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Abstract

Purpose: Shock is a life-threatening condition characterized by substantial alterations in the microcirculation. This
study tests the hypothesis that considering sublingual microcirculatory perfusion variables in the therapeutic man-
agement reduces 30-day mortality in patients admitted to the intensive care unit (ICU) with shock.

Methods: This randomized, prospective clinical multicenter trial-recruited patients with an arterial lactate value
above two mmol/L, requiring vasopressors despite adequate fluid resuscitation, regardless of the cause of shock.

All patients received sequential sublingual measurements using a sidestream-dark field (SDF) video microscope at
admission to the intensive care unit (£4 h) and 24 (£ 4) hours later that was performed blindly to the treatment team.
Patients were randomized to usual routine or to integrating sublingual microcirculatory perfusion variables in the
therapy plan. The primary endpoint was 30-day mortality, secondary endpoints were length of stay on the ICU and
the hospital, and 6-months mortality.

Results: Overall, we included 141 patients with cardiogenic (n=77), post cardiac surgery (n=27), or septic shock
(n=22). 69 patients were randomized to the intervention and 72 to routine care. No serious adverse events (SAEs)
occurred. In the interventional group, significantly more patients received an adjustment (increase or decrease) in
vasoactive drugs or fluids (66.7% vs. 41.8%, p = 0.009) within the next hour. Microcirculatory values 24 h after admis-
sion and 30-day mortality did not differ [crude: 32 (47.1%) patients versus 25 (34.7%), relative risk (RR) 1.39 (0.91-1.97);
Cox-regression: hazard ratio (HR) 1.54 (95% confidence interval (Cl) 0.90-2.66, p=0.118)].

Conclusion: Integrating sublingual microcirculatory perfusion variables in the therapy plan resulted in treatment
changes that do not improve survival at all.

Keywords: Microcirculation, Shock, Intensive care, Sidestream-dark field video microscope, Intravital microscopy
\

Introduction

Shock is a life-threatening condition defined as a mis-

match between oxygen supply and demand in tissue. [1].
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of great importance for clinical routine [4]. Intensive care
medicine often tried to optimize systemic blood pressure
to improve microcirculation, but several recent studies
remained neutral [2, 5]. Indirect methods to assess the
microcirculation have been proposed, i.e. serum lactate
[6], the capillary refill time [7] or the mottling score [8],
that might be suitable resuscitation targets in shock [9].
In parallel, image-based direct visualization with intra-
vital microscopy such as sidestream darkfield-cameras
(SDF) have been developed [10]. Several studies showed
a correlation between the severity of microcirculatory
disturbances and the outcome of critically ill patients
[11-14]. These hand-held devices offer a standardized
fast, and non-invasive assessment of the microcircula-
tion at the sublingual mucosa. The obtained results may
correlate with the microcirculation of relevant territories
such as the gut mucosa and has therefore been suggested
as suitable surrogate parameter of whole-body microcir-
culation [2, 15, 16]. The automated analysis of the video
sequences by the AVA 4.3C software should allow a quick
objectification of the microcirculatory variables without
being dependent on a subjective visual interpretation
[17]. However, data on the potential impact of microcir-
culatory assessment on the decision-making process dur-
ing shock resuscitation is missing.

The objective of this prospective randomized-con-
trolled trial was to test the hypothesis that considering
sublingual microcirculatory perfusion variables in the
therapy plan reduces 30-day mortality in patients admit-
ted to the intensive care unit (ICU) with circulatory
shock.

Methods

Study design and oversight

The trial was registered on clinicaltrials.gov
(NCT04173221) on November 21, 2019. This rand-
omized, prospective clinical multicenter DAMIS (Direct
Assessment of Microcirculation in Shock) trial was
conducted at different hospitals in Germany (see sup-
plemental Table 1). The primary competent ethics com-
mittee was the Ethics Committee of the University of
Duesseldorf, Germany. Institutional research ethic board
approval was acquired from each study site. Written
informed consent was obtained from all patients or sur-
rogates. The detailed study protocol is attached as elec-
tronic supplement. An overview on the study plan is
depicted in supplemental Fig. 1. The trial was logistically
supported by MicroVision Medical (Amsterdam, Nether-
lands); however, protocol design and data interpretation
were independent of the company. The members of the
steering committee designed the trial and analyzed the
data.

