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How Do I Integrate Hemodynamic Variables When Managing Septic Shock?
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Hemodynamic management of sepsis-induced circulatory failure is complex since this pathological state includes multiple cardio-
vascular derangements that can vary from patient to patient according to the degree of hypovolemia, of vascular tone depression, of 
myocardial depression and of microvascular dysfunction. The treatment of the sepsis-induced circulatory failure is thus not univocal 
and should be adapted on an individual basis. As physical examination is insufficient to obtain a comprehensive picture of the hemo-
dynamic status, numerous hemodynamic variables more or less invasively collected, have been proposed to well assess the severity of 
each component of the circulatory failure and to monitor the response to therapy. In this article, we first describe the hemodynamic 
variables, which are the most relevant to be used, emphasizing on their physiological meaning, their validation and their limitations 
in patients with septic shock. We then proposed a general approach for managing patients with septic shock by describing the logical 
steps that need to be followed in order to select and deliver the most appropriate therapies. This therapeutic approach is essentially 
based on knowledge of physiology, of pathophysiology of sepsis, and of published data from clinical studies that addressed the issue 
of hemodynamic management of septic shock.

Key Words: hemodynamics; hemodynamic monitoring; lactates; shock, septic; veno-arterial carbon dioxide gap; venous oxygen satu-
ration.

■ Review ■

Introduction

Septic shock is characterized by multiple cardiovascular abnormalities including absolute and relative hypovolemia, 
vascular tone depression, myocardial dysfunction, derangements in regional blood flow distribution and microcircu-
latory disorders. Septic shock is often associated with multiple organ failure, including mainly respiratory and renal 
failures. The degree of severity of each of these disorders is variable from patient to patient. Early and adequate hemo-
dynamic support is crucial to prevent further worsening of organ dysfunction. Therefore, it is important to assess the 
degree of each component of the hemodynamic failure in order to select the appropriate therapeutic measures. Multiple 

hemodynamic variables are available to manage patients 
with septic shock. The main issue for the physician is to 
properly integrate these variables in order to optimize the 
therapy. Some of the hemodynamic variables are used to 
make or confirm the diagnosis of shock and others are 
used to guide therapy and to evaluate the response to it. In 
this review, we describe a wide variety of hemodynamic 
variables and we propose how to integrate them in a thera-
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peutic strategy for septic shock patients.

What are the most relevant hemodynamic 
variables during resuscitation of septic shock?

1) Blood Lactate 
Lactate is mainly released by the skeletal muscles, the 

adipose tissue and the brain and in a smaller proportion 
by the lung and the heart. Daily, 20 mmol/kg of lactate is 
produced, released in the blood stream and transported to 
the liver and the kidney, where it is subsequently metab-
olized in two main energy (ATP)-producing processes: 
glycolysis and oxidative phosphorylation. Lactate arises 
from the metabolism of glucose. Glycolysis metabolizes 
glucose to pyruvate in the cellular cytosol. Further me-
tabolism of pyruvate follows one of two routes. First, py-
ruvate enters mitochondria and is converted to acetyl-co-
enzyme A by pyruvate dehydrogenase, which enters the 
Krebs’s cycle allowing generation of 38 ATP molecules 
for each molecule of metabolized glucose. The second 
route for pyruvate is conversion to lactate in the cytosol. 
This reaction is bi-directionally catalyzed by lactate de-
hydrogenase, resulting in a normal lactate/pyruvate ratio 
of approximately 10.

Development of hyperlactatemia in sepsis is multifac-
torial. It can be due to an overproduction of lactate via 
either anaerobic or aerobic metabolism or to a decrease 
in its clearance. During sepsis, impaired ability of the 
tissues to extract oxygen and endothelial inflammatory 
processes result in microcirculatory dysfunction so that 
regional DO2 is not matched with oxygen demand and 
tissue hypoxia develops.[1] When sufficient oxygen 
is not available, the Krebs’s cycle cannot metabolize 
pyruvate so that lactate is generated. In addition, mito-
chondrial dysfunction may occur during sepsis so that, 
even in tissues with adequate oxygenation, pyruvate is 
shunted toward lactate production. In addition, the rest-
ing metabolic rate can be increased during sepsis leading 
to increased metabolism of glucose.[2] Glycolytic flux 
can exceed the capacity of pyruvate dehydrogenase to 

catalyze conversion of pyruvate into acetyl coenzyme 
A. Therefore, pyruvate is converted to lactate by lactate 
dehydrogenase. Finally, β2 adrenergic stimulation can 
activate the sodium-potassium-adenosine triphosphatase 
(Na-K-ATPase) activity and this increased the glycolytic 
flux.[3] These results are supported by the observation 
that lactate production is reduced by β2-receptors antago-
nists such as esmolol and by Na/K-ATPase inhibitors 
(ouabain) in septic shock or when glycolysis is induced 
by epinephrine.[4] Finally, hyperlactatemia might also 
be the result of impaired lactate clearance during sepsis.
[5] This may become an important issue in patients with 
significant pre-existing or new hepatic dysfunction.

