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0. Background of fluid therapy
B History of fluid therapy
Sir William Brooke O'Shaughnessy
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0. Background of fluid therapy
m Body fluid composition

% of Body Weight % of Total Body Water

Total Body Water 100
ICF 40 67
ECF 33

Intravascular 5 8
Interstitial 15 25

IV solution & IV orders

l Body fluid compartments

Na

K

cl
HCO3

Glucose

Ca
Mg

Urea*

ECF

3.5-5.0(mEg/L)
95-105 (mEg/L)
22-26 (mEg/L)
90-120 (mg/dl)
8.5-10 (mg/dl)
1.4-2.1 (mEq/L)
10-20 (mg/dl)

ICF
10-20 (mEg/L)

20-30 (mEg/L)
10-20 (mg/dl)

*Urea passes freely between ICF and ECF, not effective osmole

Each Fluids has its own special uses and Indications !!

5DwW 50 252
1/2NS 0 154
NS* 0 308
Ringer's 0 272
Lactate*"

3%NaCl 0 1026

AT

77

154

109

513

To give

To give

To give both free water
and Na

Tx of hypertonic ECFV
depleted state

Perioperative fluid

Perioperative fluid

Tx of severe

Impair DM control

Serious Hyponatremia
in hypotonic plasma

ECFV overload in
in CHF, RF

ECFV overload in
in CHF, RF

Osm demyelination
ECFV overload
iatrogenic HyperNa

* Also available with 5% dextrose
1: Also contain K 4 mEq/L, Ca 3 mEqg/L, Lactate 28 mEqg/L

B Maintenance fluid therapy

Fluid maintenance

Body weight(kg) mé/kg/d
< 10kg 100ml/kg
10 - 20kg 1000ml + 50ml/kg
> 20kg 1500ml + 20ml/kg
Electrolyte Maintenance
Na+ 2~4mEq/kg/day
K+ 1~2mEq/kg/day
Cl- 2~4mEqg/kg/day
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0. Background of fluid therapy

- 1V Fluids
Blood and Products Non blood | V Fluids
|
Crystalloids Colloids
|
l ¢ .
*Glucose Containing Proteinous Non proteinous
-Electrolyte '. | |
solutions ! ! l l
*Mixed Albumin Starch Dextrans
Gelatins 20% & 5%
+ Haemaccel J,
» Gelofusin » HES
» PentaStarch

» Tetrastarch
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¢~ Extracellular fluid (20% body weight) _:>

0 Background of fluid therapy

Total body water (60% body weight) ——>

Interstitial space

(14% body weight)
Na* 140 mmol/l v Intracellular space
K+ 4 mmol/l 2 (409% body weight)
5 Na* 8 mmol/|
E K* 151 mmol/l
8

Capillary membrane

Intravascular space (6% body weight)
Na* 140 mmol/l
K+ 4 mmol/l (Plasma) Red blood cells

Body fluid composition

% of Body Weight % of Total Body Water

Total Body Water 100
ICF 40 67
ECF 33

Intravascular 5 8
Interstitial 15 25

1. Crystalloid (ex. 0.9% Normal saline 1L) : only ECF
-> intravascular space : 250cc(1/4)

2. Free water (ex. 5% DW 1L) : in TBW
-> intravascular space : 83cc(1/12)

3. Colloid (ex. Starch) : Intravascular space >> ECF
- 6% Starch (volulyte 500ml) -> 333cc(2/3)
- 5% Albumin (250ml) -> 166¢c¢(2/3)

- 25% albumin (100ml) -> 400cc(x4)

->edemaZd 2 (interstitial fluid to intravascular space)

Cf) pRBC transfusionA| &2+ 20| 21 0] osmotic pr At A= & O,
intravascular -> interstitial or intracellular2 = O ZtC}.
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0. Background of fluid therapy

Il The aim of IV fluid administration

1. Avoid dehydration
2. Maintain an effective circulating volume

3. Prevent inadequate tissue perfusion during a period when the patient is unable to achieve these
goals through normal oral fluid intake

4. Intravenous fluid have a range of physiologic effects and should be considered to be drugs with
indications, dose ranges, cautions and side effects.
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0. Background of fluid therapy
Il Approach to fluid prescribing strategy

