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At a Glance: This work provides new insights into the role of peripheral tissue perfusion 

signs such as capillary refill time in early cardiogenic shock. A prolonged capillary refill time 

> 3 sec was associated with an early prediction of 90-day outcome or the need for venoarterial 

extracorporeal membrane oxygenation support. Adding capillary refill time to CardShock risk 

score showed a marked improvement in CardShock prognostic properties with an area under 

the curve at 0.93. 
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Abstract 

 

 

Background: Identification of cardiogenic shock severity is a critical step to adapt the 

management level upon admission. Peripheral tissue perfusion signs, simple and reliable 

markers of tissue hypoperfusion have never been extensively assessed during cardiogenic 

shock. 

 

Methods: All consecutive patients admitted in ICU for cardiogenic shock of two tertiary 

teaching hospitals were included in a prospective observational study. Macro-hemodynamic 

parameters (such as heart rate, blood pressure, left ventricular ejection fraction and cardiac 

index) and peripheral tissue perfusion signs such as capillary refill time on the index fingertip, 

mottling and Pv-aCO2 (the difference between partial pressure of CO2 in venous blood and 

arterial blood) were recorded at inclusion (H0), H6, H12, H24 and H48. The composite 

primary endpoint was the association between 90-day mortality or the need for venoarterial-

ECMO support.  

 

Results: 61 patients were included; at inclusion, simplified acute physiology score II was 64 

(52–77) points. The primary endpoint was met by 42% of patients. Capillary refill time values 

were significantly higher at all time-points in non survivors or patients needing venoarterial-

ECMO support. In univariate analysis, capillary refill time > 3 sec at inclusion was associated 

with 90-day all-cause mortality or venoarterial-ECMO support (Hazard Ratio of 12.38; 95% 

CI 2.91 to 52.71). Capillary refill time at inclusion was poorly associated with 

macrocirculatory parameters but significantly correlated with microcirculatory parameters. 

Further, capillary refill time added incremental value to Cardshock score, with an AUC 

combination at 0.93. 

 

Conclusion: In patients admitted in ICU for cardiogenic shock, our preliminary data suggest 

that a prolonged capillary refill time > 3 sec was associated with an early prediction of 90-day 

mortality or the need for venoarterial-ECMO support. 

 

Abstract: 272 words.  

Total words: 3844 words. 

 

Key words: Cardiogenic shock, heart failure, shock, microcirculation.
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Introduction 

Cardiogenic shock (CS) is usually defined as a primary cardiac dysfunction with low cardiac 

output leading to critical organ hypoperfusion, tissue hypoxia (1, 2) and a high mortality rate 

(40%) despite recent advances (3). Mortality has mainly been associated with peripheral 

tissue perfusion signs disorders that extend beyond the macrocirculation and subsequently 

drive organ failure.  

Many studies have now evidenced that CS not only involves perfusion abnormalities of the 

systemic macrocirculation, such as blood pressure (BP), left ventricular ejection fraction 

(LVEF) or cardiac index (4-7), but also involves significant uncorrelated abnormalities of the 

systemic microcirculation (8, 9). This terminal vascular network of the systemic circulation, 

formed by microvessels, arterioles, capillaries, and venules within organ tissues, is a terminal 

network, which main functions are oxygen and nutrient delivery, and carbon dioxide removal 

(10). It is also involved in regulating blood flow and tissue perfusion in response to 

cardiovascular alterations, in order to tailor oxygen delivery across microvascular beds with 

different oxygen needs.  

Microcirculation can be directly visualized, using handheld microscopes, such as 

Orthogonally Polarized Spectral (OPS), Sidestream Dark-Field (SDF) or Incident Dark-Field 

(IDF) imaging techniques or tissue laser Doppler imaging (11), but with numerous limitations 

(12). Among them, the requirement of trained operators, limited availability of these different 

devices, lack of a clearly defined target value, difficult evaluation of the sublingual area in 

non-intubated patients and limited representativeness of microcirculatory impairment in other 

tissues (12).  

