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The History of Fluid Therapy

- 19th
Used to treat dehydration
caused by diarrhea

'~ caused by cholera

1931

i During World War I

it was used to treat
traumatic shock 1
and then developing
towards the field of
surgery.

1950s

Moore and others found that
massive fluid infusion would
lead to sodium retention and
heart failure, so they advocated
strict control of fluid intake.

Restricted
infusion

1960s

Shires and others found that
major surgery or trauma would
lead to fluid into the third
space, so they advocated
open infusion

; 21th

5 People gradually realize

that fluid therapy should
be based on objective
blood volume monitoring

and good tissue perfusion.



Controversy Over Fluid Therapy

| ess Infusion

VS Why infusion?
Massive infusion
‘(qf. L;%‘ | Which infusion?
crystalloid solution | \
’ VS Jw v/ How much?

colloidal solution
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Distribution of Human Body Fluid and Perioperative
Fluid Management

Common Therapeutic Fluid

Changes in Body Fluid During the Perioperative Period
and Fluid Therapy

Common Complication of Fluid Therapy and Other Notes



Distribution of Human Body Fluid and
Perioperative Fluid Management



A

~

A

A Solute = Electrolyte + Non-electrolyte

Human Body is a Huge Container

Solution = Body fluid

Solvent = Water

Total body mass (female)

Total body mass (male)

40%

Total bod
fluid

40%
213

Intracellular
fluid (ICF)

20%

Extracellular
fluid (ECF)

Barriers
SRk 1-plasma membrane

y2- blood vessel wall

1L- has a mass of 1kg

Extracellular
fluid

80%
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Blood capillary

(a) Distribution of body solids and fluids in an average lean, adult female and male

(b) Exchange of water among
body fluid compartments
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A intracellular fluid cnsists largely of K*

A extracellular cnsists largely of Na*

A Osmotic pressure is the tendency of solute particles (such as
ilons or molecules) in a solution to diffuse from low
concentration to high concentration through a semi
permeable membrane. This trend causes water molecules to
move from the low osmotic pressure side to the high osmotic
pressure side to reach equilibrium. Exist conditionsy

A Exist a semipermeable membrane
A There is a concentration difference between the solutes

on both sides

K+ Mgz+
Phosphate

Protein

Semipermeable membrane

Protein

Glucose

Urea
Na*

Cl-

Extracellular
fluid

Intracellular
fluid

Plasma



A Fluid balance o The definition of fluid balance is the relative stability of the water capacity and distribution,
electrolyte composition and distribution, osmotic concentration, and acid-base balance of various parts of

the body within a certain range (internal environment steady state).

A Blood circulation o Supply oxygen and energy to the body, discharge metabolic products

External
environment

Human body

Internal

environment




Multiple Factors Affect Fluid Balance

_ A Urinate
Fasting A Postoperative vomiting
Fluid imbalance leads to

microcirculatory disorders

IN
H._

A Blood loss
A Vascular leakage

A Major surgery
A The circular redistribution
caused by traumatic stress

Surgical field
evaporation



A Fluid therapy is an important measure to maintain
the stability of patients' vital signs during the

perioperative period.
A Supplementing physiological needs 1 changes in circulating
blood volume and fluid loss caused by anesthesia and surgery
A Maintain good tissue perfusion and stable internal environment
A Avoiding cellular metabolic disorders and organ dysfunction;

A Infusing special drugs.

A Reasonable fluid therapy can reduce the incidence
of postoperative complications, while inappropriate

treatment can delay patient recovery.




Fluid resuscitation should be performed for patients with low
~®  blood volume, hemodynamic abnormalities, inadequate tissue

Rresuscitation perfusion, and organ dysfunction.

For patients who are fasting for solids and fluids but
do not have low blood volume, the required amount
of fluids and electrolytes can be determined based
on medical history, physical examination, clinical
monitoring and laboratory test results.

Perioperative fluid therapy

1. Fluid replacement for dehydration
2. Resuscitation o The reduction of effective

circulating blood volume during surgery leads to

Replacement

changes in hemodynamics. Resuscitation can not
The patient's primary disease, surgery, or surgical

complications can lead to electrolyte imbalance,
loss of digestive fluids, or abnormal distribution of
body fluids. Therefore, on the basis of maintenance
fluid therapy, fluid loss should be supplemented,
electrolyte imbalance and abnormal distribution of
fluids should be corrected.

only supplement extracellular fluid and effective

circulating blood volume, but also correct

concurrent electrolyte imbalances.

