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SHOCK v SUMMARY OF CLINICAL QUESTIONS

AND RECOMMENDATIONS FOR DEFINITION

RECOMMENDATION . SUGGEST AGAINST ® WEAK RECOMMENDATION . STRONG RECOMMENDATION S
S
STRENGTH o UNGRADED DEFINITION I‘ UNGRADED GOOD PRACTICE STATEMENT ® UNABLE TO PROVIDE RECOMMENDATION 3
c o £~
CERTAINTY AGREEMENT 9] e S
‘VERV Low ‘LOW @MODERATE .chy—a @UNORADED LB wenk TN moverate AN strone €c 2 9 c
OF EVIDENCE STRENGTH €5 c3 € 5
c = o
c S c
[2014] STATEMENT OF RECOMMENDATION ~ UNGRADED, BEST PRACTICE STATEMENT UNGRADED, STATEMENT OF FACT R €3 1 o
4
[2014] CERTAINTY OF EVIDENCE LEVEL 1, QOE B LEVEL 1, QOE C LEVEL 2, QOE B LEVEL 2, QOE C g B 8 "5 &” 3

HOW SHOULD ONE DEFINE SHOCK?

= Shock is defined as a life-threatening acute circulatory failure characterized by decreased tissue

perfusion, leading to inadequate oxygen delivery and/or oxygen utilization to meet cellular metabolic o @ ”
demands.

« We define circulatory as a life-threatening, generalized form of acute circulatory failure associated with inadequate oxygen utilization by the cells. As a result, there is cellular
§ dysoxia, associated with increased blood lactate levels. Shock can be associated with four underlying patterns: three associated with a low flow state (hypovolemic, cardiogenic,
obstructive) and one associated with a hyperkinetic state (distributive). Shock can be due to a combination of processes. [UNGRADED, STATEMENT OF FACT]

=3 The typical features are hypotension, tachycardia, and signs of hypoperfusion, such as abnormal
skin perfusion, decreased urine output, and altered mental status. Although hypotension is l‘ @ *
commonly present, it is not required to define shock.

g Shock is typically associated with evidence of inadequate tissue perfusion on physical examination. The three organs readily accessible to clinical assessment of tissue perfusion

N are the: skin (degree of cutaneous perfusion); kidneys (urine output); and brain (mental status). [UNGRADED, STATEMENT OF FACT]

=3 | actate levels are typically increased (>2 mmol/L) in shock states. l‘ @ ”
Lactate levels are typically >2 mEqg/L (or mmol/L) in shock states. [UNGRADED, STATEMENT OF FACT]

X

S

N
We recommend not to use a single variable (for the diagnosis and/or management of shock). [UNGRADED, BEST PRACTICE STATEMENT]

WHAT MARKERS OF THE REGIONAL CIRCULATION AND TISSUE OXYGENATION IN SHOCK SHOULD BE USED?

4

=3 Serial assessment of tissue perfusion should be performed to follow shock evolution and to help ‘
assess the underlying pattern and the adequacy of CO and vascular function. ]

=<
§ We recommend serial measurements of blood lactate to guide, monitor, and assess. [LeVEL 1, QoE C]

=3 Monitoring skin perfusion should be performed using the assessment of CRT and this could be .6
complemented with the assessment of skin temperature and mottling.

=3 |n patients with a central venous catheter, serial measurements of (central) venous oxygen .‘
saturation (S(E)VOZ) should be performed.

=3 |n patients with a central venous catheter and an arterial catheter, serial measurement of the l‘
veno-arterial difference in carbon dioxide partial pressure (P,_CO,) should be performed.

PP D

4 4 4 ¢

== |n patients with a central venous catheter and an arterial catheter, one may consider performing serial l‘
measurements of the ratio of P, _CO, over the arterio-venous difference in oxygen content (P,,CO,/C_ O,).

In patients with a central venous catheter, we suggest measurements of S_ 0, and V,,C0,to help assess the underlying pattern and the adequacy of cardiac output as well as to
quide therapy. [LEVEL 2, QoE B]

~
=
IS
N

WHAT IS THE PLACE OF MICROCIRCULATION ASSESSMENT IN SHOCK?

