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Resuscitation of septic shock is a complex issue because the cardiovascular disturbances that characterize septic
shock vary from one patient to another and can also change over time in the same patient. Therefore, different
therapies (fluids, vasopressors, and inotropes) should be individually and carefully adapted to provide personal-
ized and adequate treatment. Implementation of this scenario requires the collection and collation of all feasible
information, including multiple hemodynamic variables. In this review article, we propose a logical stepwise
approach to integrate relevant hemodynamic variables and provide the most appropriate treatment for septic

Introduction

Septic shock is characterized by profound alteration of the
cardiovascular system at macrocirculatory and microcirculatory
levels. Macrocirculatory abnormalities include hypovolemia,
vascular tone depression, and myocardial dysfunction. Hemody-
namic disturbances eventually lead to tissue hypoxia and mul-
tiple organs failure. The aim of resuscitation of patients with
septic shock is to correct tissue hypoxia, which can be related to
a decrease in tissue oxygen delivery and/or impairment of local
oxygen extraction. A decrease in tissue oxygen delivery can be
secondary to a decrease in global oxygen delivery (DO,) and/or
a decrease in microcirculatory blood flow and/or to insufficient
organ perfusion pressure.

Correcting tissue hypoxia can be achieved through increas-
ing DO, or restoring sufficient organ perfusion pressure, because
there are currently no therapeutic interventions for microcircu-
lation and/or oxygen extraction. In all cases of septic shock, ab-
solute and/or relative hypovolemia is present and contributes
to tissue hypoxia. Therefore, administration of intravenous (IV)
fluids should be urgently performed; however, in most cases,
this is not sufficient to restore adequate hemodynamic condi-
tions. The severity of each of component of circulatory fail-
ure (hypovolemia, vascular tone depression, myocardial depres-

sion, altered microcirculation, and impaired oxygen extraction)
varies among patients and in each patient over time. Therefore,
it is crucial to assess the degree of each cardiovascular distur-
bance. Clinical examination cannot fully identify the predomi-
nant component of the circulatory failure, hence other variables
need to be obtained non-invasively or invasively.

Moreover, integration of multiple hemodynamic variables
can facilitate improved assessment of the benefit/risk balance of
any hemodynamic intervention and allow selection of the most
appropriate therapy.

Relevant Hemodynamic Variables during Resuscitation of
Septic Shock

Arterial blood pressure

In patients with shock, insertion of an arterial catheter is rec-
ommended to monitor the arterial pressure in real-time.?! It is
thus possible to obtain continuously reliable values of systolic
arterial pressure (SAP), diastolic arterial pressure (DAP), mean
arterial pressure (MAP), and pulse pressure (PP), which all pro-
vide vital information on the cardiovascular status.
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SAP

Among all the variables available at the bedside, SAP is the
best estimate of left ventricular afterload. SAP is frequently used
in some definitions of shock rather than as a therapeutic target
in shock states. SAP at the central level is lower compared with
that at the periphery due to the pulse wave amplification (PWA)
phenomenon; thus, SAP measured in the femoral artery is lower
than that in the radial artery. However, the PWA phenomenon
is attenuated in elderly patients.!

DAP

DAP has two major meanings for the clinical practice. First,
DAP is a good marker of arterial tone."*! Decreased arterial tone
is associated with decreased DAP and can also be due to brady-
cardia (prolonged diastolic time) or marked arterial stiffness.
In a patient with shock and a normal or high heart rate, a low
DAP is highly indicative of a markedly reduced arterial tone,
which is essential for identifying the type of shock and know-
ing whether to commence early vasopressor treatment. An ar-
bitrary DAP value of <40 mmHg has been proposed to identify
the appropriate time to commence administration of a vasopres-
sor.!*! Second, DAP is the upstream pressure for left ventricular
perfusion. In patients with coronary artery disease, a low DAP
may induce myocardial ischemia and thus is another reason to
start administration of a vasopressor. Owing to the PWA phe-
nomenon, DAP measured in the femoral artery is slightly higher
compared with that in the radial artery.

