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Aim:  We hypothesized  that  microcirculatory  dysfunction,  similar  to  that  seen  in sepsis,  occurs  in  post-
cardiac  arrest  patients  and  that  better  microcirculatory  flow  will  be  associated  with  improved  outcome.
We also  assessed  the  association  between  microcirculatory  dysfunction  and  inflammatory  markers  in
the post-cardiac  arrest  state.
Methods:  We  prospectively  evaluated  the sublingual  microcirculation  in post-cardiac  arrest  patients,
severe  sepsis/septic  shock  patients,  and healthy  control  patients  using  Sidestream  Darkfield  microscopy.
Microcirculatory  flow  was assessed  using  the  microcirculation  flow  index  (MFI)  at  6  and  24 h  in  the  cardiac
arrest  patients,  and  within  6 h  of emergency  department  admission  in the  sepsis  and  control  patients.
Results:  We  evaluated  30  post-cardiac  arrest  patients,  16  severe  sepsis/septic  shock  patients,  and  9  healthy
control  patients.  Sublingual  microcirculatory  blood  flow was  significantly  impaired  in post-cardiac  arrest
patients  at  6  h  (MFI  2.6  [IQR:  2–2.9])  and  24  h (2.7  [IQR: 2.3–2.9])  compared  to  controls  (3.0  [IQR:  2.9–3.0];
p  < 0.01  and  0.02, respectively).  After  adjustment  for initial  APACHE  II score,  post-cardiac  arrest  patients
had  significantly  lower MFI  at  6-h  compared  to sepsis  patients  (p <  0.03).  In the  post-cardiac  arrest  group,
patients  with  good  neurologic  outcome  had  better  microcirculatory  blood  flow  as  compared  to  patients
with  poor  neurologic  outcome  (2.9  [IQR:  2.4–3.0]  vs.  2.6 [IQR:  1.9–2.8];  p <  0.03).  There  was  a  trend

toward  higher  median  MFI  at 24 h in  survivors  vs.  non-survivors  (2.8  [IQR:  2.4–3.0]  vs. 2.6  [IQR:  2.1–2.8]
respectively;  p  < 0.09).  We  found  a negative  correlation  between  MFI-6  and  vascular  endothelial  growth
factor  (VEGF)  (r = −0.49, p  = 0.038).  However,  after  Bonferroni  adjustment  for multiple  comparisons,  this
correlation  was  statistically  non-significant.
Conclusion:  Microcirculatory  dysfunction  occurs  early  in post-cardiac  arrest  patients.  Better  microcircu-
latory  function  at 24  h may  be  associated  with  good  neurologic  outcome.
. Introduction

Every year 300,000 patients in the United States suffer
rom out of hospital cardiac arrest.1 Despite improvements in
esuscitation efforts over the last fifty years, the in-hospital mor-
ality after restoration of systemic circulation remains high.2

schemia/reperfusion injury after return of spontaneous circulation
ROSC) is one of the key pathologic processes contributing to the

ost-cardiac arrest syndrome.3,4 The post-cardiac arrest syndrome

s characterized by systemic inflammation and has been referred
o as a “sepsis-like” syndrome.5,6 Septic shock is accompanied by
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both macrocirculatory and microcirculatory dysfunction.7,8 Thus,
microcirculatory dysfunction may  be present in the post-cardiac
arrest state as well.

The microcirculation consists of arterioles, capillaries and post-
capillary venules (less than 100 �m)  and is responsible for the
fine tuning of tissue perfusion.9 Sublingual microcirculation can be
observed directly using sidestream dark field microscopy (SDF).10

SDF records video images of microcirculation over a 1 mm field
of view with stroboscopic green (530 nm)  illumination. Red blood
cells appear dark against a bright background due to light reflected
by surrounding tissue surfaces. During cardiac arrest and resusci-
tation, animal studies using SDF have shown decreased capillary
density with increased blood flow heterogeneity in sublingual

microcirculation.11 In humans, sublingual microcirculation has
been studied in a number of disease states including sepsis,7,12 car-
diogenic shock,13 cardiac surgery14 and during cardiopulmonary
resuscitation.15 Recent small studies have examined sublingual
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icrovascular flow in post-cardiac arrest patients but have yet to
e validated.16,17

We  hypothesized that defects in sublingual microcirculation,
imilar to those seen in sepsis, would be present in the post-cardiac
rrest state. We  further hypothesized that better microcircula-
ory function would be associated with better outcomes in these
atients. In order to test these hypotheses, we conducted a prospec-
ive observational study to assess the sublingual microcirculation
n post-cardiac arrest patients compared to healthy controls and
atients with sepsis. We  also assessed the association between
icrocirculatory dysfunction and inflammatory markers in the

ost-cardiac arrest state.