Reassessment

The demand for fluid therapy is affected by bleeding, infection,
metabolic abnormalities, and organ dysfunction. Patients
receiving intravenous fluid therapy must undergo repeated

Padhi St Bullock It LiLt et al. Intravenous fluid therapy for adults in hospital: reassessment and timely adjustment of the fluid treatment plan.
summary of NICE guidance2 Jx . BMJ,2013,347:f7073.




Expert consensus on perioperative fluid therapy for surgical
patients(2015).Chinese Medical Association(CMA)

A Medical history o
A The evaluation of a patient's fluid status based on their past and present medical history is extremely

important. Different medical histories can reflect the patient's different volume states, which has

guiding significance for the formulation of fluid treatment plans.

A Physical examination o
A Through detailed physical examination, the preoperative, intraoperative, and postoperative volume
status of patients undergoing elective surgery can be easily, quickly and intuitively obtained, and the
fluid volume can be empirically judged to guide liquid therapy. Physical examination can provide

reference and guidance for further improving subsequent clinical and laboratory examinations.

A Clinical indicators o
A Patients undergoing elective surgery often undergo non-invasive examinations, including electrical

monitoring and pulse oximetry monitoring, blood pressure, pulse, respiration, and blood oxygen

saturation.
A A small number of patients undergoing elective major surgery may require invasive examinations,

including central venous pressure (CVP), stroke volume, cardiac output (CO), stroke volume

variability (SVV), pulse pressure variability (PPV), and central venous oxygen saturation (ScvO2).

A Laboratory Examination o

A Routine examinations include blood routine, coagulation function, liver and kidney function,

electrolytes, and pH value.
A The indicators that need to be evaluated include hemoglobin, electrolyte balance, acid-base balance,

coagulation function status, etc.



Evaluation Methods
of Perioperative
Volume Status

Evaluate whether

the patientisin a
hypovolemic state

Fluid resuscitation

Correcting
Imbalance and
Redistribution

Maintenance fluid
therapy

Expert consensus on perioperative fluid therapy for surgical
patients(2015).Chinese Medical Association(CMA)

leg lifting test was positive

Step 1: Evaluate whether the patient is in a hypovolemic state:
Systolic blood pressure<100mmHg, heart rate>90 beats/min, capillary refilling time>2s, breathing>20 beats/min, and passive

Yes

Step 2: Liquid resuscitation

A 4

y

Analyze the etiology
Rapid rehydration test
was conducted: 500 ml
of crystal liquid or
colloid solution was
infused quickly in 15
minutes (Na +
concentration was 130
~ 154 mmol/L)

A 4

_ Re-evaluate whether liquid
resuscitation is still needed

i Is there a shock? I

A\ 4 A\ 4
Infusion volume >2000ml ? |

Yes

A 4

A 4

Assess the requirements of liquids and electrolytes:
Medical history: past fluid intake, abnormal loss, other complications, etc.
Physical examination: pulse, blood pressure, capillary filling, CVP, peripheral
edema and pulmonary edema, postural hypotension, etc.

Clinical monitoring: intake, weight, etc.
Laboratory examination: blood routine, urea, creatinine, electrolyte, etc.

v

@

Can you supplement the required Yes Stop liquid therapy and
liquids and electrolytes through the | supplement through
mouth or gastrointestinal tract? gastrointestinal tract

v e
E_valu_ate Whet:er thereﬁgrg complex Yes Step 4: Correct imbalance
sﬂuathns such as insu icient or »! and redistribution
excessive liquid, abnormal loss and
abnormal distribution.

4 J

A 4

Step 3: Maintenance fluid therapy

'

Give normal liquid and electricity
every day.
Mass demand:
25 ~ 30ml/(kg d) liquid
1 mmol/(kg d) of Na+, K+, CI-
50~100g/d glucose

250-500ml of crystal liquid

or colloid solution was
infused quickly

Monitoring and evaluation in
order to stop liquid therapy in
time

Evaluate whether
there is

Evaluate whether there
is a loss of liquid or

Assess whether there
are complicated
situations such as

insufficient liquid, electrolyte:
excessive liquid . Vomiting or gastric liquid redistribution:
or abnormal drainage M Edema
electrolyte: ., Bile drainage Severe sepsis
. Loss of ileostomy n
. Dehydration fluid Hypernatremia/Hypo
. Liquid . Low diarrhea natremia
overload colostomy fluid loss. n Impai_red
. Liquid . Blood loss: black kidney/liver and
overload stool heart functlon_. _
. Hyperkalemi . Fever/dehydration n POStOF?'ratI/vedf'lutld
a/Hvookale . Pancreatic accumulation/redistr
TP fistula/empty bowel ibution
mia fistula/loss of M Malnutrition and
jejunostomy fluid re-nutrition
polyuria syndrome
Y

Increase or decrease the intake of fluids and
electrolytes on the basis of maintenance fluid therapy

A 4

Repeated assessment of liquid and electrolyte status
through clinical and laboratory examination.