Take home message

In different types of cardiocirculatory shock, considering sublingual
microcirculatory perfusion variables in the therapeutic manage-
ment has been proposed to improve outcome. In this prospective
randomized-controlled multicenter study, integrating sublingual
microcirculatory perfusion variables in the therapy plan resulted in
significantly more treatment changes that did not improve 30-day
survival.

Patient selection and randomization

To be included, patients had to be adults (18 years old or
older) suffering from circulatory shock on intensive care
unit (ICU) admission. Shock was operationally defined
as requirement of vasopressors despite adequate fluid
resuscitation plus an elevated lactate value (>2 mmol/L)
as markers for hypotension and hypoperfusion [6].
Adequate fluid substitution was defined at the discre-
tion of the attending intensivist. To be included, a signed
informed consent was mandatory. In non-consenting
patients, a medical witness or legal guardian signed a
provisional informed consent form. Exclusion criteria
included inaccessibility of the sublingual mucosa, lack of
informed consent, impracticality of measurement dur-
ing the inclusion period due to examinations/treatments/
patient already dying, uncooperative/weakly sedated
patients, or infectious reasons such as coronavirus dis-
ease 2019 (COVID-19). Upon meeting the criteria for
inclusion in the study, the patient was randomized to the
intervention or control group. Patients were randomized
to routine care or to integrating sublingual microcircula-
tory perfusion variables in the therapy plan. Randomiza-
tion was performed by blind drawing of sealed envelopes
by a neutral person in blocks of 50 patients (25 per

group).

Study interventions

The sublingual measurement of the microcirculation
was performed using the MicroScan USB3 (MS-U) SDF
video microscope at ICU admission (time frame: maxi-
mal 4 h) and 24 h (£4 h) after ICU admission. After the
measurement, the four highest-quality video sequences
recorded at different locations of the sublingual mucosa
were evaluated using the AVA 4.3C algorithm. The aver-
age of these variables was then calculated [17]. No vari-
ables were manually calculated by investigators. For this
type of microcirculation measurement, a proof-of-con-
cept study could confirm the feasibility [18]. The quality
of the videos was later assessed by blinded trained per-
sonnel using the microcirculation-imaging-quality-score
(MIQS) [19]. In addition, further information about the
patient was collected in both cohorts, including macro-
circulatory variables such as blood pressure, additional
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microcirculatory variables such as mottling score or cap-
illary refill time, blood gas analysis values, and medica-
tions The microcirculatory assessment was performed
blindly to the treatment team. The same investigator
performed both consecutive measurements (with the
exemption of one single measurement). In the inter-
vention group, the percentage of perfused small vessels
(sPPV) as key value and other microcirculatory measure-
ment results (De Backer Density, Number of Crossings,
Perfused De Backer Density, Perfused Number of Cross-
ings for all and for small vessels) were reported imme-
diately to the treating physicians, whereas in the control
group, they were withheld from the medical team. The
De Backer Density and the Number of Crossings describe
the number of vessels that can be detected. The perfused
De Backer Density and the Perfused Number of Cross-
ings are all vessels with visible microcirculatory flow. The
Percentage of Perfused Vessels is calculated as the per-
centage of perfused in relation to the total number of all
vessels. Small vessels (capillaries) are defined as smaller
than 20 um [20]. Physicians could adjust the therapy to
the current microcirculation in the intervention group.
The study protocol divided all patients into three risk
categories according to their sPPV on admission (< 80%:
red; 81-94%: yellow and > 95%: green). The cut-offs were

chosen a priori according to the manufacturer’s recom-
mendation, which considered an sPPV greater than 95%
as “healthy,” from 81-94% as “unhealthy,” and values less
than 80% as “dangerous.” This classification corresponds
to the data known from the literature and our own clini-
cal experience for critically ill patients [21], patients suf-
fering from shock [22], and healthy volunteers [23-25],
although in other studies a PPV <90% were considered as
abnormal [10, 26]. Recommendations on fluid and vaso-
pressor dosing according to the microcirculatory status
are shown in supplemental Fig. 2. The study protocol did
not restrict the use of inotropes or vasodilators.

