Effect on capillary refill time of volume expansion and increase of norepinephrine dose in patients with septic shock.
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SUPPLEMENTARY TABLES
Supplementary table 1. Effect of volume expansion on hemodynamic variables in baseline CRT <3 seconds patients (upper panel), baseline CRT ≥3seconds and fluid unresponsive patients (middle panel) and responsive patients (lower panel).
	Baseline CRT <3 seconds 
n = 7 

	
	Before VE
	After VE
	p-value

	MAP – mmHg
	70 [59 – 76]
	77 [57 – 81]
	0.08

	DAP – mmHg
	52 [48 – 63]
	62 [44 – 67]
	0.31

	CVP – mmHg
	8 [4 – 15]
	10 [5 – 17]
	0.06

	CI – L/min/m²
	2.19 [1.70 – 3.03]
	2.44 [2.01 – 3.54]
	0.11

	HR – beats/min
	110 [68 – 116]
	82 [66 – 104]
	0.03

	Arterial lactate – mmol/L
	2.7 [2.3 – 4.5]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.51 [0.12 – 1.11]
	-
	-

	   delay between initiation and CRT – hour
	35 [24 – 42]
	-
	-

	CRT – s.
	2.18 [1.60  –  2.42]
	2.01 [0.98 – 2.65]
	0.81

	Baseline CRT ≥3 seconds and fluid unresponsiveness
n = 13

	
	Before VE
	After VE
	p-value

	MAP – mmHg
	75 [66 – 82]
	86 [75 – 100]
	0.004

	DAP – mmHg
	55 [48 – 66]
	62 [55 – 76]
	0.006

	CVP – mmHg
	8 [6 – 14]
	10 [8 – 16]
	0.005

	CI – L/min/m²
	2.92 [2.43 – 3.20]
	2.91 [2.33 – 3.11]
	0.73

	HR – beats/min
	103 [94 – 122]
	103 [90 – 119]
	0.01

	Lactate – mmol/L
	4.7 [3.1 – 9.6]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.83 [0.56 – 1.90]
	-
	-

	   delay between initiation and CRT – hour
	21 [9 – 34]
	-
	-

	CRT – s.
	5.79 [3.70 – 7.77]
	5.55 [3.63 – 8.05]
	0.02

	Baseline CRT ≥3 seconds and fluid responsiveness
n = 13

	
	Before VE
	After VE
	p-value

	MAP – mmHg
	68 [61 – 75]
	85 [77 – 107]
	0.007

	DAP – mmHg
	53 [46 – 57]
	67 [56 – 72]
	0.001

	CVP – mmHg
	5 [3 – 9]
	8 [5 – 11]
	0.02

	CI – L/min/m²
	2.34 [1.67 – 3.03]
	3.17 [2.39 – 4.03]
	< 0.001

	HR – beats/min
	115 [72 – 123]
	108 [81 – 117]
	0.31

	Lactate – mmol/L
	2.8 [2.0 – 4.95]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.56 [0.28 – 1.43]
	-
	-

	   delay between initiation and CRT – hour
	12 [3 – 23]
	-
	-

	CRT – s.
	5.68 [4.55 – 8.53]
	4.25 [3.24 – 5.38]
	< 0.001



Fluid responsive patients were defined by an increase of CI ≥15% with volume expansion.
Values are presented as median [interquartile range]. p-values refer to the difference between before and after volume expansion.
CI: Cardiac index; CRT: Capillary refill time; CVP: Central venous pressure; DAP: Diastolic arterial pressure; HR: Heart rate; MAP: Mean arterial pressure; VE: Volume expansion.


Supplementary table 2. Effect of volume expansion on hemodynamic variables in patients with baseline capillary refill time ≥3 seconds, depending on the changes in capillary refill time.