=3 When feasible, the assessment of microcirculation may be considered as an adjunct to l‘ @ *
comprehensive hemodynamic evaluation.

~x
§ We suggest the techniques to assess regional circulation or microcirculation for research purposes only. [LEVEL 2, QoE C]
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FLUID THERAPY SUMMARY OF CLINICAL QUESTIONS

AND RECOMMENDATIONS FOR DEFINITION

RECOMMENDATION . SUGGEST AGAINST ® WEAK RECOMMENDATION . STRONG RECOMMENDATION

STRENGTH °UNGRADED DEFINITION I. UNGRADED GOOD PRACTICE STATEMENT ® UNABLE TO PROVIDE RECOMMENDATION

ERTAINTY
c @ verv ow @ow @) moverate @) Hion () uncravep Acreement G ven LD moverate QPN strone
OF EVIDENCE STRENGTH

[2014] STATEMENT OF RECOMMENDATION UNCRADED, BEST PRACTICE STATEMENT UNGRADED, STATEMENT OF FACT
[2014] CERTAINTY OF EVIDENCE LEVEL 1, QOE B LEVEL 1, QOE C LEVEL 2, QOE B LEVEL 2, QOE C

Recoommendation

strength
of evidence

Certainty
Certainty
of evidence

SHOULD ONE ASSESS FLUID RESPONSIVENESS IN SHOCK?

=3 |n patients with persistent shock after initial fluid resuscitation, fluid responsiveness should be
assessed before continuing fluid resuscitation.

-
O,
4

We recommend to assess volume status and volume responsiveness. [UNGRADED, BEST PRACTICE STATEMENT]

2014

When the decision for fluid administration is made we recommend to perform a fluid challenge, unless in cases of obvious hypovolemia (such as overt bleeding in a ruptured
aneurysm). [LEVEL 1, QoE C]

= The potential benefit of fluid administration, predicted by the assessment of fluid responsiveness, lb @ ”
should be weighed against the potential risk of fluid administration.

We recommend that even in the context of fluid-responsive patients, fluid management should be titrated carefully, especially in the presence of elevated intravascular filling
pressures or extravascular lung water. [UNGRADED, BEST PRACTICE STATEMENT])

2014

We recommend early treatment, including hemodynamic stabilization (with fluids and vasopressors if needed) and treatment of the shock etiology, with frequent reassessment of
response. [UNORADED, BEST PRACTICE STATEN\ENT]

WHICH MARKERS SHOULD BE MONITORED TO EVALUATE THE RISK OF FLUID INFUSION IN SHOCK?

=3 The risk of harm from fluid administration could be assessed using markers such as intravascular
filling pressures, intra-abdominal pressure, extravascular lung water (EVLW), pulmonary vascular .‘ @ ”
permeability index (PVPI), venous excess ultrasound (VExUS) grading, the ratio of the arterial oxygen

partial pressure over the inspired oxygen fraction (PaO,/FiO,) ratio, or lung ultrasound score (LUS).

HOW SHOULD ONE ASSESS THE EFFECTIVENESS OF A FLUID BOLUS?

=3 A fluid challenge is defined as a bolus of 200 to 500 mL given over 5-10 minutes while evaluating its Q
effects.

4

PO
4

=3 One may consider assessing the effects of a fluid bolus on CO and, when not available, on pulse ‘
pressure rather than MAP. ]

= The effectiveness of a fluid bolus in improving tissue perfusion should be evaluated by considering
changes in variables such as CRT, skin mottling, S0 carbon dioxide partial pressure (pCO,)-derived l‘ @
variables, and lactate.