Data collection regarding therapy adjustments

after microcirculation-oriented consultation

One hour after the first microcirculation-oriented con-
sultation, dosing data on fluids and vasoactive drugs were
extracted from medical records and compared with those
registered at the time of the microcirculatory assessment,
and determining if these were increased, reduced, started
or stopped. Reduced administration rates of 0.1 ml/h or
of 0 ml/h were defined as “stop’, and newly started rates
of greater than 0.1 ml/h were defined as “start”. Changes
of less than 0.5 ml per hour for the vasoactive perfusion
pump, and less than 10 ml per hour for the volumetric



infusion pump were ignored. Patients who were assigned
to the control (routine care) group were treated accord-
ing to usual practice at their study sites including deci-
sions about hemodynamic and perfusion monitoring,
and all treatments.

Definition of matching between announced

and performed treatment changes after microcirculatory
consultations

If the change in therapy announced after the SDF meas-
urement and microcirculatory consultations corre-
sponded to the actual change documented later, this was
noted as a “match”; otherwise, it was noted as a “mis-
match” Therapy changes one hour after the SDF meas-
urements were also documented in the control group
according to the procedure mentioned above.

Definition of limitation of life-sustaining therapy

If the patient had a medical indication to undergo certain
intensive care measures (usually: intubation and ventila-
tion, cardiopulmonary resuscitation, catecholamine ther-
apy, hemodialysis), but these were not administered to
the patient due to the patient’s will or for ethical reasons
or in the case of a palliative situation, this was defined as
a “withheld therapy” If one of these measures is already
performed, but during intensive care therapy the patient’s
will to terminate this therapy was expressed, then in this
case a “withdrawn therapy” was defined [27].

Cause of shock and comorbidities

The cause of shock was defined primarily from the eti-
ology and not from the underlying physiology: Patients
with a primary infectious etiology were defined as “sep-
tic shock” according to the Sepsis-3 criteria [6] (for
example, pneumonia or urinary tract infection), and
those with a primary cardiac etiology (e.g., acute myo-
cardial infarction or acute heart failure) as “cardiogenic
shock” Patients after cardiac surgery as “post cardiac
surgery’, which is widely described in the literature [28]
and can be caused by vasoplegia [29, 30], hypovolemia or
reduced cardiac pump function [31]. Comorbidities were
extracted from health records. If the disease was present,
regardless of severity or etiology, it was recorded as “pre-
sent” in a binary way, otherwise as “not present”.

Sample size calculation

The study aimed to detect a difference of 19% in 30-day
survival rates, with an expected rate of 43% in the control
group. The sample size was calculated using a beta of 80%
and an alpha of 5%, with a total of 186 patients divided
equally between the two groups through 1:1 randomi-
zation. We planned to randomize 200 patients allowing
for dropouts. After 70% (140) of the planned number of

Table 1 Baseline characteristics

n 72 69
Male gender 49 (48%) 52 (51%)
Age [years] 69.5 (£19) 69 (£18)
Mean arterial pressure [mmHg] 715 (+16) 74 (£16)
Heart rate [/Minute] 84.88 (£22.51) 83.84 (£19.23)
SOFA on admission 8 (+4) 8 (£5)
Body mass index 273 (£5) 264 (£5)
Cause of shock
Sepsis 12 (16.7%) 10 (14.5%)
Cardiogenic 37 (51.4%) 40 (58%)
Neurological 3 (4.2%) 2 (2.9%)
Post cardiac surgery 14 (19.4%) 13 (18.8%)
Hemorrhagic 6 (8.3%) 4 (5.8%)
Comorbidities
Heart failure 20 (27.8%) 5(21.7%)
Chronic kidney disease 15 (20.8%) 15(21.7%)
Any Malignancy 6 (8.3%) 10 (14.5%)
Diabetes mellitus 22 (30.6%) 20 (29%)
Chronic obstructive pulmonary 8(11.1%) 7 (10.1%)
disease
Liver cirrhosis 8(11.1%) 5(7.2%)
Smoking history 21(29.2%) 21 (30.4%)
Arterial hypertension 37 (51.4%) 34 (49.3%)

SOFA Sequential Organ Failure Assessment, SDF sidestream darkfield,
*Mean + standard deviation, tMedian + interquartil range

patients were included, a pre-planned interim analysis
was conducted using a group sequential design and an
O’Brien-Fleming boundary [32]. The trial was stopped
since futility stopping boundaries were met [33].