Interestingly, traditional markers of peripheral tissue perfusion signs (capillary refill time 

(CRT), mottling,  PCO2) were strongly linked with microcirculatory blood flow alteration 

during septic shock (13, 14). CRT measures the time required to recolor the tip of a finger. 
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Mottling is defined as patchy skin discoloration that usually starts around the knees. Central 

venous-arterial carbon dioxide difference ( PCO2), also named Pv-aCO2, is the difference 

between partial pressure of CO2 in venous blood and arterial blood (15).  

Even if poor perfusion signs, such as cold extremities, mottling and elevated capillary refill 

time, are part of the various proposed definitions (16, 17) and are easy to assess, they have 

been poorly studied in CS to date (18). Indeed, no study has rigorously investigated them in 

CS.  

The aim of this prospective observational study was to assess the correlation of CRT values 

with 90-day mortality in CS patients or the need for venoarterial extracorporeal membrane 

oxygenation (VA-ECMO) support. Other aims were to assess correlation between CRT and 

hemodynamic parameters using clinical parameters thoroughly validated in septic shock (19-

22) and also to compare CRT contribution on CS survival (23).  
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Materials and methods 

Study design and patients 

We conducted a prospective observational study in two tertiary teaching hospital, Strasbourg, 

and Nancy. During a 33-month period, between September 2018 and July 2021, all 

consecutive patients, older than 18 years, were included within the first 3 hours of admission 

in intensive care unit (ICU) for CS. However, due to the COVID-19 pandemic different 

waves, inclusions had to be temporarily stopped many times during successive waves. CS was 

defined according to the definition used in the 2016 FRENSHOCK registry which considers 

all CS shock regardless of the etiology (see Table S1 in the online data supplement) (17). 

Thus, patients were included if they met at least one criterion of each of the following three 

components:  

 low cardiac output, defined by systolic blood pressure < 90 mmHg and/or the need for 

amines (dobutamine and/or norepinephrine and/or epinephrine) to maintain systolic 

blood pressure > 90 mmHg and/or cardiac index < 2.2 L/min/m
2
 on echocardiography 

or right heart catheterization; 

 elevation of left and/or right heart pressures, defined by clinical signs, radiology 

(overload signs on chest X-ray or computed tomography scan), biological tests 

(natriuretic peptide elevation), echocardiography (usual signs of left ventricular filling 

pressure elevation) or invasive hemodynamic overload signs (elevation of mean 

pulmonary artery pressure or pulmonary capillary wedge pressure); 

 signs of malperfusion, which could be clinical (oliguria, mottling, confusion) and/or 

biological (lactate > 2 mmol/L, hepatic insufficiency, renal failure).  

In each case, an echocardiogram was performed to confirm the diagnosis. Patients were 

treated according to the most recent CS European and American guidelines at this time (24-

26). 
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All patients had to be included within the first 3 hours of their admission. We excluded 

cardiac arrests, patients with dark skin as accurate clinical evaluation of perfusion signs such 

as mottling is difficult to assess, patients considered moribund by the attending physician and 

if non-opposition was not expressed by the patient or his/her relatives. Moribund status was 

defined according to a state of imminent death with no medical therapeutic option. 

Approval was obtained from a regional ethics committee (Comité de Protection des 

Personnes, - CPP - Sud Est V; reference 18-STRA-01). All patients were informed through 

the informed non-opposition sheet about the study. In accordance with current French 

legislation, informed consent was not required for the prospective analysis of observational 

data routinely collected in the medical files. However, a non-opposition (considered as a tacit 

agreement) was mandatory. In unresponsive patients, informed non-opposition was first 

obtained from their closest relatives and thereafter in surviving patients who recovered 

consciousness.  

 

Outcome measures 

The primary composite outcome was to assess the association of CRT values with 90-day 

mortality or the need for VA-ECMO support in CS patients. Secondary outcomes were: the 

correlation between CRT and macrocirculatory parameters (such as heart rate, systolic blood 

pressure [SBP], cardiac index and cardiac power index [CPI]); the correlation between CRT 

and microcirculatory parameters (mottling, urinary output and ΔPCO2); and the comparison 

between CRT with various scores (27) on  90-day mortality or VA-ECMO. 

