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Abstract 

Introduction: Severe cases of COVID-19 presented a high incidence of multi-organ 
dysfunction syndrome (MODS) during their evolution. This was attributed to a theoretical 
cytokine storm, where microcirculatory disorders would play a fundamental role, causing these 
patients to present a sepsis-like pattern as observed in sublingual microcirculation studies. The 
evidence in this regard is controversial. The Peripheral Perfusion Index is a reliable method to 
continuously and non-invasively assess the microcirculatory bed, which assesses the pulsatile 
(PPI) component of the plethysmographic pulse curve.

Methods: We conducted a prospective observational study to evaluate the behavior of the 
PPI in patients with severe respiratory failure due to SARS-CoV-2 and its association with SDOM.

Results: We evaluated 60 patients with APACHE II 14.6 ± 4.4 and SOFA 4.7 ± 2.1. 55% of 
the patients presented SDOM. Perfusion monitoring showed IP values of 5.32 ± 1.87 that were 
associated with normal lactate levels of 1.49 mmol/L (min 0.89/ max 2.20 mmol/L). The PPI 
values between the living and the dead did not show a signifi cant diff erence (p = 0.854) or the 
presence of SDOM.

The PPI values between the patients who presented renal failure, hemodynamics, or 
perfusion disorders were determined by the presence of hyperlactatemia, and for those who did 
not present these characteristics, no statistical diff erence was found; neither when stratifi ed by 
PaFiO2 ratio. Mortality was 55%.

Conclusion: In our series of patients with severe pneumonia due to COVID-19, we found 
high PPI values, which would correspond to a pattern of capillary recruitment, and the associated 
organ injury could not be substantiated by this phenomenon.

There are controversies about whether the target organ 
damage is the consequence of an excessive inϐlammatory 
response to the infection called Cytokine Storm or whether it 
would correspond to direct viral injury in organs with a high 
density of Angiotensin-converting enzyme 2 (ACE2) receptors 
or a combination of both [4,5].

Multiorgan dysfunction syndrome has been widely 
studied concerning septic states where microcirculation plays 
a central role in its pathophysiology, where inϐlammatory 
mediators would be responsible for these microcirculatory 
alterations [6,7].

Introduction
The data reported during the SARS-CoV-2 pandemic 

showed a mortality rate between 30% - 50% in those patients 
who presented their most severe forms requiring intensive 
care  [1]. This high mortality rate was associated in most 
publications with the development of multi-organ dysfunction 
during the disease [2,3].

Although to date, the mechanisms involved in the 
pathophysiology of Multiorgan Dysfunction Syndrome 
associated with COVID-19 have not been clearly deϐined. 

https://crossmark.crossref.org/dialog/?doi=10.29328/journal.jcicm.1001043&domain=pdf&date_stamp=2023-05-08
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In recent years, microcirculation monitoring has been the 
subject of study concerning the evaluation of tissue perfusion 
in shock states through different techniques and technologies. 
Among these monitoring methods, sublingual microcirculation 
has been used in multiple investigations to assess behavior 
in patients with critically ill COVID-19 [8-11]. Many of these 
studies conclude that microcirculation disturbances observed 
would represent the engine of the cascade of events that lead 
to multi-organ dysfunction. Among these ϐindings, alterations 
such as increased capillary density are described, which are 
not compatible with other states of shock, particularly in 
septic patients.

In the same way, a series of pathological anatomies from 
autopsies of COVID-19 patients showed neoformation vessels 
due to intussusceptive angiogenesis 2.7 times greater than in 
H1N1 patients [12,13]. These vascular lesions are found in the 
lung, heart, liver, kidney, brain, and lymphoreticular organs 
[14], Organs with a high density of ACE2 receptors. These 
anatomopathological ϐindings and the evidence of increased 
capillary density obtained by microcirculatory monitoring 
could correspond to receptor-mediated viral injury and be 
one of the mechanisms responsible for the microcirculatory 
pattern and organ injury.