Statistical analysis

The primary outcome was 30-day mortality. Secondary
endpoints were length of stay on the ICU and the hospi-
tal, and 6-months mortality. Primary analyses were per-
formed on the intention-to-treat population. Continuous
data points were expressed as median=interquartile
range. Statistical significance in differences between inde-
pendent groups were calculated using the Mann—Whit-
ney U-test. Categorical data are expressed as numbers
(percentages). The Chi? test was applied to test differences
between groups for their statistical significance. Propor-
tional hazard ratios with 95% confidence interval (CI)
were calculated using univariate Cox-regression analysis,
and Kaplan—Meier curves were depicted to compare the
cumulative incidence of mortality 30 days after randomi-
zation. Missing values were defined as “missing values’,
and a complete-cases analyses was conducted. Unless oth-
erwise stated, there were no missing values for the vari-
ables examined in the statistical analysis. Baseline variables



and other variables that are not outcome had not been
tested for statistically significant differences. All tests were
two-sided, and a p-value of<0.05 was considered statis-
tically significant. Analyses were conducted using IBM
SPSS Statistics (Version 28) and GraphPad Prism 9.4.1.681
(GraphPad Software, Boston, USA).

Post hoc analyses

Additional proportional hazard ratios with 95% CI were
calculated after exclusion of patients from the inter-
ventional group with mismatches using univariate Cox-
regression analysis, and Kaplan—Meier curves were
depicted to compare the cumulative incidence of mortal-
ity 30 days after randomization. Post hoc sensitivity anal-
yses were performed for different subgroups of patients
(with and without any treatment limitation, gender, age
and Sequential Organ Failure Assessment (SOFA) score
according to their median). Mixed-effects repeated meas-
ures analyses of variance were used to compare within-
group, and between-group (sPPV-category on admission
or randomized group) mean changes in SOFA, lactate, and
capillary refill time over time to assess the effect of time
on the organ function and microcirculation. The spheric-
ity was tested for using Mauchly’s test and a Huyn—Feldt
correction was applied to the one-factorial repeated meas-
ures ANOVA results in case of not fulfilling the spherical
assumption. Greenhouse—Geisser correction was used to
correct for the risk for type II error [34, 35].

Results

Patients’ baseline characteristics

From 21st February 2020 to 27th August 2022, 987
patients were screened, with 176 patients meeting inclu-
sion criteria for shock. 35 patients could not be included
because of various reasons (28 patients: no investigator
ready for measurement within the time limits; 2 patients
with a baseline lactate <2 mmol/L at ICU admission; 3
patients with no sufficient mouth opening; 2 patients
with infectious diseases (COVID-19). Thus, 141 patients
(69 patients in the interventional and 72 in the control
group) from four tertiary referral hospitals were included
and randomized (Fig. 1). Most patients were admitted
to medical ICUs (111 patients, 79%). There were no sig-
nificant differences regarding age, pre-existing comor-
bidities, SOFA score on admission, and the main cause
of ICU admission between groups. The most frequent
reasons for admission were cardiogenic and septic shock
(Table 1). An overview of the missing values for addi-
tional analyses is given in supplemental Table 3.

Macrocirculation and microcirculation on admission
The mean heart rate was similar in both groups
(83+20beats per minute). Regarding microcirculation,

there was no difference in capillary refill time (3£2 s in
the control group compared to 3+2 s in the interventional
group). Serum lactate did not differ after 6, 24 or 48 h,
and lactate kinetics did not show significant differences
after six hours (supplemental Tables 4 and 5). The baseline
SDF measurement showed impaired perfusion and capil-
lary density without significant differences between both
groups. After 24 h, there were no statistically significant dif-
ferences in the microcirculatory values from the SDF meas-
urement between both groups. In the complete cohort,
there was no association between sPPV on ICU admission
and 30-day mortality (odds ratio (OR) 1.0, 95% CI 0.97—
1.03, p=0.975; area under curve (AUC) 0.498). There was
only weak to no correlation between sPPV on the one hand,
and serum lactate on admission, after 6 h, mottling score or
capillary refill time (see supplemental Fig. 3), and there was
no correlation between the mean arterial pressure (MAP)
and the sPPV (see supplemental Fig. 4).