All clinical and paraclinical examinations were standardized and predefined in the protocol 

(clinicaltrials.gov; NCT03436641). Times of measurement were at inclusion (H0), H6, H12, 

H24 and H48. 
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General characteristics of the patients were recorded: demographic data, diagnoses, severity 

of illness evaluated by the sequential organ failure assessment (SOFA) score (within 6 hours 

of inclusion), with higher scores indicating a greater severity of organ dysfunction in critically 

ill patients (28) and simplified acute physiology score II (SAPS II) (29). Classification of CS 

was evaluated using the society of cardiovascular angiography and interventions (SCAI) 

cardiogenic shock stages (30), a system describing stages of CS from A to E. The CardShock 

risk score, consisting of seven common variables, was developed as a risk prediction tool for 

mortality in patients with CS (27). The vasoactive-inotropic score was also calculated. This 

score is used to quantifies the amount of cardiovascular support the patient received by 

including weighted doses of dobutamine, epinephrine, milrinone, vasopressin, and 

norepinephrine (31).  

 

At each time point, we collected data that reflected macrocirculation (hemodynamic 

measurements) and microcirculation (reflecting organ perfusion). Macrocirculation was 

assessed using invasive blood pressure monitoring (intra-arterial catheter), heart rate, left 

ventricular ejection fraction and cardiac index by echocardiography. Echocardiography 

parameters were assessed by physicians with adult echocardiography certification (32, 33) 

using the Vivid-S5 or S70 system (General Electric, Horton, Norway) with cardiac probe and 

with default cardiac imaging setting. Cardiac index (L/min/m
2
) were calculated by using 

standard formulae. Cardiac power index (CPI, W/m
2
) is the cardiac power output indexed to 

body surface area and were calculated as mean arterial pressure × cardiac index/451 (34). 

 

Microcirculatory dysfunction and organ perfusion were assessed through arterial lactate level, 

urinary output and clinical parameters reflecting perfusion signs obtained from the skin 

perfusion such CRT, skin mottling, central-to-toe temperature difference and  PCO2. CRT 
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procedure was a priori defined, and all investigators were trained with a video e-learning. 

CRT is the time for skin color to fully recover after applying a 15 sec firm pressure on the 

index finger (35). The pressure applied was just enough to remove the blood at the tip of the 

physician’s nail illustrated by appearance of a thin white distal crescent (blanching) under the 

nail. The time for return of the normal skin color was registered with a chronometer, and by 

analogy with other shock state etiologies, a refill time greater than 3 seconds was defined as 

abnormal (20, 36). To reduce measurements variability, it was recommended to average three 

successive measures of CRT. Mottling of the anterior aspect of the knee was assessed visually 

on both legs. Patients were placed supine with the legs straight and at the level of the heart. 

Mottling score which describes the extent of the mottled area on the knee and thigh was 

determined on a 6-point scale ranging from 0 to 5 as described previously (19). If mottling 

was present, then the leg with more prominent mottling was chosen for scoring. Mottling 

score is an easy-to-learn and easy-to-use score with excellent inter-rater reproducibility, 

recorded routinely for several years in Strasbourg and Nancy ICU. Central to peripheral 

temperature difference was the difference between central temperature measured by a bladder 

thermistor catheter and peripheral temperature measured by a skin probe on the big toe of the 

foot (27). ΔPCO2, also named PCO2 gap or Pv-aCO2, was calculated by subtracting arterial 

blood (PaCO2) to partial pressure of CO2 in superior vena cava blood (PvCO2) measured on 

arterial and central venous samples taken simultaneously. 