Peripheral Perfusion Index (PPI) obtained by pulse 
plethysmography has been described as a non-invasive, 
continuous, bedside option for assessing peripheral 
microcirculation. This monitoring method was validated 
in multiple works as a surrogate for microcirculation and 
tissue perfusion [15-17] and could be useful to assess 
microcirculatory behavior in COVID-19 patients with organ 
dysfunction.

We have designed an observational study to evaluate the 
behavior of the peripheral perfusion index in critically ill 
COVID-19 and its association with multi-organ dysfunction 
syndrome and overall mortality.

Materials and methods
We conducted a prospective, observational study. The 

objective of evaluating the behavior of the PPI in patients 
with severe respiratory failure due to SARS-CoV-2. Patients 
admitted to the ICU enrolled between April and August 2021. 

Inclusion criteria

1) Over 18 years of age, 2) Diagnosis of ARDS secondary to 
severe pneumonia due to COVID-19 that required mechanical 
ventilatory assistance (MVA), 3) With a positive result by 
polymerase chain reaction (PCR) by nasopharyngeal swab. 4) 
Patients who reached hemodynamic stability after adequate 
crystalloid and vasoactive resuscitation.

All enrolled patients were followed up for 28 consecutive 
days to record the data necessary for the analysis of the 
primary outcomes.

Primary outcomes: Evaluate the behavior of the PPI of 
patients with severe respiratory failure due to SARS-CoV-2.

Secondary Outcomes: Evaluate the association of PPI 
values in critically ill COVID-19 with multi-organ dysfunction 
syndrome.

Data collection: 24 hours after admission and having 
achieved hemodynamic stability, the following data were 
recorded for each patient:

General data: gender, age, ICU admission date, and ICU 
discharge date.

Admission severity scores: APACHE II and SOFA.

In lammatory parameters at admission: Ferritin, 
D-dimer, CRP, LDH.

Hemodynamic parameters: Heart rate (HR), systolic 
blood pressure (SBP), diastolic blood pressure (DBP) and 
mean arterial pressure (MAP).

Respiratory parameters: Ratio arterial pressure of O2/
Fraction of inspired O2.

Renal function parameters: Urea, Creatinine, Urinary 
volume.

Perfusion Parameters: Lactate, Peripheral Perfusion 
Index (PPI).

Results: Discharge, death, 28-day mortality, and length of 
stay (LOS) in the ICU.

Defi nitions

Hemodynamic stability: State in which the macro-
hemodynamic values of blood pressure and heart rate are 
within normal ranges.

Shock: State of hypoperfusion associated with 
hyperlactatemia.

Multiorgan Dysfunction (MOD): Understood as 
dysfunction of 2 or more organs that require external 
intervention to maintain homeostasis, assessed using the 
SOFA score.

Acute kidney injury (AKI): Classiϐied according to KDIGO 
AKI Score stages.

Liver dysfunction: Deϐined by elevated Bilirubin values 
according to SOFA (Total Bilirubin > 1,2 mg/dL).

Technique for peripheral perfusion measurement: 
This was evaluated 24 hours after the start of mechanical 
ventilation and during the period of hemodynamic stability 
using PI measured by the plethysmographic curve of the pulse 
oximetry sensor, from Beneview Monitors, N series; Mindray 
Bio-Medical Electronics Co.
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Treatment standards applied to study patients with 
severe respiratory failure due to SARS-CoV-2: All patients 
were intubated and connected to mechanical ventilation. 
If they had PaFiO2 < 120, they were ventilated in the prone 
position, received sedation and analgesia, and neuromuscular 
blockers were used if necessary. All received therapy with low 
molecular weight heparin and dexamethasone [18].

Statistical analysis

The collected data were stored in an electronic database, 
and then there were statistically analyzed with the IBM© SSPS 
24.0 tool. Baseline characteristics and outcomes were analyzed 
depending on the nature of the variables. The normality 
of quantitative data was assessed by Mean, Median, Mode, 
and Kurtosis with a standard deviation (SD) or a conϐidence 
interval of 95% (CI 95%). Also, the Shapiro test for normality 
was performed. Quantitative data were described with mean 
and 95% conϐidence interval. Normally distributed data were 
analyzed with a 2-tailed t - test (p = 0.05). Otherwise, the 
Wilcoxon rank sum test was used (p = 0.05). For categorical 
variables, the Chi-Square test was used. Kruskal Wallis test 
was used if the variable had 3 or more options. 

