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Abstract

Background: During sepsis, heart rate (HR) reduction could be a therapeutic target, but identification of responders (non-

compensatory tachycardia) and non-responders (compensatory for ‘fixed’ stroke volume [SV]) is challenging. We tested

the ability of the difference between systolic and dicrotic pressure (SDPdifference), which reflects the coupling between

myocardial contractility and a given afterload, in discriminating the origin of tachycardia.

Methods: In this post hoc analysis of 45 patients with septic shock with persistent tachycardia, we characterised features

of haemodynamic response focusing on SDPdifference, classifying patients according to variations in arterial dP/dtmax after

4 h of esmolol administration to maintain HR <95 beats min�1. A cut-off value of 0.9 mm Hg ms�1 was used for group

allocation.

Results: After reducing HR, arterial dP/dtmax remained above the cut-off in 23 patients, whereas it decreased below the

cut-off in 22 patients (from 0.99 [0.37] to 0.63 [0.16] mmHgms�1; mean [SD], P<0.001). At baseline, patients with decreased

dP/dtmax after esmolol had lower SDPdifference than those with higher dP/dtmax (40 [19] vs 53 [16] mm Hg, respectively;

P¼0.01). The SDPdifference remained unchanged after esmolol in the higher dP/dtmax group (49 [16] mm Hg), whereas it

decreased significantly in patients with lower dP/dtmax (29 [11] mmHg; P<0.001). In the latter, the HR reduction resulted in

a significant cardiac output reduction with unchanged SV, whereas in patients with higher dP/dtmax SV increased (from

48 [12] to 67 [14] ml; P<0.001) with maintained cardiac output.

Conclusions: A decrease in SDPdifference could discriminate between compensatory and non-compensatory tachycardia,

revealing a covert loss of myocardial contractility not detected by conventional echocardiographic parameters and

deteriorating after HR reduction with esmolol.
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Editor’s key points

� A substantial number of patients with septic shock is

resistant to pharmacological treatment of tachycardia

with esmolol.

� The difference between systolic and dicrotic pressure

(SDPdifference) might be helpful in discriminating the

origin of tachycardia.

� This study showed that in patients with a lower

SDPdifference tachycardia was compensatory for a state

of reduced left ventricular contractility.

� A low SDPdifference in patients with septic shock with

tachycardia might indicate a high risk of decompensa-

tion in case of pharmacological reduction in heart rate.

� Larger studies are required to reveal if the SDPdifference
might discriminate septic patients that are more likely

to benefit from heart rate reduction.
Elevated heart rate (HR) persisting 24 h after adequate volume

resuscitation and commencement of vasopressors identifies a

particularly severe subset of patients with septic shock with

poor prognosis.1,2 Tachycardia directly contributes to poor

outcome by impairing left ventricular (LV) diastolic function,3

increasing cardiac workload, and reducing ventricular effi-

ciency by altering ventricularearterial (VeA) coupling

(VeAC).4e6 Therefore, reducing HR could be a reasonable

therapeutic target in a specific population of septic patients.

However, it remains challenging to distinguish between the

compensatory origin of tachycardia (low stroke volume [SV])

and non-compensatory elevated HR (maladaptive sympa-

thetic overstimulation), making it difficult to establish which

patient will benefit from pharmacological control of HR and

who eventually will be harmed by this treatment.2,7e9

In a cohort of patients with septic shock with persistent

tachycardia, we previously analysed the relationship between

myocardial performance and afterload, before and after

reducing HR with esmolol.5 Using conventional haemody-

namic and echocardiographic variables, we found that HR

reduction was associated with increased SV despite un-

changed LV ejection fraction (LVEF) and more importantly a

decreased arterial dP/dtmax (artdP/dtmax), a surrogate of LV

intrinsic contractility.10 In this study, we concluded that

reduction in HR allowed a higher SV despite lower contrac-

tility, potentially attributable to better LV filling pattern or

improved VeAC (or both) through a reduction in arterial ela-

stance (Ea), the latter induced either by HR reduction itself and

by a direct effect of esmolol on arterial vasculature.5 Inter-

estingly, improved myocardial performance was confirmed by

changes in the relationship between systolic arterial pressure

(SAP), MAP, and dicrotic notch pressure (DNP) on arterial

pressure waveform.5 In fact, the difference between SAP and

DNP (SDPdifference) is the result of the coupling between

myocardial contractility and a given afterload, and its decrease

may indicate conditions where VeAC is worsening (decou-

pling) because of an excessive afterload for that level of LV
contractility.11e13 As the question if such positive haemody-