 

Statistical analysis 

Analytical data are presented as the median with 25
th

 and 75
th

 percentiles (median 

(interquartile range)) for continuous variables, whereas categorical variables as numbers and 

percentages. Comparisons of baseline characteristics according to groups were conducted by 

using Mann–Whitney for continuous variables and the Fisher exact test or  2 test for 
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categorical variables. Mann–Whitney test was used to assess between groups difference for 

repeated measures at each time. A post-hoc Benjamini-Hochberg correction was performed to 

adjust p-values. Univariate Cox proportional-hazards regression were used to analyze the 

association of CRT at H0 according to its usual threshold (3 sec) or by tercile of CRT at H0 

with 90-day mortality or VA-ECMO support. Schoenfeld test was performed to assess the 

proportional hazard assumption. For illustration, a survival curve was drawn according to the 

usual threshold value of CRT at H0 (3 sec) and by tercile of CRT at H0 by using the Kaplan-

Meier method. Spearman test was used to test correlations. ROC curves were drawn, and 

AUC were provided. Comparison between AUC values were performed using the Delong 

test. The ROC curve was used to identify the optimal threshold using the ‘closest to topleft’ 

method, i.e. the threshold that minimizes the criterion (1 - Sensitivity)² + (1 - Specificity)². 

This cut-off was used to evaluate the sensitivity, specificity, negative predictive value and 

positive predictive values. Confidence intervals were calculated from on 2,000 stratified 

bootstrap samples. The prognostic value of CRT at H0 in category (≤ 3 sec; > 3 sec) on top of 

CardShock score for 90-day mortality or VA-ECMO support was assessed using continuous 

net reclassification improvement (cNRI) and increase in area under the curve (AUC). A two-

sided p-value ≤ 0.05 was regarded as statistically significant. Statistical analyses were 

performed using R, version 4.1.1 (2021-08-10) (R Foundation for Statistical Computing, 

Vienna, Austria). 
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Results 

Study population at inclusion (H0) 

During the prespecified prospective inclusion period, 61 consecutive patients were included 

and because of missing CRT at inclusion (H0) for two patients, 59 were analyzed. Baseline 

characteristics are summarized in Table 1. CS criteria used to define CS in the study 

population are reported in Table S1. Primary cause of CS was ischemic in 31%. The median 

age of the study population was 71 years (65 - 78) and 51% were men. Median LVEF was 25 

% (20 - 39) and median cardiac index was 1.80 L/min/m
2
 (1.30 - 2.10). The prevalence of the 

SCAI cardiogenic shock stages were as follows: A: 0%; B: 3%; C: 39%; D: 31%; and E: 27%. 

The median SOFA score measured 6 hours after admission was 8 (7 - 10) points and the 

median SAPS II was 64 (52 - 77) points. The median vasoactive-inotropic score was 30 (5 - 

69) and 85% were treated with mechanical ventilation. Characteristics of the population 

according to CRT are presented in Table 1. Briefly, patients with a CRT > 3 sec compared to 

patients with CRT ≤ 3 sec had no difference in demographic characteristics and medical 

history except for coronary artery disease (CRT ≤ 3 sec: 25% vs CRT > 3 sec: 57% p=0.015). 

Baseline characteristics of the patients with acute myocardial infarction cardiogenic shock 

(AMICS) are summarized in Table S2. Overall death at 90 days occurred in 39% of the 

patients with an HR: 10.59 (95% CI 2.48 - 45.30) for patients with CRT > 3 sec (see Figure 

S1 in the online data supplement). 

 

Time course and primary endpoint: association between CRT and 90-day mortality or need 

for VA-ECMO support 

Twenty-five patients (42%) met the composite primary endpoint. At day 90, 23 patients had 

died, and 4 patients had been placed on VA-ECMO (of which two had died within 90 days) 
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(Figure 1). CRT values were higher in 90-day non-survivors at day 90 and patients who 

received VA-ECMO than in survivors at all predefined time-points (Figure 2).  