Title

Details

Normal physiology

Initial assessment

Resuscitation

Routine maintenance

Replacement

Redistribution

Reassessment

Understand key physiology of fluid balance

Assess the patient’s likely fluid and electrolyteneeds

IV fluids may need to be given urgently to restore circulation to vitalorgans

IV fluids are needed for patients who simply cannot meet their normal fluid or electrolyte
needs by oral or enteralroutes

IV fluids to treat losses from intravascular and or other fluidcompartments, and correct e
xisting water and/ or electrolyte deficits or ongoing external losses

some hospital patients have marked internal fluid distribution changes or abnormal flu
id handling

All patients continuing to receive IV fluids need regularmonitoring

NIVERSITY




1.Fluid status assessment and monitoring

Il The aim of IV fluid administration

History taking
Previous limited intake, thirst, abnormal losses, comorbidities, malnourished.

Clinical examination
BP, Pulse, Capillary refill, jugular venous pressure
Pulmonary edema, effusion, postural hypotension

Monitoring
NEWS, Urine output, /0 charts, weight

Lab
CBC, BUN/Cr, Electrolytes

€2)) YONSEI
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1.Fluid status assessment and monitoring

1) Urine output, color @ ProD#2, 70kg, 150cc/duty LH&HE L CF.
Oliguria: U/0 < 0.24ml/kg/hr / Straw or concentrated
. 20| ol otE M Q2

2) PEx
Thirsty, Skin turgor, ansarca(5+- %) 5, weight 1 3}
O Tachycard|a7|' UT A 2], kgD FluideE XA =0 7t=4X|
3) Mornotoring
HR, BP 2} 3=0| (baselinex} H| 1), /0, intra-op I/0, Diet S5, Fluid S &
4) Lab

BUN/Crratio : 200] & (Dry), 100] S}(Wet), U/A, electrolyte, albumin

o BUN, CrO| elevationO| ®=X|, Urine S.G7} 1.0300| & %!
%=X, FluidOf electrolyte= & =0 7t=X|
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2. Resuscitation

Initiate treatment

® Identify cause of deficit and respond.

. Give a fluid bolus of 500 ml of crystalloid
(containing sodium in the range of
130-154 mmol/l) over less than15

minutes.

Reassess the patient using the ABCDE
approach

Does the patient still need fluid
resuscitation? Seek expert help if unsure

|Yes | |N0

Does the patient have
> signs of shock?

Yes
Assess the patient’s likely fluid
and electrolyte needs (Refer
algorithm 1 box 3)
v Yes v

>2000 ml given? > Seek expert help

Give a further fluid bolus of 250-500 ml of crystalloid | ¢ in shock patients

) YONSEI
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2. Resuscitation

B Furosemide (Lasix= M &

Surgical stress
Catecholamine release 1

RAAS activation

ADH secretion 1

Aldosterone secretion 1

Sodium, water retention 1

Oliguria

Edema

SkA)

& 2 oliguial| A Q! :
Insufficient IV volume

-> Decreased renal blood flow
-> decreased urine output

-> RAS system activation

-> water preservation

- Post inflammatory changeOi| 2|3t oliguric
phase2 F p"%

If IV Lasix -> unable to hold water and increasing
urine output

-> |V volume deficit -> dehydration -> AKI ->
Mortality ?




2. Resuscitation

e SBP <100 mmHg

* PR>90/min

 Capillary refill time >2 sec or cold peripheries.
* RR>20/min

 National Early Warning Score (NEWS) 25

* Positive passive leg raising test

Use crystalloids contain sodium in the range 130-154 mmol/I,

with a bolus of 500 ml over less than 15 minutes.
Do not use tetrastarch.

If severe sepsis, consider Aloumin solution.
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3. Routine maintenance

« 25-30 ml/kg/day of water.

* 1 mmol/kg/day of potassium, sodium and chloride (NICE guideline)
-Na 8 ZF = Sabiston (2-3mmol/kg/day), 2| 2}St (1-2mmol/kg/day)

* 50-100 g/day of glucose to limit starvation ketosis.

* For obese patients, Adjust IV fluid to their ideal body weight.

 Consider less fluid volume for patients with older, frail, renal impairment,
cardiac failure, malnourished, at risk of refeeding syndrome.




