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FLUID THERAPY

Intravenous Fluids in
Critically Il Patients:
When Less is Better

While intravenous fluids have traditionally been a routine treatment for most
critically ill patients, many severe pathologies now suggest a preference for
conservative fluid therapy over liberal fluid administration.

Introduction
Intravenous fluid resuscitation began in
1832 during the cholera pandemic, improv-
ing intravascular volume and electrolyte
recovery in patients with severe hypovolae-
mic shock secondary to dehydration from
severe diarrhoea. In critically ill patients,
the aim of intravenous fluid therapy is to
increase cardiac output to improve macro
and microcirculation and the delivery of
oxygen to tissues (DO,). However, volume
status is only one of the determinants for
DO,, and paradoxically, there is dilution
of oxygen with fluid overload, in addition
to multiple adverse effects (Pérez-Nieto et
al. 2021; Messina et al. 2022). Therefore,
it is important to determine to whom,
when, and how much intravenous fluids
to administer, as their routine and exces-
sive use is associated with poor outcomes,
such as increased mortality, mechanical
ventilation (MV) days, and acute kidney
injury (AKI) (Pérez-Nieto et al. 2021).
In this review, we will discuss the aspects
of intravenous fluid therapy in different
scenarios with the aim of promoting rational
use. Doing so involves reducing the use of
unnecessary resources, resulting in lower
expenditure on crystalloid fluids and lower
costs due to their possible complications.

Fluids in Sepsis and Septic Shock
The Surviving Sepsis Campaign recom-
mendation for the initial management of
septic shock is to administer at least 30 ml/
kg of intravenous fluids during the first
three hours of resuscitation; however, the
quality of evidence supporting this practice

is low (Dellinger et al. 2021). Adequate
fluid response is commonly defined as
an increase in preload induced by a fluid
infusion that generates an increase in stroke
volume (SV) and hence cardiac output
(CO) by more than 10-15%, and one of the
major limitations is the lack of continuous
CO measuring devices for all critically ill
patients (Pérez-Nieto et al. 2019).

Initially, it has been shown that only
about 50% of critically ill patients will be
adequately responsive to intravenous fluid
therapy, and in those sepsis patients who
are initially fluid responsive, the probability
of a beneficial response decreases rapidly
to less than 5% within the first eight hours
after resuscitation onset, according to a
post-hoc analysis of the ANDROMEDA
SHOCK study (Kattan et al. 2020). Patients
who do not tolerate fluids adequately may
develop congestion and overload with
any extra amount of fluids administered
(Perez-Nieto et al. 2021).

In recent years, important studies on
fluid therapy in sepsis have been conducted.
The randomised controlled CLOVERS trial
compared a restrictive fluid resuscitation
strategy (500 to 2,300 ml) with concomi-
tant use of vasopressors versus a liberal
fluid strategy (2,000 to 4,500 ml) before
initiating vasopressors. A lower total fluid
administration during the first 24 hours
was demonstrated in the restrictive group,
with no differences in mortality at 90 days.
Therefore, higher I'V fluid intake was not
associated with better outcomes but with
increased use of crystalloid solutions. A
cost analysis could be suggested to evaluate
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the economic impact of liberal practice.

Instead of initiating IV fluid resuscitation,
early norepinephrine infusion to achieve a
mean arterial pressure (MAP) >65 mmHg
may be associated with better outcomes
when compared to delayed initiation of the
vasopressor, including increased survival
and less IV fluid input (Colon et al. 2020;
Rui Shi et al. 2020).

In terms of fluid preference, despite
the theoretical benefits of using balanced
solutions (PlasmaLyte, Ringer lactate,
Hartmann) that may include lower inci-
dence of hyperchloraemia and metabolic
acidosis, multiple studies in the last years
have failed to demonstrate superiority in
important outcomes such as mortality or
development of AKI when comparing 0.9%
sodium chloride solution with different
types of balanced solutions (Hammond et
al. 2020; Monnet et al. 2023), and the cost
of the latter is commonly higher (Taylor
etal. 2021).

Another circumstance to consider is
the source of infection. For example, a
patient with abdominal sepsis with nausea,
vomiting, and poor fluid intake prior to
admission is more likely to respond to IV
fluids, while a patient with severe viral
pneumonia is less likely to benefit from
them and is more susceptible to local
damage.