2) Arterial blood pressure
Arterial catheterization (radial or femoral artery) is rec-

ommended as soon as possible during acute circulatory 
failure to monitor the arterial pressure waveform in real-
time and also to easily sample arterial blood.[6,7] This 
provides direct measurements of systolic arterial pressure 
and diastolic arterial pressure (DAP) and from these two 
values, estimation of mean arterial pressure (MAP) and 
of pulse pressure (PP). Monitoring these four pressures 
provides important information on the hemodynamic sta-
tus and the cardiac function.

(1) Mean arterial pressure
The MAP is considered as the upstream pressure for 

perfusion of most vital organs such as the brain and the 
kidney. As a result, when MAP falls below the lower 
limit of autoregulation, regional blood flow becomes 
linearly dependent upon MAP. In some pathological set-
tings, and in specific vascular areas, MAP underestimates 
the true perfusion pressure, because of marked increases 
in the downstream venous pressure or in the extravascu-
lar pressure at the outflow level. There is no universally 
admitted MAP threshold ensuring that blood flow is in-
dependent of arterial blood pressure in most vital organs. 
Indeed, the critical level of MAP probably differs among 
organs and depends on numerous factors including age, 
previous history of hypertension, neuro-vegetative state 
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and vasoactive therapy. However, in septic shock, current 
resuscitation guidelines recommend to initially achieve 
MAP ≥ 65 mmHg, in order to avoid additional organ hy-
poperfusion[6,8] and suggest a higher value in patients 
having prior chronic hypertension, a pathological state 
characterized by a rightward shift of the autoregulation 
curve. Recently, a multicenter randomized open-label tri-
al was conducted to compare two MAP targets in patients 
with septic shock: 65-70 mmHg and 80-85 mmHg[9] 
There was no difference between the two groups in 28-
day mortality rates.[9] There was no difference either 
in the overall rate of serious adverse events, except a 
slightly higher rate of atrial fibrillation in the high MAP 
target group.[9] In the predefined stratum of patients with 
chronic hypertension, those with a MAP target of 80-
85 mmHg exhibited a more pronounced improvement in 
renal function and fewer requirements for renal replace-
ment therapy.[9] This study thus suggests that in patients 
with history of chronic hypertension, a MAP between 
80-85 mmHg is a reasonable target. A MAP target higher 
than 65 mmHg should also be considered in cases of high 
central venous pressure (CVP), which reflects a high 
outflow venous pressure within organs. Indeed, in such 
cases, it could be important either to increase the MAP 
or to decrease CVP in order to maintain an adequate 
driving pressure for organ perfusion. Similarly, in intra-
abdominal hypertension syndromes, the increased intra-
abdominal pressure can represent the outflow pressure of 
intra-abdominal organs, necessitating then a higher than 
normal MAP target to preserve their adequate perfusion 
unless therapeutic reduction of the intra-abdominal pres-
sure is feasible.

(2) Diastolic arterial pressure
The DAP is also important to monitor since it is the 

driving pressure for the left ventricular perfusion. In ad-
dition, DAP is a marker of arterial tone. It is also influ-
enced by arterial compliance and heart rate. A low DAP 
can thus exist in cases of decreased vasomotor tone (e.g. 
sepsis), reduced arterial compliance and bradycardia. 
Therefore, in case of sepsis with tachycardia, a low DAP 

(i.e. < 40 mmHg) is an indicator of a profoundly de-
pressed arterial tone. 

(3) Pulse pressure
At the level of aorta, PP is dependent on stroke volume 

and arterial stiffness. Due to the pulse wave amplification 
(PWA) phenomenon, which increases the peripheral PP 
compared to the aortic PP, the relation between periph-
eral PP and stroke volume is weaker except in old pa-
tients or in those with chronic hypertension, diabetes or 
arteriosclerosis, in whom the PWA is minimal. In those 
patients, PP should be higher than normal (60-80 mmHg) 
if stroke volume is normal due of the increased arterial 
stiffness. Thus, a lower than normal PP (30-40 mmHg) in 
such patients means than stroke volume is low. 

3)	�The mixed venous blood oxygen saturation (SvO2) 
and the central venous oxygen saturation (ScvO2)

The SvO2, which is measured in the mixed venous 
blood is an integrative variable that reflects the global 
balance between arterial oxygen delivery (DO2) and the 
whole-body oxygen consumption (VO2) since cardiac 
output (CO), hemoglobin concentration (Hb) and arterial 
blood oxygen saturation (SaO2) are the key determinants 
of DO2. Indeed, SvO2 is related to arterial SaO2, VO2, CO 
and Hb according to the formula derived from the Fick 
equation applied to oxygen: SvO2 = SaO2 - (VO2 / [CO × 
Hb × 13.4]). In healthy subjects at rest with normal SaO2 
and Hb, the value of SvO2 ranges from 70 to 75%. SvO2 
can be considered as a marker of oxygen extraction. In-
deed, the whole-body oxygen extraction ratio (OER) is 
defined as the ratio of the whole-body VO2 to the whole-
body DO2: OER = VO2/DO2. As DO2 equals approxi-
mately CO × Hb × 13.4, then SvO2 equals SaO2 - (VO2/
DO2). When SaO2 is close to 1 (100%), SvO2 can thus be 
used to estimate OER: SvO2 = 1 - OER.