. Methods

.1. Study design and patient selection

This was a prospective, observational single center study in a
ertiary care hospital with 50,000 emergency department visits
er year. We  enrolled patients who presented to the emergency
epartment (ED) after out-of-hospital cardiac arrest or patients
ho suffered in-hospital cardiac arrest. Patients with severe sepsis

r septic shock as well as healthy controls were enrolled as a com-
arator. Eligible subjects were identified prospectively in the ED or

ntensive care units (ICU).
(1) Post-cardiac arrest group:  Inclusion criteria: (a) cardiac arrest

efined specifically as the absence of detectable circulatory flow
no blood pressure or pulse) with return of spontaneous circula-
ion. Exclusion criteria: (a) trauma-related arrest (b) suspected or
onfirmed septic shock prior to arrest or as suspected etiology of
rrest.

(2) Sepsis group: Inclusion criteria: (a) severe sepsis or septic
hock. Severe sepsis was defined as sepsis in association with one
r more organ failures (respiratory, cardiovascular, renal, coagula-
ion, hepatic, central nervous system). Septic shock was defined
s severe sepsis with hypotension (SBP < 90 or MAP < 65) unre-
ponsive to adequate fluid resuscitation.18 Exclusion criteria: (a)
uspected myocardial ischemia (b) significant traumatic injury (e.g.
racture or multi-trauma) (c) the existence of a baseline inflamma-
ory syndrome such as arthritis or inflammatory bowel disease.

(3) Control group: Inclusion criteria: (a) presenting to the emer-
ency department with minor complaints without the need for
ospital admission.

The following exclusion criteria applied to all groups: (a) preg-
ancy (b) any anticipated inability to tolerate or cooperate with
tudy procedures. All groups consisted of adults (≥18 years) and
ither the patients or their legally authorized surrogate provided
ritten informed consent. The study protocol was approved by the

nstitutional Review Board at Beth Israel Deaconess Medical Center.

.2. Study protocol

All consented post-cardiac arrest patients had a microcircula-
ion flow index (MFI) measured at time 6 and 24 h after return of
pontaneous circulation (ROSC). We  also measured inflammatory
arkers for cardiac-arrest patients at 24 h (E-selectin, V-cam, I-

am, IL 6, IL 8, IL 10, TNF�, and VEGF). The practice at our hospital
s to use therapeutic hypothermia (Arctic SunTM device) for 24 h,

ith a target core body temperature of 33 ◦C. In patients treated

ith induced hypothermia, the MFI  measurements (both at 6 and

4 h) were measured while patient was hypothermic. All consented
atients with sepsis and controls had an MFI  measured within 6 h
f presentation to the emergency department.
 84 (2013) 1717– 1722

2.3. Data collection

In all post-cardiac arrest patients, we  collected data regarding
first rhythm, time to CPR, bystander CPR, time to ROSC, need for
defibrillation and drugs administered during CPR. We  calculated
an Acute Physiology and Chronic Health Evaluation II (APACHE
II) score19 and collected demographic data and co-morbidities
for all patients. Lab data, including complete blood count, elec-
trolytes, creatinine, bilirubin and lactate, were recorded if ordered
by the clinical team. Other parameters, including temperature,
hemodynamics, use of vasopressors, mechanical ventilation, renal
replacement therapy, 24-h fluid balance, ICU length of stay and ICU
mortality were collected. Neurologic outcome was assessed at hos-
pital discharge using the cerebral performance category (CPC) scale
and good neurological outcome was defined as a CPC of 1–2.20

2.4. Image acquisition and scoring

Patients underwent SDF imaging at the bedside (MicroScan pro-
vided by Microvision Medical, Amsterdam, Netherlands). SDF is
a technique that allows direct visualization of submucosal capil-
lary beds, which have the same embryonal and anatomic origin
as splanchnic capillaries. The videomicroscope emits light in the
green spectrum that is scattered by background tissue and absorbed
by red blood cells. This results in red blood cells that appear dark
against a light background, thus outlining arterioles, capillaries, and
venules that contain red blood cells. These videos were saved on a
laptop without identifying information and uploaded to a server in
secure fashion using a customized software package (StudyMaker,
Newton, MA).