In summary, the benefit of administer-
ing large amounts of intravenous fluids in
patients with sepsis and septic shock has
been questioned in the last decade, and
the recommendation for this strategy has
lost strength. We suggest that the clinical
benefit of fluid therapy in each patient
should be weighed, considering their
comorbidities, haemodynamic status, and
source of infection.

Fluids in Acute Respiratory Distress
Syndrome

An important pathophysiological character-
istic in the development of acute respiratory
distress syndrome (ARDS) is an increase in
the permeability of the alveolar-capillary
membrane, allowing intravascular fluid
to leak into the interstitial and alveolar
space, causing pulmonary oedema and
gas exchange impairment (Vignon et

FLUID THERAPY

al. 2020). A common problem in these
patients is that several causes of ARDS are
accompanied by hypotension and shock
(e.g., severe pneumonia, septic shock,
severe pancreatitis, thoracic trauma, etc.),
which implies the use of large amounts of
intravenous fluids in some cases to restore
intravascular volume, but with the second-
ary effect of increasing extravascular lung
water (EVLW) and worsening hypoxaemia.

Improved lung function and decreased
days on mechanical ventilation and ICU
have been shown with a conservative fluid
therapy approach in patients with ARDS,
allowing the use of furosemide versus a
liberal therapy. There was no difference
in mortality or development of organ
failure in the conservative group. There is
a positive correlation between cumulative
fluid balance and mortality and ICU stay
in patients with ARDS (Van Mourik et al.
2019). The current recommendation for
fluid management in ARDS is to provide
conservative therapy (Griffith et al. 2019).

Fluids in Acute Pancreatitis

Acute pancreatitis is characterised by a
significant release of proinflammatory
cytokines locally and then systemically,
which causes microcirculatory damage due
to endothelial injury. Initially, it presents
with increased CO, but during its progres-
sion, hypotension and shock may develop
due to cytokine-mediated vasodilation
(Crosignani et al. 2022). Various factors
can contribute to fluid loss in pancreatitis,
including vomiting, feeding difficulty,
abdominal pain, systemic inflammation, and
fever, which are associated with increased
vascular permeability and outflow of intra-
vascular fluid into the interstitial spaces
and serosa (pleura, peritoneum), leading
to distributive shock with a hypovolaemic
component (Crosignani et al. 2022). This
circulatory disturbance contributes to
tissue hypoperfusion and favours organ
failure (Sureka et al. 2016).

Researchers postulated two decades ago
that aggressive intravenous fluid therapy
could improve pancreatic perfusion and
prevent necrosis in patients with mild and
moderate pancreatitis. However, this theory
could not be proven, and considering the
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latest studies, we have strong findings
against this type of management.

Ten years ago, management guidelines
for acute pancreatitis recommended aggres-
sive intravenous fluid therapy at a dose of
250 to 500 mL of crystalloid solution per
hour for the first 12 to 24 hours (Tenner et
al. 2013). More recent recommendations
suggest using fluid therapy and monitoring
patients for signs of fluid overload without
specifying the infusion dose during the first
72 hours. Emphasis is placed on replacing
volume lost due to intolerance of the oral
route and second- or third-space leakage.

However, in patients with pancreatitis,
excessive fluid intake can increase the risk of
elevated intra-abdominal pressure (IAP) and
cause abdominal compartment syndrome,
which can worsen cardiovascular, renal,
intestinal, and pulmonary dysfunction and
increase the risk of mortality (DeLaet et
al. 2020). The most recent proposal for the
resuscitation of patients with pancreatitis
is goal-guided resuscitation, and the use
of ultrasonography to identify evidence of
venous congestion may be useful (Argaiz
etal. 2021).

A recently published randomised
controlled trial evaluating a conserva-
tive fluid strategy compared to aggressive
fluid therapy in the first hours of care for
patients with acute pancreatitis could not
demonstrate benefit to prevent the progres-
sion of disease severity with aggressive
fluid intake; however, it did demonstrate
a greater quantity of intravenous solutions
administered and an increased incidence
of rales (de-Madaria et al. 2022).

