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Intravenous fluid therapy is a core part of perioperative practice, with the potential to influence
patient outcomes.
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Total Body Water TBW

v'ICF Intra cellular Fluid
v"ECF Extra cellular Fluid
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FIGURE 21.1 Fluid compartments. Fluids comprise approximartely 60% of
the body weight. Two-thirds of the fluid is intracellular and one-third is
extracellular, which includes interstitial fluid and plasma. (Adapted from
Applegate E. The Anaromy and Physiology Learning Syseem. 4th ed. St Louis

Elsevier; 2011:408.)
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Serum osmolality

285 to 290 mOsm/kg and is the same in intracellular anc
extracellular compartments because of the free movement
of water between compartments that consequently pre-
vents the development of any osmotic gradients. The larges
contribution to plasma osmolality is made by sodium anc
its related anions chloride and bicarbonate.

[t can be estimated by

Serum osmolality =
(2xNa) + (glucose/18) + (urea/2.8)

o,

\ :% "r\'\
;ForAu j
i 9elan blood urea nitrogen concentration (mg/dL), and the (2 X
For Children :275-290 mOsmik
' Na) component reflects both Na and its associated anions
(predominantly CI~ and HCO;™). Alternatively, osmolality

can be measured by depression of plasma freezing point.

where Na is the serum sodium concentration (mEq/L), glu-
cose is the serum glucose concentration (mg/dL), urea is the




TABLE a4a7.1 Age-Related Variation in Total Body
Water and Extracellular Fluid as Percent of Body Weight
(MULTIPLY by 10 for mL/kg)

Age /—TB'EU\I\%} ECF (2&) Blood Volume (%)
NMeonate \_8_;1/ 45 o

& months 7O 35

1 year &y 28

5 ywears &5 25 8

Young adult [rn-ale(]/ =T \ 22 ra

Young adult [fema}‘&.'l\ Sy 20 ra

Elderhy SO 20



Physiologic control of overall fluid balance

TBW volume is controlled by a system of sensors, central control, and effectors. The sensors are
(1) hypothalamic osmoreceptors that respond to changes in ECF tonicity,

(2) low-pressure baroreceptors in the large veins and right atrium that sense central venous pressure (CVP),
(3) high-pressure baroreceptors in the carotid sinus and aortic arch that sense mean arterial pressure.

The sensory inputs are integrated within the hypothalamus, which then triggers either increased water
intake from thirst or increased water output via antidiuretic hormone (ADH vasopressin) secretion. Thirst
and ADH release may be triggered by increased plasma tonicity, hypovolemia, hypotension, and angiotensin
Il. ADH release also may be stimulated by stress (including surgery and trauma) and certain drugs (e.g.,
barbiturates). Water intake does not usually depend on thirst because of social drinking behavior; thirst acts
as a backup mechanism when the normal intake is inadequate. ADH, produced in the hypothalamus and
released from the posterior pituitary, acts on the principal cells of the renal collecting ducts, which in the
absence of ADH are relatively impermeable to water.
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Crystalloids are solutions of electrolytes in water.

* They may be classified by their tonicity after infusion or their overall
composition
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Fluid

CI
mEq/L

Crystalloid Fluids

KO
mEgq/L

Ca?*
mEq/L

Glucose
g/L

Buffer

Osmolarity
mOsm/L

Tonicity

Typical
Indication

Normal plasma

0.9% saline
(a.k.a. “normal saline” or NS)

0.45% saline
(a.k.a. 2 NS)

3% saline

D5 %2NS + 20 meq KCL

D5SW

Lactated Ringer's (LR) /
Hartmann's solution*

130

~100

154

77

~4

~24

~0.85

HCO,
~ 24 mEq/L

0

0

Lactate
28 mEq/L

~290

308

154

1026

446

252

N/A

“Isotonic’

Hypotonic

Hypertonic

Hypertonic =
Hypotonic

Hypotonic

Isotonic

* Most, but not all, sources imply the terms lactated Ringer’s and Hartmann's solutions are interchangeable.

Also, there is small variability in the reported electrolyte concentrations between sources.