3. Routine maintenance
NICE aetss Seotence | NICE |

Intravenous fluid therapy in
adults in hospital

Contents of Maintenance Solution (commonly used, 60kg adult)

Contents NICE Sabiston 20t Q| 1t st
Water 1500-1800cc 2400cc 2300cc
Dextrose 50-100g 1009 undescribed
Sodium 1mEqg/kg 2-3mEq/kg 1-2mEq/kg
Potassium 1mEq/kg 0.5-1mEqg/kg 0.5-1mEg/kg
Maintenance rate(cc/hr) Maintenance (cc/hr) 4 Maintenance (cc/day) 1
Maintenance cc/kg for first 10kg 2cc/ 00cc/kg for first 10kg 50
25-30cc/kg kg for next 10kg 1cc/kg cc/kg for next 10kg 20cc

rate for every kg over 20kg

/kg for every kg over 20k
g

**Consider prescribing less fluid (20—25cc/kg/day) for older, CKD, HF patients

UNIVERSITY




3. Routine maintenance

70kg patient
Diet: NPO
Maintenance : 30x70 = 2100cc
Na=70~140mEq
K=70mEq

How to make the fluid?
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3. Routine maintenance

Composition of commonly used crystalloids

Content Plasma Sodium Sodium | 0.45% 5% Hartmann’s | Lactated | Ringer's | Alternative Alternative
chloride chloride | NaCl/ glucose? Ringer's | acetate | balanced balanced
0.9%* 0.18%/ 4% (USP) solutions for solutions for

4%, glucose? resuscitation*™ | maintenance*
glucose?

Na+* 135-145 154 31 77 0 131 130 130 140 40

(mmol/l)

Cl- (mmol/l) | 95-105 154 31 77 0 111 109 112 98 40

[Na*L[CF] | 1.28-1.45:11 | 111 1:1 1:1 - 1.18:1 1.19:1 1.16:1 1.43:1 1:1

ratio

K* (mmol/l) 3.5-5.3 * * * * 5 4 5 5 13

HCOz-/ 0 0 29 (lactate) | 28 27 27 (acetate) 16 (acetate)

Bicarbonate | 2432 0 0 (lactate) (acetate) 23 (gluconate)

Ca?+ 22-26 0 0 0 2 1.4 1 0 0

(mmol/l) 0

Mg?+ 0.8-1.2 0 0 0 0 1 1.5 1.5

(mmoll/l)

Glucose 35-5.5 0 222 222 278 0 0 0 0 222(40g)

(mmal/ 1) (409) (409) (509)

pH 7.35—-7.45 45-7.0 4.5 3.5-5.5 5.0-7.0 6-7.5 6-8 4.0-8.0 45-7.0

Osmolarity 275-295 308 284 278 278 273 276 295 389

(mOsm/l)

* These solutions are available with differing quantities of potassium already added, and the potassium-containing versions are usually more appropriate for meeting maintenance needs.

** Alternative balanced solutions are available commercially under different brand names and composition may vary by preparation.

2 The term dextrose refers to the dextro-rotatory isomer of glucose that can be metabolised and is the only form used in IV fluids. However IV fluid bags are often labelled as glucose so only this term should

be used. Traditionally hospitals bought a small range of fluids combining saline (0.18-0.9%) with glucose but several recent NICE/NPSA documents have recommended specific combinations, which are

now purchased to enable guidelines to be followed. Glucose—saline combinations now comein 5 different concentrations, and the addition of variable potassium content expands the pre-mixed rangeto 13

different products. Prescribers must therefore specify the concentration of each component; the termn dextrose-saline (or abbreviation D/S) is meaningless without these details. What is specified also impacts

significantly on the cost of the product.

Note: Weight-based potassium prescriptions should be rounded to the nearest common fluids available (for example, a 67 kg person should have fluids containing 20 mmol and 40 mmol of potassiumin a

24-hour period). Potassium should not be added to intravenous fluid bags as this is dangerous.

Source: This table was drafted based on the consensus decision of the members of the Guideline Development Group.