By considering that SvO2 reflects OER, SvO2 changes 
can be interpreted as follows: 

A decrease in SvO2 means that OER has increased 
to make the whole-body VO2 matched with the whole-
body oxygen demand. This increase in OER can be trig-
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gered by either a drop in DO2, or an increase in oxygen 
demand, or both. If, in spite of this normal adaptation, 
VO2 does not match oxygen demand, tissue hypoxia and 
anaerobic metabolism appear.[10] However, no precise 
value of SvO2, can be defined as the “critical” SvO2 be-
low which tissue hypoxia occurs.[10]

Conversely, an increase in SvO2 means that OER has 
decreased as a consequence of either an increase in DO2 
with maintained VO2 or a decrease in VO2 with main-
tained or increased DO2. This latter situation is typically 
encountered in hyperdynamic septic shock, where the 
decrease in VO2 (despite a high whole-body oxygen 
demand) does not result from a reduced DO2, but rather 
from impairment of the O2 extraction capabilities. These 
points underline the fact that: 1) SvO2 cannot be a reliable 
marker of the adequacy between DO2 and global oxygen 
demand in shock states, where VO2 is lower than oxygen 
demand, and 2) interpretation of SvO2 can be misleading 
in hyperdynamic states.[11] Finally, it should be kept in 
mind that during resuscitation of shock states, increase in 
DO2 is expected to result in parallel increase in VO2 such 
that SvO2 does not change markedly unless a critical level 
of DO2 is reached. Above this critical level of DO2, a fur-
ther increase in DO2 is associated with a marked increase 
in ScvO2 but no anymore change in VO2.[11]

Due to the decline of the use of the pulmonary artery 
catheter, ScvO2 has been proposed to replace SvO2, as 
a central venous catheter is recommended to be used in 
shock states.[6,7] Studies comparing SvO2 and ScvO2 
generally found satisfactory results in terms of absolute 
values[12] as well as in terms of trends.[13] Confir-
mation of the interest of ScvO2 in the resuscitation of 
septic shock patients was brought by the Rivers et al’s 
study,[14] where a therapeutic strategy (called early 
goal-directed therapy) aimed at targeting a ScvO2 value 
> 70% during initial resuscitation was shown to result in 
a better outcome than standard care.[14] Although recent 
multicenter randomized clinical trials did not confirm 
these findings,[15] it must be emphasized that ScvO2 was 
already higher than the 70% target in the vast majority 
of the included patients so that these trials could not by 

nature showed any benefit of EGDT.

4)	�Mixed venous blood (or central venous blood) minus 
arterial blood carbon dioxide (CO2) pressures differences

The Fick equation applied to CO2 indicates that the 
CO2 excretion (equivalent to CO2 production (VCO2) in a 
steady-state) equals the product of CO by the difference 
between the CO2 content in the mixed venous blood and 
in the arterial blood. The normal relationship between 
CO2 content and CO2 pressure is almost linear over the 
usual physiological range of the CO2 contents. Thus, by 
substituting CO2 pressure for CO2 content, the mixed ve-
nous blood – arterial blood PCO2 difference (also called 
PCO2 gap) equals k × VCO2 / CO, where k is a factor 
defining the relationship between CO2 content and CO2 
pressure.[16] The relationship between CO and CO2 
pressure is explained by the CO2 stagnation phenomenon 
that increases the venous blood CO2 pressure relatively to 
the arterial blood CO2 pressure at the peripheral venous 
level. Thus, a low CO and hence a low efferent venous 
blood flow should decrease the CO2 clearance rate and 
should result in an increased PCO2 gap for a given VCO2. 
In normal conditions, PCO2 gap values range between 2 
and 6 mmHg. Accordingly, in a clinical study performed 
in normolactatemic patients with low cardiac index at 
baseline, the increase in cardiac index from 1.6 to 2.2 
L.min-1.m-2 was accompanied by a decrease in PCO2 gap 
from 9 to 5 mmHg, while VO2 (and thus probably VCO2) 
was unchanged.[17]

In patients with tissue hypoxia, two situations should 
be distinguished in function of the systemic blood flow. 
In case of tissue hypoxia with reduced systemic blood 
flow, PCO2 gap should increase, whereas in case of tissue 
hypoxia with maintained or high systemic blood flow, 
PCO2 gap should be normal.[18,19]. In the latter condi-
tions, the high venous blood flow can easily remove the 
low amount of CO

2
 produced at the periphery.

In summary, regardless of the presence of tissue hy-
poxia, a normal PCO2 gap (≤ 6 mmHg) is expected if 
CO is normal or high, and a high PCO2 (> 6 mmHg) 
is expected if CO is too low. Thus, a normal PCO2 gap 
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suggests that elevation of CO cannot be a priority in the 
therapeutic strategy, whereas a high PCO2 gap suggests 
that elevation of CO may be a good therapeutic option.