MAP

Unlike SAP and DAP, the MAP is nearly constant in the
arterial bed from the aorta to the arterioles; it is, by nature,
slightly higher in the aorta compared with that in the pe-
riphery. Clinically, the MAP reflects the upstream pressure for
perfusion of most vital organs. In cases where MAP is lower
than the autoregulation threshold, the perfusion of organs such
as the brain and kidneys can be reduced, even when cardiac
output is high. In healthy conditions, the MAP is markedly
higher than the central venous pressure (CVP), which reflects
the downstream pressure for perfusion of most organs, thus
MAP is considered the organ perfusion pressure. However, in
some shock states such as cardiogenic shock, MAP is low and
CVP is high, meaning that MAP underestimates the organ per-
fusion pressure; in such cases, the difference between MAP
and CVP (i.e., MAP-CVP) is considered the organ perfusion
pressure.

pP

PP at the aortic level depends on stroke volume and ar-
terial stiffness.[°! In elderly patients, the peripheral PP accu-
rately reflects the central PP owing to the attenuated PWA
phenomenon.! In such patients, the large arteries are stiff,
and PP is usually increased except if stroke volume is low.
Thus, a normal PP (40-50 mmHg) and a fortiori a lower-than-
normal PP in these patients are the indicators of a low stroke
volume.
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Blood Lactate

Increased blood lactate concentration can be due to ei-
ther overproduction (from increased anaerobic metabolism, in-
creased aerobic metabolism, or mitochondrial dysfunction) or
to a decrease in clearance. In sepsis and septic shock, all these
mechanisms may occur and increased blood lactate is therefore
not always due to tissue hypoxia. Nevertheless, hyperlactatemia
is associated with a poor outcome, and a subsequent decrease in
blood lactate concentration following intervention suggests that
the selected therapeutic strategy is effective.”]

Mixed Venous Blood Oxygen Saturation (SvO,) and
Central Venous Oxygen Saturation

SvO, is related to arterial blood oxygen saturation (SaO,),
oxygen consumption (VO,), cardiac output, and hemoglobin
concentration (Hb) according to the formula derived from the
Fick equation applied to oxygen: SvO, = Sa0O, — [VO,/(cardiac
output x Hb x 13.4)]. Thus, SvO, is an integrative variable that
reflects the balance between DO, and VO,. In healthy subjects,
SvO, ranges from 70% to 75%. A decrease in SvO, can be due
to a decrease in SaO, or Hb or to an increase in VO, if cardiac
output does not compensate for these changes. In addition, a
decrease in SvO, can be due to a decrease in cardiac output it-
self and no acute compensation from other variables would be
expected to occur in this situation.

An increase in SvO, above the normal range is generally asso-
ciated with a decrease in the oxygen extraction capacities lead-
ing to decrease in VO,. In this context, the value of SvO, can be
very high, especially if DO, is high due to increased cardiac out-
put. This latter condition can be encountered in hyperdynamic
septic shock. These points highlight that (1) SvO, is not a re-
liable marker of the adequacy between DO, and global oxygen
demand in shock states where VO, is lower than oxygen demand
and (2) interpretation of SvO, can be misleading in shock states
due to impaired oxygen extraction capacities. Thus, a normal of
high SvO, does not exclude the presence of tissue hypoxia.'®! Fi-
nally, during resuscitation of shock states, an increase in VO, is
expected to result from the increase in DO, such that SvO, does
not change markedly until DO, has exceeded a critical value.
Above this value, a further increase in DO, should no longer
change VO, and the SvO, should increase in parallel with the
increase in DO,.!®]