N/A

Resuscitation

Maintenance

Severe
Hyponatremia

Maintenance

Hypernatremia
Hypoglycemia

Resuscitation
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0.9% Sodium Chloride

= Hyperchloremic acidosis

Metabolic = 4 Need for buffers to correct acidosis

= Possible damage to the endothelial glycocalyx
ySWanex = %t interstitial fluid volume leading to edema

= Renal edema and capsular stretch leading to intrarenal
tissue hypertension

Renal = Renal vasoconstriction, ¢ renal blood flow and renal
tissue perfusion

= J Glomerular filtration rate, urine volume, and sodium
excretion

» Gastrointestinal edema, intestinal stretch
* lleus, impaired anastomotic healing

Gastrointestinal

= 4iIntraoperative blood loss

Hematological
» 4 Need for blood product transfusion
= 4 Postoperative complications
Clinical = 4 Mortality
outcomes * 4Iincidence of acute kidney injury and need for renal
replacement therapy
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* Ringer's saline solution was invented in the early 1880s by Sydney
Ringer, a British physician and physiologist. Ringer was studying the
beating of an isolated frog heart outside of the body. He hoped to
identify the substances in blood that would allow the isolated heart
to beat normally for a time.




Balanced crystalloid solutions

Normal Saline Balanced Crystalloids
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* Each 1000 mL of PL 148 contains , 370 mg
, 300 mg , 3.68 g and 5.02 g of
respectively; this equates to
140 mmol/L sodium, 5 mmol/L potassium, 1.5 mmol/L magnesium,
98 mmol/L chloride, and 27 mmol/L and 23 mmol/L of acetate and
gluconate, respectively

* Plasma-Lyte 148: A clinical review
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Dextrose Solutions

* Dextrose solutions have the following two main indications in the perioperative setting: 1. As a source of
free water: An infusion of 5% dextrose effectively represents administration of free water. The in vitro
osmolality resembles that of plasma so the infusion does not lead to hemolysis, but soon after
administration, the dextrose is taken up into cells in the presence of insulin, leaving free water. These
solutions are therefore hypotonic with respect to the cell membrane and
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Dextrose Solutions
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Dextrose 5%

Dextrose 10%
Dextrose 20%
Dextrose 50%
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TAELE 21.1

Composition of Crystalloid Solutions

Plasmalyte-A/

Normosol- Lactated 0.9% Sodium
Concentration Plasma R/lsolyte-S Ringer Chloride
sadium (mEafL) 142 140141 130 154
Potassium (mEg/L) 4 B 4
Chioride {mEqgy/L) 103 a8 110 154
Phosphate (mEq/L) 14 1%
Magnesium (mEa/L) Z 3
Calcium (mEg/L) B 3
Lactate {mEqg/L) 78
Acetate (mEq/L) &
Gluconate {(mEg/L) 23
pH 74 74 6.2 b.6
OsmolalityimOsm/L) 291 794795 215 310

1
*|solyte-S only



Colloid

* Colloid is defined as large molecules or ultramicroscopic particles of a
homogeneous noncrystalline substance dispersed in a second
substance, typically isotonic saline, or a balanced crystalloid.

Colloids

- Exampies
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https://fa.wikipedia.org/wiki/%D8%B2%D8%A8%D8%A7%D9%86_%D8%A7%D9%86%DA%AF%D9%84%DB%8C%D8%B3%DB%8C
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A depiction of how fluid overload can lead to interstitial
edema and local inflammation, impairing the regeneration
of collagen, and thus negatively affecting tissue healing and
increasing the risk of wound dehiscence, wound infections,
and anastomotic leakage

Hypovolemia
Hypoperfusion
Organ dysfunction

Hypervolemia
Tissue edema
Adverse outcome

Euvolemia

Ny

Intravascular volume load

Complications
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PRELOAD AND AFTERLOAD

Afterload

Resistance left
ventricle must
overcome to
circulate blood

Preload

Volume of blood in
ventricles at end of
diastole (end diastolic

ressure ‘
P ) Increased in:
Increased in: Hypcrte.nsion
Hypervolemia Vasoconstriction
Regurgitation of
cardiac valves T Afterload =

Heart Failure T Cardiac workload
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Quantity of Fluid

* Quantity of Fluid IV fluid quantities may be given in two main ways: (1) by estimating the requirements
based on patient weight, the phase of surgery, and nature of losses to estimate the

* required dose, or (2) by direct measurement of an individual’s physiologic variables and administering fluid

in sufficient quantities to achieve an improvement in these physiologic variables, so-called goal-directed
therapy.
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Clinical Fluid and Electrolyte Management-
miller 2020

* it is important to consider the pathophysiologic processes, which
affect not just the body’s requirement for exogenous fluid and
electrolytes but also the manner by which fluids are distributed by
the body. The patient may enter the perioperative phase with
abnormalities of intravascular fluid volume and distribution.