W

2014

We recommend that fluid resuscitation should be guided by more than one single hemodynamic variable. [UNGRADED, BEST PRACTICE STATEMENT)
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AND RECOMMENDATIONS FOR DEFINITION

FLUID THERAPY SUMMARY OF CLINICAL QUESTIONS

RECOMMENDATION . SUGGEST AGAINST @ WEAK RECOMMENDATION . STRONG RECOMMENDATION

STRENGTH o UNGRADED DEFINITION l. UNGRADED GOOD PRACTICE STATEMENT @ UNABLE TO PROVIDE RECOMMENDATION

CEeRTAINTY AGREEMENT
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OF EVIDENCE STRENGTH of

[2014] STATEMENT OF RECOMMENDATION ~ UNGRADED, BEST PRACTICE STATEMENT UNGRADED, STATEMENT OF FACT
[2014] CERTAINTY OF EVIDENCE LEVEL 1, QOE B LEVEL 1, QOE C LEVEL 2, QOE B LEVEL 2, QOE C

Recommendation

strength
Certainty
of evidence
Agreement
strength

HOW SHOULD ONE ASSESS FLUID RESPONSIVENESS IN SHOCK?

=3 \We recommend using dynamic variables over static markers of preload for predicting fluid .
responsiveness, when applicable.

€3

We recommend using dynamic over static variables to predict fluid responsiveness, when applicable. [LeveL 1, QoE B)

2014

We recommend that commonly used preload measures (such as CVP or PAOP or end diastolic area or global end diastolic volume) alone should not be used to guide fluid
resuscitation. [LeveL 1, QoE B]

=3 \We recommend the passive leg raising (PLR) test to assess fluid responsiveness in mechanically
ventilated patients in shock, with and without spontaneous breathing activity.

=» \We recommend the end-expiratory occlusion test as an alternative to PLR test in mechanically
ventilated patients in shock without spontaneous breathing activity.

=3 \We are unable to provide recommendations regarding the use of the tidal volume challenge
as alternative to PLR test in mechanically ventilated patients in shock, due to paucity and/or
heterogeneity of available data.

=> \We recommend pulse pressure variation (PPV) to assess fluid responsiveness in mechanically
ventilated patients in shock without spontaneous breathing activity and a tidal volume = 8 mL/kg.

=> We suggest against the use of PPV alone to assess fluid responsiveness in mechanically ventilated
patients in shock with spontaneous breathing activity and a tidal volume < 8 ml/kg.

=3 \\Ve suggest using stroke volume variation (SVV) to assess fluid responsiveness in mechanically
ventilated patients in shock without spontaneous breathing activity and a tidal volume = 8 ml/kg.

=3 \\Ve are unable to provide recommendations regarding the use of PPV to assess fluid
responsiveness in mechanically ventilated patients in shock with spontaneous breathing activity.

=3 \We are unable to provide recommendations regarding the use of SVV to assess fluid
responsiveness in mechanically ventilated patients in shock with spontaneous breathing activity.

=3 \We are unable to provide recommendations regarding the use of the mini fluid challenge test in
patients with shock, due to paucity and/or heterogeneity of available data.

=> We suggest against the use of changes in IVC diameter alone in critically ill patients to assess fluid
responsiveness.
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RECOMMENDATION . SUGGEST AGAINST ® WEAK RECOMMENDATION . STRONG RECOMMENDATION

STRENGTH © uncrapep periNiTiON I‘ UNGRADED GOOD PRACTICE STATEMENT (%) UnaBLE To PROVIDE RECOMMENDATION

CERTAINTY Q ACREEMENT
VERY LOW ‘ Low @ MODERATE Q HIGH @ UNGRADED ’WEAK [4@,\ MODERATE ’ STRONG
OF EVIDENCE STRENGTH .

[2014] STATEMENT OF RECOMMENDATION ~ UNGRADED, BEST PRACTICE STATEMENT UNGRADED, STATEMENT OF FACT
[2014] CERTAINTY OF EVIDENCE LEVEL 1, QOE B LEVEL 1, QOE C LEVEL 2, QOE B LEVEL 2, QOE C

WHEN SHOULD ONE MONITOR CARDIAC OUTPUT IN SHOCK?

=3 Cardiac output and/or stroke volume should be monitored in patients who do not respond to initial
therapy to assess the type of shock, evaluate hemodynamic status, and determine therapeutic response.