We  obtained multiple video sequences from each patient from
multiple locations (5–10 sampling points). Image analysis was per-
formed by an investigator blinded to the clinical data and not
involved in image acquisition. Prior to analysis, video sequences
were screened and edited to remove portions with severe image
artifact. Screening criteria for individual video clips was  based on a
qualitative scoring metric, the Microscan Image Quality Score, with
six categories: Illumination (Brightness/Contrast), Duration, Focus,
Content, Stability, and Pressure. If the flow in the medium/large
vessels stops and starts (or changes speed or direction) during the
course of the video, pressure artifact is deemed present. Video clips
with pressure artifacts were rejected from analysis. Each category
was given a score of 0 (good), 1 (acceptable) and 10 (unaccept-
able). A Microscan Image Quality Score equals to the sum of scores
in all categories was assigned to each video clip. Video clips were
sorted by quality score, and the three clips with the best qual-
ity were selected for analysis. We  then took the average to yield
the final MFI  for a given timepoint. This resulted in a mean of 2.2
[SD 1.5] videos per patient to address the heterogeneity described.
Clips with unacceptable quality scores (≥10) were excluded from
analysis.

The primary outcome measure (determined a priori) was
average microvascular flow index (MFI), a measure of flow veloc-
ity, which was determined using a semiquantitative technique
employed in previous studies.21 Video images were partitioned into
4 quadrants and each quadrant visually rated based on the predom-
inate flow (0 = absent flow, 1 = intermittent flow, 2 = continuous but
slowed flow, 3 = continuous brisk flow). Each image was  assigned
an average score over all quadrants and all videos for a given patient
were averaged to obtain an overall flow velocity score.

2.5. Statistical analysis
Simple descriptive statistics were used to describe the study
population. Goodness of fit testing was used to analyze the nor-
mality of the data prior to statistical modeling. Data for continuous
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Table 1
Baseline characteristics and outcomes.

Demographics Controls (n = 9) Sepsis (n = 16) Cardiac arrest (n = 30)

Gender (% female) 22 44 30
Age  (years) 48 (34–68) 64 (50–75) 66 (54–79)
Race  (% white) 100 88 90

Vital  signs
Temperature (F) 97.8 (97.2–98.1) 100.1 (97.6–101.3) 96.7 (94.9–97.9)
Heart  rate (beat per minute) 82 (72–86) 93 (80–105) 101 (82–121)
Systolic blood pressure (mm  Hg) 126 (119–161) 99 (83–120) 111 (84–140)
Diastolic blood pressure (mm  Hg) 80 (73–89) 58.5 (46.5–74) 66 (44–83)
Respiratory rate (min−1) 16 (16–18) 19 (17–25) 20 (16–22)
Oxygen saturation (%) 99 (97–100) 97.5 (96–100) 100 (97–100)
FiO2 (%) 21 (21–21) 24 (21–30) 100 (100–100)

Laboratory values
Hematocrit (%) 42 (20.4–42.9) 32.4 (27.9–37.3) 34.2 (30.6–39.8)
White  blood count (103/�L) 9.2 (5.0–10.0) 11.9 (7.9–15.9) 12.1 (8.6–15.6)
Platelet count (103/�L) 269 (167–310) 312 (181–429) 222 (177–284)
INR  2 (1.0–2.3) 1.4 (1.2–2.4) 1.4 (1.2–1.8)
Bicarbonate (mEq/L) 25 (22–29) 22 (18–27) 18.5 (16–21)
Creatinine (mg/dL) 1 (0.8–1.3) 2.2 (1.4–3.5) 1.5 (1.0–2.3)
Glucose (mg/dL) 104 (78–277) 128 (101–159) 200 (148–243)
Lactate (mmol/L) 2.1 (2.1–2.1) 2.3 (1.5–3.4) 5.1 (3.0–10.1)