Clinical Fluid and Electrolyte Management

g Slube a4 o 5l 5 e 5 oS e 250 Sl )0 1) Seisle sl slavn] B a8t Sl oo
O jlas 23138 go 530 55 o bast Slule woje8 ez p a1 g0 sla g 1S
B9 oo jlam 5B s)ly By JE wle @jeh g px> 50 s)lmial b o

a5 0)ls b g S0l g lule Jobes 5o coli YW b el Soe o 5 b oyl Lo ©

» s gl Ol 31 as st i Seo 8 g adS S o Slee P Wgl s
S,0ECF oo



Clinical Fluid and Electrolyte Management-
miller 2020

* Intraoperative Many factors influence intraoperative fluid balance,
such as:

e Altered distribution of intravascular volume.

* Insensible losses

 Direct loss of intravascular volume from hemorrhage
* Renal output



PRACTICAL MANAGEMENT OF PERIOPERATIVE
FLUID THERAPY

e At each stage in the perioperative journey, the physician must decide how
much and what type of IV fluid is required.

* Unfortunately, a robust evidence base with answers to these questions is
not always available, so a pragmatic approach based on sound physiologic
knowledge and the best available evidence is required.

* To make the process more complicated, fluid and electrolyte requirements
are a dynamic situation with great inter-individual variability.

* these vary depending on patient factors, including weight and and on
surgical factors, such as the magnitude and site of surgery
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Targeting Overall Fluid Balance

 Targeting Overall Fluid Balance. Traditional approaches to
perioperative fluid administration are based on historical estimates of
fluid requirements during fasting (e.g., using the “4-2-1" calculation;

* The fluid volumes prescribed are then based on perceived knowledge
of the movement of fluids between compartments—for example,

crystalloid being used to replace b

ood loss in a 3:1 ratio to account

for crystalloid movement into the extravascular compartment.18

However, much of the physiologic
has been questioned recently

pasis of this management approach
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T |

Historical Fluid Management Calculations
I
4-2-1 Calculation for Determining Maintenance Fluid Requirement
e (-10kg: 4 mL/kg per hr
* 11-20 kg:4 mL/kg per hr for the first 10 kg; 2 mL/kg per hr for every kg >10

e >70 kg: 4 mL/kg per hr for the first 10 kg; 2 mL/kg per hr for the next 10 kg;
1 mL/kg per hr for every kg >20

Estimated Fluid Deficit
e Estimated Fluid Deficit = Maintenance Fluid Requirement x Fasting Hours

Guidelines for Replacement of Surgical Losses

e Superficial Trauma (orofacial): 1-2 mL/kg per hr

*  Minimal Trauma (herniorrhaphy): 2—4 mL/kg per hr

* Moderate Trauma (major nonabdominal or laparoscopic abdominal surgery):
4-6 mL/kg per hr

e Severe Trauma (major open abdominal surgery): 6-8 mL/kg per hr

Recommendation for Replacement of Blood Loss
e Crystalloid — 3:1 (3 mL for every 1 mL estimated blood loss)
* (Colloid or Blood = 1:1 (1 mL for every 1 mL estimated blood loss)
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* Rate of fluid administration= CVE+Deficit+Maintenance+Loss+TSL

* CVE=Compensatory Volume Expantion =5-7cc/kg of balanced salt
solution

« Maintenance=4cc/kg for the 1st 10kg+ 2cc/kg for the 2nd 10kg
+1cc/kg thereafter

e Deficit=Maintenance * Hours of NPO
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e Scientific evidence challenges this assessment because it does not
account for cardiovascular and renal

 function in individual patients, nor does it consider the true impact
of fasting in elective surgical patients °
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* An extension of the milliliter-perzkilogram_approach to fluid administration has been to examine whether higher (e.g., 12-18 mlL/kg/h of

intraoperative crystalloid) or lower (5-7 mL/kg/h) fluid doses in the immediate perioperative phase are associated with benefit after major surgery.
Unfortunately, this work has been hampered by widely varying definitions of restrictive/conservative, standard, and liberal, differing fluid types
#collmds/crystallmds{} and different time courses over which the fluid strategy is applied. Despite these dlfferences a common theme is that when

luid is given base

on a milliliter-per-kilogram protocol and on clinical assessment rather than to target defined physiologic endpoints, the

administration of more than 3500 to 5000 mL of crystalloid solution in the immediate perioperative period is associated with increased postoperative
morbidity in contrast to administration of lower fluid volumes. This may be reflected in increased weight gain, cardiopulmonary dysfunction, impaired

wound healing
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e Scientific evidence challenges this assessment because it does not
account for cardiovascular and renal

 function in individual patients, nor does it consider the true impact
of fasting in elective surgical patients °
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Goal-Directed Therapy