Intensive care treatment

During ICU stay, most patients received mechanical ven-
tilation. Only a minority underwent renal replacement
therapy or extracorporeal life support. Life-sustaining
therapy was limited in almost half of the patients on day
two. In the interventional group, therapy was withheld or
withdrawn in more patients, but there was no statistically
significant difference compared to the control group. Fur-
thermore, there was no difference regarding the length of
ICU stay or length of hospital stay (Table 2). All patients
received norepinephrine as vasopressor without differ-
ences in the administration rate on admission (0.38 pg/
kg/min (£0.5) versus 0.33 pug/kg/min (£0.3), p=0.502).
Additional inotropic drugs (dobutamine, epinephrine,
milrinone, levosimendan) were used in both groups with-
out statistical differences (supplemental Table 6). In sum,
8 patients underwent placement of mechanical support
devices (3 in the interventional, 5 in the control group,
see supplemental Table 7). The median arterial pres-
sure after 24 h under vasopressor support did not differ
between the groups (see supplemental Table 8).

Microcirculatory adjustments following SDF measurement
The proportion of patients without any treatment
change after receiving microcirculatory consultation
was significantly lower in the interventional arm (16.7%
versus 40%, p=0.007). Significantly more patients
received either an adjustment in vasoactive drugs or
fluid resuscitation (66.7% versus 41.8%, p=0.009),
although the proportion of patients with a treatment
change in both vasopressors and fluids was similar
(16.7% versus 18.2, p=0.083, Fig. 2). There was no dif-
ference in the treatment changes after the re-assessment
(no change: 53.1% in the interventional versus 43.5% in
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Table 2 Overview on the intensive care treatment and other outcome variables

Severe adverse event (SAE) 0 (0%) 0 (0%)
ICU-Treatment
Renal replacement therapy 9(12.5%) 7(10.1%)
Mechanical ventilation 64 (88.9%) 60 (87%)
Extracorporeal life support 4 (6.1%) 3 (4.6%)
Limitation of Life-sustaining therapy
Therapy withdrawn 10 (15.2%) 14 (21.9%)
Therapy withheld 12 (18.2%) 10 (15.6%)
Any limitation of LST 27 (38%) 29 (42%)
Day of any limitation of LST 2(£5) 2 (£5)
Outcome
Length of stay ICU [days] 55(£13) 55(£11.75)
Length of stay hospital-[days] 10.5 (& 15.75) 12 (£13.75)
30-days-Mortality 25 (34.7%) 32 (47.1%)

—1.44 (-9.36 to 5.47) 0.745
—3.33(-11.08 t0 4.43) 0.634
RR 1.39 (0.91-1.97) 0.138

ICU Intensive Care Unit, LST Life-sustaining therapy, *Mean + standard deviation, tMedian + interquartil range. (for missing values see supplemental Table 4)

the control group; one change in 50% versus 46.9%; and
two changes in 6.5% versus 0%, respectively, p =0.158).
There were no significant differences in the distribu-
tion of the microcirculatory risk classes as defined
by their sPPV on admission (<80%: red; 81-94%: yel-
low and >95%: green) between the interventional and
the control group [interventional group: red 20 (29%),
yellow 38 (55%), green 11 (16%); control group: red 25
(35%), yellow 37 (52%), green 9 (13%), p=0.691]. The
change of the individual patients from one risk class to
another after 24 hours occurred in a similar pattern in
both groups (see supplemental Fig. 5).

Primary outcome

Crude 30-day mortality was without statistically signifi-
cant difference between both groups [34.7% in the con-
trol groups versus 47.1% in the interventional group,
relative risk (RR) 1.39 (0.91-1.97)]. Likewise, in the
Cox-regression analysis, 30-day mortality did not dif-
fer between both groups (hazard ratio (HR) 1.54, 95% CI
0.90-2.66, p=0.118, Fig. 3).

Six months follow-up
After 6 months, all-cause mortality did not differ
between both groups (crude: 44.4% in the control groups




versus 55.1% in the interventional group, RR 1.23 (95%
CI 0.89-1.71), Cox-regression analysis, (HR 1.38, 95% CI
0.86-2.11, p=0.189).

Post hoc analyses

The supplemental File 1 and supplemental Figs. 6 to 8
provide additional post-hoc analyses including addi-
tional sensitivity analyses, an outcome analysis exclud-
ing patients with mismatches in the interventional group,
and treatment changes according to the risk category.