namic response to esmolol (i.e. increased SV despite decreased

artdP/dtmax after reducing HR) occurred similarly in all patients

or, conversely, if a pattern of unresponsiveness to esmolol

could be identified, we performed a post hoc analysis to test the

ability of the difference between SAP and DNP to discriminate

between compensatory and non-compensatory origin of

elevated HR, and thus in detecting a cardiovascular state at

high risk of decompensation in case of HR reduction with

esmolol.
Methods

Study design

This was a post hoc analysis of a prospective observational

study5 undertaken in an 18-bed multidisciplinary ICU (Poli-

clinico Umberto I, ‘La Sapienza’, University of Rome), approved

by an institutional review board and registered on

ClinicalTrials.gov (NCT02188888). In that study, we analysed

45 patients with septic shock with an HR�95 beats min�1 after

at least 24 h of resuscitation (according to current guidelines14)

and requiring norepinephrine (NE) tomaintain a MAP �65mm

Hg. After enrolment, patients were treated with a continuous

esmolol infusion to achieve andmaintain a target HR between

80 and 94 beats min�1 during their entire ICU stay.5 Haemo-

dynamic and echocardiographic variables (and NE re-

quirements) were determined at baseline (before esmolol

initiation) and after 4 h of esmolol infusion. All patients were

sedated with remifentanil and propofol, and received volume-

controlled mechanical ventilation. Fluid challenges were per-

formed to maintain central venous pressure (CVP) �8 mm Hg

and pulmonary artery occlusion pressure (PAOP) �12 mm Hg.

Exclusion criteria were age <18 yr, pregnancy, cardiac dys-

rhythmias, valvular heart disease, and concomitant adminis-

tration of inotropic agents.5
Haemodynamic measurements

For further details on the study design, please refer to the

original study.5 Systemic haemodynamic monitoring included

pulmonary artery (7.5 Fr; Edwards Lifesciences, Irvine, CA,

USA) and radial artery catheterisation connected to the pres-

sure transducer TruWave system (Edwards Lifesciences); MAP,

CVP, mean pulmonary arterial pressure, and PAOP were

measured at end-expiration; HR was measured from contin-

uous electrocardiographic recording. We estimated cardiac

output (CO) and SV by using the MostCare® haemodynamic

monitor (Vytech, Padua, Italy), which utilises the pressure

recording analytic method (PRAM) to provide continuous beat-

to-beat monitoring of SV.15 In addition to SV, as per the design

of the original study, true measures were automatically ob-

tained from the analysis of the radial arterial pressure wave-

form contour; these measures were SAP, DNP, MAP, diastolic

arterial pressure, and artdP/dtmax. After data acquisition, we

calculated the difference between systolic and dicrotic
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pressure (SDPdifference). As for the original study,5 Ea was

calculated by applying the formula MAP/SV.16e19 Cardiac po-

wer output (CPwO) was calculated as CPwO¼MAP�CO/451.20
Echocardiography

Two-dimensional real-time echocardiographic studies were

performed to firstly exclude aortic valve diseases, and then to

assess LVEF and tricuspid annular plane systolic excursion

(TAPSE), using a wide-angle phased-array digital sector scan-

ner and a 5MHzmultiplane transoesophageal probe (T6H, HD7

XE; Philips, Eindhoven, Netherlands). Echocardiographic

studies were performed by a trained echocardiographer.
Statistical analysis

There was no a priori sample size calculation for this sub-study

performed. Despite an improved SV, in the whole study pop-

ulation of the original prospective study we reported a

decrease in artdP/dtmax (from 1.08 [0.32] to 0.89 [0.29] mm Hg

ms�1), but not in LVEF, indicating a decrease in LV contractility

after HR reduction.5 To detect a possible HR compensatory

response to a state of a covert reduction in LV contractility

before esmolol administration, the presently post hoc analysis

was performed by dividing patients into two groups according

to the decrease below an arbitrary cut-off value of artdP/dtmax.

We chose such cut-off value taking into account the mean

value of artdP/dtmax observed in the original study after HR

control.5 An artdP/dtmax greater than (high artdP/dtmax) or less

than (low artdP/dtmax) 0.9 mm Hg ms�1 4 h after esmolol

administration was used for group allocation.