* Goal-Directed Therapy. The practice of GDT is based on measuring
key physiologic variables related to cardiac output or global O2
delivery and administering fluids, and possibly inotropes,
vasopressors, vasodilators, and RBCs to improved tissue perfusion

and clinical outcome
0 00 yg v
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Parameters Range to target Interventions

CVP 8-12 cmH,0 Early use of mechanical ventilation
MAP 65-90 mmHg Fluid resuscitation

SvO, >70% Use of vasoactive agents

ScvO, >65% Noradrenaline

Urine output >0.5 ml/kg/h Dobutamine

Hematocrit >30% Transfusion

Parameters in early goal-directed therapy[15]

Parameters, range to target, and interventions in goal-directed fluid therapy. CVP=Central venous pressure, MAP=Men arterial pressure, SvO,=Mixed venous oxygen
saturation, ScvO,=Central venous oxygen saturation


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6515723/#ref15

Pulmonary artery catheter (PAC).
Esophageal Doppler monitor (EDM)
Thoracic bioimpedance
Echocardiography

Lactate: A reduction in elevated blood lactate concentrations is used clinically as a
marker of successful resuscitation.

?2 extr)action and venous 02 saturation (SvO2) or central venous saturation
ScvO2

Arterial pressure and waveform analysis

A typical approach to GDT is to raBidIy administer 250 mL boluses of colloid or
crystalloid, aiming to increase SV by 10% or more each time. This process is
continued until there is no further rise in SV, at which point ventricular filling is
taken to be on the flatter part of the Starling curve. One example is in



Miller 2020

Preoperative. In preparing for elective surgery, oral clear fluid intake *
should continue until 2 hours preoperatively and longer fasting

discouraged
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Intraoperative
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Special Considerations Patient Factors




* should be undertaken only with objective evidence of intravascular volume loss. The effects of heart failure
therapies should be evaluated carefully in the perioperative phase. Diuretics may leave patients in a
chronically volume-contracted state that worsens anesthesia-related hypotension. Loop diuretics frequently
cause hypokalemia and hypomagnesemia, whereas aldosterone antagonists cause hyperkalemia, which may
be severe when combined with ACE-inhibitor treatment or chronic kidney disease. Normalization of
electrolytes is particularly important in patients taking digoxin, in whom hypokalemia may potentiate digoxin
toxicity. ACE-inhibitors or angiotensin receptor antagonists themselves lead to a blunted sympathetic and
angiotensin response to anesthesia-related vasodilation. The hypotension caused by these should be treated
appropriately by small doses of inotropes or vasopressors, which may include vasopressin analogs.



Sepsis

NEUROGENIC SHOCK
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Sepsis
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Burns
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Burns

Head and neck (9%)

Chest and upper back (9% each)
Arm (9% each)
Abdomen and lower back (9% each)

Genital area (1%)

Leg (18% each)
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» Pediatrics

 Children have a higher metabolic rate, larger surface area to
weight ratio and faster respiration resulting in extensive fluid
losses[2] which translates to higher fluid requirement.

* Fluid deficit in children may vary preoperatively from no deficit to
severe deficit based on the etiology for which the child is coming
into theatre. Fluid Management can be broadly covered in three
main parts:

* (1) resuscitation fluid, (2) maintenance fluid and (3) replacement

fOI“ the lossgesd‘litr:éc]perioperative fluid management - PMC

National Institutes of Health (.gov)
https://www.ncbi.nlm.nih.gov > articles » PMC8477784
by A Mathew - 2021



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/#ref2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/#ref3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8477784/

Pediatrics
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Pediatrics

Intracellular Fluid (ACF)
12 L

(40%)

>4

Extracellular Fluid (ECF)

a. Interstitial Volume

mEEEEEEEEEEEEEEEES x
b. Blood Volume
LS E

4 (5%)