The sample was segmented to analyze the relationship 
between PPI and different situations. The segmentation was 
performed according to the following criteria: Alive-dead 
within 28 days; Presence or absence of hyperlactatemia; renal 
failure; Use of Noradrenaline; and ϐinally and stratiϐication 
was performed in ranges of < 100, 100-200, 200-300, and > 
300 according to PaFIO2 to evaluate the correlation of the PPI 
with those.

Results
During the study period, 66 patients were eligible to 

be included, 63 met the inclusion criteria, and 3 did not. 
During the study, 3 more patients had to be excluded due to 
not reaching the minimal data required to analyze primary 
outcomes. Therefore, only 60 patients completed the study 
(Figure 1).

The average age was 54.9 ± 10.9 years, the Apache II at 
admission was 14.6 ± 4.4 and the SOFA average was 4.7 ± 2.1.

Table 1 shows the clinical and laboratory characteristics 
of the patients admitted for COVID-19. Among the associated 
comorbidities we found 65% obesity (n = 39), 43.3% arterial 
hypertension (n = 26), 25% diabetes (n = 15), and 16.7% 
COPD (n = 10) as the most frequent.

55% (n = 33) presented multi-organ dysfunction 
with an average SOFA at the admission of 5.4 ± 2.47. The 
dysfunction most frequently associated with ARDS secondary 
to COVID-19 was renal 60% (n = 36); distributed according 
to KDIGO severity as AKI I 28.3%, AKI II 8.3%, AKI III 6.7%; 
with a 16.7% requirement for hemodialysis. Hemodynamic 
failure was the second in frequency of presentation at 41.7% 
(n = 25) with low Noradrenaline requirements (0.11 ug/kg/

min ± 0.17). To a lesser extent, it was associated with other 
failures (hematological 28.3% n = 17; hepatic 20% n = 12).

Perfusion monitoring showed IP values of 5.32 ± 1.87 in 
COVID-19 patients. These perfusion data were associated 
with normal serum lactate levels of 1.49 mmol/L (min 0.89/ 
max 2.20 mmol/L).

When segmenting the study population into Alive (n = 27)
and dead (n = 33), the PPI values were 5.37 ± 1.93 versus 
5.28 ± 1.84 p = 0.854. Non-signiϐicant differences were 
found regarding the presence of comorbidities. Regarding 
the incidence of DOM, there were no signiϐicant differences 
between the living and the dead. The presence of acute renal 
failure was more frequent in deceased COVID-19 patients than 
in living ones. As other data to be highlighted, the deceased 
in the sample presented a higher LDH value, a higher dose of 
norepinephrine, and a higher partial pressure.

Overall mortality at 28 days was 55%. The deceased in the 
study had a higher LDH value, a higher dose of norepinephrine, 
a higher partial pressure of CO2 (PCO2), fewer ARM-free days, 
and shorter hospitalizations (See Table 2 Alive-Dead). 

When the PPI values were analyzed between the patients 
who presented renal failure, hemodynamics, or perfusion 
disorders determined by the presence of hyperlactatemia and 
those who did not present these phenomena, no statistical 
difference was found (Table 3 PPI values according to 
characteristics).