APACHE score 2 (0–7) 19 (14–22) 26 (20–33)
Vasopressor support (%) 0 38 57

Outcome
Mortality (%) 0 6 43
ICU  length of stay (days) 0 1 (0–3) 3 (3–8)
Days  on mechanical ventilation (days) 0 0 2.5 (1–6)
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epinephrine used during resuscitation and MFI  at 6 h and found a
trend toward a negative correlation (r = −0.37, p = 0.09). However,
this trend weakened further and was not statistically significant
Hospital length of stay (days) 0 

ll continuous variables are expressed as median with inter-quartile range; INR: in
I.

ariables are presented as means with standard deviations or
edians with inter-quartile ranges (IQR) depending on the distri-

ution of the variable. Categorical data are presented as frequencies
ith percentages. For our primary outcome, we  used a Wilcoxon

ank sum test to compare the MFI  between groups and sub-
equently used general linear modeling to adjust for clinically
ignificant variables. For outcome comparison a p-value less than
.05 was considered statistically significant. Bonferroni adjustment
as done for the analysis of multiple vascular biomarkers, and a p

alue less than 0.0125 was considered significant for that portion of
he analysis. All analyses were performed in SAS v9.2 (SAS Institute
nc., Cary, NC, USA).

. Results

.1. Characteristics of the study subjects

We  enrolled 30 post-cardiac arrest patients (17 in-hospital car-
iac arrest and 13 out-of-hospital cardiac arrest), 16 sepsis patients
9 severe sepsis and 7 septic shock) and 9 controls. Baseline char-
cteristics of all patients are shown in Table 1. Fourteen of the 30
ardiac-arrest patients were treated with therapeutic hypothermia
hile 16 patients were not due to the presence of contraindica-

ions. Microcirculation flow index at 6 h (MFI-6) was  measured in
2 patients and microcirculation flow index at 24 h (MFI-24) in
3 patients; both MFI-6 and MFI-24 were obtained in 15 patients.
emodynamic indices were measured and their median values are

hown in Table 1. Fifteen patients had good neurological outcome
CPC 1–2) at hospital discharge after cardiac arrest and overall mor-
ality was 43% in this group.

.2. Results
Microcirculatory flow was significantly impaired in post-cardiac
rrest patients at 6 and 24 h compared to controls (MFI: 2.6 [IQR:
–2.9]) and (2.7 [IQR: 2.3–2.9]) vs. (3.0 [IQR: 2.9–3.0]; p < 0.01
5 (4–9) 7 (3–17)

ional normalized ratio; APACHE II: acute physiology and chronic health evaluation

and 0.02 respectively, Fig. 1). There was no difference in median
MFI  between septic patients (2.8 [IQR: 2.3–3.0]) and post-arrest
patients in univariate analysis. After adjustment for initial APACHE
II score, however, post-cardiac arrest patients had significantly
lower MFI  at 6 h compared to sepsis patients (p = 0.03). In the post-
cardiac arrest group, microcirculatory flow was significantly higher
at 24 h in patients with good neurological outcome as compared to
patients with bad neurological outcome (2.9 [IQR: 2.4–3.0] vs. 2.6
[IQR: 1.9–2.8]; p = 0.03). There was a trend toward lower median
MFI  at 24 h in survivors vs. non-survivors (2.8 [IQR: 2.4–3.0] vs. 2.6
[IQR: 2.1–2.8] respectively; p < 0.09). Median MFI-6 and MFI-24 in
survivors and non-survivors, patients with good and bad neurologic
outcome, cooled and non-cooled patients, patients who received
heparin or did not receive heparin and patients on vasopressors or
not on vasopressors are shown in Table 2.

We evaluated the relationship between the amount of
Fig. 1. Microvascular flow index (MFI) in controls, sepsis and cardiac arrest patients
(all values are represented in median with interquartile range).
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Table  2
MFI  at 6 and 24 h by subgroup of cardiac arrest patients.