5)	�Dynamic variables and tests predicting fluid respon-
siveness 

The concept of prediction of fluid responsiveness has 
emerged since it has been demonstrated that only 50% 
of patients with acute circulatory failure respond to fluid 
administration in terms of increase in CO[20] and that 
fluid overload is associated with increased mortality.[21] 
During the last fifteen years, a number of indices able 
to predict fluid responsiveness at the bedside have been 
developed. In patients receiving mechanical ventilation, 
indices based on heart-lung interactions and mainly the 
respiratory variation of surrogates of stroke volume have 
been proposed.[22] The general principle is that when 
the heart is preload responsive, the stroke volume - or a 
surrogate such as PP - varies markedly over the respira-
tory cycle.[22] Accordingly, pulse pressure variation 
(PPV) was found to predict responsiveness better than 
cardiac filling pressures in patients with septic shock.
[23] A metaanalyse including more than 800 patients 
showed that the prediction of fluid responsiveness by 
PPV is excellent in various clinical conditions with a cut-
off of 12%.[24] In other words, when PPV is > 12%, CO 
is likely to increase by more than 15% if fluid is infused 
(fluid responsiveness), whereas if PPV is < 12%, no in-
crease in CO can be expected from fluid infusion (fluid 
unresponsiveness). Recent functional hemodynamic 
monitoring devices calculate PPV automatically from the 
arterial pressure curve recording and display its value in 
real-time on their screen. Other fluid responsiveness indi-
ces such as stroke volume variation (SVV) can also been 
calculated and displayed by some advanced hemodynam-
ic monitors but they have no superiority over PPV,[25] 
which has the great advantage to be recorded from a sim-
ple arterial catheter. However, the applicability of PPV 
(or SVV) for predicting fluid responsiveness is limited in 
the intensive care unit since it cannot be used in cases of 
spontaneous breathing activity, cardiac arrhythmias, low 

tidal volume ventilation and low lung compliance.[26] 
Other tests such as passive leg raising (PLR)[27] reliably 
predict fluid responsiveness,[28] in particular in situa-
tions where PPV fails to do it.[29,30] Strict rules must 
be respected for the PLR being adequately interpreted.
[27] Among them, the need of a real-time CO measure-
ment must be emphasized. Real-time CO monitors using 
the arterial pressure waveform-based CO[31] as well as 
echocardiography (velocity-time integral)[32] are par-
ticularly suitable. 

6) Transpulmonary thermodilution variables
Transpulmonary thermodilution systems have been de-

veloped in the last fifteen years and are currently recom-
mended to be used in complex patients, especially in those 
with circulatory shock and associated ARDS.[6,7] They take 
advantage of providing extravascular lung water (EVLW) 
and pulmonary vascular permeability index (PVPI), which 
represent quantitative measures of the volume of pulmonary 
edema and of the degree of lung capillary leakage, respec-
tively.[33] Values of EWLW > 10 mL/kg[34] and of PVPI > 
3[35] are considered as abnormally increased. In addition to 
EVLW and PVPI, the transpulmonary thermodilution sys-
tems provide intermittent measurements of CO and global 
end-diastolic volume (a volumetric marker of cardiac pre-
load) and continuous CO and PPV, using the pulse contour 
analysis method.

How can clinicians integrate the hemodynamic 
variables to manage patients with septic shock?

The Fig. 1 depicts a step-by-step therapeutic approach 
of septic shock integrating the main hemodynamic vari-
ables.

1)	�First step: detect acute circulatory failure and tissue 
hypoxia

Presence of hyperlactatemia along with clinical signs 
of peripheral hypoperfusion (mottling, increased capil-
lary refill time) is fundamental to detect global tissue 
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hypoxia. When present, hypotension is also a good in-
dicator of circulatory failure, but a normal arterial blood 
pressure cannot rule out the diagnosis of shock at least in 
its early phase.[6] 

As we mentioned above hyperlactatemia may have oth-
er origins than tissue hypoxia but in such a context, it is 
considered as an excellent quantitative marker of tissue 
hypoxia. The ideal tool to detect the presence of tissue 
hypoxia would be the lactate/pyruvate ratio (see above). 
If it is far above 10, this strongly suggests that hyperlac-
tatemia is actually related to anaerobic metabolism and 
this should urgently prompt therapies aimed at reducing 
tissue hypoxia. If the lactate/pyruvate ratio is around 10, 
hyperlactatemia is probably due to accelerated aerobic 
metabolism and not to tissue hypoxia. Unfortunately in 
the routine practice, lactate but not pyruvate is measured 
so that the clinician should always interpret hyperlactate-

mia in function of the clinical context. In addition to the 
baseline blood lactate concentration, the blood lactate ki-
netics is important to assess. A decrease in blood lactate 
concentration with therapy is currently recognized as a 
valuable target for hemodynamic resuscitation in shock 
states.[36,37]

2)	�Second step: once the presence of tissue hypoxia is 
detected, check at the same time both the arterial 
blood pressure and the DO2/VO2 balance.

(1) Check arterial blood pressure
As mentioned above severe hypotension can be re-

sponsible for further organ hypoperfusion, independently 
of systemic blood flow or alteration of oxygen extrac-
tion. This is why the intensivist should urgently initiate 
therapies aimed at avoiding prolonged hypotension. In 

Check if DO2 adequate to VO2

Detect the presence of tissue hypoxia (peripheral hypoperfusion, hyperlactatemia)

yes no

DAP?