Figure 1: Patient fl ow chart.
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Table 1: Clinical and laboratory characteristics of the patients.
N = 60

Age (years) 54.97 ± 10.9
Gender Female(F): Male(M) F 33,3% (20) : M 66,7% (40)

Apache II 14.67 ± 4.4
CRP C-Reactive Protein (mg/l) 95.9 ± 45.5

SOFA 4.73 ± 2.13
Fibrinogen (mg/dl) 748.2 ± 270.4

D-dimer (ng/ml) 2012 ± 2866.1
Ferritin (ng/ml) 742.4 ± 270.2

Lactate dehydrogenase LDH (U/l) 969.4 ± 463.9
Lactic acid plasma level (mmol/l) 1.49 ± 031

Comorbidities
HBP
DBT

OBESITY
COPD

43.3% (26)
25% (15)
65% (39)

16.7% (10)
Multiple organ dysfunction 55%

Renal failure
without AKI

AKI I
AKI II
AKI III

HEMODIALYSIS

42.4% (25)
28.8% (17)

6.8% (4)
6.8% (4)

16.9% (10)
Hematologic Failure 28.3% (17)

Liver failure 20% (12)
Hemodynamic instability 41.7% (25)

HEART RATE HR 83.9 ± 20.3
Systolic Blood Pressure SBP mmHg 122.2 ± 10.3
Diastolic Blood Pressure PAD mmHg 70.3 ± 11.4

Mean Blood Pressure MAP mmHg 85.3 ± 8.5
Dose Noradrenaline ND G/Kg/min  0.11 ± 0.17 (n = 25)

Respiratory failure 100% (60)
Partial Pressure of Oxygen PO2 mmHg 96.5 ± 14.1

Partial Pressure of Carbon Dioxide PCO2 mmHG 43.6 ± 7.61
PAFIO2 169 ± 37.7

Perfusion Index 5.32 ± 1.87
MV DAYS 16.9 ± 12.4

FREE DAYS OF MV 3.4 (0-34)
LOS ICU (Days) 20.3 ± 15.7
Results 28 days

Alive
Dead

45% (27)
55% (33)

PAFIO2: Arterial Oxygen Pressure/Fraction Of Inspired Oxygen. MV: Mechanical Respiratory Assistance; ICU: Intensive Care Unit; AKI: Acute Kidney Injury; HBP: High Blood 
Pressure; DBT: Diabetes, COPD: Chronic Obstructive Pulmonary Disease.

1.44 ± 1.12; severe PPI 3.69 ± 2.51). These values are lower 
than in our study (PPI 5.32 ± 1.87). These could be explained 
by the fact that they used a single measure at admission as 
isolated data; in our study, we took several measurements 
during respiratory failure [20].

Consistent with the observed pattern, we found low lactate 
values, with normal blood pressure values with low vasoactive 
requirements and low doses, showing a clear difference from 
what was found in septic shock. These parameters did not 
present signiϐicant differences when compared between the 
living and the dead. The ϐindings are similar to the values 
published in other series (Table 4). 

In the same way, a recent work [23] evaluated 
microcirculation, endothelium, and inϐlammation in critically 
ill patients with COVID-19 and the results were compared 
with patients with septic shock. The patients presented less 

The samples were stratiϐied into 4 groups according to the 
oxygenation parameters of the SOFA Score. No signiϐicant PPI 
variation was observed between the groups (Figure 2).

Discussion
Our study evaluated peripheral perfusion using IPP by 

pulse oximetry in patients with ARDS secondary to severe 
pneumonia due to COVID-19 to determine its probable 
relationship with the development of MFO associated with 
this pathology. The PPI values found in our study were higher 
than those established as a cut-off point of 1.4 as the normality 
value of the study by Bakker, et al in patients with septic 
shock [15] and even higher for established values of 0.6 as a 
marker of hypoperfusion [19]. Recently, a study reported high 
PPI values in COVID-19 patients assisted in the emergency 
department. They established a cut-off point to predict 
disease severity when the PPI was over 2.2 (non-severe PPI 
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Table 2: Segmenting the study population into alive and dead.
Dead/Alive Dead N = 33 Alive N = 27 p
Age (years) 57.1 ± 9,9 52.3 ± 11.6

Gender Female(F): MALE(M) F 33.3% (11) : M 66.7% (22) F 33.3% (9) : M 66.7% (18) 1
Apache II 14.9 ± 4,5 14.3 ± 4.3 0.602

CRP C-Reactive Protein (mg/l) 97.3 ± 44.5 94.4 ± 47.5 0.808
SOFA 5.1 ± 2.4 4.3 ± 1.6 0.147