Figure S2, S3 and S4 show the relative comparison of CRT and lactate over time, the time 

course of lactate and associations between lactate and microcirculatory parameters. Figure 3 

shows an association between a CRT > 3 sec at H0 and 90-day mortality or VA-ECMO with a 

HR: 12.38 (95% CI: 2.91 – 52.71). Figure S5 confirms the predefined CRT threshold of 3 sec 

at H0 with an association which occurred from the second tercile of CRT (CRT ]3 sec - 4.2 

sec], HR: 13.90 [95% CI: 3.14 – 61.44]). Figure S6 highlights the risk of not normalizing the 

CRT within the first six hours after H0 with a HR: 6.32 (95% CI: 2.36 – 16.96). 

 

Secondary endpoints 

Association between CRT at H0 and circulatory parameters 

There were no associations between CRT and bedside macrocirculatory parameters such as 

SBP, heart rate, CPI, and cardiac index (Figure S7). Conversely, CRT at H0 was associated 

with microcirculatory parameters (Figure 4). Briefly, CRT was significantly shorter in 

patients with a mottling score of 0 (2.49 sec [2.00 - 3.00]) than in patients with a mottling 

score of 1-2 (4 sec [3.10 - 6.70]) or a mottling score of 3-4-5 (4.70 sec [4.00 - 7.00]), 

p=0.0001). CRT at H0 was also correlated with the arterial lactate level (R=0.36, p=0.006) 

and the  PCO2 (R=0.34, p=0.017) all collected at H0. Finally, during the first 24 hours, 

diuresis was higher in patients presenting less occurrence of CRT > 3 sec, 0 to 1 occurrence: 

1.24 ml/kg/h [0.71 - 1.82] versus 2-3-4 occurrences: 0.64 ml/kg/h ([0.09 - 1.61], p= 0.048) 

(Figure 4).  

Central to peripheral temperature difference was correlated to CRT at H6 (Figure S8) and 

was similar between survivors and 90-day non-survivors or VA-ECMO at all predefined time-

points (Figure S9). 
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Comparison between CRT at H0 and different parameters or validated scores in CS on 90-

day survival or VA-ECMO 

AUC for CRT at H0 to predict 90-day mortality or VA-ECMO support was similar to other 

scores i.e. SAPS2, lactate at H6, or CardShock risk score (Figure 5). With a best threshold at 

3.05 sec (95% CI: 3.05 – 4.10), CRT in continuous had a specificity of 0.71 (95% CI: 0.50 – 

0.88) and a sensitivity of 0.92 (95% CI: 0.68 – 1.00). With a 90-day mortality or VA-ECMO 

support prevalence at 42%, the positive predictive value was 0.69 (95% CI: 0.58 – 0.83) and 

the negative predictive value was 0.91 (95% CI: 0.78 – 1.00). Finally, the combination of 

CardShock score with CRT categorized according to the 3 sec thresholds resulted in a greater 

performance to predict 90-day mortality or VA-ECMO support than CardShock score alone 

(Figure 5), improving the AUC from 0.810 (95% CI: 0.70 – 0.91) to 0.93 (95% CI: 0.86 – 

1.00) and continuous NRI: 113.4 (74.90 – 151.90). 
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Discussion 

Prediction of CS survival on admission is a challenge, requiring the use of complex clinical 

symptoms and biomarkers while managing a critical hemodynamic situation. In this 

prospective observational study of CS patients, we assessed the impact of a simple 

standardized CRT on 90-day survival or need for VA-ECMO support. The main result of this 

prospective study in patients with CS is that CRT was systematically prolonged at all time 

points in patients with a poor outcome and the best cut-off was, as in septic shock, 3 seconds. 

Importantly, CRT was not associated with macrocirculatory hemodynamic parameters, but 

was strongly associated with microcirculatory parameters. 

While the literature is largely focused on acute myocardial infarction-induced CS, only 43 % 

of the patients had an acute coronary syndrome in our study. Consequently, our study 

contributes to a more contemporary description of the CS population, as it was done recently 

in the largest CS survey to date where ischemic trigger accounted for only 36.3% of patients, 

even if was still the first cause of CS (37). The overall short-term mortality is 39% in the 

present study, which is in line with the mortality rate in recent major studies on cardiogenic 

shock (27, 38-40). In addition, short-term mortality according to each SCAI shock stage was 

also similar to the biggest SCAI SHOCK stage validation study (41). 

