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• fluids are not innocent bags of water,

•Fluids are “Drugs”







• In 19th century;R. Hermann proposed injecting water;then
Jaehnichen subsequently injected a cholera patient intravenously with 
6 oz. of water, which resulted in a notable improvement in the

• patient’s pulse; but …



The history of fluid therapy

• Thomas Aitchison Latta (1796 – 19 October 1833) 

invented the intravenous saline infusion in 1832.







• Ernest Starling recognized at the turn of the last century that the heart can only pump out what comes back 
to it. 

• At the end of the 19th century, Frank found that ventricular contractility was increased if the ventricle was 
stretched prior to contraction

• Starling and colleagues found that increasing venous return increased stroke volume. 

• The Starling Principle states that fluid movements between blood and the tissue are determined by 
differences in hydrostatic and colloid osmotic pressures between plasma inside the microvessels and fluid 
outside them. (revised starling principle in 2012…)

This concept was later developed further by Arthur Guyton and Solbert Permutt;

compliance, capacitance, stressed volume, and resistance to flow; 

A central axiom in the circulation is that vascular volume is constant under steady state conditions. This volume 
stretches the elastic walls of the vasculature structure and creates an elastic recoil force that is present even 
when there is no flow but is also a key determinant of flow

The Guyton model suggests that the flow of blood returning to the heart is mainly driven by this mean 
systemic filling pressure. This is the pressure blood flows from, and CVP is the pressure it flows to, overcoming 
venous vascular resistance in the process. Cardiac output, in this model, plays no role in determining the 
pressure in the venous circulation.



• In 1955 Dr. Arthur Guyton; the factors that influence venous return 
physiology:three variables all of which independently affect venous 
return. These factors include: the right atrial pressure, the mean 
systemic pressure (Pms) and the vascular resistance.

• The Pms is the driving pressure competing against right atrial 
pressure to create a gradient that promotes forward flow. It is 
essentially the pressure measured in the vascular system if all blood 
flow were to cease

• The Pms is determined by the total volume of blood present in the 
venous system, and the intrinsic compliance of the vascular bed



• The potential energy of this elastic recoil becomes evident when there is no flow 
in the circulation and large veins are opened to atmospheric pressure. Vascular 
volume empties from the veins even without cardiac contractions. The heart adds 
a pulsatile component to this static potential energy which redistributes the 
volume according to the compliances and resistances entering and draining each 
elastic compartment of the circulation.

• As already discussed, when the vasculature is filled with a normal blood volume but 
there is no flow, the vasculature still has a pressure and this pressure is the same in all 
compartments of the circulation. It is called mean circulatory filling pressure (MCFP) and 
is determined by the total stressed volume in the circulation and the sum of the 
compliances of all regions, including the pulmonary and cardiac compartments



• Mean circulatory filling pressure (MCFP) is the pressure that would be measured at all points in 
the entire circulatory system if the heart were stopped suddenly and the blood were redistributed 
instantaneously in such a manner that all pressures were equal.

• Mean systemic filling pressure (MSFP) is the pressure in only the systemic circuit, i.e. ignoring the 
heart and pulmonary circulation, also in the absence of flow. this is the pressure which is thought 
to push blood towards the right atrium along a pressure gradient.

• Mean cardiopulmonary filling pressure (MCPFP) is the mean pressure in the motionless cardiac 
chambers and the pulmonary circulation. It is usually about 3 mmHg higher. It is usually about 3 
mmHg higher than the MSFP, mainly because of the higher elastance of the cardiac chambers.

• The main determinants of MCFP and MSFP are total blood volume and venous resistance



• The "unstressed" volume is said to be a volume of fluid (presumably, blood) in the circulatory 
system which does not produce any "stress" on the walls, i.e. where measuring the MSFP would 
yield a pressure of 0 mmHg. According to Young (2010) and Magder (2016), "unstressed volume" 
describes about 85% of the total venous blood volume

• stressed volume" is therefore "the volume of blood that must be removed from the vasculature 
to decrease the transmural pressure of the vessels from the existing value to zero

• in a circulation with minimal sympathetic tone, only about 15% of the total blood volume is 
contributing to generating the MSFP.

• It is about 4 cc/Kg or 300 cc in NL sized human or 6% total circulation volume





• Let us examine this model in a clinical setting such as septic shock. The hypotension observed in sepsis is 
typically a distributive process. Essentially the vascular bed has vasodilated causing a relative hypovolemia. 
The total volume status is unchanged, but the vasodilation has caused an increase in the vascular 
compliance. This shifts a portion of the stressed volume to an unstressed state(mal-distribution), leading to a 
decrease in the Pms, and in turn the venous return.