Fibrinogen (mg/dl) 736.6 ± 284.1 760.8 ± 260.4 0.734
D-dimer (ng/ml) 2061.9 ± 2763.5 1968.5 ± 3009.5 0.901
Ferritin (ng/ml) 749.7 ± 303.5 733.4 ± 276.9 0.831

Lactate dehydrogenase LDH (U/l) 1090 ± 501.4 843.5 ± 393.4 0.041
Lactic acid plasma level (mmol/l) 1.52 ± 0.3 1.45 ± 0.33 0.393

Comorbidities
HBP
DBT

OBESITY
COPD

51.5% (17)
21.2% (7)

72.7% (24)
15.2% (5)

33.3% (9)
29.6% (8)

55.6% (15)
18.5% (5)

0.164
0.458
0.171
0.735

Multiple organ dysfunction 60.6% (20) 48.1% (13) 0.337
Renal failure
without AKI

AKI I
AKI II
AKI III

HEMODIALYSIS

30.3% (10)
30.3% (10)

9.1% (3)
12.1% (4)
18.2 (6)

55.6% (15)
25.9% (7)
3.7% (1)

-
14.8% (4)

0.049
0.709
0.408
0.063
0.727

Hematologic Failure 24.2% (8) 33.3% (9) 0.441
Liver failure 21.2% (7) 18.5% (5) 0.796

Hemodynamic instability 51.5% (17) 29.6% (8) 0.089
HEART RATE HR 86.1 ± 17 81.2 ± 23.7 0.337

Systolic Blood Pressure SBP mmHg 121.9 ± 9.5 122.5 ± 11.3 0.711
Diastolic Blood Pressure PAD mmHg 68.6 ± 13.6 72.5 ± 7.5 0.188

Mean Blood Pressure MAP mmHg 84.1 ± 8.3 86.8 ± 8.7 0.224
Dose Noradrenaline ND G/Kg/min 0.13 ± 0.2  0.05 ± 0.03 (n=8) 0.044

Respiratory failure 100% (33) 100% (27) 1
Partial Pressure of Oxygen PO2 mmHg 93.6 ± 14.5 100.1 ± 13.3 0.078

Partial Pressure of Carbon Dioxide PCO2 mmHG 46.2 ± 8.1 40.5 ± 5.6 0.003
PAFIO2 154.9 ± 38.7 186.3 ± 29.5 0.001

Perfusion Index 5.28 ± 1.84 5.37 ± 1.93 0.854
MV DAYS 13.6 ± 5.7 20.9 ± 16.7 0.022

Free Days OF MV 1.03 (0-20) 6.3 (0-34) 0.0006
LOS ICU (Days) 14.6 ± 7.6 27.1 ± 20.1 0.001

Table 3: Peripheral perfusion index values and organ dysfunction.

Alive (n = 27) Dead (n = 33) p

PPI 5.37 ± 1.93 5.28 ± 1.84 0.854

AKI NO (n 24) AKI YES (n 36) P

PPI 5.18 ± 2.06 5.41 ± 1.76 0.645

VASOACTIVE DRUGS NO (n 36) VASOACTIVE DRUGS YES (n 24) P

PPI 5.29 ± 1.84 5.37 ± 1.94 0.872

LACTATE <1.8 (n 49) LACTATE >1.8 (11) P

PPI 5.31 ± 1.87 5.35 ± 2.23 0.951

PPI: Peripheral Perfusion Index; AKI: Acute Kidney Injury

Table 4: Hemodynamic and perfusion parameters published in other series.

Sample Lactate (mmol/L) Norepinephrine dose (μgs/kg/min) Capillary refi ll time (sec.) SOFA

Dubin, et al.[8] N = 27 1.8 (1.6-2.5) 0.03 (0.03-0.17) 3.5 (3-5) 6 (3-8)

Donati, et al. [9] N = 22 1.16 0.24  - 5 (3-6)

Wang et al. [21] N = 138 1.3 (0.7-2.0)  - 5

Abou-Arab et al. [10] N = 40 1.5-2.0 0.02 2-3 3-10
Yang, et al.