	Baseline CRT value ≥ 3 seconds and fluid responders patients
n = 13

	
	∆CRT significant
n = 8
	∆CRT non-significant
n = 5
	p-value

	∆MAP – mmHg
	21 [6 – 43]
	56 [22 – 73]
	0.09

	∆CI – L/min/m²
	24 [20 – 37]
	39 [23 – 78]
	0.28

	Arterial lactate – mmol/L
	2.9 [2.1 – 4.3]
	2.8 [1.7 – 5.7]
	0.97

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.65 [0.31 – 1.37]
	0.43 [0.09 – 1.51]
	0.65

	   delay between initiation and CRT – hour
	10 [2.0 – 19.2]
	24 [3.6 – 31.3]
	0.28



CI: cardiac index; CRT: capillary refill time; ∆CI: changes in cardiac index; ∆CRT: changes in capillary refill time; ∆MAP: changes in mean arterial pressure.


[bookmark: _Hlk147218799]Supplementary table 3. Effects of increasing norepinephrine on hemodynamic variables depending on the change in mean arterial pressure.
	Change in MAP ≥ 15% 
n = 28

	
	Before
	After 
	p-value

	MAP – mmHg
	64 [60 – 70] 
	86 [80 – 103]
	[bookmark: OLE_LINK2]<0.0001

	DAP – mmHg
	49 [44 – 54] 
	62 [58 – 78]
	<0.0001

	CVP – mmHg
	9 [7 – 12]
	10 [8 – 14]
	0.08

	CI – L/min/m²
	2.98 [1.98 – 3.64]
	3.08 [2.40 – 4.09]
	0.0002

	HR – beats/min
	87 [71 – 96]
	87 [72 – 97]
	0.66

	Blood temperature - °C
	37.0 [36.0 – 37.3]
	36.9 [36.1 – 37.2]
	0.97

	Arterial lactate – mmol/L
	2.4 [1.9 – 3.47]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.23 [0.08 – 0.45]
	0.41 [0.29 – 0.70]
	<0.0001

	   delay between initiation and CRT – hour
	68 [15 – 245]
	-
	-

	CRT – s.
	2.13 [1.55 – 4.74]
	2.04 [1.07 – 4.09]
	0.02

	Change in MAP <15%
n = 8

	
	Before
	After
	p-value

	MAP – mmHg
	75 [70 – 89] 
	84 [71 – 100]
	0.03

	DAP – mmHg
	61 [51 – 65] 
	63 [55 – 70]
	0.13

	CVP – mmHg
	11 [6 – 14]
	11 [6 – 14]
	0.44

	CI – L/min/m²
	2.57 [2.17 – 3.81]
	2.67 [2.16 – 3.83]
	0.19

	HR – beats/min
	90 [73 – 105]
	83 [72 – 106]
	0.99

	Blood temperature - °C
	37.1 [36.2 – 37.5]
	36.9 [36.2 – 37.5]
	0.50

	Lactate – mmol/L
	1.8 [1.7 – 2.6]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.42 [0.13 – 0.58]
	0.52 [0.35 – 0.77]
	0.008

	   delay between initiation and CRT – hour
	40 [14 – 134]
	-
	-

	CRT – s.
	3.72 [2.88 – 6.05]
	3.83 [2.60 – 5.36]
	0.31



Values are presented as median [interquartile range]. P value refers to the difference between before and after the increase of norepinephrine infusion rate.
CI: Cardiac index; CRT: Capillary refill time; CVP: Central venous pressure; DAP: Diastolic arterial pressure; HR: Heart rate; MAP: Mean arterial pressure.


Supplementary table 4. Effect of increasing norepinephrine on hemodynamic variables in baseline CRT <3 seconds patients (upper panel), baseline CRT ≥3seconds and change in MAP <15% (middle panel) and baseline CRT ≥3seconds and change in MAP ≥15% (lower panel).
	Baseline CRT <3 seconds
n = 19