TBW in 30 kg child = 30 x 60% = 18 Liters



Table 1: Hly 421 rule and flud requrement®

Weight Fhid requirement per b Daily fuid requirement

<Ilkg dmlkg 100 mikg

[0-20kg Kl + 2 mlkg for each kg abave 10 kgs 1000 ml + 50 mlkg for each kg abave 10 kgs
L o0 ml + 1 mifkg for each kg above 20 kgs 1500 ml + 25 miky for each kg above 20 kgs




Pediatrics. Perioperative fluid therapy in pediatric patients has for many years been based on traditional approaches
that are increasingly being reexamined
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Recommendations on preoperative fasting
guidelines

* Type of food Hours of fasting

* Heavy Solids 8 hrs

e Light meals (solids)/Formula milk/juice with pulp 6 hrs
* Breast Milk 4 hrs

* Clear fluids (water, fruit juices without pulp, carbonated beverages,
clear tea, and black coffee excluding alcohol) 1h



e Glucose Infusion Rate

* Neonates and infants younger than six months of age often require glucose
maintenance when fasting due to low glycogen reserves.>®

* For long surgeries, glucose should be added to the maintenance fluids and titrated
to maintain euglycemia.’

* Normal blood glucose for newborns is approximately 40-60 mg/dL.
* Basal glucose requirements are 5-8 mg/kg/min;
* this is known as glucose infusion rate (GIR).

* |[n pediatric patients, both hypoglycaemia and hyperglycemia can cause
neuronal injury which goes unidentified resulting in permanent damage



Table 5. Proposal for perioperative fluid management in

children
Preoperative Keep fasting times short (clear fluids up
to 1 h preop.)
Minor procedures Background infusion 10ml/kg/h BS-G°
Intermediate Adjust background infusion to actual
procedures requirements during the course of the
procedure
Plus: BSP if additional fluid is required
Plus: colloids® if additional BS is not
sufficiently effective
Major procedures Same as intermediate procedures
Plus: blood products in case of critical
haemodilution
Postoperative Allow children to eat and drink soon

after the procedure

Adapted from [1™"].

“Balanced isotonic electrolyte solution with 1-2% glucose.
bBalanced isotonic electrolyte solution. e
“For example, albumin, gelatine, hydroxyethyl starch. -




* The decision when to transfuse blood to children depends on the
maximum allowable blood loss (MABL) calculated as:

MABL = EBV x (HO — H1)/HO

. IIEIBV) = estimated blood volume; HO = starting Hct; H1 = lowest acceptable
ct).

The volume of packed cells required is calculated as
body weight (kg) x desired increment in hemoglobin (g/dl) x 5

* See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/354275092 Pediatric perioperative fluid
management Article in Saudi Journal of Anaesthesia - September 2021



 Sumplemann et al. recommend that in patients with circulatory
instability balanced isotonic electrolyte solutions without glucose can
be given as repeat-dose infusions of 10—-20 ml/kg until the desired

effect is obtained

* Simpelmann R, Becke K, Zander R, Witt L. Perioperative fluid management in children: Can we sum it all up
now? Curr Opin Anesthesiol 2019;32:384-91



Proposal for perioperative management

* The goal preoperatively must be to keep fasting time to the least and
whenever possible to give clear fluids up till 1 hr before the surgery. For
minor procedures (< 1 hr) balanced isotonic fluids without glucose to a
maximum of 10 ml/kg/hr. For intermediate procedures to adjust the
balanced isotonic infusion according to the requirement during surgery.
Glucose in a lower concentration (1-2.5%) can be added if the situation
demands. If additional fluids required to give boluses of isotonic fluids
(10-20 ml/kg) and if this is not effective colloids can be considered. For
major procedures, to follow the same principles as an intermediate
procedure. Blood product transfusion to be initiated according to the
maximum allowable blood. Postoperatively to allow the child to drink and
feed as early as possible provided the child is awake and there is no surgical
contraindication.



Proposal for perioperative management
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PREECLAMPSIA— ECLAMPSIA _ .~
MULTISYSTEM DISORDER gg

After 20 wKs of GESTATION or during POSTPARTUM PERIOD

% NEW-ONSET HYPERTENSION, PROTEINURIA
& END-ORGAN DYSFUNCTION

* DAMAGE to MATOR ORGANS:
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