Recommendation

strength

b

HAEMODYNAMIC MONITORING P SUMMARY oF CLINICAL QUESTIONS

Certainty
of evidence

@

Agreement
strength

»

[UNGRADED, BEST PRACTICE STATEMENT]

2014

We recommend further hemodynamic assessment (such as assessing cardiac function) to determine the type of shock if the clinical examination does not lead to a clear diagnosis.

We suggest sequential evaluation of hemodynamic status during shock. [LeVeL 1, QoE C]

=3 Frequent reevaluation of cardiac output may be considered.

1

@

.

<
S
N [LeveL 1, QoE C]

We recommend measurements of cardiac output and stroke volume to evaluate the response to fluids or inotropes in patients that are not responding to initial therapy.

=3> When CO is monitored, its adequacy should be interpreted by evaluating organ function, tissue
oxygenation, metabolism, and perfusion.

HOW SHOULD ONE MONITOR CARDIAC OUTPUT IN SHOCK?

=3 Transpulmonary thermodilution or pulmonary artery dilution with the pulmonary artery catheter
(PAC) may be considered in patients for whom CO monitoring is required.

15

15

@
@

~
§ In complex patients, we suggest to additionally use pulmonary artery catheterization or transpulmonary thermodilution to determine the type of shock. [LeveL 2, QoE C)]

=3 |n patients with shock and moderate-to-severe ARDS, transpulmonary thermodilution or the PAC
may be considered for guiding fluid therapy

« Remark: In patients without RV failure, transpulmonary thermodilution is preferred because it measures EVLW.
« Remark: In patients with RV failure, the PAC is preferred because it measures the pulmonary artery pressure.

15

@

4=

~
=
3
N distress syndrome. [LEVEL 2, QoE C]

We suggest the use of transpulmonary thermodilution or pulmonary artery catheterization in patients with severe shock especially in the case of associated acute respiratory

=3 The PAC may be considered in patients with persistent shock and RV failure after cardiac surgery in
addition to serial echocardiography.

1

O,

»

~
§ We suggest pulmonary artery catheterization in patients with refractory shock and right ventricular dysfunction. [LeveL 2, QoE C]

=3 Less invasive CO monitoring devices could be used, if these have been proven to provide
accurate estimation of CO for the patient-specific context, over more invasive ones like the PAC or
transpulmonary thermodilution in patients with shock.

b

@

We recommend that less invasive devices are used, instead of more invasive devices, only when they have been validated in the context of patients with

<
S
N [UNGRADED, BEST PRACTICE STATEMENT]

shock

=3 We suggest using echocardiography as the first line imaging modality to assess the type of shock and
hemodynamic status.

®

@

.

technologies. [LevEL 2, QoE B)

We suggest that, when further hemodynamic assessment is needed, echocardiography is the preferred modality to initially evaluate the type of shock as opposed to more invasive

2014

STATEMENT]

Serial echocardiographic evaluations should be performed to provide additional information on cardiac function, even when CO is monitored. [UNGRADED, BEST PRACTICE

Echocardiography can be used for the sequential evaluation of cardiac function in shock. [UNGRADED, STATEMENT OF FACT]

=> Serial echocardiographic evaluations should be performed to provide additional information on
cardiac function, even when CO is monitored.

15

@
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HAEMODVYNAMIC MONITORING % SUMMARY OF CLINICAL QUESTIONS

AND RECOMMENDATIONS

RECOMMENDATION . SUCGEST AGAINST ® WEAK RECOMMENDATION . STRONG RECOMMENDATION

STRENGTH © uncrapep oeriniTON I‘ UNGRADED GOOD PRACTICE STATEMENT (®) UnaBLE o PROVIDE RECOMMENDATION

CERTAINTY ACREEMENT
@ verv ow @ow @) mooerare @) Hion (2 uncraeo AN venc D moverae AN stronG
OF EVIDENCE STRENGTH

[2014] STATEMENT OF RECOMMENDATION ~ UNGRADED, BEST PRACTICE STATEMENT UNGRADED, STATEMENT OF FACT
[2014) CERTAINTY OF EVIDENCE LEVEL 1, QOE B LEVEL 1, QOE C LEVEL 2, QOE B LEVEL 2, QOE C

WHEN AND HOW SHOULD ONE MONITOR ARTERIAL PRESSURE IN SHOCK?