Perioperative Fluid Management

It is important to identify patients who may benefit from fluid infusion during the perioperative
period to avoid the harmful effects of hypovolemia or excessive fluid infusion.

m_SLf‘ff'_C'ent A Systemic circulation
[ReRCERE hypovolemia

- A Tissue hypoperfusion

Peripheral and Excessive
pulmonary edema Sl




Restricted infusion? Open infusion? GDFT?

Restricted infusion

Open infusion

Goal-directed fluid therapy

o GDFTR

Definition

Theoretical

basis

Applicable

Advantage

Disadvantage

Monitoring
index

It is advocate to limit that amount of fluid input and
supplement only the physiologically necessary

amount and the amount of blood loss dure surgery

Based on the theory of traumatic stress response, it
is considered that there is an increase in water and
sodium retention in the body under stress and

therefore a need to limit fluid input

It is recommended for surgery with a high risk of
postoperative complications, such as large
abdominal surgery, which is controversial but not

recommended for pancreaticoduodenectomy

Reduce postoperative complications (postoperative
infection, pulmonary complications and cardiac

complications)
May result in an increase in renal adverse events

and should be used with caution

It mainly monitors basic vital signs such as blood

pressure and heart rate.

Adequate fluid replacement is advocated, including
physiologic needs, preoperative deficits, fluid redistribution
or third space losses, post-anesthesia vasodilation, and

intraoperative blood loss

Based on the third gap theory, it is believed that a large
amount of fluid will be transferred to the third gap during
surgery, and the corresponding fluid needs to be

replenished.

It is suitable for patients with long operation time, much

blood loss and stable circulation during operation

Intraoperative circulation is stable, reduce the incidence of
postoperative nausea and vomiting, can shorten the hospital
time

Easily lead to excessive fluid, increase the risk of pulmonary

edema, heart failure, etc

Mainly monitoring blood pressure, heart rate and urine

volume, etc

Under hemodynamic monitoring, the infusion volume is

dynamically adjusted according to the individual situation of
patients to optimize cardiac preload, maintain effective

circulating blood volume and tissue perfusion

Based on volume responsiveness, infusion was dynamically

adjusted by monitoring indicators (e.g., SVV, CVP, etc.).

Suitable for patients requiring precise fluid management,

especially high-risk surgery or elderly patients

Optimizing fluid management, reducing postoperative

complications, and shortening hospital stay

Implementation is complex and requires professional

equipment and experience

Dynamic monitoring of SVV, CVP, ScvOF, blood lactic acid

and other indicators is needed



Common Therapeutic Fluid



Classification of Therapeutic Fluid

Crystalloid
solution

Therapeutic
fluid

Colloidal
solution

Hypotone

Isotension

Hypertonic

Natural

Artificial

Low-
permeability
salt solution

Glucose water

Physiological
saline

Lactated
ringer's
solution

Hypertonic
saline

Human serum
albumin

Plasma

%

Dextran

Gelatins

Acetate
Ringer's
solution

Blood

Hydroxyethyl
starch




Surgi

Difference Between Crystalloid Solution and Colloidal Solution

- Molecular size Osmotic pressure Distribution Function

Crystalloid

solution

Colloidal

solution

Contains small molecular substances

such as electrolytes and glucose.

Containing macromolecular

substances such as protein.

Produces lower osmolar pressure
and affects the osmolar pressure

of plasma and tissue fluid.

Produce higher colloid osmotic
pressure, mainly affect the

osmotic pressure of the plasma.

Can freely penetrate through the
blood vessel wall and be
distributed inside and outside the

blood vessel.

It is mainly distributed in blood
vessels and is not easy to
penetrate through the vascular

wall.

Mainly used to supplement body
fluid and electrolyte, maintain

electrolyte balance.

It is mainly used to expand blood
volume and improve

microcirculation.