[22] N = 52 1.6-1.9  -  - 4-6

Cornu, et al. N = 60 1.49 (0.89-2.20) 0.11 (0.01-0.89) - 4.7 (2-10)
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requirement for vasoactive drugs, low plasma lactate levels, 
lower Interleukin 6 (IL6) levels, and greater sublingual 
microcirculatory ϐlow than in septic patients. There was 
no difference in Syndecan-1 levels between both groups 
(endothelial activation).

When sublingual microcirculation was evaluated in 
COVID-19 patients using SDF Technology in different studies 
[8-11], they observed that this group of patients presented 
microcirculatory alterations with a pattern of increased 
capillary density, low percentage of perfused vessels, and high 
indices of heterogeneity. The observed capillary recruitment 
coincides with the ϐindings of our study, where a high PPI 
evidences an increase in peripheral pulsatile ϐlow.

A series of autopsies in COVID-19 patients compared 
with pathological anatomy of ARDS from other viral causes, 
observed in the lungs infected by SARS-CoV-2 distinctive 
vascular characteristics with severe endothelial injury with 
the presence of intracellular virus and microangiopathic 
thrombosis x 9 times higher than for Inϐluenza (p < 0.001)
and the number of neoformation vessels due to 
Intussusceptive angiogenesis is 2.7 times greater than in 
H1N1 (p < 0.001) [12,13]. These results are consistent with 
other studies showing angiocentric inϐlammation with large 
numbers of ACE2-positive endothelial cells in COVID-19 
samples compared to healthy controls or Inϐluenza “A” ARDS 
postmortem samples. This vascular injury is accompanied by 
thrombosis and intussusceptive angiogenesis in the lungs, 

Figure 2: PaFio2 – PPI.

SARS-CoV-2 ACE2

Shear Force Intussusceptive 
  Angiogenesis

   Capillary RecruitmentSRAA  BK      Increased 
Increased Capillary     density (SDF)
Increased Peripheral     Perfusion Index

Hypoxia secondary to Intrapulmonary shunt
Figure 3: The SARS-CoV-2 interaction with ACE2 receptors would generate an imbalance of the Renin-Angiotensin and Bradykinin systems, producing 
a dysregulation of microcirculatory blood fl ow with a predominance of vasodilation with increased fl ow. The increase in microcirculatory fl ow produces a 
shear force on the capillary endothelium which, together with hypoxia, are strong stimuli of intussusceptive Angiogenesis responsible for the pattern of 
capillary recruitment. Hypoxia could be interpreted as an increase in the intrapulmonary shunt due to capillary recruitment/impaired hypoxic vasoconstrictor 
refl ex and, in turn, stimulation of greater capillary recruitment. All these mechanisms together would result in a CAPILLARY RECRUITMENT Pattern that 
manifests as Increased Capillary Density in sublingual Microcirculation with SDF (Sidestream Dark Field) and Increased PPI.
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heart, liver, kidney, brain, and lymphoreticular organs [14], 
organs with a high density of ACE2 receptors.

When DeBacker, et al. [24] evaluated sublingual 
microcirculation with Microscan imaging in patients with 
ARDS due to H1N1 and observed moderate to severe 
involvement with a sepsis-like pattern. The proportion of 
vessels perfused, and the microcirculatory ϐlow index was 
negatively correlated with the SOFA score. The patients 
evaluated had high vasoactive requirements (norepinephrine 
0.57 ± 0.55 ug/kg/min) and average lactate values of 1.8 
mEq/L (1.2-3.7).

These microcirculatory ϐindings, added to the differences 
described between the pathology of COVID-19 and H1N1 
patients, show the different microcirculatory roles in the 
development of multiorgan dysfunction between these 
diseases, where the capillary recruitment component seems 
to have a central role in the pathophysiology of patients 
infected by SARS-CoV-2.

