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C, criTicAL CARE

VIEWPOINT

Re-thinking resuscitation: leaving blood pressure
cosmetics behind and moving forward to permissive
hypotension and a tissue perfusion-based approach

Martin W Dtnser*, Jukka [Takala® Andreas Brunauer' and Jan Bakker!

Abstract

Definitions of shock and [féSUSEitation Endpoints
traditionally focus on blood pressures and cardiac
output. This carries a high risk of BVefemphasizing
systemic hemodynamics at the cost of tissue perfusion.
In line with novel shock definitions and evidence

of the |SEKICF aCOrrElatIon between [M@E0- and
[MICFEGIrEtIation in shock, we recommend that
macrocirculatory resuscitation endpoints, particularly
arterial and central venous pressure as well as cardiac
output, be FEEORSIAErRd In this viewpoint article,

we propose a iieestep approach of resuscitation
endpoints in shock of all origins. This approach targets

only a [RiRIMGER individual and [CORtEXt Sensitive
[FEaR arterial BIGGE [BFESSURE (for example, 450
50 mm Hg) 7o preserve heart 51 brain perfusion
Further resuscitation is exclusively guided by ERAPOIRts
of iSSUE [PErfusion ifreSpectively of the presence of
arterial AYPOTENSION (DEFMISSVE VDGIERSION ). Finally,

optimization of individual tissue (for example, renal)
perfusion is targeted. Prospective clinical studies
are necessary to confirm the postulated benefits of
targeting these resuscitation endpoints.

It was fatal for the developnient of our understanding

of circulation that blood flow is relatively difficult

while blood [pressiire so edsy to [feasure: This is the

reason why the sphygmomanometer has gained such

a fascinating influence, although [0St 0rgans Ao 1ok

Jarisch A: Kreislauffragen.
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Restoration of [{issuie [perfusion is the [ulfimate [goal of

resuscitation. Endpoints should indicate shock reversal
and, thus, when to stop or continue resuscitation. Target-
ing inadequate endpoints implies the risk of over- or
under-resuscitation, both of which worsen outcome [1,2].
Current recommendations suggest targeting a mean
arterial blood pressure of at least 65 mm Hg [3], central
venous pressure of 8 to 12 mm Hg, central venous oxygen
saturation of at least 70%, and urine output of at least
0.5 mL/kg per hour as resuscitation endpoints in severe
sepsis and septic shock [4]. However, from our point of
view and clinical experience, this approach (which focuises
[primarily on'macrocirculatory parameters) carries
serious pitfalls, the most important of which is [overed
FpliaSis OFblood pressures stéad of s This implics a
Pigh sk of OVerusing VasoconsEHETor drugs and BERFE-
Nating tissuc FypopeEfusion

The aims of this viewpoint article are to critically
evaluate limitations of current resuscitation endpoints
and alternatively propose a three-step approach based on
markers of tissue perfusion as resuscitation endpoints in
shock of all origins.

[Pitfalls of arterial and central venous blood
|pressures as resuscitation endpoints

From a physiologic perspective, the [ifli€fice of vascular
fon€ and arterial blood [pressure on [microcirculatory
perfusion is in |contradiction to the interpretation by
many physicians. While arterial Rypotension due to
arteriolar dilaioR is commonly @ssumed to result in
decreased microcisculatory flo, physiologic experiments
implied that yasodilation-induced arterial
blood floW (Figure 1) [5].
Although critical arterial blood pressure levels have
been proposed for diverse shock populations [6,7], the

Aterial ressure and systemic blood flow is substantal

(Figure 2) [8]. Several studies revealed that, within auto-
regulatory limits of the heart and brain, @iterial’blood

pressure correlates only poorly with microcirculatory
Howin eritical llnessi(5-11]. Accordingly,elévating blood
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IMicrocirculation Bressure s indicated by SHaded area. Values shown to the [€f and [figh indicate
[arterial and VeRBUS portions of circulation, respectively. Unlabeled §Blid curve in both frames represents a [iormallpresstie|profile. Left panel: curve
[A represents|maximal arteriolar constriction, and curve B represents @teriolar dilafion. Right panel: curves|A and Bl represent decreasing arterial and