Other studies report similar findings. A
systematic review of randomised controlled
trials with meta-analysis found an increase
in mortality and complications caused
by fluid overload in patients with acute
pancreatitis who were managed with
aggressive fluid therapy, regardless of its
degree of severity, compared to conserva-
tive fluid therapy (Li et al. 2023).

Fluids in Diabetic Ketoacidosis

Diabetic ketoacidosis (DKA) is a serious
complication of diabetes caused by an
increase in serum ketones as a way of
obtaining energy during acute stress and a
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significant decrease in insulin levels, either
pancreatic or due to inappropriate treat-
ment, culminating in metabolic acidosis,
sustained hyperglycaemia, dehydration
from osmotic diuresis, nausea and vomit-
ing. Guideline-recommended treatment
includes the aggressive infusion of intra-
venous fluids, electrolyte replacement, and
insulin administration. The current recom-
mendation is to administer an infusion of
500 mL of 0.9% sodium chloride solution
to achieve a systolic blood pressure >90
mmHg, followed by 1,000 mL over 1 hour,
then 1,000 mL over 2 hours, and finally
1,000 mL over 4 hours, with concurrent
potassium replacement. This is based on
the replacement of lost fluids, estimated at
100 ml/kg, a completely arbitrary measure.
It's worth mentioning that no studies

Strategy to reduce the use of
intravenous crystalloids in sepsis and

septic shock

Strategy to reduce IV fluids in
ARDS
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support this recommendation, despite
the recommendation being universally
approved (Dhatariya et al. 2022). We must
remember that patients with DKA are not
exempt from complications associated
with fluid overload, such as pulmonary
oedema (Sprung et al. 1980).

A systematic review of randomised
controlled trials on patients younger than
18 years with DKA, comparing liberal and
rapid infusions of IV fluids to conserva-
tive and slow therapy, found no clear
benefit of one therapy over the other nor
an increased incidence of major adverse
effects like cerebral or pulmonary oedema.
However, the liberal group showed a higher
incidence of hyperchloraemic acidosis and
hypocalcaemia (Long and Gottlieb 2022).
No similar studies have been conducted

alteration

é

on adult patients.

Regarding the type of solution admin-
istered, balanced solutions generate greater
benefits for patients with DKA when
compared to sodium chloride solution.
The SKOPE-DKA study demonstrated a
decrease in the resolution time of keto-
acidosis symptoms without presenting a
significant difference in complications
when balanced solutions were compared
to saline solution (Ramana et al. 2021). A
recent systematic review of randomised
controlled trials comparing saline with
balanced crystalloids demonstrated a
shorter time to resolution of DKA, fewer
length of hospital stays, lower serum
chloride levels, and higher bicarbonate
levels (Alghamdi et al. 2022).

Start resuscitation with crystalloid solutions if PAM <65 mmHg + tissue perfusion

Consider use of intravenous albumin in patients with hypoalbuminaemia and
when large volumes of fluids are required
Early use of vasopressors; within 1 to 6 hrs

Perform volume response manoeuvres

Capillary refill time test

Passive leg rising with increased cardiac output >10%

PPV: > 10-15%
SVV: >10-15%

Avoid positive balances

y
d

<

o Start resuscitation with restrictive crystalloid solutions
« Early onset of vasopressors if required

Evaluate response and tolerance to volume

* Avoid positive fluid balance

* Use diuretics or RRT if necessary

CDPV >10.5% during 20s with EEO (MV without arrhythmia)
* Avoid unnecessary intravenous fluids

Consider accumulated balance sheets

.
.
¢ Perform individualised removal of excess fluid
* Use diuretics or RRT if necessary

*  Capillary refill time test

*  PAOPand CVP
* EVLW
_—* LUS protocol

+  Echocardiography « RV dilatation

Stop intravenous fluids as soon as possible and start removal individually.
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* Start resuscitation with crystalloid solutions
« Early onset of oral fluid intake

* Reduce administration of 5% dextrose solutions once enteral
feeding is started and evaluate tolerance

« Prefer balanced solutions (e.g. Ringer lactate) in order to
decrease the time of resolution

* Early insulin therapy

* Avoid 0.9% saline solution due to higher incidence of
hyperchloraemic acidosis.