SvO, requires a pulmonary artery catheter, the use of which
is declining; consequently, it has been proposed to replace SvO,
with central venous blood oxygen saturation (ScvO,). Although
both variables represent different entities, an acceptable agree-
ment between the variables!®! and their changes!'*! was re-
ported. ScvO, is no longer recommended as a therapeutic tar-
get in the resuscitation of septic shock by the Surviving Sepsis
Campain;?) however, the use of this variable should not be to-
tally abandoned.!'-'!J Indeed, a normal ScvO, or a higher-than-
normal ScvO, suggests that oxygen extraction capacities are im-
paired or markedly impaired. In such conditions, it is illusory
to expect correction of tissue hypoxia after an increase in DO,.
Conversely, a lower-than-normal ScvO, clearly suggests that
DO, is inadequate and measures should be applied to increase
it, mostly through an increase in cardiac output.['!] Therefore,
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knowledge of ScvO, should be very helpful for orienting the re-
suscitation strategy.

Mixed Venous Blood (or Central Venous Blood) Minus
Arterial Blood Carbon Dioxide Pressures Differences

According to the Fick equation applied to carbon dioxide
(CO,), the production of CO, (VCO,) equals the product of car-
diac output and the difference between the mixed venous blood
CO, content and the arterial blood CO, content. Assuming that
the relationship between CO, content and CO, pressure (PCO,)
is almost linear, it has been proposed to substitute CO, pres-
sure for CO, content in the Fick equation. Therefore, the dif-
ference between the mixed venous blood PCO, and the arterial
blood PCO, (also called PCO, gap) equals k x VCO,/cardiac out-
put, where k is a factor defining the relationship between CO,
content and PCO,.['?! Therefore, the PCO, gap should increase
when VCO, is abnormally increased and the cardiac output can-
not compensate for this increase (e.g., marked exercise) or when
the venous flow (cardiac output) is not sufficient to clear the
CO, produced at the periphery (CO, stagnation phenomenon).
In normal conditions, the PCO, gap is <6 mmHg.

In hypodynamic shock states (decreased cardiac output), the
PCO, gap should be increased, whereas in hyperdynamic shock
states (normal or high cardiac output), the PCO, gap should be
normal.[!?!

Therefore, a normal PCO, gap suggests that aiming to in-
crease cardiac output cannot be a priority in the therapeutic
strategy, whereas a high PCO, gap suggests that increasing car-
diac output may be an appropriate therapeutic option.