	
	Before
	After 
	p-value

	MAP – mmHg
	64 [60 – 71] 
	87 [81 – 106]
	< 0.001

	DAP – mmHg
	49 [46 – 55] 
	64 [59 – 79]
	< 0.001

	CVP – mmHg
	9 [6 – 12]
	10 [6 – 12]
	0.14

	CI – L/min/m²
	3.23 [1.98 – 4.19]
	3.68 [2.50 – 4.22]
	0.005

	HR – beats/min
	79 [65 – 94]
	86 [64 – 89]
	0.52

	Arterial lactate – mmol/L
	2.2 [1.8 – 2.9]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.23 [0.06 – 0.45]
	0.39 [0.29 – 0.73]
	< 0.001

	   delay between initiation and CRT – hour
	61 [19 – 248]
	-
	-

	CRT – s.
	1.85 [1.33 – 1.97]
	1.40 [0.92 – 1.99]
	0.19

	Baseline CRT ≥ 3 seconds and change in MAP <15%
n = 6

	
	Before
	After
	p-value

	MAP – mmHg
	75 [72 – 87]
	84 [74 – 94]
	0.09

	DAP – mmHg
	61 [55 – 64]
	63 [56 – 68]
	0.47

	CVP – mmHg
	12 [8 – 17]
	13 [9 – 17]
	0.50

	CI – L/min/m²
	2.57 [2.37 – 3.50]
	2.67 [2.19 – 3.61]
	0.56

	HR – beats/min
	90 [73 – 107]
	89 [74 – 118]
	0.31

	Lactate – mmol/L
	1.8 [1.7 – 2.42]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.38 [0.09 – 0.80]
	0.52 [0.27 – 0.94]
	0.03

	   delay between initiation and CRT – hour
	40 [24 – 89]
	-
	-

	CRT – s.
	4.35 [3.62 – 6.76]
	4.10 [3.39 – 6.09]
	0.44

	Baseline CRT ≥ 3 seconds and change in MAP ≥15%
n = 11

	
	Before
	After
	p-value

	MAP – mmHg
	65 [56 – 80]
	85 [79 – 96]
	0.001

	DAP – mmHg
	49 [42 – 59]
	60 [56 – 67]
	0.002

	CVP – mmHg
	10 [8 – 13]
	12 [8 – 14]
	0.36

	CI – L/min/m²
	2.40 [1.53 – 3.51]
	2.75 [1.83 – 3.90]
	0.002

	HR – beats/min
	88 [82 – 101]
	92 [79 – 96]
	0.57

	Lactate – mmol/L
	2.9 [1.9 – 4.4]
	-
	-

	Norepinephrine
	
	
	

	   rate – µg/kg/min
	0.27 [0.12 – 0.50]
	0.45 [0.29 – 0.80]
	0.001

	   delay between initiation and CRT – hour
	171 [9 – 259]
	-
	-

	CRT – s.
	5.02 [3.79 – 6.11]
	4.99 [3.55 – 5.42]
	0.24


Values are presented as median [interquartile range]. P-values refer to the difference between before and after the increase of norepinephrine infusion rate.
CI: Cardiac index; CRT: Capillary refill time; CVP: Central venous pressure; DAP: Diastolic arterial pressure; HR: Heart rate; MAP: Mean arterial pressure.
Supplementary table 5. Univariate linear regression analysis for determination of the absolute value of capillary refill time.
	
	ß
	95% CI
	p-value

	Baseline characteristics
	
	
	

	   Age (years)
	0.39
	- 0.18 to 0.96
	0.17

	   Male sex 
	-0.05
	- 0.07 to – 0.02
	0.0004

	   BMI (kg/m²)
	0.008
	- 0.38 to 0.40
	0.97

	   SAPS II (points)
	1.832
	1.017 to 2.647
	< 0.0001

	   SOFA (points)
	0.05
	- 0.34 to 0.45
	0.79

	   Pre-existing conditions
	
	
	

	      Coronary artery disease
	0.007
	- 0.01 to 0.03
	0.45

	      Chronic heart failure
	0.01
	- 0.002 to 0.03
	0.08

	      COPD 
	0.003
	- 0.007 to 0.006
	0.87

	      Chronic kidney disease
	0.006
	- 0.009 to 0.02
	0.46

	      Diabetes
	0.009
	- 0.017 to 0.03
	0.48

	      Cirrhosis
	- 0.002
	- 0.02 to 0.01
	0.75

	      Hypertension
	0.002
	- 0.02 to 0.03
	0.86

	   Source of infection 
	
	
	