Groups MFI  at 6 h p value MFI  at 24 h p value

Yes No Yes No

Survived 2.6 (2.1–2.9) 2.7 (1.7–2.9) 0.89 2.8 (2.4–3.0) 2.6 (2.1–2.8) 0.09
Good  neurological outcome 2.5 (2.0–2.9) 2.7 (1.7–2.9) 1.0 2.9 (2.4–3.0) 2.6 (1.9–2.8) 0.03
On  vasopressor 2.75 (2.0–2.87) 2.5 (1.91–2.9) 0.35 2.75 (2.29–2.83) 2.62 (2.37–3.0) 0.7
On  heparin 2.64 (2.2–2.92) 2.61(1.8–2.88) 0.71 2.73(2.4–3.0) 2.67(2.3–2.83) 0.46
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Received therapeutic hypothermia 2.6 (1.9–2.8) 2.7 (2.1–2.9)

ll values in median with Inter-quartile range.

hen controlling for downtime (r = −0.27, p = 0.25). We  found
 negative correlation between MFI-6 and vascular endothelial
rowth factor (VEGF) (r = −0.49, p = 0.038). However, after Bon-
erroni adjustment for multiple comparisons this correlation was
tatistically non-significant. We  did not observe any correlation
etween MFI  at 6 or 24 h with E-selectin, V-cam, I-cam, IL 6, IL 8,
L 10 or TNF�. We  did not detect a statistically significant corre-
ation between MFI-6 or MFI-24 and temperature; mean arterial
ressure, lactate level, APACHE II score, downtime or initial rhythm.
here was no statistically significant difference in lactate clearance,
ortality, length of ICU stay, or time on mechanical ventilation

etween the patients whose MFI  increased and patients whose MFI
ecreased from 6 to 24 h.

. Discussion

Our study confirms that sublingual microvascular flow is
mpaired in post-cardiac arrest patients. This impairment was sim-
lar to the microcirculatory impairment in septic patients and was
ndependent of the mean arterial blood pressure. We  found that

FI  at 24 h was higher in patients with good neurologic outcome
ompared to those with poor neurologic outcome.

Investigation into the role of the microcirculation after cardiac
rrest has been limited to date. In a recent pilot study, Don-
dello et al. reported that sublingual microvascular flow is impaired
ithin 12 h post-cardiac arrest and may  be affected by body

emperature.16 van Genderen et al. reported sublingual microvas-
ular impairment in 25 post-cardiac arrest patients, all of whom
ere treated with therapeutic hypothermia.17 In this study, van
enderen et al. found decreased microvascular flow at baseline
nd during therapeutic hypothermia within the first 24 h, which
ight be due to vasoconstriction and decreased metabolism. How-

ver, one cannot exclude the early inflammatory and microvascular
hanges as a possible cause of their findings. We  observed simi-
ar early impairment of sublingual microvascular flow within the
rst 6 h after ROSC. We compared MFI  between patients who were
reated with therapeutic hypothermia and those who  were not and
e did not observe a statistically significant difference between

hose groups.
Post-cardiac arrest is often characterized by a systemic inflam-

atory response that has been described as analogous to septic
hock.5 Microvascular flow is known to be dysfunctional in septic
hock and we report similar findings in the post-arrest state. The
athphysiology of dysfunctional microvascular flow post-cardiac
rrest remains unknown but may  be related to the underlying
schemia reperfusion injury and associated systemic inflamma-
ion leading to decreased endothelial release of nitric oxide,22,23

eukocyte24 and platelet25 activation and marked fibrin activation
ith impaired fibrinolysis.26

After ROSC, tissue hypoperfusion and ongoing cellular injury

ay  persist.27 Current practice in post-cardiac arrest care primarily

argets optimizing systemic hemodynamics, with a focus on mon-
toring the mean arterial pressure, cardiac output, and/or global
issue oxygenation. Although a critical decrease in macrovascular
0.48 2.7 (2.4–2.8) 2.8 (2.3–3.0) 0.75

flow would be expected to influence the microvascular flow,11 our
data in conjunction with other post-cardiac arrest studies suggest
discordance may  exist between these two components of the cir-
culation. For example, we  found (similar to Donadello et al. and van
Genderen et al.) that microvascular impairment post-cardiac arrest
is independent of the mean arterial pressure. Adequate microvas-
cular flow would logically play an important role in tissue perfusion,
though in our current study we  did not find an association with lac-
tic acid levels (i.e., surrogate for tissue perfusion). However, lactate
elevation in the post-arrest state may  be multi-factorial including
ischemia-reperfusion injury from the initial arrest, ongoing tissue
hypo-perfusion (from cellular injury, macrocirculatory compro-
mise, or microcirculatory injury), shock liver, and other etiologies.
Conversely, induced hypothermia may  decrease cellular oxygen
utilization and therefore indirectly decrease lactic acidosis, per-
haps while even leading to some decreased microcirculatory flow.
With these multiple confounders, the lack of association between
lactate and microcirculatory flow in our dataset is not surpris-
ing and may  not necessarily reflect a lack of relationship. The
heterogenous patient population and small sample size prevents
definitive assessment of the relationship between microcirculatory
flow and lactate, hypothermia and microcirculatory flow, and even
vasopressors and microcirculation though no clear relations were
seen in our data set. Future investigation with larger sample sizes
may  be able to help better differentiate the relationship between
macrovascular flow, microvascular flow, and tissue oxygen uti-
lization. By distinguishing the relationships between these three
components of tissue perfusion, an optimal approach to restoration
of tissue perfusion could be devised.