=3 Arterial pressure should be monitored in patients with shock.

Recommendation

strength

-

Certainty
of evidence

Agreement
strength

= Arterial pressure should be monitored with an arterial catheter in shock that is not responsive to
initial therapy and/or requiring vasopressor infusion.

-

IOJO)

44

We recommend arterial and central venous catheter insertion in shock not responsive to initial therapy and/or requiring vasopressor infusion.

<«
S
N [UNGRADED, BEST PRACTICE STATEMENT]

WHAT IS THE TARGET OF ARTERIAL PRESSURE IN SHOCK?

=3 The target blood pressure should be individualized during resuscitation of patients with shock.

*

% We recommend individualizing the target blood pressure during shock resuscitation. [LeveL 1, QoE B]
N

=3 An initial MAP of 65-70 mmHg should be targeted in patients with septic shock.

1

g We recommend to initially target a MAP of 265 mmHg. [LEVEL 1, QoE C]
~N

=> A higher MAP target may be considered in patients with septic shock and a history of chronic
arterial hypertension who show clinical improvement with higher blood pressure.

17

=> A higher MAP target may be considered in patients with septic shock with high CVP values who
show clinical improvement with higher blood pressure.

17

PP LY

44

<
§ We suggest a higher MAP in septic patients with history of hypertension and in patients that show clinical improvement with higher blood pressure. [LeveL 2, Qol

£ B]

=> Lower MAP targets may be considered in patients with traumatic hemorrhagic shock and
uncontrolled bleeding in the absence of traumatic brain injury.

1

O,

4

<
§ We suggest to tolerate a lower level of blood pressure in patients with uncontrolled bleeding (i.e. in patients with trauma) without severe head injury. [LeveL 1, QoE C]

=3 |n the initial phase following trauma, a target systolic arterial pressure of 80-90 mmHg

(MAP 50-60 mmHg) should be used until major bleeding has been stopped when there is no clinical
evidence of traumatic brain injury and coma (Glasgow Coma Score < 8). In traumatic brain injury
(Glasgow Coma Score < 8), we recommend targeting an initial mean arterial pressure 280 mmHg.

17

=3 Targeting an initial MAP of = 65 mmHg may be considered in patients with cardiogenic shock.

WHEN SHOULD ONE MONITOR INTRA-ABDOMINAL PRESSURE IN SHOCK?

=3 Serial monitoring of intra-abdominal pressure (IAP) may be considered in patients with shock and
established risk factors for intra-abdominal hypertension.

WHEN SHOULD ONE MONITOR CENTRAL VENOUS PRESSURE IN SHOCK?

=5 Central venous pressure should be measured in patients with shock who have a central venous
catheter.

1

17

b

=> A pre-specified CVP value should not be targeted during the resuscitation of patients with shock.

17
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IN PATIENTS WITH SHOCK, DOES PERFORMING ECHOCARDIOGRAPHY IMPROVE CLINICAL OUTCOMES?

=3 We suggest performing one or more echocardiograms in patients with circulatory shock.
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PROGNOSTIC INFORMATION FOR CLINICAL OUTCOMES?

may be of prognostic significance.

therapeutic impact.

«
§ Echocardiography can be used for the sequential evaluation of cardiac function in shock. [UNGRADED, BEST PRACTICE STATEMENT]

IN PATIENTS WITH SHOCK, DOES THE PRESENCE OF ECHOCARDIOGRAPHIC ABNORMALITIES PROVIDE ADDITIONAL
=3 |n patients with shock, echocardiographically defined phenotypes of left and RV systolic function

IN PATIENTS WITH SHOCK, WHAT IS THE IMMEDIATE THERAPEUTIC IMPACT OF ECHOCARDIOGRAPHY?

=3 In patients with circulatory shock, echocardiography leads to changes in management and supports
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