Check if MAP (– CVP) adequate

low not low

Vasopressors

Insufficient
CO

ScvO2

low

low not low

RBC Insufficient CO

Insufficient
preload?

impaired
contractility?

low LVEF

Inotropes

not low LVEF
RV failure no RV failure

If yes, try to optimize the macrocirculation

if ARDS

PPV or PLR

EVLW (or PAOP)
(safety parameters)

Fluids?

PCO2 gap?

normal

> 6 mmHg

nothing to do
in terms of

macrocirculation
≤ 6 mmHg

high

depressed
arterial tone CO

Hb?

Fig. 1. Logical integration of hemodynamic variables for resuscitation of septic shock. The details of the different steps of this algo-
rithmic therapeutic approach are given in the text. MAP: mean arterial pressure; CVP: central venous pressure; DAP: diastolic arterial 
pressure; CO: cardiac output; DO2: oxygen delivery; VO2: oxygen consumption; ScvO2: central venous blood oxygen saturation; Hb: he-
moglobin concentration; PCO2 gap: central venous blood – arterial blood carbon dioxide pressure difference; RBC: red blood cells; PPV: 
pulse pressure variation; PLR: passive leg raising; LVEF: left ventricular ejection fraction; RV: right ventricular; ARDS: acute respiratory 
distress syndrome; EVLW: extravascular lung water; PAOP: pulmonary artery occlusion pressure.
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the case of septic shock, it has been clearly demonstrated 
that the area under MAP 65 mmHg was the best predic-
tor of 30 day-mortality[38] suggesting that not only the 
deepness but also the duration of hypotension are impor-
tant to take into account. The MAP is the driving pres-
sure for organ perfusion when the downstream venous 
pressure is low. However, if the downstream venous 
pressure is not negligible due to organ venous conges-
tion, the organ perfusion driving pressure is much better 
assessed by the difference between MAP and CVP than 
by the sole MAP. In other words, in case of high CVP, 
the CVP value should be taken into account for assessing 
the actual organ perfusion pressure. This could occur in 
some septic shock states associated with right ventricular 
failure or when excessive fluid resuscitation had resulted 
to a high CVP. When the MAP-CVP difference is consid-
ered to be too low, the clinician should consider either to 
decrease CVP (probably the best option when feasible) 
or to increase MAP or both.

To select the most appropriate treatment for increas-
ing MAP, it is then essential to pay attention to the DAP. 
A low DAP is generally due to a low arterial tone and 
thus should prompt a vasopressive therapy urgently. As 
already mentioned, a low heart rate also can be respon-
sible for lowering DAP. As a direct consequence, a low 
DAP in presence of tachycardia suggests that the arterial 
tone is totally depressed and that vasopressors should 
be administered in extreme urgency. When a vasopres-
sor is administered (mainly norepinephrine), the MAP 
target should be individualized.[6,39] In the context 
of septic shock[8] or cardiogenic shock,[40] the initial 
MAP target should be at least 65 mmHg. The MAP target 
should be higher in case of history of chronic hyperten-
sion,[6,8,9,39] increased CVP or increased intra-abdomi-
nal pressure. 

If the DAP is not judged as low, the low MAP is likely 
to be associated with an insufficient (CO) (see below). 
The presence of a low PP could be an additional indica-
tion of low stroke volume, although a low stroke volume 
can be associated with normal PP in patients having stiff 
arteries.

(2) Check ScvO2, a marker of the DO2/VO2 balance
In patients with shock, ScvO2 can be low (< 70%), nor-

mal (between 70 and 80%) or high (> 80%) depending 
on the value of DO2 and the degree of alteration of oxy-
gen extraction capabilities. 

When ScvO2 is low, as DO2 is inadequate to VO2, it 
is logical to attempt to increase DO2, especially in such 
conditions of oxygen debt, where VO2 does not meet 
oxygen demand. 

- If Hb is low, blood transfusion can be considered. 
- If Hb is not low, the insufficient DO2 should be due 