‘Intravenous fluid therapy in adults in hospital’, NICE clinical guideline 174 (December 2013. Last update December 2016)




3. Routine maintenance
Examples of maintenance fluid regimens (2-2.5L/day) suitable for a 70 kg person

0.45% saline 0.9% saline + K

70kg person | (1150 #0meq (e fluic) Plasmalyte | Ringer’ lactate (1L) | Hartman's (11
requirement | 5o, Jextrose 59 dextrose (2-2.5L) 5% dextrose (1-1.51) | 5% dextrose (1-1.5L)
ab) (1.5-2L)
Water (L) 2.1 2-25 2-2.5 2-2.5 2-25 2-25
Na* (mmol) 70-140 77-116 77 80-100 130 131
Cl- (mmol) 70-140 77-116 77 80-100 109 111
K+ (mmol) 70 0 40 26-33 4 5
Dextrose (g) 100 50 75-100 100-125 50-75 50-75
Ca2+ (mmol) 3 4
Lactate (mmol) 08 29
Acetate (mmol) 32-40
Malate (mmol)
Mg 2+ (mmol) 3-4

UHtM © 2 ALE SH= fluid= Potassium replacement 2FO| £ &S0 Na2 MCISHA S0 7= 7t &
Ct. 0.9% N/S + K 40mEq K| K| Lt 1L mix K| X[ £ AFE 0L S A|0f , M| X 500mI + 5DWE = Jl—fﬂr O é*

X Ol requirement 45 0| LI-=LC}.
idE 54

OI = Kreplacemenol AE0| 2|ot AO|Lt, =71 © £ electrolyte X Urine outpu= f/uStH A flui 2!
=H & T Q 7} 9},
Nove/ Y



4. Replacement and redistribution

* Adjust the IV prescription to account for existing fluid and/or electrolyte
deficits or excesses, ongoing losses, abnormal distribution.

Gross edema, Severe sepsis, hypo/hypernatremia, renal/liver/cardiac
impairment, postop fluid retention and redistribution, malnourished, refeeding
issues.

Q1. L-tube 1L drainage St= 70kg, NPOS Q! patient?

— b Q2. Diarrhea 1L %} o= 70kg, NPO patient

colostom! y loss ) —e =4 Jejunal loss via stoma or fistula

UNIVERSITY



4. Replacement and redistribution

1)0.9% saline + K 40mEq (Nak fluid) 2) KAONS1000 1L(K40meq,
Vomltln_g 70k§ person Loss E|.= O St (0.5L)*2 Na154meq,cl194meq)+ 5%d
obstruction requirement + extrose 2L
5% dextrose (2L) +side(K20NS100 1000mI*2)
Water () 2.1 1 3.1 3 3.2
Na*(mmol) 70-140 40 110-180 154 184.8
CI-(mmol) 70-140 140 210-280 154 264.8
K*(mmol) 70 14 84 80 80
Dextrose (g) 100 100 100 100
Hco3-(mmol) 60-80 60-80
1)0.9% saline + K 40mEq (Nak fluid) (0.5L)*2
. 70kg person L ot =t +
Diarrhea oquirement | %% e A 5% dextrose
(2L) +side(K20NS100 1000ml)
Water (1) 2.1 1 3.1 3
Na*(mmol) 70-140 30-140 100-280 169
CI-(mmoL) 70-140 70-140 189
K* (mmol) 70 30-70 100-140 100
Dextrose (9 100 100 100
Hco3-(mmol) 20-80 20-80

(o)) YONSEI
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5. Reassessment

Careful monitoring is needed to minimize the risks of adverse events such as fluid overload,
hypovolaemia, and electrolyte disturbances.
Do not prescribe fluids for more than 24 hours and assess fluid status at least daily, if not more often.

Algorithm 1: Assessment

Using an ABCDE (Air\my, B ing, Cir ion, Di ility, Exp ) approach, assess the patient is hyp ic and needs fluid resuscitation
Assess volume status taking into account dlinical examination, trends and context. Indicators that a patient may need fluid resuscitation include: systolic BF <100mmHg: heart rate
>90bpm; capillary refill >2s or peripheries cold to touch; respiratory rate >20 breaths per min; NEWS 25; 45° passive leg raing suggests fluid responsiveness.

i . i itati Assess the patient’s likely fluid and electrolyte needs
Algorithm 2: Fluid Resuscitation *  History: previous limited intake, thirst, abnormal losses, comorbidities

- Clinical examination: pulse, BP, capillary refill, JVP, cedems (periphersl/pulmonsary), postural hypotension
e  Clinical monitoring: NEWS, fluid balance charts, weight.