Restoration of microcirculation hemodynamic parameters is the primary goal in the 

management of CS. Although international guidelines recommend continuous BP monitoring 

in CS, there is currently no international consensus for guidance and monitoring of 

hemodynamic support in patients with CS (42). To date, evidence-based therapies available in 

CS patients remain limited, and much of the strategies have been extrapolated from other non-

CS populations (26, 43). While some guidelines advise the use of inotropes in CS patients 

with SBP < 90 mmHg (42), some guidelines suggest target of MAP ≥ 65 mmHg in all 

circulatory shock states including CS (44). However, none of these BP targets has been 
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validated in randomized clinical trials to date (45). A recent retrospective study provides 

indirect support for a MAP target of 65 mmHg assessing an increased risk of mortality in 

patients with a MAP below 65 mmHg during the first 24h after ICU admission for CS (46). 

Despite progress in the management of CS, by promptly restoring hemodynamics, mortality 

remains unacceptably high. This significant mortality is partly due to profound alterations of 

microcirculatory blood flow during CS, leading to multi organ failure (6, 8, 9), despite 

restoration of macro-hemodynamic parameters such as BP and cardiac output.  

In a recent sub study of the IABP-SHOCK II trial, that was the first randomized study directly 

investigating the microcirculation in CS, Jung et al. assessed perfused capillary densities (< 

20 µm), perfused vessel densities (< 100 µm), total capillary densities and total vessel 

densities using a SDF intravital microscope (6). Results revealed no difference regarding 

these microcirculation parameters between patients treated with or without intra-aortic 

balloon pump (IABP). This inability to improve microcirculation may partly explains the lack 

of benefit of the IABP in CS (47). Although controversial,  PCO2 was assessed as a 

microcirculatory parameter since Ospina-Tascon (15), and others (48), has well highlighted 

the good correlation between ΔPCO2 and microvascular blood flow during the early phases of 

septic shock.  

Even if imaging monitoring tools have revealed that microcirculatory disorders may persist 

despite the apparent normalization of macrohemodynamic parameters, these tools have 

several limitations as mentioned previously (12, 49). Fortunately, at the bedside, CRT and 

mottling are “easy to use, easy to learn” clinical manifestations of microperfusion disorders in 

circulatory shock states (13, 18). In 2014, a task force of the European Society of Intensive 

Care Medicine (ESICM) recommended assessing abnormal skin perfusion in their consensus 

on circulatory shock and hemodynamic monitoring (44). Moreover, these simple tools may 

even prove interesting to guide hemodynamic management in CS. A recent large, randomized 
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control clinical trial, the ANDROMEDA-SHOCK trial, suggested that CRT can be used to 

guide early resuscitation in septic shock (36). A Bayesian reanalysis of this study even shown 

that peripheral perfusion-targeted resuscitation may result in lower mortality and faster 

resolution of organ dysfunction when compared with a lactate-targeted resuscitation strategy 

(50). 

The main finding of this study is that a simple parameter such as the CRT may markedly 

predict 90-day mortality or VA-ECMO support in CS. Combination of CRT with CardShock 

risk score, which has already a good performance in predicting  short-term mortality in CS 

(27), showed a marked predicting  improvement with an AUC at 0.932. CRT and other 

peripheral tissue perfusion signs may also be integrated with other variables to develop 

practical tools for risk assessment of short-term mortality for patients with CS, such as the 

SAVE score (51), to help clinicians in their decision-making processes for VA-ECMO 

indications (52). Thus, further prospective research is warranted to confirm how using 

physiology and physiological responsiveness for precision medicine could be integrated in 

cardiogenic shock management (53). 