to an insufficient CO, either related to insufficient pre-
load or to altered cardiac contractility. Cardiac function 
should be rapidly assessed by transthoracic echocardiog-
raphy, which helps diagnose left ventricular dysfunction 
using left ventricular ejection fraction (LVEF). A low 
LVEF (< 45%) strongly suggests that septic shock is as-
sociated with myocardial depression and in this context, 
administration of an inotropic drug can be considered. 
Right ventricular dysfunction can be suspected when the 
right ventricular end-diastolic area/left ventricular end-
diastolic area ratio is high (> 0.6).[41] A specific treat-
ment can be initiated after determination of the precise 
underlying mechanism (mainly using echocardiography). 
If cardiac function is unaltered and Hb not low, the low 
ScvO2 should be due to insufficient cardiac preload and 
fluid infusion could be considered in this context. In case 
of any doubt, dynamic predictors of fluid responsiveness 
may help to make the correct decision. In mechanically 
ventilated patients having an arterial catheter in place 
and if the conditions of correct applicability of PPV are 
met, a PPV value > 12% is highly predictive of a positive 
response of fluid infusion.[23,24] If PPV cannot be mea-
sured (no artery catheter) or correctly interpreted (spon-
taneous breathing activity, arrhythmias, low tidal volume 
ventilation, low lung compliance), a PLR test can be per-
formed to predict fluid responsiveness.[27] If echocar-
diography is available, the response of velocity-time in-
tegral to PLR is a good predictor of fluid responsiveness.
[32] In the presence of fluid responsiveness, administra-
tion of fluids should be considered. However, as for any 
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other therapeutic intervention, the benefit/risk ratio of 
fluid infusion should be individually assessed. In patients 
with acute respiratory distress syndrome (ARDS), the 
risk of worsening pulmonary edema with fluid infusion is 
increased due to increased permeability of the lung capil-
lary membrane. Knowledge of EVLW and PVPI, which 
as good markers of pulmonary edema and of capillary 
leakage are helpful to assess risk of fluid infusion in such 
circumstances.[33] Alternatively, pulmonary artery cath-
eterization can be considered in such complex cases.[6,7] 
The value of the pulmonary artery occlusion pressure can 
then be taken for assessing the risk of pulmonary edema 
formation during fluid infusion, although it is neither a 
marker of the volume of pulmonary edema nor of the de-
gree of capillary leakage. Nevertheless, these advanced 
hemodynamic monitoring systems are relatively invasive 
and costly and should be reserved to situations where 
shock is associated with ARDS or in case of insufficient 
response to the initial treatment of shock.[6,7] These 
devices are thus particularly helpful to assess the benefit/
risk ratio of fluid infusion in complex situations.

It is noteworthy that in the rare cases of preload unre-
sponsiveness despite low ScvO2, normal cardiac function 
and normal Hb, it would be important to reconsider the 
MAP target and attempt to reach a higher value. 

Presence of a normal ScvO2 while tissue hypoxia per-
sists strongly suggests that the oxygen extraction capabil-
ities are altered. Nevertheless, it has been clearly shown 
that in patients with persistent shock, hyperlactatemia 
and ScvO2 ≥ 70%, a further increase in DO2 (with fluids) 
might still increase VO2 and decrease arterial blood lac-
tate concentration.[42] Therefore, stopping resuscitation 
of shock states when ScvO2 reaches a value of ScvO2 
70% is a nonsense. A high value PCO2 gap (> 6 mmHg) 
can identify situations where increasing CO can be still 
attempted in spite of normal ScvO2. The PCO2 gap is a 
marker of the adequacy of CO with the global metabolic 
conditions that is less affected by impairment of oxygen 
extraction capacities than ScvO2. The choice of the ther-
apy aimed at increasing CO should be based on the same 
reasoning than that followed in cases of low ScvO2 and 

normal Hb. Thus, assessment of cardiac function (using 
echocardiography) and assessment of fluid responsive-
ness (using dynamic tests) are also essential in this situ-
ation of normal ScvO2 with increased PCO2 gap. In case 
of normal PCO2 gap, an increase in CO is unlikely to 
reduce tissue hypoxia and in our opinion should not be 
attempted. It is likely that alteration of microcirculation 
and cellular metabolism disorders are responsible for the 
severity of shock and unfortunately cannot be positively 
affected by conventional therapies of shock such as flu-
ids, vasopressors and inotropes. 

When ScvO2 is higher than normal in case of persistent 
shock, severe alteration of oxygen extraction capacities 
such as arterio-venous shuntings and microcirculatory 
disorders are likely to exist and the prognosis is poor.[43] 
This essentially occurs in cases of severe hyperdynamic 
septic shock with multiple organ failure. It is thus illuso-
ry to think that a treatment aimed at increasing DO2 will 
be effective to reduce oxygen debt. Until development of 
new therapies targeting the microcirculation or the cell 
function, the intensivist is helpless with the hemodynam-
ic failure and can only hope for a beneficial effect action 
of anti-infectious treatments, while maintaining as far as 
possible other organ functions with appropriate support-
ive therapies. 

Conclusion

Hemodynamic management of sepsis-induced circu-
latory failure is complex since this pathological state 
includes multiple cardiovascular derangements that can 
vary from patient to patient. To make the correct thera-
peutic decision, clinicians need to be helped by hemo-
dynamic variables other than those obtained from the 
clinical examination. Integration of these hemodynamic 
variables in a logical scheme is helpful to identify the 
main(s) hemodynamic disorder(s) and to assess the ben-
efit/risk ratio of each therapeutic intervention at any time 
of the resuscitation phase. 



https://doi.org/10.4266/kjccm.2016.00927

Olfa Hamzaoui, et al. Hemodynamic Variables during Septic Shock  273

References

  1)	Walley KR: Heterogeneity of oxygen delivery im-
pairs oxygen extraction by peripheral tissues: theory. 
J Appl Physiol (1985) 1996; 81: 885-94.

  2)	Kreymann G, Grosser S, Buggisch P, Gottschall C, 
Matthaei S, Greten H: Oxygen consumption and 
resting metabolic rate in sepsis, sepsis syndrome, 
and septic shock. Crit Care Med 1993; 21: 1012-9.

