter S. A Glass, M.B., F.F.A. (S.A)|

Conclusions: Goal-directed intraoperative fluid admindstrea-
o results in carlier return to bowel funaion, lower incidence

of postoperative navsea and vomiting, and decrease in length of
postoperative hospital stay.

In summary, for paticnts undergoing moderate- and
high-risk surgery, goal-directed fluid admimstration with
6% hetastarch is associated with improved patient out-
come and a shght reduction in the length of hospital
stay.



Intraoperatives Volumenmanagement

Intraoperative Colloid Administration Reduces Postoperative
Nausea and Vomiting and Improves Postoperative Qutcomes
Compared with Crystalloid Administration

Eugene W. Moretti, MD, Kerri M. Robertson, MD, Habib El-Moalem, pho, and
Tong J. Gan, MB, FRCA, FRARCK])

and H5-BS versus L), Both the H5-MNS and H5BS (col-
loid ) groups had a significantly less frequent incidence
of nausea and vomiting, use of rescue antiemetics, se-
vere pain, periorbital edema, and double vision. We
concluded that intracperative fluid resuscitation with
colloid, when compared with crystalloid administra-
Hon, is associated with an improvement in the quality
of postoperative recovery.

(Anesth Analg 2003,96:611-7)



Intraoperatives Volumenmanagement

Intraoperative oesophageal Doppler guided fluid management
shortens postoperative hospital stay after
major bowel surgery

H. G. Wakeling'*, M. R. McFall!, C. S. Jenkins', W. G. A. Woods?, W. F. A. Miles?,
G. R. Barclay® and S. C. Fleming®

Conclusions. Intraoperative oesophageal Doppler guided fluid management was associated
with a |.5-day median reduction in postoperative hospital stay. Patients recovered gut function
significantly faster and suffered significantly less gastrointestinal and overall morbidity.

Br | Anaesth 2005; 95: 63442  [Epub ahead of print]



Intraoperatives Volumenmanagement

I'able 2 Postoperative hospitalization and recovery of gut funtion. QR
mterquartile range: MWL, Mann-Whitney [i-test

Conirol group SY0O) group FP-value (test)
Median (1K)

Postoperative 11.5(4.75) 10 (5.75) 0031 MWLU
hospitalization (days)
Time until fit for 11 {4.0) 9.5 (5) 0.012 MWL

discharge (days)
Bowel recovery (days)

Flams 4 (1) 3 (2) 005 MWL
Bowels opening 3 (2) 4 (3) 0014 MWL
Full diet 1 02) b (2) <0001 MwL

Br | Anaesth 2005; 95: 634-42
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Control group

Routine cardiovascular
monitoring

Plus

CVP 12 - 15 mm Hg

Study group

Maasure CVP
and

stroke volume

250 ml of
o o _
colloid i.v. over 1096 fall in
2 min stroke valume

Wait
5 min
CVP rise <3 mm Hg MeaS:r:Z CvP
and 10% increase in -‘ﬂE}
stroke volume stroke leun_'le
every 10 min

Fig 1 SV fluid algorithm.

Br | Anaesth 2005; 95: 634-42
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Praoperatives Defizit

keine gezielte Kompensation
bel elektiven EiIngriffen
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Laparoskopie, ambulante Chirurgie

Kristalloide
Kolloide ?




Intraoperatives Volumenmanagement

Grol3e Nicht — Kardiochirurgische Eingriffe

Multimodal: Atraumatisch

Normotherm
Magensonde |

Volumenmanagement
Restriktiv 4ml/kg/h
Kolloid (HES)