Neurologic injury is the leading cause of death after car-
diac arrest.28 Sublingual microvascular flow impairment has
been associated with increased mortality during cardiopulmonary
resuscitation in previous animal studies.29 In post-cardiac arrest
patients, van Genderen et al. also reported that impaired MFI was
associated with higher mortality and organ failure as determined by
Sequential Organ Failure Assessment (SOFA) score. Our study is the
first to determine an association between sublingual microvascular
flow and neurologic outcome. Specifically, we observed that higher
sublingual microvascular flow at 24 h was  associated with better
neurologic outcome. Our data in conjunction with the survival data
reported by van Genderen et al. suggests that preservation of the
microcirculation could be a potential target in improving cardiac
arrest outcomes. Further research is needed to test this hypothesis.

Vascular endothelial growth factor (VEGF), as a regulator of
angiogenesis and capillary permeability, likely plays a role in
microvascular flow.30 Shapiro et al. reported that VEGF levels are
higher in septic patients compared to controls; VEGF levels were
also higher in septic shock than in those with sepsis alone.31 Mean-
while Karlsson et al. reported lower VEGF in non-survivors with
severe sepsis compared to survivors.32 The significance of VEGF

and its correlation with mortality remains controversial in septic
shock patients. In a previous study of post-cardiac arrest patients,
VEGF levels were lower than controls, but there was  no significant
difference between survivors and non-survivors.33 In our study, we
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bserved a trend of lower microvascular flow at 6 h in patients with
igher VEGF levels but it was not statistically significant. Further

nvestigations about the role of VEGF in the pathophysiology of the
ost-cardiac arrest syndrome are needed.

Epinephrine is used routinely during cardiopulmonary resusci-
ation. Through its �1 action, epinephrine increases large vessel
erfusion pressure and flow. Previous studies using an animal
odel of cardiac arrest demonstrated that epinephrine dramati-

ally decreased cerebral and sublingual microvascular flow.11,34 In
ur study, we observed a trend toward lower MFI  at 6 h in patients
ho received higher doses of epinephrine during the initial resus-

itation, but this trend essentially disappeared after controlling for
own time.

Future studies to assess the potential role of microcircula-
ory flow monitoring in the post-cardiac arrest population are
arranted. Questions to be answered include whether microcircu-

atory flow can be used to assess the effect of various post-cardiac
rrest interventions (specifically vasopressors, inotropes and ther-
peutic hypothermia), whether targeting microcirculatory goals
ill improve the overall outcomes of these patients, and finally
hether persistence of impaired microcirculatory flow after 24 h
ay predict worse neurologic outcome in this population.

. Limitations

We  recognize several limitations in our study. First, our
atient numbers were small. Second, some images were excluded
rom analysis due to poor quality, which might have affected
ur analysis. In addition, there are a number of metrics that
ay  be used to assess microcirculatory flow. For this initial

tudy, we chose a priori to use flow disturbances represented
y MFI  as our readout, which is the primary metric reported

n a number of initiatives. The biomarker measurements were
n initiative within the cardiac arrest population and therefore
e did not have measurements in the septic group. Moreover,
e were not able to calculate the oxygen extraction for com-
arison to microcirculatory flow indices as measuring ScvO2 or
vO2 were not part of our study protocol. Finally, some stud-
es suggest that sublingual microcirculation may  not accurately
orrelate with other vital microvascular beds such as cerebral
icrocirculation.35 On the other hand, the correlation between

ublingual and intestinal microvascular beds has previously been
alidated.36

. Conclusion

Microcirculatory dysfunction occurs early in post-cardiac arrest
atients. Better microcirculatory function at 24 h may  be associated
ith good neurologic outcome.
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