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Materials and methods: This is a preliminary report of a prospective observational study performed in four teach-
ing intensive care units. We studied 27 mechanically ventilated patients with acute respiratory distress
Purpose: To assess the presence of sublingual microcirculatory and skin perfusion alterations in COVID-19

syndrome secondary to COVID-19. Sublingual microcirculation was assessed by hand-held videomicroscopy.
A software-assisted analysis of videos was performed. We also measured capillary refill time.
Results: Patients were hemodynamically stable with normal lactate (1.8 [1.6–2.5] mmol/L) and high D-dimer
(1.30 [0.58–2.93] μg/mL). Capillary refill time was prolonged (3.5 [3.0–5.0] s). Compared to previously reported
normal values, total and perfused vascular density (21.9± 3.9 and 21.0± 3.5mm/mm2) and heterogeneity flow
index (0.91 ± 0.24) were high; and the proportion of perfused vessels (0.96 ± 0.03), microvascular flow index
(2.79 ± 0.10), and red blood cell velocity (1124 ± 161 μm/s) were reduced. The proportion of perfused vessels
was inversely correlated with total vascular density (Pearson r = −0.41, P = 0.03).
Conclusions: COVID-19 patients showed an altered tissue perfusion. Sublingual microcirculation was character-
ized by decreases in the proportion of perfused vessel and flow velocity along with high vascular densities.
This last finding might be related to enhanced angiogenesis or hypoxia-induced capillary recruitment.

© 2020 Published by Elsevier Inc.
1. Introduction

Microvascular thrombosis has recently been diagnosed in patients
with COVID-19, and it has been proposed to mediate the pathogenesis
of organ injury in this disease [1]. While widespread pulmonary
microvascular thrombosis was demonstrated [2], reports about the
compromise of extrapulmonary microvessels are inconsistent. Some
anatomopathological reports found extrapulmonary microvascular
thrombosis, but others failed to show such alterations [3,4]. Recently,
sublingual microcirculatory abnormalities were shown in 12 patients
with COVID-19 pneumonia [5]. Since microvascular densities were in-
versely correlated with D-dimer levels, these abnormalities might
have resulted from microthrombosis.
RDS, acute respiratory distress

nos Aires, Argentina, 60 y 120
A growing body of evidence suggests that the microvascular disor-
der plays a role in the pathogenesis of septic shock and is related to out-
come [6]. Thus, our goal was to assess the characteristics of sublingual
microcirculation and skin perfusion in patients with acute respiratory
distress syndrome (ARDS) secondary to COVID-19. In this report, we
show the preliminary results of a prospective multicenter study.

2. Materials and methods

We included 27 patients with diagnosis of ARDS secondary to
COVID-19 (positive result by polymerase chain reaction testing of naso-
pharyngeal or tracheal samples), from 4 intensive care units (ICU) in
Argentina. All patients were intubated and mechanically ventilated,
received infusions of midazolam, fentanyl and atracurium, and antico-
agulant prophylaxis from their hospital admission. No patient had su-
perinfections at the moment of the study. Blood pressure, heart rate
and norepinephrine infusion remained unchanged for 3-h before the
measurements. Sublingual microcirculation was assessed by means of
hand-held videomicroscopy, within the first 3 days of ICU admission.
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Table 2
Sublingual microcirculatory variables.

Variable Value Normal values P-value

Total vascular density (mm/mm2) 21.9 ± 3.9 16.7 ± 1.6 <0.0001
Perfused vascular density (mm/mm2) 21.0 ± 3.5 16.6 ± 1.6 <0.0001
Proportion of perfused vessels 0.96 ± 0.03 1.00 ± 0.00 <0.0001
Microvascular flow index 2.79 ± 0.10 2.97 ± 0.03 <0.0001
Red blood cell velocity (μm/s) 1124 ± 161 1331 ± 190 <0.0001
Heterogeneity flow index 0.91 ± 0.24 0.04 ± 0.03 <0.0001
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Relevant aspects of video acquisition and software-assisted analysis are
described elsewhere [6]. Several videos were taken in each patient.
Based on the total microcirculation image quality score, the best three
videos were selected for analysis [7]. Analysis was focused on small
microvessels (diameter < 20 μm) whereas large microvessels were
only considered for ruling out compression artifacts. For the calculation
of proportion of perfused vessels and perfused vascular density, we took
into account microvessels with continuous and sluggish flow. Capillary
refill time was measured by applying firm pressure to the ventral
surface of the right index finger distal phalanx with a glass microscope
slide. The pressure was increased until the skin was blank and
maintained for 10 s. The time for return of the normal skin color was
registered with a chronometer, and a refill time greater than 3 s was
defined as abnormal.

The respective institutional review boards approved this study and
waived patient informed consent.

We present continuous variables as median (interquartile range
[IQR]) ormean± SD, and categorical variables as numbers and percent-
ages. Values of COVID-19 patients were comparedwith those of healthy
volunteers from a previous study.by unpaired t-test [6]. Analyses were
performed using Stata version 15 (StataCorp).

3. Results

Main clinical and laboratory characteristics of thepatients are shown
in Table 1. Norepinephrine (0.03 [0.01–0.17] μg/kg/min) was required
in 12 patients (44%). The fluid balance in the previous 24-h was 600
[100–1490] mL. D-dimer and ferritin levels were elevated (Table 1).
Median plasma lactate was normal (1.8 [1.6–2.5] mmol/L). Capillary re-
fill time was prolonged (3.5 [3.0–5.0] s).