increasing venous PIESSUIES respectively. Reprinted with permission from the American Physiological Society [21].
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FGSSUE it EOREPIRGBEIRE sl in EPFEAICIHBIE
effects on [eapillary perfusion and organ function in sepsis
[12-14]. Normalization of blood pressuire with the use of
mitant jicFeéases in blood flow during [cardiopulmonary
PSS dteriorated FIGHOGRGWISEGEY pertusion [151. In

patients with impaired heart function, any vasopressor-
mediated increase in vascular resistance augments left
ventricular afterload and may reduce cardiac output [16],
rendering any increase in blood pressure of little or no
benefit for global tissue perfusion.

Tissue [RypOperfusion in shock May further be Aggra-
VBEE by VASOPRESSORS .. 5 HIEVE « SPIGRE arteril

blood [préssuire — progressive hypoperfusion may even be
(mis)interpreted as irreversible shock. When high
vasopressor doses are deemed necessary, mortality is
excessively high and continued treatment has been

considered futile [17]. Accordingly, [mortality was'100%
in [§éptic SRoeK patients who received florepinephrine of
0tE than 05 NEKERPEENIAULE GESPIE sicns of
peripheral |hypoperfusion [18]. Similarly, Vasodilatory
Bh6EK patients who [exhibited [ischemic SKifi lesions and
received Vasopressin to achieve a mean arterial blood
FESEUNE of GEMEHSEABOE™ He had an EXERGHREH ER
ol 1),

Despite its common use to guide volume resuscitation

and the [SUFViVing SEpsis Campaign recommendation to

administer fluids to
[fol 12 mmHg (4], there is 0 évidence supporting the role
of [central  venous pressure as an endpoint for fluid
therapy [20,21]. In contrast, culminating evidence indi-
cates that central venous pressure is

not correlated with
Volemia but influénced by various factors such as Fight
ventricular function, intrathoracic pressure, and venous
Complige (22). 5y fecrulting WAstEessed volume and
inducing Venoconstriction, vasopressors can increase
central venous pressure, thus diSgUising Rypovolemiia

[23]. When compared with an echocardiography-based
fluid resuscitation protocol, use of a
[pressire of 8 to 12 mm Hg as a guide to fluid loading
resulted in [OVer-resuscitation’in a substantial number of
patients with sepsis [24].

In support of a [poOF correlation between [Mmacro-
circulatory endpoints and tissue [Perfusion in shock, the
of critically ill patients with §€psi§ continued to

exhibit signs of [fissue hypoperfusion [despité reaching
[macrocireulatory endpoints (for example, mean arterial
blood pressure of at least 65 mm Hg and central venous
pressure of at least 8 mm Hg). [Further Fesuscitation
efort venous oxygen saturation and lactate
levels but did [not/affect arterial blood pressure [25,26].

Despite striking data’on the lack of a [relationship
between [macrocriculatory variables and [isste perfusion

in shock, the majority of recommendations and physi-
cians still focus on these variables as resuscitation
endpoints for the care of patients in shock. In a European
survey, the hemodynamic Variablés most commonly
claimed to [guidé [septic SROeK resuscitation were mean
arterial blood pressure (87% of intensivists), €entral
EHOUS %5eR saturation (650, @l VeioUS pressuee
(59%), systolic arterial blood pressure (48%), mixed venous
oxygen saturation (42%), and |cardiac index(@2%) [27].

Physiological principles of tissue perfusion

In IR o comnion BEHER, s> o ENENGNEN
[IREGH; [PEFESION is physiologically [FEEUIEAEEE by changes
in blood [fl8#l] and 8 arterial blood [PHESSHNE Under
physiological and most pathophysiological conditions,
of blood [fl6W occurs futonomously in the
s anl is QNG by [REHEbOE Heman (25). Viso-
active end products (for example, @denosine, potassiuim,
and [protons) and other vasoregulatory mediators (for
example, Ritric'oXide and adrenomedullifl) released into
the capillary bed and a [feduced” post-capillary partial
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(a)
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(b) ..
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"
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Figure 2.