Initiate treatment . Laboratory assessments: FBC, urea, orestinine and electrolytes.
. Identify cause of deficit and respond l

. Give a fluid bolus of 500 ml of orystalloid
{containing sedium in the range of Ensure nutrition and fluid needs are met
130-154 mmol/l) over 15 minutes. Can the patient meet their fluid and/or electrolyte needs orally or enterally? —————— » Abo see Nutrition support in adults (NICE

) clinical guideline 32).

}

Does the patient have complex fluid or

Reassess the patient using the ABCDE electrolyte replacement or abnormal Algorithm 4: Replacement and Redistribution
approach distribution issues?
® Does the patient still need fluid Look for existing deficits or excesses, ongoing
[ERusoaBonz SAs S pe L=k S LA loasas, or othar Existing fluid or Ongoing abnormal fluid or Redistribution and
complex issues. electrolyte deficits electrolyte losses other complex issues
or excesses Check ongoing losses and estimate Check for:
Check for: amounts. Check for: . gross oedema
. dehydration . vomiting and NG tube loss . severs sepsis
» 7 . e «  fluid overload +  biliary drainage loss e hypematraemia/
Algorithm 3: Routine Maintenance . hyperkalsemia/ «  highflow volume deal stoma loss hyponatraemia
Does the patient have . excess y loss e renal, liver and/or
signs of shock? = ongoing biood kss, e.9. melaena cardiac impairment
_— . Give maintenance IV fluids Estimate deficits or . sweating/fever/dehydration . post-operative fluid
Normal daily fluid and elecirolyte requirements: EXCESSes. . pancreatic/jejunal fistula/stoma retention and
. 25-30 mi'’kg/d water loss. redistribution
. 1 mmolkg/day sodium, potassium, chioride . urinary koss, e.g. post AK| . malnourished and
Y v . 50-100 g/day glucose (e.g. glucose 5% contains polyuria refeeding issues
>2000 mi Seek expert help 5 o/ 00wl Sess e hep
s 3 : necessary and estimate
given
— - l requirements.
‘ [ J
l Reassess and monitor the patient +
z 7 Stop IV fluids when no longer needed. Prescribe by adding to or subtracting from routine maintenance, adjusting for all
L Ohve 2 huthes Bukl bolus of280 580 mi.of Nasogastric fluids or enteral feeding sre preferable other sources of fluid and electrolytes (oral, enteral and drug prescriptions)

lloi
crystanond when maintenance needs are more than 3 days. +
Monitor and fluid and bi ical status by clinical and laboratory
monitoring




Summary
Prescribing IV fluid ; the 5 Rs

Initial Assessment

Y

Resuscitation (if needed)

A\ 4

Routine maintenance

\ 4

Redistribution

(adjust maintenance)

\ 4

Replacement
(adjust maintenance)

\ 4

Reassessment
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Summary

« Crytalloid solution= ECF Ci{ K| 8 Mo{{A EF, € 522 7|2 7HX[ 1 UL

« IVfluid= CF St physiologic effects /| 7| I 20| M55, 2, Fo| A & E0| Y= A=K
= O| StLIZ M Zt3| Of SHLt,

« Isotonic saline (N/S)O| 7% 7|2 0O|C},

« =Q0| ASt7L} hypovolemic shock2| X[ 20 = ENY == ArESIA 2L, 58 =2 AlwB2)
ArE 2[0f= N/sO| 2 A O[T,

« St hypovolemial| 1! 74 0| A= Hartmann solution2| At 0| &1t O| C.

b 7 AFek Na, Mg, K2 2 Z= - £l solution 2 = hemorrhagic shock 't & 0| 7
o == AL

* Plasma-lyte=

O &
I_
EH‘—%**IOH = A

A
|

‘|mru9i

 The prescription of IV fluid should be changed every day, according to patient fluid status assessment

e Less sodium.. less sodium.. less sodium!!

UNIVERSITY
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