• In the hopes of correcting the physiologic perturbations induced by the septic state, it is not uncommon to 
attempt to implement changes by manipulating the stressed volume. Typically this is done in two fashions. 
First, one can add to the total volume of the system (in the form of a fluid bolus), which will increase both 
the stressed volume and the total volume. Second, one can promote a reduction in the vessel wall 
compliance (with the addition of vasopressor agents), causing a change in the ratio of volume in the stressed 
and unstressed states. In this case the total volume would stay constant, while the unstressed volume 
decreases and the stressed volume increases.



• Now instead let us examine the effects of hemorrhagic shock on the stressed and unstressed volume. In 
acute blood loss the total volume will be reduced, leading to a decrease in the stressed volume.

• In the initial phases of compensated shock the body attempts to adapt for this loss with a catecholamine-
induced venoconstriction. This compensatory measure decreases the compliance of the venous system 
shifting blood from the unstressed to the stressed volume, increasing the Pms and temporarily maintaining 
the venous return. If bleeding is not controlled, blood loss will outpace these compensatory venoconstrictive
efforts. At this point further attempts to augment preload through the shifting of unstressed to stressed 
volume will not improve venous return. Volume replacement is now required. The replacement of lost blood 
with blood products, is an attempt to restore both the total volume and stressed volume to a more 
physiologic state.

• Early use of low dose vasopressors (norepinephrine at 5 mcg/min) will result in a venoconstrictive effect, 
decreasing venous compliance, and shifting fluids from the unstressed venous beds to the useable stressed 
volume.

• Applying Guyton's approach, to increase venous return means decreasing central venous pressure (CVP, the 
backward pressure) or increasing Pmsf. 



Oliguria ;and increased lactate as tissue hypoperfusion

• Fluid resuscitation in septic shock is an effective intervention to increase venous return, and thus 
cardiac output (CO) and oxygen transport

• As only 50–60% of the patients in the early phase of septic shock are fluid responders, and 25% 
may already be fluid unresponsive after an initial fluid resuscitation

in an ovine model of hyperdynamic septic shock, oliguria occurred despite dramatic increases in 
both cardiac output and renal artery blood flow . These observations strongly suggest that oliguria 
is not a function of decreased renal perfusion during sepsis.















D1:



• Hypovolemia                                            *Hypervolemia#vol.overload

• EAFM                                                         *LCFM

• EGDT                                                          *LGDFR

• Ebb phase                                                  *flow phase

• MCFP                                                           *MSFP

• MCPFP                                                          *stressed vol#unstressed vol.

• Bolus vs mini-bolus                                     * fluid challenge

• Evacuation                                                     *RRT

• PLR,EEOT                                                        *Lidco vs PiCCO





• EAFM: early adequate fluid management, defined as fluid

• intake > 50 mL/kg/first 12–24 h of ICU stay.

• ECFM: early conservative fluid management, defined as fluid intake < 
25 mL/kg/first 12–24 h of ICU stay. 



• Fluid overload

• As often described in pediatric populations, the percentage

• of fluid accumulation is calculated by dividing

• the cumulative fluid balance in liters by the patient’s

• baseline body weight and multiplying by 100%. Fluid

• overload at any stage is defined by a cut-off value of

• 10% of fluid accumulation, as this is associated with

• worse outcomes 



• Late goal-directed fluid removal involves aggressive and active fluid 
removal using diuretics and renal replacement therapy with net 
ultrafiltration.

• Late conservative fluid management describes a moderate fluid 
management strategy following the initial treatment in order to avoid 
(or reverse) fluid overload.

• LLFM: late liberal fluid management, defined as the absence of 2 
consecutive negative daily fluid balances within first week of ICU stay



FLUID OVERLOAD vs HYpervolemia





GIPS
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clinical signs of hypovolemia



Laboratory signs of hypovolemia

• ↓SCVO2,↑Lactate

• ↑Albumin leak index(urine albumin/urine cr. Ratio)

• ↑Hct and Hb

• ↑serum Na

• ↑total pr. And Alb.

• ↑serum osmolality,and COP 

• ↓BNP and Pro-BNP

• In urine:↑osm. ↓Na









Invasive monitorings









The vicious cycle of septic shock resuscitation





Tests to assess Response  to IV fluid 

• Static surrogates: parameters are often used to titrate  fluid 
therapy(pre-load)

-central venous pressure (CVP :8-12 mmHg)

-Mean arterial pressure (MAP)

-Urine output(>0.5-1 cc/KG/Hr)

-Volumetric pre-load(GEDVI,RVEDVI,LVEDAI)

Dynamic functional hemodynamic parameters

-PPV(or SVV)

Dynamic tests to predict response to IVF
-PLR or EXOT



1. Fluid responsiveness: 

• The foundation of fluid resuscitation
• In patients with shock, there is tissue hypoperfusion and decreased cardiac 

output;Fluid administration can be beneficial if it increases stroke volume, 
and therefore, cardiac output.