	      Lung 
	- 0.03
	- 0.05 to 0.0005
	0.052

	      Abdomen
	0.03
	0.008 to 0.04
	0.0047

	      Urinary tract
	- 0.002
	- 0.01 to 0.009
	0.71

	      Others
	0.0006
	- 0.02 to 0.02
	0.95

	   Mechanical ventilation at inclusion
	- 0.03
	- 0.05 to - 0.02
	0.0002

	      PEEP (cmH2O)
	- 0.2
	- 0.41 to 0.006
	0.06

	      CRS (mL/cmH2O)
	- 0.5
	- 1.36 to 0.36
	0.25

	      Respiratory rate (/min)
	- 0.001
	- 0.24 to 0.24
	0.99

	Hemodynamic data
	
	
	

	   Lactate (mmol/L)
	0.57
	0.40 to 0.74
	< 0.0001

	   MAP (mmHg)
	- 0.57
	- 1.45 to 0.3
	0.19

	   DAP (mmHg)
	- 0.64
	- 1.29 to 0.005
	0.052

	   CVP (mmHg)
	- 0.57
	- 0.26 to 0.30
	0.88

	   CI (L/min/m²)
	0.029
	- 0.11 to 0.007
	0.09

	   Heart rate (beats/min)
	1.49
	0.27 to 2.71
	0.02

	   Body temperature (°C)
	- 0.02
	- 0.08 to 0.04
	0.5

	   Norepinephrine
	
	
	

	       Doses (µg/kg/min)
	0.05
	0.01 to 0.08
	0.007

	       Delay between initiation and intervention (hours)
	- 4.713
	- 11 to 1.9
	0.16

	Outcome 
	
	
	

	   ICU mortality 
	0.03
	0.006 to 0.06
	0.018



BMI: Body mass index; CI: Cardiac index; COPD: Chronic obstructive pulmonary disease; CRS: Compliance of the respiratory system; CRT: Capillary refill time; CVP: Central venous pressure; DAP: Diastolic arterial pressure; HR: Heart rate; ICU: Intensive care unit; MAP: Mean arterial pressure; PEEP: Positive end-expiratory pressure; RR: Respiratory rate; SOFA: Sequential organ failure assessment; SAPS: Simplified acute physiology score.

[bookmark: _Hlk133029584]Supplementary table 6. Multivariate linear regression analysis to assess the determinants of the absolute value of capillary refill time.
	
	Model 1
	Model 2

	Variables
	ß
	95 % CI
	p-value
	ß
	95 % CI
	p-value

	Lactate (per 1 mmol/L increment)
	0.70
	0.49 to 0.91
	< 0.0001
	0.71
	0.44 to 0.99
	< 0.0001

	CI (per 1 L/min increment)
	- 0.36
	- 0.98 to 0.25
	0.24
	- 0.48
	- 1.14 to 0.19
	0.16

	Heart rate (per 1 beat/min increment)
	
	
	
	0.02
	- 0.01 to 0.05
	0.18

	DAP (per 1 mmHg increment)
	
	
	
	0.04
	- 0.09 to 0.06
	0.72

	Norepinephrine dose (per 1µg/kg/min increment)
	
	
	
	- 0.58
	- 1.76 to 0.59
	0.33

	SAPS II (per 1 point increment)
	
	
	
	0.007
	- 0.04 to 0.06
	0.77




CI: Cardiac index; DAP: Diastolic arterial pressure, SAPS: Simplified acute physiology score.
Model 1 only included variables selected by step-by-step backward selection with removal of all items with a p-value >0.1: lactate and CI.
Model 2 selected all physiological variables of interest with a p value < 0.1 at univariate linear regression analysis (Supplementary table 2): lactate, CI, DAP, Norepinephrine dose and SAPS II.


SUPPLEMENTARY FIGURES

Supplementary figure 1. Least significant change (A) and precision (B) of capillary refill time measurement depending on the number of averaged measurements.
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Supplementary figure 2. Correlation between capillary refill time and mean arterial pressure (A), cardiac index (B) and central venous pressure (C).
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CI: cardiac index; CVP: central venous pressure; MAP: mean arterial pressure.
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