Indices of Fluid Responsiveness

Approximately half of all critically ill patients are fluid re-
sponders, i.e., their cardiac output increases by >15% after fluid
administration.''¥ Fluid infusion may result in deleterious ef-
fects (e.g., pulmonary edema and tissue edema) in fluid non-
responders and fluid overload in general is associated with poor
outcomes in critically ill patiens;['>'7! thus, it is crucial to pre-
dict fluid responsiveness before any fluids are administered. Nu-
merous indices or tests of fluid responsiveness have been de-
veloped during the last two decades. Some of these indices use
the heart-lung interactions in patients under mechanical ventila-
tion. The general principle is that if the heart is preload respon-
sive, the stroke volume changes markedly over the respiratory
cycle due to changes in preload.['®! As changes in PP may reflect
changes in stroke volume,'°! the changes in PP during mechan-
ical ventilation, called PP variation (PPV), have been proposed
as an index of fluid responsiveness,*°! and the value of this in-
dex in many studies was reported in meta-analyses.[?!-22] PPV
can be calculated automatically and displayed in real-time on
the screen of bedside hemodynamic monitoring devices. A no-
table advantage of PPV is that it can be obtained from a simple
arterial catheter without the need of any sophisticated cardiac
output monitoring device. However, there are numerous factors
limiting the use of PPV to predict fluid responsiveness, such as
the presence of cardiac arrhythmia, persistence of spontaneous
breathing activity, low tidal volume ventilation, and low com-
pliance of the respiratory system.>*! Recently, it was proposed
to calculate the changes in PPV during a tidal volume chal-
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lenge that consisted of increasing the tidal volume transiently
(from 6 mL/kg to 8 mL/kg) to overcome the limitation of PPV
in cases of low tidal volume ventilation.** Excellent results
have been reported in critically ill patients in supinel?*2°] and
in prone positions'?”) and in patients undergoing surgery.[?8:2%]
The end-expiratory occlusion test is another approach that uses
heart-lung interaction in mechanically ventilated patients and
can reliably predict fluid responsiveness'®’!, even in cases of
spontaneous breathing activity®!! or low lung compliance.*?!
The passive leg raising (PLR) test, which does not use heart-
lung interactions, reliably predicts fluid responsiveness in all
situations'®®! except cases of intra-abdominal hypertension.**
The PLR test involves moving the patient’s bed from the semi-
recumbent position to a position where the trunk and the head
are horizontal, and the lower limbs elevated at 45° This maneu-
vre results in a venous blood shift from the lower limbs and the
abdomen toward the thorax. This endogenous volume challenge
has the same effects as fluid loading on the venous return de-
terminants (mean systemic pressure, CVP, and resistance to ve-
nous return)®> and thus represents an excellent test to predict
fluid responsiveness. However, some rules must be respected
for the PLR test results to be properly interpreted.*®! Sympa-
thetic stimulation should be avoided to prevent an increase in
cardiac output that is unrelated to passive mobilization of ve-
nous blood and would result in misleading interpretation. The
absence of an increase in heart rate during PLR ensures that the
test results can be properly interpreted. Furthermore, as the ef-
fects of PLR are transient, a real-time hemodynamic assessment
is mandatory. Most studies that showed excellent accuracy of
PLR to predict fluid responsiveness used the real-time changes
in cardiac output during PR.[*3! Changes in arterial pressure
waveform-based cardiac output'®?! or in velocity-time integral
(VTI) using echocardiography'®”! are particularly suitable. More
recently, it was reported that the decrease in PPV during PLR is
a good indicator of fluid responsiveness in patients receiving
mechanical ventilation. 2% The advantage of this method is that
no cardiac output measurement is required to interpret the test
results.

Echocardiographic Variables

Echocardiographic examination is recommended to be per-
formed as soon as possible in patients with shock as it can
rapidly provide information about the systolic and diastolic
functions of the left and of the right ventricles, and no other bed-
side method is better for that purpose. The most used echocar-
diographic variables in critically ill patients are the left ventric-
ular ejection fraction (LVEF), the VTI, the left ventricular size,
the right ventricular end-diastolic area (RVEDA)/left ventricu-
lar end-diastolic area (LVEDA), the early wave of transmitral
diastolic blood flow (E), the atrial wave of transmitral diastolic
blood flow (A), the E/A, the maximal diastolic early velocity by
tissue Doppler imaging at the mitral annulus (E"), the E/E’, the
tricuspid annulus systolic excursion (TAPSE), the paradoxical
septal motion, the pulmonary artery systolic pressure (PAPs),
the left ventricular strain or strain rate, and the inferior vena
cava diameter. Cardiac output can be obtained from VTI and the
cross-sectional area of the left ventricular outflow tract. In ad-
dition, echocardiographic examination can rapidly detect other
disturbances such as pericardial effusion and cardiac valve dis-
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eases, which can sometimes contribute to the circulatory failure.
Furthermore, as well as assessing cardiac function and diagnos-
ing cardiac disease, echocardiography can also assess preload
responsiveness. For example, the changes in VTI during PLR re-
liably predict fluid responsiveness.!*’]