 

Limitations. We performed a prospective observational study on patients with CS, and 

exclusion criteria were very limited to reflect ‘‘real life’’. However, several limitations of this 

study need to be acknowledged. First, even if the size of this preliminary study was not very 

large, it was enough to highlight significant results. In addition, our results are in line with 

numerous studies investigating microcirculation in CS (5-9), and with studies investigating 

clinical signs of peripheral hypoperfusion in septic shock (19-21, 54). One explanation for the 

low inclusion rate is the COVID-19 pandemic, the eastern region of France being the most 

severely affected (55). Another explanation is that the inclusion time frame was very short to 

perform the first measurements, which was within the first 3 hours after the diagnostic of CS, 
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thus excluding many patients transferred from peripheral centers. Secondly, by contrast with 

the ANDROMEDA-SHOCK trial (36) in septic shock, we did not assess CRT using a glass 

microscope slide. Instead, we used a simple finger pressure technique already validated with 

good reproducibility and excellent interrater concordance (20). Fully automated device 

capable of performing CRT measurements now exists and could facilitate its standardization 

and routine use (56). Third, our findings were not validated on an external cohort. However, 

to the best of our knowledge, there is no CS cohort assessing repeatedly clinical parameters of 

peripheral hypoperfusion such as the CRT,  PCO2 or the central-to-toe temperature 

difference. Interestingly, the FRENSHOCK prospective study reported that mottling at 

admission for CS was significantly associated with 30-day mortality (37). Fourth, dark skin 

patients were not included only because accurate clinical evaluation of mottling is difficult to 

assess in this population. However, in this dark skin population, CRT on the index fingertip or 

 PCO2 could be interesting options and reliable parameters to assess perfusion signs. Finally, 

due to the sample size limitation, a multivariate analysis would have been overfitted. 

However, CRT at H0, when ≤ 3s, is almost constantly associated with a good outcome and 

thus its predictive value is more deterministic than probabilistic. 
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Conclusion 

In this prospective multicenter observational study of critically ill patients with cardiogenic 

shock, our preliminary data suggest that CRT was systematically prolonged at all assessed 

time points in patients with a poor outcome. Importantly, CRT was not correlated with macro-

hemodynamic parameters but was correlated with microcirculatory-measured parameters. 

CRT is a simple noninvasive, priceless tool allowing a real time assessment of 

microcirculation at bedside, which seems to be strongly associated with the outcome. Further 

prospective research is warranted to confirm this finding and to delineate the most efficient 

way to integrate it in early CS management. 
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Tables and figures 

Table 1: Baseline Characteristics of the Study Population. 

Categorical variables are expressed as absolute counts (%) and continuous variables as 

median (25th to 75th percentile). BMI = body mass index; LVEF = left ventricular ejection 

fraction; SAPS = simplified acute physiology score; SOFA = sequential organ failure 

assessment; VIS = vasoactive-inotropic score; ICU = intensive care unit; ECMO = 

extracorporeal membrane oxygenation. 
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Figure 1: Panel A: 90-day mortality or VA-ECMO support according to SCAI 

classification. Panel B: Contingency table of CRT threshold at 3 sec according to 90-day 

status or VA-ECMO support and SCAI classification. 
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Figure 2: Time-course comparison of CRT at inclusion (H0) and H6, H12, H24 and H48, 

between 90-day survivors and 90-day non survivors or VA-ECMO (p values adjusted). 
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Figure 3: Kaplan–Meier curves for 90-day mortality or VA-ECMO in patients with 

CRT > 3 sec vs. CRT ≤ 3 sec at H0. 

HR, hazard ratio. 
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Figure 4: Comparisons of CRT at H0 and microcirculatory parameters. Panel A: 

Association of CRT at H0 with categories of mottling score at H0 (p values adjusted), 

Panel B: correlation between lactate at H0 and CRT at H0, Panel C: Correlation 

between  PCO2 and CRT at H0, Panel D: Association of diuresis over the first day and 

the number of time CRT is > 3 sec over the first day. 
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Figure 5: ROC curves of SAPS II, lactate at H6, CRT (continuous value), Cardshock 

score and Cardshock score plus CRT threshold (3 sec) according to 90-day mortality or 

VA-ECMO. 
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