  3)	Levy B, Desebbe O, Montemont C, Gibot S: In-
creased aerobic glycolysis through beta2 stimulation 
is a common mechanism involved in lactate forma-
tion during shock states. Shock 2008; 30: 417-21.

  4)	Levy B, Gibot S, Franck P, Cravoisy A, Bollaert PE. 
Relation between muscle Na+K+ ATPase activity 
and raised lactate concentrations in septic shock: a 
prospective study. Lancet 2005; 365: 871-5.

  5)	Levraut J, Ciebiera JP, Chave S, Rabary O, Jambou P, 
Carles M, et al: Mild hyperlactatemia in stable septic 
patients is due to impaired lactate clearance rather 
than overproduction. Am J Respir Crit Care Med 
1998; 157(4 Pt 1): 1021-6.

  6)	Cecconi M, De Backer D, Antonelli M, Beale R, 
Bakker J, Hofer C, et al: Consensus on circulatory 
shock and hemodynamic monitoring. Task force of 
the European Society of Intensive Care Medicine. 
Intensive Care Med 2014; 40: 1795-815.

  7)	Teboul JL, Saugel B, Cecconi M, De Backer D, 
Hofer CK, Monnet X, et al: Less invasive hemody-
namic monitoring in critically ill patients. Intensive 
Care Med 2016; 42: 1350-9.

  8)	Dellinger RP, Levy MM, Rhodes A, Annane D, Ger-
lach H, Opal SM, et al: Surviving Sepsis Campaign: 
international guidelines for management of severe 
sepsis and septic shock, 2012. Intensive Care Med 
2013; 39: 165-228.

  9)	Asfar P, Meziani F, Hamel JF, Grelon F, Megarbane 
B, Anguel N, et al: High versus low blood-pressure 
target in patients with septic shock. N Engl J Med 
2014; 370: 1583-93.

10)	Kasnitz P, Druger GL, Yorra F, Simmons DH: Mixed 

venous oxygen tension and hyperlactatemia. Surviv-
al in severe cardiopulmonary disease. JAMA 1976; 
236: 570-4.

11)	 Teboul JL, Hamzaoui O, Monnet X: SvO2 to moni-
tor resuscitation of septic patients: let’s just under-
stand the basic physiology. Crit Care 2011; 15: 1005.

12)	Reinhart K, Kuhn HJ, Hartog C, Bredle DL: Con-
tinuous central venous and pulmonary artery oxygen 
saturation monitoring in the critically ill. Intensive 
Care Med 2004; 30: 1572-8.

13)	Dueck MH, Klimek M, Appenrodt S, Weigand C, 
Boerner U: Trends but not individual values of cen-
tral venous oxygen saturation agree with mixed ve-
nous oxygen saturation during varying hemodynamic 
conditions. Anesthesiology 2005; 103: 249-57.

14)	Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, 
Knoblich B, et al: Early goal-directed therapy in the 
treatment of severe sepsis and septic shock. N Engl J 
Med 2001; 345: 1368-77.

15)	Angus DC, Barnato AE, Bell D, Bellomo R, Chong 
CR, Coats TJ, et al: A systematic review and meta-
analysis of early goal-directed therapy for septic 
shock: the ARISE, ProCESS and ProMISe Investiga-
tors. Intensive Care Med 2015; 41: 1549-60.

16)	Lamia B, Monnet X, Teboul JL: Meaning of arterio-
venous PCO2 difference in circulatory shock. Mi-
nerva Anestesiol 2006: 72: 597-604. 

17)	Teboul JL, Mercat A, Lenique F, Berton C, Richard C: 
Value of the venous-arterial PCO2 gradient to reflect 
the oxygen supply to demand in humans: effects of 
dobutamine. Crit Care Med 1998; 26: 1007-10.

18)	Vallet B, Teboul JL, Cain S, Curtis S: Venoarterial 
CO(2) difference during regional ischemic or hypoxic 
hypoxia. J Appl Physiol (1985) 2000; 89: 1317-21.

19)	Bakker J, Vincent JL, Gris P, Leon M, Coffernils M, 
Kahn RJ: Veno-arterial carbon dioxide gradient in 
human septic shock. Chest 1992; 101: 509-15.

20)	Michard F, Teboul JL: Predicting fluid responsive-
ness in ICU patients: a critical analysis of the evi-
dence. Chest 2002; 121: 2000-8.

21)	Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Rein-



274   The Korean Journal of Critical Care Medicine: Vol. 31, No. 4, November 2016

https://doi.org/10.4266/kjccm.2016.00927

hart K, Gerlach H, et al: Sepsis in European inten-
sive care units: results of the SOAP study. Crit Care 
Med 2006; 34: 344-53.

22)	Michard F, Teboul JL: Using heart-lung interactions 
to assess fluid responsiveness during mechanical 
ventilation. Crit Care 2000; 4: 282-9.

23)	Michard F, Boussat S, Chemla D, Anguel N, Mercat 
A, Lecarpentier Y, et al: Relation between respiratory 
changes in arterial pulse pressure and fluid responsive-
ness in septic patients with acute circulatory failure. 
Am J Respir Crit Care Med 2000; 162: 134-8.