Transpulmonary Thermodilution Variables

The European Society of Intensive Care Medicine!!-*!1 has
recommended the use of transpulmonary thermodilution mon-
itoring in complex patients, especially those with circula-
tory shock and associated acute respiratory distress syndrome
(ARDS). Transpulmonary thermodilution systems provide in-
termittent measurements of cardiac output. However, a single
value of cardiac output has limited value as it depends on the
metabolic conditions; thus, cardiac output can be low but ad-
equate in states of low oxygen demand or can be high but in-
adequate in cases of high oxygen demand. Therefore, a cardiac
output value should always be interpreted with ScvO, or PCO,
gap. The most important transpulmonary thermodilution vari-
ables are extravascular lung water (EVLW) and pulmonary vas-
cular permeability index (PVPI), which represent quantitative
measures of the volume of pulmonary edema and of the degree
of lung capillary leakage, respectively.!*® Transpulmonary ther-
modilution systems also provide intermittent measurements of
global end-diastolic volume (a volumetric marker of global car-
diac preload) and cardiac function index (a marker of systolic
function of the whole heart). The pulse contour analysis method,
which is coupled to transpulmonary thermodilution, provides
continuous and real-time cardiac output and PPV monitoring.
Pulse contour analysis is beneficial for tracking the short-term
changes in cardiac output during preload responsiveness tests
such as PLR or end-expiratory occlusion tests, which are helpful
when PPV is unreliable.

Pulmonary Artery Catheter Variables

The pulmonary artery catheter is an invasive tool that is now
used less frequently compared with in the 20th century. When
used in complex patients, this tool can provide measurements
of important hemodynamic variables such as pulmonary artery
pressure, pulmonary artery occlusion pressure (PAOP), right
atrial pressure, SvO,, PvCO,, intermittent cardiac output, and
continuous cardiac output. However, the continuous cardiac
output monitoring provided by the pulmonary artery catheter
is not a real-time monitoring and therefore cannot be used for
interpreting dynamic preload responsiveness tests such as PLR
or end-expiratory occlusion tests.

How should we integrate the hemodynamic variables to
manage patients with septic shock? (Figure 1)

Step 1: identify the presence of shock

Clinical assessment is essential to identify patients with
shock. When present, hypotension is a good marker of shock al-
though arterial blood pressure can remain almost normal in the
early phase of shock due to compensatory mechanisms. Clini-
cal signs of skin hypoperfusion such as mottling and increased
capillary refill time (CRT) are variable but when present they
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are valuable since they are associated with a low cardiac out-
put shock state.*” Hyperlactatemia is an important biological
marker of global tissue hypoxia, although it may have other ori-
gins than tissue hypoxia. The decrease in hyperlactatemia over
time is a sign of favorable evolution of shock and is an impor-
tant recognized target for hemodynamic resuscitation in shock
states.[*7] However, a multicentre, randomized controlled trial
recently demonstrated that a resuscitation strategy targeting
normalization of CRT was at least as pertinent as a strategy tar-
geting serum lactate levels in terms of outcome of patients with
septic shock.[“”) A Bayesian analysis of the study showed that
CRT-targeted resuscitation may result in lower mortality and
faster resolution of organ dysfunction when compared with a
lactate-targeted resuscitation strategy.[*!! Finally, in the same
study, patients with normal CRT at baseline received more ther-
apeutic interventions and presented more organ dysfunction
when allocated to the lactate group.[*?! Collectively, these data
emphasize the importance of peripheral perfusion indices such
as CRT to diagnose shock, to assess its severity and to follow the
effects of the therapies.