The total microcirculation image quality score was 1 [0–2] [7]. Com-
pared to reported normal values [6], total and perfused vascular density
andheterogeneityflow indexwere high; and the proportion of perfused
vessels, microvascular flow index, and red blood cell velocity were re-
duced (Table 2). The proportion of perfused vessels was inversely
Table 1
Clinical and laboratory characteristics of the patients.

Characteristic Value

Age, y 60 [51–63]
Female gender, No. (%) 7 (26)
APACHE II score 12 [9–17]
SOFA score 6 [3–8]
Dead, No. (%) 9 (33)
Discharged alive, No. (%) 3 (11)
Remained in hospital, No. (%) 15 (56)
Mean arterial pressure, mm Hg 76 ± 9
Heart rate, beats/min 86 ± 26
Positive end-expiratory pressure, cm H2O 11 ± 2
Arterial pH 7.31 ± 0.05
Arterial PCO2, mmHg 45 ± 8
Arterial PO2, mmHg 90 ± 27
Hemoglobin, g/dL 11.7 ± 2.1
PaO2:FiO2 ratio (normal values > 400) 122 ± 43
White blood cell count, ×109/L (reference
range = 3.8–10.5 × 109/L)

11.0 ± 4.6

Lymphocyte blood cell count, ×109/L (reference
range = 1.0–3.3 × 109/L)

0.80 ± 0.04

International normalized ratio (reference range = 0.8–1.2) 1.1 ± 0.1
Activated partial thromboplastin time, s (reference
range = 23–36 s)

369

Platelet count, ×103/μL (reference range = 150–450) 235 ± 111
D-dimer, μg/mL (reference range < 0.50 μg/mL) 1.30

[0.58–2.93]
Ferritin, ng/mL (reference range = 15–400 ng/mL) 593

[454–1162]

Data are shown as number (%), median [IQR] or mean ± SD.
Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation; SOFA,
Sequential Organ Failure Assessment.
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correlated with total vascular density (Pearson r = −0.41, P = 0.03).
D-dimer levels were not correlated with either total or perfused vascu-
lar density (Pearson r = −0.12, P = 0.59 and Pearson r = −0.12, P =
0.57, respectively). Total and perfused vascular density were correlated
with capillary refill time (Pearson r = −0.43, P = 0.02 for both).
4. Discussion

This is one of the few characterizations of sublingual microcircula-
tion in patients with COVID-19 pneumonia. Our patients had moder-
ate-to-severe ARDS and high levels of D-dimer, as biochemical
evidence of intravascular coagulation and increased fibrinolysis.
Although most of them were hemodynamically stable, they had alter-
ations in sublingual microvascular flow and capillary refill time. Micro-
circulatory abnormalities consisted in an increased number of small
vessels with stopped, intermittent or slow flow. These changes seem
minor, compared to those described in septic shock [6]. The proportion
of unperfused vessels, however, represented a several times increase
from normal values. Microvascular heterogeneity was greatly aug-
mented, while perfusion velocity was decreased. These abnormalities
might contribute to the development of multiple organ failure. Interest-
ingly, decreases in vascular densities were correlated with increases in
the capillary refill time, which is now considered a valuable goal of
resuscitation in septic shock [8].

Ourmost strikingfindingwas the increase in vascular density, which
was correlated with the proportion of unperfused microvessels. Differ-
ent mechanisms might underlie these findings. Patients severely
affected with COVID-19 develop fever and hypoxemia. Therefore,
hypoxia-induced capillary recruitment could be an explanation for the
increased vascular density observed [9,10]. Besides, high metabolic ac-
tivity and tissue hypoxia are recognized stimuli for vascular growth
[11]. Another well-known trigger for angiogenesis is microthrombosis
[12]. The association of pulmonary microthrombosis, angiogenesis and
capillary proliferation has been described in patients with severe
COVID-19 [2,13]. Our results suggest that this association is not only
restricted to the lung but might also be a systemic phenomenon.

Contrary to our results, the previous report found decreases in vas-
cular density [5]. Since hypoxemia produces both capillary recruitment
and angiogenesis, differences might be related to the higher compro-
mise of pulmonary oxygenation in our patients (PaO2/FiO2, 122 ± 43
vs. 207 ± 88 mmHg).

Our results showed that the diffusional determinants of microcircu-
latory oxygen availability–vascular densities–are increasedwhereas the
convective components–microvascular flow index, proportion of per-
fused vessel and red blood cell velocity–are decreased. Besides, thepres-
ence of increased heterogeneity was a further challenge to tissue
oxygenation. Since we only assessed microvascular perfusion, it is diffi-
cult to assert what the final impact on tissue oxygenation was.

Main limitations of this study are the small sample size and the
assessment of tissue perfusion on sublingual mucosa and skin only.
Measurements were taken at a single time point, which does not rule
out different findings in other stages of the illness. As the study was
merely descriptive, the underlying mechanisms of the microvascular
disorder are only speculative. Finally, we did not include a control
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group and microvascular variables were compared with referenced
normal values.

5. Conclusions

Even though themicrovascular disorder did not reach the character-
istics of the widespread thrombotic microangiopathy described in the
pulmonary bed, patients with severe COVID-19 pneumonia showed
subtle but consistent alterations in sublingual microcirculation and
skin perfusion.
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