It is important to remember what we understand by 
capillary recruitment this is the increase in the number of 
perfused blood capillaries in response to different stimuli; 
either by opening existing capillaries through blood ϐlow 
regulation mechanisms by arteriolar contraction or relaxation 
in response to increased metabolic demands or by the 
formation of new capillary vessels through “Angiogenesis” 
[25]. Those adaptive mechanisms were studied in muscles 
subjected to exercise [26]. Those works show that 
angiogenesis would be an adaptive response to the reduction 
in oxygen pressure, and or related to metabolic alterations 
mediated by the activation of different cytokines released 
by endothelial cells, such as Vascular endothelial growth 
factor (VEGF) activated by hypoxia; Fibroblast growth factor 
(FGF) in response to baroreceptor-mediated increased ϐlow 
patterns generating shear forces in the vessel lumen wall; and 
(c) inϐlammatory mediators among others. These mechanisms 
could be involved in developing intussusceptive angiogenesis 
related to COVID-19 (ϐindings in pathology), although it is 
unclear if similar angiogenesis mechanisms could occur in 
pathological states [27].

Reinforcing the concept that the target organ of the injury 
of this disease is the vascular endothelium, patients with 
respiratory failure due to SARS-CoV-2 show angiocentric 
inϐlammation with a high number of ACE2-positive endothelial 
cells compared with uninfected healthy controls and ARDS 
due to type “A” inϐluenza [28]. In turn, it was evidenced that 
COVID-19 patients present high biomarkers of circulating 
endothelial stress, complement activation, and ϐibrinolytic 
dysregulation; and that these ϐindings are associated with 
disease severity. This pattern of endothelial damage assessed 
by biomarkers differs from septic states [29].

Multiple studies describe the mechanisms involved by 
ACE2 receptors in both infection and damage mechanisms. 

The virus-receptor interaction reduces the action of ACE2, 
which produces an imbalance of the renin-angiotensin system 
(RAAS) and the kallikrein-kinin system (KKS). The decreased 
expression of ACE2 in endothelial cells fails to catalyze the 
conversion of angiotensin II to angiotensin, leading to the 
accumulation of angiotensin II, which is a potent autocrine, 
proinϐlammatory, and prothrombotic vasoconstrictor that 
would generate endothelial damage [30,31].

In turn, the decrease in ACE2 activity activates the KKS, 
which regulates many physiological processes such as 
inϐlammation, coagulation, vasodilation, and blood pressure.

Some authors [32] suggest that COVID-19 would produce 
“downregulation” of peptidases that inactivate bradykinins, 
substance P and neurotensin, increasing their vasodilator 
and proinϐlammatory activity and generating endothelial 
activation with increased vascular permeability. This process 
is called “Bradykinin Storm”. This increase in the levels of 
these vasoactive peptides is associated with an “upregulation” 
of bradykinin receptors (B1R and B2R) that would enhance 
their action. This postulated mechanism could be responsible 
for the increase in blood ϐlow and loss of the hypoxic 
vasoconstrictor reϐlex in a COVID-19 patient, which would 
explain at least in part the presence of intrapulmonary shunt 
manifested in severe hypoxemia.

The exposed mechanisms triggered by endothelial 
activation and the observed pattern of angiogenesis-mediated 
capillary recruitment modiϐies the architecture of the 
microcirculatory bed by altering the rheological properties 
of blood ϐlow (laminar/turbulent) generating blood ϐlow 
heterogeneity with dispersed ϐlow velocities, different 
forces of shearing on the vascular wall, segment of occluded 
vessels, platelet aggregation associated with up-regulation of 
thrombotic agonists.

These alterations in microcirculatory morphology could 
explain some of the ϐindings of sublingual microcirculation 
studies in COVID-19 patients, such as the decrease in the 
percentage of perfused vessels, the microvascular ϐlow 
index, and the increase in the heterogeneity index associated 
(convective component) with the recruitment capillary 
pattern manifested by increased capillary density (diffusive 
component) [8-10].