d *  Evaluate response and tolerance to volume

Strategy to reduce use of
IV fluids in diabetic ketoacidosis

. Avoid unnecessary intravenous fluids

. Avoid positive fluid balances

Evaluate patient’s haemodynamic status
Assess risk of AKI development
Search for AKI aetiology

d Evaluate tolerance to fluids

Strategy to reduce
use of IV fluids
in acute kidney injury

Evaluate tolerance to fluids

Fluid restriction
Use of diuretics
Avoid positive balances

RRT in a timely manner

v +  Start resuscitation with crystalloids

*  Use vasopressors if necessary

. Evaluate response to volume

-

Strategy to reduce use of
IV fluids in pancreatitis

— Dynamic volume response tests <

LvoT vTi
* High/normal: assess tolerance to
fluids
High: Consider alternative

/ Cardiac output assessment — .
haemodynamic interventions

LUS, pulmonary ultrasound
VEXUS (venous excess ultrasound score)

Increased in IAP

Benefit ++
Yes <
Risk +

No
Risk +++
Benefit 0
With hypovolaemic shock . Boluses of 4-7 mL/kg IV Infuse balanced solutions
(Ringer Lactate) vs 0.9% saline
solutions

Infusion of IV fluids within
12-24hrs with 5-10mi/kg/h

Without hypovolaemic .
shock

Clinical parameters
MAP >65 mmHg

HR <120 lpm

Uresis >0.5 ml/kg/hora
Capillary refill
Measurement of IAP

Ultrasonography
SV >10-15%
PPV >10-15%

/‘ - Avoid unnecessary intravenous fluids

+ Avoid positive balances

“"’ * Maintain neutral balances

Use diuretics if necessary

Evaluate patient’s haemodynamic status every 1-2 hours

Figure 1. Proposal for the management of intravenous fluid therapy in common scenarios of critically ill patients
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Fluids in Acute Kidney Injury
Acute kidney injury (AKI) is a common
occurrence in critically ill patients and
is an independent factor in mortality,
particularly when presenting as oliguria
or anuria. According to the multinational
AKI EPI study, 57.3% of ICU patients will
experience AKI symptoms during their
stay, with 23.5% of them requiring renal
replacement therapy (RRT). The main
causes include sepsis, hypovolaemia, the use
of nephrotoxic drugs, cardiogenic shock,
hepatorenal syndrome, and obstructive
urinary tract problems (Hoste et al. 2015).
Pathophysiologically, when AKI is caused
by absolute or relative hypovolaemia, it
may improve with the administration of
oral, enteral, or IV fluids. However, the
idea that AKI from other causes can be
treated with intravenous fluid infusion has
led to erroneous practices and worsening
prognosis for these patients, particularly
those who are unresponsive or unable to
tolerate them. In addition, fluid overload
can worsen or cause AKI by the following
mechanisms (Mértensson and Bellomo
2015):
a) Activation of tubuloglomerular
feedback: the infusion of saline solu-
tions and subsequent administration
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¢) Osmotic nephrosis: This condition
is characterised by vacuolisation and
oedema of the proximal tubular cells.
The most related causal substances
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starch (a synthetic colloid currently
not recommended).

d) Oedema of the renal parenchyma:
This generates an increase in the
distance needed for the diffusion of
oxygen in the nephron, promoting
renal ischaemia.

Conclusion

Studies have shown that large amounts of
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cally ill patients are of no benefit and are
commonly associated with adverse effects,
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ventilation, longer stays in the ICU and
hospitalisation, and increased mortality.
However, patients with hypovolaemic shock
and severe dehydration may benefit from
intravenous fluids.

In addition, the acquisition and admin-
istration of large quantities of solutions
of different types have an economic and
ecological impact. The approximate cost
per 100 mL of 0.9% sodium chloride
solution is £0.47 ($0.6 USD), while the
cost of balanced solutions is higher, with
PlasmaLyte being the most expensive,
at £2.25 to £3 ($3-$4 USD) per 100 mL
(Taylor et al. 2021).

A conservative approach to intravenous
fluids should be adopted for patients
with ARDS, acute pancreatitis, and AKI.
It should also be carefully considered in
septic shock and other critical illnesses,
not only to improve prognosis but also
to reduce consumption and spending due
to unnecessary interventions. In Figure 1,
we present a proposal for the management
of intravenous fluid therapy in common
scenarios of critically ill patients.
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