Physiologic components of arterial blood pressure
(a) and [correlation between [fiéan arterial blood [pressure
and [cardiacfindex (b) in 39 patients with sepsis. The number of
pulmonary artery catheter measurements was 15,836.

direct and indirect mechanisms

[BE8R) (28]. Further [ECHEARMSES of regional blood flow
regulation may include ERGOREHANSREAMISHIESS 29] and
L release o yasoactive substances by red blood cels
IBOR Thus, some tissues (for example, the fusculature)
can [@mplify their blood Supply by a factor of up to 100
[28]. [Only when systemic blood flow canne longer
increase to compensate for peripheral Vasodilation and
arterial blood pressure starts to decrease does [SympaZ
tissue-driven blood floW regu-

thetic control override
ltion [31]. Rediiced StmUIAHOR of arterial FAFOECEBIORS

activates the sympathetic system and results in [peripheral
Vasoconstriction in an attempt to [preserve heart and
[brain perfusion, even if this goes along with global tissue
hypoperfusion as observed in shock (centralization).

__eM'IDOInts

To avoid blood pressure cosmetics and vasopressor over-
use in shock, [fésuscitation endpoints need to be &3
[considered! The authors propose a [fhféeSt€p approach
of [Fesuscitation endpoints which is [paséd on growing
evidence and physiological considerations (Figure 3).

XEERNERSION resul in FEEHOISK @AGAGON throush
‘venular arteriolar feed-

Step Two
Target tissue perfusion-based
endpointsirrespective of MAP <65
mmHg (permissive hypotension)

Figure 3. HiSFarehy6F fESUSEItatONERAPBIALS] /" mean artera

blood pressure.

[Step/one: target a minimum individual and [context”
sensitive arterial blood pressure to preserve heart and

|brain perfusion
In line with physiological principles, [Maintenance of

represents the primary resus-

heart and brain perfusion

citation goal. Although arterial -_-
accurately [predict global tissue [perfusior it correlates
well with EORORERY and [EEEEBEA] blood [fiBH (32,33]. In

contrast to current recommendations [3,4], our clinical

experience suggests that EHNEIEHANBISON

are mostly

pressures (for example, 45 to 50 mm Hg)

BUGIEHE to adequately [PEHSE the [HEAEE and [BEH in
acute situations. These observations are in accordance
with PHySiOIogics] EXPERMEAtS sugeesting o IOWEE
esiold of oronasy and gerebrsl SULOHEENISHON of 45
to . mm Hg mean arterial blood pressure [32,33].
However, [iidividaal constellations must be respected.
For example, patients with critical aortic valve stenosis,

subtotal |[CAFotic [StENosis, significant

stenosis, or severe right ventricular failure (or a combi-
nation of these) typically fiéed Righex mean arterial blood
[PYESsures to ensure heart or brain perfusion or both.
[Even Righ€r arterial blood pressures may be required in
patients with [primary neurologic pathologies (for example,
traumatic brain injury or vasospasm in subarachnoid
hemorrhage). In most patients, cardiovascular failure is
not severe enough to reach critical arterial hypotension
to acutely endanger heart and brain perfusion. If €06
nary or cerebral perfusion is endangered, vasoconstric-
[fors need to be administered acutely, Even though they
may induce global tissue hypoperfusion.

Yet clinicians
must be aware that such an emergency treatment simply

avoids cardiovascular collapse but does [0t Festore (@and
potentialy even worsens) global tissue perfusion. The
assumption that a iean arterial blood [pressure of atleast

65 mm Hg is generally required to preserve heart and

brain perfusion [fay I€&d to significant [OvVeruse of
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Suggested
measurement Pathophysiologic Therapeutic
Category Parameter Endpoint interval background implications
Peripheral perfusion [Capillaryrefill time [R45kseconds 15-60 minutes? Inadequate systemic Fluids, red blood cells,
blood flow inotropes, vasodilator.
Skin mottiing Absent j
Vasopressors only to
Peripheral temperature  Warm ensure minimum mean
' arterial blood pressure
Peripheral perfusion index
214 continuous for coronary and cerebral
Tissue oxygen saturation >70% perfusion!
Venous oxygen saturation  Central 265%-70% Continuous
Mixed >60%-65%
Arterial [aEtate Absolute value <2 mmol/L 2 hours Inadequate systemic Fluids, blood, inotropes,