• Increased stroke volume leads to increased end-diastolic volume and mean 
circulating filling pressure, thereby increasing preload and causing volume 
expansion.

• The goal in shock is to steer patients onto the ascending limb of the Frank 
Starling curve.

• When fluid administration does not increase stroke volume, there are 
potential harms.

• Excess fluid administration can lead to tissue edema and ultimately, tissue 
hypoxia and organ dysfunction.



• Fluid responsiveness indicates a condition in which a patient will 
respond to fluid administration by a significant increase in stroke 
volume and/or cardiac output or their surrogates. A threshold of 15% 
is most often used for this definition, as it is the least significant 
change of measurements of the techniques that are often used to 
estimate cardiac output

• only one half of patients in ICUs with circulatory failure respond to an 
increase in cardiac output 



• Many septic patients have preceding heart failure, about 54% with diastolic dysfunction 
and 23% with systolic dysfunction, which can be worsened by fluid administration 
(Landesberg 2012). Over-stretching of the left ventricle (LV) causes impaired LV dilation, 
leading to pulmonary edema, pulmonary hypertension, and right ventricular dysfunction. 
In fact, diastolic dysfunction was associated with worse outcomes than systolic 
dysfunction (Landesberg 2012).

• A fluid challenge is necessary to determine whether fluid administration will benefit a 
patient.

• A patient is considered to be fluid responsive if their stroke volume increases by at least 
10% after fluid administration (usually 500cc of crystalloids) as quickly as possible 
(usually over 10 minutes).

• Only patients who are fluid responsive should receive additional fluids.

• Patients who have decreased systolic or diastolic function (on the descending limb of the 
Frank Starling curve) will not respond to a fluid challenge, even if they are intravascularly 
depleted.



2. Clinical signs, the chest radiograph, the CVP, and ultrasonography 
cannot be used to determine fluid responsiveness

• Clinical signs can indicate tissue hypoperfusion, but not fluid responsiveness.

• Traditional indicators, such as CVP monitoring and mean arterial pressures (MAP), are 
not accurate enough.

• Ultrasound is a potential new tool that can be used to assess volume status and fluid 
responsiveness.

• For volume status, there have been studies looking at IVC caliber in ventilated patients, 
but this has yet to be validated in spontaneously breathing patients. Lee presented an 
evidence-informed algorithm based on the available literature to guide fluid resuscitation 
decisions (Lee 2016).

• For fluid responsiveness, transthoracic measurements of LV outflow tract velocities for 
the estimation of stroke volume require considerable expertise and not easily or rapidly 
obtainable.

• Marik suggests alternative methods, such as pulse pressure change measured by radial a-
line, LVOT velocity time integral (VTI) on echo, carotid Doppler flow on transesophageal 
echo, pulse contour analysis, thoracic bioimpedance, b





3. The PLR Maneuver or a fluid challenge coupled with real-time SV monitoring is 
the only accurate method to date for determining fluid responsiveness

• Passive leg raise (PLR) and fluid challenge are two ways to determine fluid responsiveness, especially when 
used with real-time cardiac output monitors.

• PLR causes a shift in venous blood from the lower extremities to the thoracic compartment; it is essentially 
an auto-fluid bolus.

• Advantages of PLR:
• Reversible

• Non-invasive

• Amount of fluid mobilized is proportional to body size

• Can be used regardless of ventilation mode and cardiac rhythm (Cavallaro 2010)

• Disadvantages of PLR:
• Positional changes may be contraindicated

• Less useful in patients with elevated intra-abdominal pressures

• Need to stop other interventions during this maneuver



4. The hemodynamic response to a fluid challenge is usually small and 
short lived

• The response to a fluid challenge is usually short lived; within 30 
minutes, the cardiac index is usually back to baseline.

• The increase in MAP following a fluid challenge is minimal; fluid 
boluses should not be given if they do not increase stroke volume and 
cardiac output.



5. Fluid responsiveness does not equate to the need for fluid boluses

• Patients should only receive fluid boluses if the hemodynamic 
benefits are likely to outweigh the risks of becoming overloaded.

• As stated previously, the effects of fluid boluses are short-lived and 
minimal, and continuous fluid resuscitation in these patients will 
cause fluid overload.

• Instead, vasopressors and inotropes should be used early, which will 
increase organ perfusion while limiting tissue edema.