Video quality

865 videos underwent retrospective quality control by
blinded investigators. 72% of the videos were good or
acceptable. The most frequent error points from all
MIQS error points were assigned for the criteria “Sta-
bility” (30%) and “Pressure” (23%) (see supplemental
Fig. 9). The main reasons for being judged as “not accept-
able” were stability (12.8%), pressure (8.1%), and content
(7.2%). There were no significant differences regard-
ing the video quality (quantified as MIQS) between the
investigators (illumination p =0.436; focus 0.436; content
p=0.453; stability p =0.483; pressure 0.453).

Discussion

The present study represents the largest prospective ran-
domized-controlled trial that investigated the therapeutic
impact of real-time knowledge of the status of sublin-
gual microcirculation in patients suffering from different
types of shock. The sequential microcirculatory assess-
ment resulted in the decision of treatment changes for
fluids or vasopressors in the interventional group, with-
out evidencing any effect on microcirculatory parameters
at 24 hours, macrocirculatory and perfusion variables, or
30-day mortality.

In 2002, De Backer et al. described key alterations of
the microcirculation in septic [10] and — two years after-
wards — in cardiogenic shock [36]. More than 20 years
later, DAMIS is the first study that integrated sublin-
gual microcirculatory assessment into the clinical deci-
sion-making process in critically ill patients. Our trial
demonstrated that real-time knowledge of the microcir-
culatory status significantly influenced therapeutic deci-
sions of clinicians at the bedside, not only in cardiogenic
and septic shock, but in a wide variety of shock patients.
The strategy proposed in DAMIS used a multimodal
approach to improve tissue perfusion, and provides the
clinicians with a microcirculatory consultation that is
integrated with standard practice monitoring signals and
resuscitation targets, potentially avoiding a reductionist
view of the resuscitation process. Apart from this, our
study results offer valuable technical data on the use and
applicability of real-time microcirculatory assessment

in a randomized-controlled clinical trial, in a wide set of
patients, such as sepsis, cardiogenic shock, or dehydra-
tion [5, 12, 37-39].

In daily practice, shock resuscitation mainly focuses
on normalizing MAP and serum lactate [40]. None-
theless, achieving a normal MAP does not warrant
improvement of microcirculatory flow and tissue per-
fusion, particularly in patients in which there is a loss
of coherence between macro- and microcirculation
[5]. Sakr et al. demonstrated in 49 patients suffering
from shock that patients with an impaired microcir-
culation had a significantly worse outcome despite
normalizing macrohemodynamic values [37]. On the
other hand, persistent hyperlactatemia is not always
directly related with tissue hypoperfusion and should
be interpreted with caution [41]. Although a high
blood-lactate level is associated with an increased
odds of death [42, 43], the use of blood-lactate as a
single resuscitation target could increase the risk of
“over-resuscitation” and induce harm [44, 45]. There-
fore, real-time microcirculatory assessment might fill
this gap providing valuable information on the status
of tissue perfusion, aiding clinicians in the contextual
interpretation of standard monitoring signals and in
therapeutic decision-making process, namely adjust-
ing fluids and vasopressors. However, in the pre-
sent study treatment changes after microcirculatory
assessment did not improve outcome but showed a
trend towards higher mortality compared to the usual
care control group.

Early fluid administration in hypovolemic patients may
recruit microcirculatory vascular beds and increase over-
all perfusion parameters [31]. Ospina-Tascon et al. evalu-
ated 60 patients with severe sepsis using SDF microscopy
comparing the impact of an early (within 24 h after diag-
nosing a severe sepsis) to a delayed (more than 48 h) on
the sublingual microcirculation [46]. They found that fluid
administration enhanced microvascular perfusion in the
early, but not late phase of sepsis independently of global
hemodynamic effects and of the type of solution. Moreover,
in later stages of the disease, fluids could even deteriorate
microcirculatory flow by inducing interstitial edema and
venous congestion, thus decreasing convective oxygen flow
to cells [47]. Vasopressors are often used to increase mean
arterial pressure in shock but should be used with caution
and considering the microcirculation [13]. Potter et al. col-
lected in their systematic review 6 randomized-controlled
trials, 12 interventional, 3 observational, and 1 pilot study
with 572 patients [48]. They conclude that there “is no
robust evidence to date that any one agent can reproducibly
lead to improved microvascular flow” when using mean
arterial pressure or cardiac index as target goals. Indeed, as
shown by Dubin et al., in patients with abnormal baseline



microcirculatory flow, a norepinephrine-induced increase
in MAP could recruit perfused vessels [49], while in other
patients it could have a detrimental effect, eventually due
to excessive precapillary vasoconstriction [50]. Due to these
reasons, real-time knowledge of microcirculation emerges
as a relevant clinical tool and could further aid physicians
to titrate fluids and vasopressors more accurately [51, 52].