24)	Yang X, Du B: Does pulse pressure variation predict 
fluid responsiveness in critically ill patients? A sys-
tematic review and meta-analysis. Crit Care 2014; 
18: 650.

25)	Marik PE, Cavallazzi R, Vasu T, Hirani A: Dynamic 
changes in arterial waveform derived variables and 
fluid responsiveness in mechanically ventilated pa-
tients: a systematic review of the literature. Crit Care 
Med 2009; 37: 2642-7.

26)	Michard F, Chemla D, Teboul JL: Applicability of 
pulse pressure variation: how many shades of grey? 
Crit Care 2015; 19: 144. 

27)	Monnet X, Teboul JL: Passive leg raising: five rules, 
not a drop of fluid! Crit Care 2015; 19: 18. 

28)	Monnet X, Marik P, Teboul JL: Passive leg raising 
for predicting fluid responsiveness: a systematic re-
view and meta-analysis. Intensive Care Med 2016; 
42: 1935-47.

29)	Monnet X, Rienzo M, Osman D, Anguel N, Richard 
C, Pinsky MR, et al: Passive leg raising predicts flu-
id responsiveness in the critically ill. Crit Care Med 
2006; 34: 1402-7.

30)	Monnet X, Bleibtreu A, Ferré A, Dres M, Gharbi R, 
Richard C, et al: Passive leg-raising and end-expira-
tory occlusion tests perform better than pulse pres-
sure variation in patients with low respiratory system 
compliance. Crit Care Med 2012; 40: 152-7.

31)	Monnet X, Osman D, Ridel C, Lamia B, Richard 
C, Teboul JL: Predicting volume responsiveness by 
using the end-expiratory occlusion in mechanically 

ventilated intensive care unit patients. Crit Care Med 
2009; 37: 951-6.

32)	Lamia B, Ochagavia A, Monnet X, Chemla D, Rich-
ard C, Teboul JL: Echocardiographic prediction of 
volume responsiveness in critically ill patients with 
spontaneously breathing activity. Intensive Care Med 
2007; 33: 1125-32.

33)	 Jozwiak M, Teboul JL, Monnet X: Extravascular 
lung water in critical care: recent advances and clini-
cal applications. Ann Intensive Care 2015; 5: 38. 

34)	Tagami T, Sawabe M, Kushimoto S, Marik PE, Mi-
eno MN, Kawaguchi T, et al: Quantitative diagnosis 
of diffuse alveolar damage using extravascular lung 
water. Crit Care Med 2013; 41: 2144-50.

35)	Monnet X, Anguel N, Osman D, Hamzaoui O, Rich-
ard C, Teboul JL: Assessing pulmonary permeability 
by transpulmonary thermodilution allows differen-
tiation of hydrostatic pulmonary edema from ALI/
ARDS. Intensive Care Med 2007; 33: 448-53.

36)	 Jansen TC, van Bommel J, Schoonderbeek FJ, 
Sleeswijk Visser SJ, van der Klooster JM, Lima AP, 
et al: Early lactate guided therapy in intensive care 
unit patients: a multicenter, open label, randomized 
controlled trial. Am J Respir Crit Care Med 2010; 
182: 752-61.

37)	Vincent JL, Quintairos E Silva A, Couto L Jr, Tac-
cone FS: The value of blood lactate kinetics in 
critically ill patients: a systematic review. Crit Care 
2016; 20: 257.

38)	Varpula M, Tallgren M, Saukkonen K, Voipio-Pulkki 
LM, Pettilä V: Hemodynamic variables related to 
outcome in septic shock. Intensive Care Med 2005; 
31: 1066-71.

39)	Kato R, Pinsky MR: Personalizing blood pressure 
management in septic shock. Ann Intensive Care 
2015; 5: 41.

40)	Levy B, Bastien O, Karim B, Cariou A, Chouihed 
T, Combes A, et al: Experts’ recommendations for 
the management of adult patients with cardiogenic 
shock. Ann Intensive Care 2015; 5: 52.

41)	Vieillard-Baron A, Matthay M, Teboul JL, Bein T, 



https://doi.org/10.4266/kjccm.2016.00927

Olfa Hamzaoui, et al. Hemodynamic Variables during Septic Shock  275

Schultz M, Magder S, et al: Experts’ opinion on 
management of hemodynamics in ARDS patients: 
focus on the effects of mechanical ventilation. Inten-
sive Care Med 2016; 42: 739-49.

42)	Monnet X, Julien F, Ait-Hamou N, Lequoy M, Gos-
set C, Jozwiak M, et al: Lactate and venoarterial 
carbon dioxide difference/arterial-venous oxygen 
difference ratio, but not central venous oxygen satu-

ration, predict increase in oxygen consumption in 
fluid responders. Crit Care Med 2013; 41: 1412-20.

43)	Pope JV, Jones AE, Gaieski DF, Arnold RC, Trzeciak 
S, Shapiro NI, et al: Multicenter study of central 
venous oxygen saturation (ScvO(2)) as a predictor 
of mortality in patients with sepsis. Ann Emerg Med 
2010; 55: 40-6.e1.