Clearance >20%/2 hours

Urine output

>0.5 mL/kg per hour

blood flow vasodilators, and/or
or Vasopressors
excessive vasodilation

15-60 minutes®

2Depending on the phase of resuscitation (15 minutes during the early, unstable phase; 60 minutes during the subsequent, more stable phase). Presence of two or
more abnormal categories (arterial lactate, venous oxygen saturation, arterial lactate, and urine output) indicates shock. Shock reversal can be assumed if one or no

category reveals abnormalities.

Vasoconstrictors and unnecessary induction of [iSsue
Fypopestusion 4]

Step two: target tissue perfusion-based endpoints

[if hearf and bFain perfusion is [Mmaintained or has
emergently been restored, the [illill EHAPOIE of
resuscitation is restoration of [ElSBaISSUCHpPEIUSION]

Thus, resuscitation endpoints targeted during this phase
must Despite

reflect adequacy of global tissue perfusion.
umerous AEGMPES to identif an ACCUFALE EAABOIAE of
e e oy et A e e o o )

bedside (Ul reliable

[markers have been [deéntified, the authors suggest
[applying the following [pragmati€ indirect/downstream
[markers| of tissue [Perfusion as resuscitation endpoints:
arterial |actate, peripheral PEFfUiSion, urine output, or
venous oxygen saturation

(or a combination of these).
Accepting that all of these targets carry limitations and
further parameters [36-39] may be useful and even

Becoe the future tissue pesfusion-based:endpoiats of
choice, we SUggest using a ombination of the above-

mentioned parameters as tissue perfusion-based resusci-
tation endpoints in shock of all origins (Table 1 and
Figure 4). In the authors’ experience, the absence of two
or more of these signs reflects global tissue hypoperfusion
and should be considered a reason to initiate/continue
resuscitation. We advise measuring all variables (for
example, central/mixed venous oxygen saturation,
peripheral perfusion index, and tissue oxygen saturation)
at regular intervals or, whenever possible, continuously.
In patients in whom vital organ and global tissue
perfusion is improving or has been restored,

variables such as @rterial blood

presstife and cardis (GUpUE BPPEAE to be of [HIGE
importance For example, in a critically ill patient who
passes sufficient amounts of urine, who has good

peripheral perfusion, whose lactate levels are normal or
adequately decreasing, and who exhibits a [céntral/mixed
venous oxygen satuation of at least 60% 70%, even very
6w arterial blood [pressures (for example, fiean of 45 to

a long as no signs of cerebral

/50 mm Hg) can be accepted

In view of the currently
recommended arterial blood pressure target of
65 mm Hg, this concept may also be referred to as
[permissive hypotension. Physicians should specifically
adopt this concept when caring for patients in severe
shock on high vasopressor support. Reducing

vasopressor doses,

- S B - -
oo EREREER [ IS <. |Gy
fautoregulation limit (for example, 457€6°50 mm Hg) is

often the only way to reverse advanced shock, restore
tissue perfusion, and facilitate survival.

Step three: target markers of single-organ perfusion

(Ol i ol i EEHUSION is ReStoRed ShouCOBAE
zation of single-organ. perfusion be considered. This
however, needs to be critically Weighed @against the
potential kS of [AMEHSINg Gtecholamine therapy

[40,41]. Particularly in patients with severe shock,
restoration of global tissue perfusion may require intense
fluid and catecholamine therapy and thus may not allow
focusing on tertiary resuscitation endpoints. Given that
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Macrocirculatory versus Tissue Perfusion-Based

Resuscitation Endpoints

indicates whether O, delivery meets demands
high values indicate shunting or luxurious blood
flow (rarely reduced O, consumption

- measure continuously!
- prefer mixed venous measurements!