These microcirculatory disorders would be responsible 
for the different V/Q ratios at the lung level, which is one of 
the causes of the severe hypoxemia observed in COVID-19 
patients. Severe hypoxemia with preserved lung mechanics in 
the early stages of the disease suggests that the intrapulmonary 
shunt would be due to vascular pathology [33,34].

Hypoxemia could also trigger and perpetuate this pattern 
of capillary recruitment previously explained by intrinsic 
autoregulation mechanisms of adaptive microvascular 
response to severe hypoxemia to improve tissue oxygenation, 
a mechanism studied in the hypoxia model due to height [35].
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In our study, when we evaluated the relationship of PPI 
with the severity of hypoxemia according to the PaO2/FiO2 
ratio, we did not observe signiϐicant variations (Figure 2), 
which would lead us to suspect that hypoxia would not be the 
main cause of capillary recruitment evaluated by PPI, perhaps 
having a role in the maintenance of the observed vascular 
disorder.

As in other studies, our patients presented arterial 
hypertension (HBP), diabetes (DBT), and obesity as the 
most frequent comorbidities. Well-known states of chronic 
endothelial injury with previously impaired capillarity make 
them more susceptible to endothelial activation and damage.

Finally, we found no relationship between PPI values and 
organ failure (Table 3). Elevated PPI values were not related 
to organ perfusion disorders. This, associated with low lactate 
levels, shows that microcirculation would not play a role in the 
organ failure associated with COVID-19 disease. The incidence 
of associated organic dysfunction would be explained by the 
high density of ACE2 receptors in the organs involved (lung, 
kidney, heart, liver) and therefore the greater susceptibility to 
direct viral injury and local endothelial alterations that would 
produce the microcirculatory changes described above, 
endothelial damage, thrombosis, and inϐlammation.

Summarizing, it could be stated that infection by SARS-
CoV-2 via ACE2 receptors would produce an imbalance 
of vasoactive mediators (angiotensin/bradykinins) 
generating an increase in microcirculatory ϐlow that via 
mechanoreceptors and release of endothelial cytokines would 
stimulate intussusceptive angiogenesis and loss of hypoxic 
vasoconstrictor reϐlex. All this associated with direct viral 
endothelial injury would produce endothelial activation, 
activating inϐlammation and the coagulation cascade. 
Altogether would generate the pattern of capillary recruitment 
observed in our study as high PPI and organ dysfunction due 
to local processes via ACE2 (Figure 3).

Within the inϐlammatory parameters on admission, we 
observed a statistically signiϐicant greater increase in LDH 
in the patients who died. This tissue injury parameter was 
described by Cecconi, et al. as a predictor of poor outcomes 
in a cohort of COVID-19 patients [36]. A more recent work 
evaluated the levels of LDH isoenzymes in plasma in patients 
with SARS-CoV-2 infection. The high levels of LDH would 
not be due to LDH3 of pulmonary origin; consistent with our 
ϐindings, the levels of LDH1 (heart, kidney, and erythrocytes) 
and LDH5 (liver and muscle) isozymes present in organs with 
high levels of ACE2 receptors [37].

The limitations of our study are due to its observational 
and descriptive nature, together with a small sample analyzed 
and some of the pathophysiological mechanisms exposed are 
purely speculative.

Conclusion
In our study of critically ill COVID-19, we found high PPI 

values, which could correspond to a pattern of capillary 
recruitment, and this phenomenon could not explain the 
associated organ damage. New studies with greater statistical 
power would be necessary to characterize the macro/
microhemodynamic patterns, and their molecular correlates 
to correctly understand the development of multiple organ 
dysfunction in these patients.

Key messages

The peripheral perfusion index showed high values in a 
COVID-19 patient with associated multi-organ dysfunction.

The perfusion index showed a pattern of capillary 
recruitment, unable to demonstrate the cause of multiple 
organ dysfunctions by this mechanism.

The peripheral perfusion index did not show any 
relationship with the severity of hypoxemia.

The multi-organ dysfunction associated with COVID-19 
could be explained by direct viral injury associated with ACE2 
receptors.

There was no relationship between peripheral perfusion 
index values and outcome.
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