Step 2: start fluid infusion and simultaneously measure
MAP—-CVP

Severe hypotension can be responsible for organ hypoper-
fusion, independently of cardiac output. In the case of septic
shock, it is recommended to achieve a MAP target of at least
65 mmHg to limit hypotension-induced hypoperfusion.['-?! In
some pathological conditions, the backpressure for organ perfu-
sion is increased so that the organ perfusion pressure is much
better reflected by the difference between MAP and CVP than
by the sole MAP. Thus, if CVP is high, its value should be taken
into account to estimate the actual organ perfusion pressure. In
critically ill patients, it was demonstrated that the mean per-
fusion pressure (MAP—CVP) but not MAP was associated with
the progression of acute kidney injury, with a threshold value of
60 mmHg.**! Therefore, if CVP is 0 mmHg, a MAP of 65 mmHg
could be sufficient to maintain kidney perfusion, but a CVP of
15 mmHg would not. To ensure an adequate organ perfusion
pressure, the best option would be to decrease CVP when fea-
sible since this would also decrease or prevent development of
interstitial tissue edema and hence prevent organ dysfunction.
For example, if a patient is mechanically ventilated with posi-
tive end-expiratory pressure (PEEP), which increases CVP by a
variable degree, the question of slightly decreasing the level of
PEEP to improve the mean perfusion pressure, should arise. As
the risk of decreasing PEEP is impairment of arterial oxygena-
tion, the benefit/risk of such an intervention should be carefully
assessed. The alternate option to increase the mean perfusion
pressure is to achieve a higher MAP target. Other pathological
conditions where a higher MAP target would be required for
kidney function is the presence of abdominal hypertension or
the existence of prior chronic hypertension.!**

To select the most appropriate treatment for increasing MAP,
it is essential to consider the DAP. As mentioned above, low DAP
is most often due to low vascular tone!® and this should prompt
urgent administration of a vasopressor, namely norepinephrine.
In normal vascular tone conditions, DAP should be higher than
normal in cases of tachycardia owing to the low diastolic time.
Consequently, low DAP in the presence of tachycardia suggests



J.-L. Teboul

Journal of Intensive Medicine 3 (2023) 131-137

1%t step: identify the presence of shock: hypotension, mottling, increased CRT, hyperlactatemia

2"d step: Start fluid bolus and check the MAP-CVP difference at the same time
If MAP-CVP < 60 mmHg, try to decrease CVP if high. If not, consider increasing MAP with NE, mostly if DAP is low

3 step: Check ScvO, if shock persists despite fluid bolus and restoration of a sufficient MAP-CVP difference

Scv0o, < 70%
Normal Hb

(consider increasing CO
I

Low Hb
consider RBC

—

Scv0o, 2 80%

70% < Scv0, < 80%

PCO, gap PCO, gap L .
>6 mmHg <6 mmHg

No benefit expected from
hemodynamic therapies
[
Check appropriatness
of anti-infectious treatment

and source control

I
Low LVEF (echo) Presence of
consider dobutamine fluid responsiveness

[
If no associated ARDS |

consider another fluid bolus
and reassess

consider another fluid bolus and reassess

1
If associated ARDS
assess the benefit/risk ratio of additional fluid bolus
* benefit: severity of shock, degree of fluid responsiveness
* risk: P/F, EVLW, PVPI, PAOP

T T

benefit < risk
consider other therapies

benefit > risk

Figure 1. Stepwise approach to integrate hemodynamic variables for the resuscitation of septic shock.

ARDS: Acute respiratory distress syndrome; CO: Cardiac output; CRT: Capillary refill time; CVP: Central venous pressure; DAP: Diastolic arterial pressure; EVLW:
Extravascular lung water; Hb: Hemoglobin concentration; LVEF: Left ventricular ejection fraction; MAP: Mean arterial pressure; P/F: Ratio of partial pressure of
arterial oxygen to fraction of inspired oxygen; PAOP: Pulmonary artery occlusion pressure; PCO, gap: Central venous blood — arterial blood carbon dioxide pressure
difference; PVPI: Pulmonary vascular permeability index; RBC: Red blood cells; ScvO,: Central venous blood oxygen saturation.

that the arterial tone is markedly depressed and immediate ad-
ministration of norepinephrine is needed.*"!

If DAP is not very low, low MAP is likely to be associated with
an insufficient cardiac output due to a low stroke volume. The
presence of a low PP could be an additional indication of low
stroke volume, although a low stroke volume can be associated
with normal PP in patients with stiff arteries.

Step 3: measure ScvO,, a marker of the VO,/DO, balance

If the initial fluid infusion and correction of hypotension are
not sufficient to reverse signs of shock, it is important to check
ScvO,, a marker of the VO,/DO, balance.