In the present study, microcirculatory values were
not significantly associated with the outcome. These
results are in line with the microSOAP trial (=501 ICU
patients) that found in a mixed ICU population, lactate
levels and several macrohaemodynamic variables, but not
microcirculatory variables to be independently associated
with hospital mortality [21]. On the contrary, the Micro-
DAIMON study (n=97 ICU patients) demonstrated an
independent association between baseline MFI<2.6 and
outcome (OR 4.59 95% CI 1.34-15.75, p=0.015) [53]).
In another study with 252 patients suffering from severe
sepsis, PPV was normal (>90%) in only 9 (4%) patients
and moderately altered (between 80 and 90%) in 35 (15%)
patients [54]. In DAMIS, all patients received immediate
hemodynamic stabilization before the first SDF measure-
ment. This might explain the relatively high sPPV values,
and the lack of association between sPPV and the main
outcome.

Microvascular abnormalities differ between different
types of shock. Especially septic shock is characterized
by typical microvascular inhomogeneous flow [55], while
patients with cardiogenic shock suffer — for example—
from decreasing vascular density, although heterogene-
ity also occurs in cardiogenic shock [56, 57]. However,
DAMIIS considered shock as a clinical syndrome defined
by hypoperfusion and consecutive microcirculatory
impairment. Capillary refill time and serum lactate are
established parameters in septic and cardiogenic shock
[7, 58]. Usually, variables of flow rather than variables
that represent capillary density are recommended to be
used for risk stratification and managing adjustments in
— for example — fluid therapy [59]. The most used flow
variable is the microvascular flow index (MFI). Espe-
cially on the first day of ICU admission, an abnormal
and low MFI (defined as<2.6) is associated with adverse
outcomes [53]. MFI needs the manual interpretation
of the investigator, but AVA 4.3C does not provide any
information about the microcirculatory flow pattern.
Other approaches, such as the Point of Care Microcir-
culation (POEM) score, consider the flow pattern with
major attention [60]. The DAMIS study protocol had
intentionally omitted a subjective assessment of the flow
pattern by the investigator since the software cannot
calculate this parameter automatically. Using this auto-
matic algorithm surpasses this individual (subjective)
evaluation providing (independent) information about

microvascular perfusion (yes/no), density, and the per-
centage of perfused vessels. Previous studies found a suf-
ficient correspondence between a low PPV and low MFI
with a PPV of 88% in the low MFI group and a PPV 94%
in the high MFI group [59]. Furthermore, PPV has a low
observer variability [61].

The post-hoc sensitivity analyses revealed no significant
effects in the different subgroups except for the subgroup
with low SOFA score, but the clinical relevance seems
negligible. As evolution of microcirculation was similar
in all subgroups, the results are probably more a sign for
the failure of the selected interventions than the failure
of microcirculatory monitoring. The suggested treatment
adjustments after microcirculatory counseling did not
routinely include inotropic drugs to improve the micro-
circulation, because the study protocol basically decided
to prevent potential heart injury in a mixed population.
In the present study, we found a trend towards higher
mortality in the interventional group. However, the post-
hoc analysis excluding patients with a mismatch between
announced and performed treatment changes showed no
differences between both groups. It is also possible that
treatment consequences of microcirculatory improve-
ment attempts led to a clinical under- or overtreatment
resulting in patient harm.

This study opens the road to further analyze the
impact of real-time microcirculatory assessment in
shock resuscitation. Future studies should explore the
best therapeutic interventions to address each pattern of
microcirculatory derangement, and its’ relationship with
patient-centered outcomes.