6. A high CVP is a major factor compromising organ perfusion

• An organ’s blood flow is determined by the MAP and CVP. Our 
current guidelines recommend targeting a CVP greater than 8mm 
Hg.

• When the CVP is greater than 8mm Hg, certain organs, like the 
kidney, develop increased renal pressure leading to decreased renal 
blood flow and acute kidney injury.





D3:

•Drug 



• IV Fluids are not innocent bags of water;

• They should consider as: “DRUGS”

And

edema is akin to a drug overdose









(Ab)Normal saline



Indications for fluid administration

• 1.resuscitation

• 2.Maintenance

• 3.replacement 

• 4.nutrition

• or a combination



Types of fluid therapy

• Resuscitation fluids(save life): are used to correct an intravascular 
volume deficit or acute hypovolemia

• replacement solutions: are prescribed to correct existing or 
developing deficits that cannot be compensated by oral intake alone 

• maintenance solutions: are indicated in hemodynamically stable 
patients that are not able/allowed to drink water in order to cover 
their daily requirements of water and electrolytes 

• Nutrition fluids: cover daily caloric needs

• fluid creep: fluids administered as drug diluents and to guarantee 
catheter patency





Choosing the best type of fluid



Drug

• Crystalloids versus colloids

• synthetic versus blood derived

• Balanced versus unbalanced

• intravenous versus oral

• osmolality, tonicity, pH, electrolyte composition (chloride,

• sodium, potassium, etc.) and levels of other metabolically

• active compounds (lactate, acetate, malate, etc.) are all equally 
important















D4:Dose

• “All things are poisons, 

• for there is nothing without poisonous qualities.

• It is only the dose which makes a thing poison.”



pharmacokinetic

• distribution and/or elimination and excretion will be slowed in case 
of :

• shock

• hypotension(20%)

• sedation 

• or general Anesthesia



• Type of fluids

• Where you want to fluid to go?

• IV(resuscitation)

• IS

• IC(cellular dehydration)



Clinical factors (underlying conditions, kidney or liver failure, 
presence of capillary leak, acid–base equilibrium, albumin levels, 
fluid balance,
etc.) must all be taken into account when choosing
the type and amount of fluid for a given patient at a given
time.













Lets consider some examples:

• 1. a 7 yr/o boy presented with  lethargy,fever and found hypotensive in ER,he was hydrated with …. Over ….

• 2. an 11 yr/o following acute GI bleeding presented with ↓LOC , and found hypotensive in ER,he was 
hydrated with …. Over ….

• 3. a 2 yr/o boy,a case of HLH,presented with edema,oliguria ,and found hypotensive in ER,he was hydrated 
with …. Over ….

• 4. a 16 yr/o girl with the history of COVID-19 in her parents,presented with tachycardia, and found 
hypotensive,tachyarrythmia in ER,he was hydrated with …. Over ….

• 5. a 8 months/o boy following watery diarrhea……..

• 6. ,a 9 yr/o boy,a case of CKD,presented with fever and lethargy, and found hypotensive in ER, so he was 
hydrated with …. Over ….



“Dose”
• Maintenance : 25 cc/Kg/day or 1 cc/Kg/hr

• Resuscitation :

• -EGDT

• -Fluid bolus 



“Dose”





• A fluid bolus is the rapid infusion of fluids over a short period of time. 
In clinical practice, a fluid bolus is usually given to correct 
hypovolemia, hypotension,inadequate blood flow or impaired 
microcirculatory perfusion. The volume of fluid bolus is 
heterogeneous among clinicians , typically 500–1000 mL









Resuscitation or resurrection 



• A recent study employing a combined Bayesian and frequentist 
methodological approach to evaluate 12 randomized trials and 31 
observational studies found that EGDT was potentially harmful in the 
patients with the highest disease severity

• In fact, rather than infusing a pre-defined given amount of fluid, the 
goal should be individualized for every patient, based on the 
evaluation of the need for fluids and on the patient’s premorbid 
conditions





Individualized management





When to stop IV fluids

• Static surrogates: parameters are often used to titrate  fluid therapy(pre-
load)

• -central venous pressure (CVP :8-12 mmHg)

• -Mean arterial pressure (MAP)

• -Urine output(>0.5-1 cc/KG/Hr)

• -Volumetric pre-load(GEDVI,RVEDVI,LVEDAI)

• Dynamic functional hemodynamic parameters

• -PPV(or SVV) 

• Dynamic tests to predict response to IVF

• -PLR or EXOT
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D6:



• In this de-resuscitation phase, we try to find an answer to the third 
and fourth question: “When to start fluid removal?” and “When to 
stop fluid removal?” To answer these questions, testing preload

• responsiveness may still be useful. 





When to start the 6th D?

















D7:Discharge



Key points









Why And