Scv0, is <70%

If ScvO, is low (<70%), it indicates that DO, is inadequate to
VO,, and it is logical to consider increasing DO,. At this stage,
there are two options: (1) if Hb is low, then blood transfusion
can be considered and (2) if Hb is not low, then the inadequate
DO, should be due to an insufficient cardiac output, related ei-
ther to insufficient preload or to altered cardiac contractility.
If available, indices or tests of fluid responsiveness (see above)
can be used. Transthoracic echocardiography is advantageous
in that it can help detect fluid responsiveness (changes in VTI
during PLR) and diagnose cardiac dysfunction. If fluid respon-
siveness is still present, fluid administration can be considered,
particularly if there is no risk of pulmonary edema formation. A
low LVEF (<45%) strongly suggests that septic shock is associ-
ated with myocardial depression, and in this context, adminis-
tration of an inotropic drug, namely dobutamine, can be consid-
ered. Right ventricular dysfunction can be suspected when the
RVEDA/LVEDA ratio is high (>0.6).1%! A specific therapy can be

135

administered after diagnosing the underlying mechanism using
echocardiography.

In patients who do not respond sufficiently to the initial treat-
ment or in those suffering from severe ARDS, it has been sug-
gested to obtain additional information owing to the complexity
of the situation.!*:®] In such cases, advanced hemodynamic mon-
itoring technologies such as the transpulmonary thermodilution
systems or pulmonary artery catheterization can provide vital
information to assess the benefit/risk balance of therapeutic in-
terventions such as fluid therapy.'®! In cases of ARDS, knowledge
of EVLW and PVPI (transpulmonary thermodilution) or PAOP
(pulmonary artery catheter) can facilitate assessment of the risk
of fluid infusion®! and sometimes curb the administration of
IV fluids, even in the presence of fluid responsiveness. To make
the appropriate decision, clinicians should consider the degree
of fluid responsiveness, the severity of the circulatory failure
and of the subsequent organ dysfunctions (e.g., renal dysfunc-
tion), the severity of pulmonary edema based on EVLW, PVPI,
and PAOP, and the severity of hypoxemia.

ScvO, is between 70% and 80%

If ScvO, is within the normal range (between 70% and 80%)
in the presence of tissue hypoxia, it is likely that the oxygen
extraction capabilities are impaired. In such cases, knowledge
of PCO, gap is essential as this marker of the adequacy of car-
diac output with the global metabolic conditions is only slightly
affected by impairment of oxygen extraction capacities. If PCO,
gap is increased (>6 mmHg), increasing cardiac output is a ther-
apeutic option. The appropriate therapy to increase cardiac out-
put (fluids or dobutamine) should be selected after testing fluid
responsiveness using dynamic indices and after assessing car-
diac function using echocardiography, and in some complex
cases, after inserting advanced hemodynamic monitoring de-
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vices as detailed above. If PCO, gap is normal (<6 mmHg) in
the context of shock, it is likely that microcirculation and cellu-
lar metabolism disturbances are responsible for tissue hypoxia,
and increasing cardiac output cannot be a priority.

Scv0, is >80%

If ScvO, is higher than normal (>80%) in cases of shock, it
suggests there is marked impairment of oxygen extraction ca-
pacities, and this is associated with poor outcomes.[*”! Thus,
increasing cardiac output and DO, is illogical in this situa-
tion. However, it is important to ensure adequate anti-infectious
treatment and source control, while maintaining appropriate
organ-supportive therapies.

Conclusions

Septic shock is a complex pathological state that includes
multiple macrocirculatory and microcirculatory disturbances
that can vary over time and from patient to patient. Conse-
quently, it is important to obtain all relevant information that
can help to identify the presence and degree of each of these dis-
turbances and then select the most appropriate hemodynamic
treatment. Integration of hemodynamic variables is essential to
assess the benefit/risk balance of each therapeutic intervention.
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