Development of Crystalloid Solution

‘compound

electrolyte
@ . _injection
ringer 06s
solution
ringer 6s | actate
solution

®0.9%NaCl

_ Basic . .
Basic physiological Physiological

physiological needs and vital electrolyte

needs electrolyte requirements
requwements

Changes in ionic composition and buffer system

Ideal Crystalloid Solution: near

extracellular fluid

A Isoosmotic pressure

A Physiological electrolytes:
sodium, potassium, calcium and
magnesium

A Areasonable buffer system:
bicarbonate

A Metabolic needs of energy

substances



Normal saline

Compound sodium
chloride
(Ringer's Solution)

Lactated ringer's
solution
o LRSB

Acetate Ringer's
solution
o ARSP

Hypertonic sodium
chloride solution

Characteristics

It can be used as the input carrier of Na+ supplementing liquid medicine,
and a small amount of rapid resuscitation liquid. For large amount of
liquid resuscitation, it should be used cautiously according to the
specific situation of patients.

The sodium ion concentration is adjusted on the basis of normal saline,
which is closer to the human body; In addition, potassium and calcium
ions are added

A On the basis of ringer' s solution, lactate is added to reduce the
content of chloride ions

A More suitable for patients with acidosis or dehydration with
acidosis tendency

A Acetate is used instead of lactate

A It was closer to extracellular fluid on the electrolyte level, and the

osmotic pressure and pH value were within the physiological range.

A Itis suitable for patients with liver dysfunction, liver transplantation
and liver surgery, and can be used for the treatment of diabetes
and acidosis

A Compared with lactated ringer's solution, sodium acetate ringer's
solution was more suitable for use before and after blood
transfusion, because its composition did not contain Ca2+, which
could avoid the activation of agglutination cascade and the
occurrence of coagulation caused by excessive Ca2+.

A Na+ concentration range is higher, 250~1200mEq/L
A Is suitable for burn and wat poisoning

Superiority

It is most commonly used in clinic, and has the advantages of simple
preparation, easy storage and safekeeping, no other particle
components in the liquid, difficult compatibility taboo with other drugs,
no hyperglycemia, acid-base disturbance and other adverse reactions

The potential for ionic disturbances, especially hypokalemia and
hypocalcemia, is reduced in fluid resuscitation

Enhancing the buffer against acidosis
The sodium ion and chloride ion level are readjusted to be clos to
that physiological level of the extracellular fluid

o 3

A Less dependence on that live and less stress on liver function

A Acetate metabolism is faster, can reduce the accumulation,
alleviate acid-base balance faster; Adde a proper amount of
magnesium ion to help that balance of blood magnesium

A higher osmotic gradient causes water to move from the extra-
vascular space to the inside of the blood vessel, reducing intracellular
water content, alleviating edema, exciting the sodium ion sensitive
system, and the medullary cardiovascular center

Disadvantage

Clinical use of a large number may lead to hypernatremia and
hyperchloremia, and can cause low potassium, low calcium and low
magnesium, acid-base imbalance, etc

A The chloride ion in ringer's solution was still the only anion, and
its concentration was significantly higher than that in extracellular
fluid. High-volume infusion still posed the risk of hyperchloremia.

A They were not aware of the important effect of magnesium on
physiological function, and lacked the buffer alkali with important
regulation effect on acid-base balance.

A Lactated Ringer's solution is hypotonic for plasma and should be
disabled in combination with central nervous system lesions.
A Lactic acid metabolism depends on the normal liver function, a

large number of infusion and liver function damage can cause
hyperlipidemia, combined with hyperlipidemia and liver renal
insufficiency is unfavorable choose

A Exogenous lactic acid may interfere with blood lactic acid content
and lactic acid clearance values, or may affect disease judgment.

A Early development of acetate ringer's solution lack of calcium ion,
the content of chloride ion is too low, may cause hypocalcemia and
hypochloric alkalosis

A The latest generation of ringer's acetate solution-sodium, potassium,
magnesium, calcium, glucose injection, further improve the
electrolyte ratio, sodium, potassium, magnesium, calcium, chlorine
plasma content and extracellular fluid is basically the same, and
increased by 1% of glucose, can play a role in stabilizing blood
glucose, reduce insulin resistance

It has strong spining effect on peripheral blood vessels, and can cause
hemolysis and demyelination of central pons, so the infusion speed
should not be too fast, and the dosage should not be > (7.5%)4mL/kg,
and the total amount should not be > 400mL.