Limitations

Some limitations of this study should be acknowl-
edged. First, there was no additional re-evaluation of
the impact of the interventions after 24 hours, which
might imply that an ineffective or partially effective
treatment was sometimes applied, and no alternative
treatment was used in case of failure. Sublingual micro-
circulation was measured only on two time points.
However, previous studies showed that on the first day
of ICU admission, an impaired sublingual microcircu-
lation is associated with adverse outcome, while later
measurements provided no prognostic information
[53]. Measuring on admission might give the opportu-
nity to understand the microcirculation directly after
the immediate resuscitation to unmask hemodynamic
incoherence. The measurement after 24 hours was
meant as control if the treatment changes after the first
measurement had been able to improve the microcircu-
latory values. All patients were hemodynamically stabi-
lized immediately at ICU admission. Consequently, the
mean arterial pressure was controlled with vasoactive



drugs, which was necessary for inclusion (see supple-
mental Table 9). A minority of videos evidenced lower
technical quality, which might have an impact on the
generalizability of the microcirculatory data, although
our quality scores obtained are in line with other stud-
ies [62], and it must be underlined that videos were
performed by experienced trained investigators who
were not part of the ICU team. The study protocol was
not binding. The counseling in the intervention group
was deliberately not binding, as this was neither pos-
sible nor reasonable from a scientific point of view with
weak evidence, nor for medico-legal reasons. If a man-
datory algorithm had been required, this would have
decisively changed the character of the study. However,
the results clearly show that the consultation had an
influence on the therapy adjustments for volume and
catecholamine therapy, although there was a not insig-
nificant proportion of patients in whom the announced
therapy adjustments were not implemented at all, but
in some cases contrary measures were taken. This dis-
crepancy had been identified only a posteriori. The rea-
sons for this are unclear, but the decision about therapy
rested exclusively with the intensive care treatment
team. We hypothesize that the treating team apparently
considered many factors other than microcirculation
data, such as serum lactate, organ function, hemody-
namics, and other factors, to adjust therapy. We can
only speculate that other aspects outweighed microcir-
culatory advice in some patients during the assessment.
Furthermore, the SDF-assessment focused on the sPPV
as most promising and reproducible value reflecting the
patient’s microcirculatory tissue perfusion. Density val-
ues might be important as well, but there exist even less
defined cut-off values in the literature, while density
parameters are mostly used intra-individually, but not
inter-individually. It must be mentioned that, currently,
there is no established standard approach for optimiz-
ing the microcirculation. Furthermore, there was a con-
siderable percentage of patients with various degrees of
limitations for life-sustaining therapy, which are known
to be a significant confounder for short-term mortality
in critically ill patients [63]. The study provided data
about the type and day of the limitation, but not about
the cause and motivation for life-sustaining therapy. Of
course, the study protocol allowed including different
types of shock leading to a certain etiological hetero-
geneity, but they all lead to an impaired microcircula-
tion. All these factors represent major confounders that
could not be adequately adjusted due to the low sample
size. Furthermore, the sensitivity analysis did not reveal
any difference between the different etiologies. Another
limitation is that recruitment occurred competitively
resulting in an imbalance of inclusion rates, mostly

because the University Hospital of Duesseldorf was the
coordinating center with a superior number of trained
teams. This distribution did not allow to adjust for any
center effects. Furthermore, the randomization process
that used blocks of 50 seals. Thus, the other study sites
did not used a full block, which might contribute to an
imbalanced allocation.

The study protocol anticipated that an early microcir-
culatory-driven adjustment of catecholamine- and fluid
therapy provides a significant benefit for 30-day survival
of 19% compared to usual care. However, the result was
unable to reject the null hypothesis. Thus even with a
less pronounced anticipated effect and — consequently
— larger sample size, any positive effect in this study set-
ting cannot be expected. Even after excluding all patients
from the interventional group with mismatches regard-
ing the announced and performed adjustments, there
was no benefit for the (remaining) interventional com-
pared to the control group. Last, as outlined by Ospina-
Tascon et al.,, choosing mortality as primary endpoint in
an intensive care setting might not be the optimal strat-
egy evaluating the effectiveness of interventions [64].

Conclusion

Knowledge of sublingual microcirculatory status resulted
in significantly more treatment adjustments during shock
resuscitation. However, these adjustments did not impact
any microcirculatory variable after 24 hours or patient-
centered outcomes although we could not exclude a small
reduction in mortality or a large increase in mortality
with the integration of microcirculatory assessments in
the therapy plan of critically ill patients.
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