Central Venous Pressure:

Arterial Lactate:

- marker of tissue hypoperfusion (with
limitations) and disease severity

- good to predict mortality even at moderately
elevated levels

- lactate clearance valuable to guide
resuscitation

ther causes than tissue hypoperfusion can

increase lactate levels (e.g. B,-stimulation)

- currently only intermittent lactate
measurements available

useful to monitor the cardiac response to
fluid loading

Arterial Blood Pressure (ABP):

- low sensitivity/specificity to detect tissue
hypoperfusion

- targeting ABP carries high risk of vaso-
pressor overuse and monitor cosmetics

- useful to avoid ABP drops below lower
limits of coronary/cerebral autoregulation

- good to predict mortality

Capillary Refill Time/Peripheral Perfusion:

- indicator of adequacy of systemic blood flow

- continuous and quantitative measurement
using StO, or the peripheral perfusion index

- does not exclude visceral organ hypo-
perfusion due to excessive vasodilation (rare)

- unreliable in severe peripheral artery disease

Idelayed response to treatment (15-60°) I

- it is only a number!

does not tell whether CO meets Urine Output:
systemic oxygen demand - good marker of renal/visceral organ
targeting CO carries risk of perfusion

- delayed response to treatment (15-60°)

- unreliable in established kidney injury

- titration of fluids to urine ouput alone
may result in fluid overload

- never treat shock-related oliguria with
diuretics!

- minute-by-minute measurement of urine
flow technically possible

inotrope overuse and monitor cosmeti
correlates with tissue perfusion only at
extreme values

DO;=CO * (Hb * 1.36 * S,0; + 0.0031 * P,Oy)

Oxygen Transport Capacity (DO,):
same as for cardiac output with additional risk
of calculation errors.

- indicator of inadequate systemic blood

never increase vasopressors in case of skinf
mottling! Mortality will be nearly 100%!

Figure 4 versu based resuscitation endpoints. Hb, hemoglobin; P O., arterial

a2
partlal pressure or oxygen; SaOZ, arterial oxygen saturation; StOz, tissue (muscle) oxygen saturation.

[42], typically be optimized by changes in vascular tone and

re-distribution of systemic blood flow. In these situations,

jperfusion and urine output in patients with adequate
global |perfasion [14,43,44]. In view of the [pooE

optimizing single-organ perfusion is,

Providing that

equivalent to optimizing renal perfusion.
jSystemic blood flow has been [optimizéd based on
indicators of global tissue perfusion, Fenal' perfusionfican
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GBRBIRHON of arterial blood |BHESSURE an|EAI BEHAGSION,

studies have proposed various arterial blood pressure
targets to optimize renal perfusion. Sonographic deter-
mination of the Fenall¥esistiveindéx may help to
joptimally @adjusf vascular [{6n€ to improve kidney
perfusion [45]. During attempts to optimize single-
organ/renal perfusion, maintenance of tissue perfusion-
based endpoints needs to be guaranteed and the risk/
benefit ratio of further increases of vasopressor doses
must be critically weighed.

Conclusions

Definitions of shock and resuscitation endpoints tradi-
tionally focus on blood pressures and cardiac output.
This carries a high [FiSK of Gveremphasizing systemic
IEGAYAMICS 2! the oS of [iSSue PeFfiSion In line
with novel shock definitions and ENCINiNEIeVIdEHCEIONUNE
lack of a correlation between macro- and microcircu-

lation iR Shock, we strongly recommend that macro-
circulatory resuscitation endpoints, particularly aterial
and central venous blood [préssuré as well as [cardiac
[ouitpu, be Feconsidered In this viewpoint article, we

proposed a three-step approach of resuscitation end-
points in shock of all origins. This approach fargetsionlya

minimum individual and context-sensitive mean arterial
BIGGA PEESSUEE(for cxample, 5EGB0A Hg) to PEESERVE
heart and brainl perfusion. Further [Fesuscitation is
exclusively guided by endpoints of [fissue perfusion
ifrespectively of the presence of arterial hiypotension
( Rypotension ). Finally, optimization of indi-

vidual tissue (for example, Fémal) perfusion is targeted.
Prospective clinical studies are necessary to confirm the
postulated benefits of targeting these resuscitation
endpoints.
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