Statistical analysis was performed with IBM® SPSS 20.0

statistical software (SPSS, Chicago, IL, USA). Continuous vari-

ables are presented as mean (standard deviation), or median

(25the75th inter-quartile range) as appropriate, and categori-

cal variables as number and percentage (%). Differences in the

haemodynamic patterns of patients with artdP/dtmax greater or

lower than 0.9 mmHgms�1 with attention to SDPdifference were

analysed before and after reducing HR with esmolol. Within-

group differences (comparing baseline vs after 4 h of esmolol

infusion) and between-groups comparisons according to dP/

dtmax at each time point (at baseline or after 4 h) were made by

means of c2 with Yates correction, or unpaired Student’s t-

test, or Fisher’s exact test and ManneWhitney U-test, as

appropriate. Statistical significance was established at a two-

tailed P-level <0.05. Owing to the lack of previous clinical

data, the analyses performed were exploratory and no ex ante

power analysis was feasible.
Table 1 Patient characteristics. Patients were divided into two groups
value greater than (high dP/dtmax) or smaller than (low dP/dtmax) 0.9
mean with standard deviation (SD) or median (25the75th inter-quarti
II; t, Student’s t-test; U, ManneWhitney U-test; c, c2 test.

Patient characteristics High artdP/dtmax

after esmolol (n¼23)

Age (yr), mean (SD) 60.4 (18.3)
Sex (M/F), n 13/10
SAPS II, mean (SD) 49.1 (6.3)
ICU length of stay (days),
median (IQR)

14 [10e22]
Results

Of the 45 patients included in the original study (age ranging

from 24 to 90 yr), 22 patients (48.9%) experienced a decrease in

artdP/dtmax below the cut-off (0.9 mm Hg$ms�1) 4 h after

reducing HR with esmolol, with a percentage of changes vs

baseline of e35 (33)% (P<0.001). Conversely, 23 patients (51.1%)

maintained an artdP/dtmax >0.9 mm Hg ms�1 (variation from

baseline e4 [27]%; P¼0.43). Sixteen out of 23 patients in the

high artdP/dtmax survived until 28 days, whereas only 6 of 22

patients with low artdP/dtmax survived until 28 days (69.6% vs

27.3%, respectively; P¼0.005). Baseline characteristics and ICU

length of stay were not different between patients with high or

low artdP/dtmax (Table 1).
Haemodynamic and echocardiographic variables and
NE requirements

In both groups, the target HR reduction was achieved in all

patients within 4 h of starting esmolol infusion. As shown in

Table 2, baseline systemic haemodynamic, LVEF and TAPSE,

and Ea and NE requirements were comparable between

groups.

At baseline, the only significant difference between groups

was the SDPdifference (53 [16] mm Hg in high artdP/dtmax vs 40

[19] mmHg in patients with low artdP/dtmax after HR reduction;

P¼0.01). Whilst the group of patients with high artdP/dtmax af-

ter esmolol maintained similar values of SDPdifference after HR

reduction (49 [16] mm Hg), those with low dP/dtmax after

esmolol showed a significant reduction in SDPdifference (to 29

[11] mm Hg), resulting in a larger SDPdifference between groups

after esmolol administration (P<0.001). Such finding was the

net result of a significant reduction in SAP in the presence of

similar values of DNP in the group with low values of artdP/

dtmax after HR reduction, whereas the group with higher dP/

dtmax after esmolol maintained unchanged the SAP and the

DNP values (Table 2).

Compared with baseline values, the HR reduction caused a

significant decrease of the CO only in the group of patients

with low artdP/dtmax after esmolol administration (CO reduc-

tion from 5.0 [1.3] to 4.4 [1.0] L min�1). This effect was the net

result of significantly lower HR in the presence of unchanged

SV. However, in patients with high values of artdP/dtmax after

esmolol administration, we found a significantly increased SV

(from 48 [12] to 67 [14] ml) with consequently maintained CO

(even non-significantly increased) despite the reduction in HR.

As a result, CPwO increased significantly only in patients with

high artdP/dtmax after esmolol (from 0.54 [0.13] to 0.75 [0.27] W;

P<0.05) (Table 2).
, according to changes in peripheral artery dP/dtmaxwith a cut-off
mm Hg ms�1 after reducing HR with esmolol. Data are given as
le range [IQR]); P<0.05. SAPS II, Simplified Acute Physiology Score

Low artdP/dtmax

after esmolol (n¼22)
P-value

58.1 (17.8) 0.671 (t)
19/3 0.06 (c)
51.5 (7.4) 0.247 (t)
13 [8e22] 0.609 (U)



Table 2 Haemodynamic, echocardiographic, and arterial waveform analysis measures. Patients were divided into two groups, ac-
cording to changes in values of peripheral artery dP/dtmax with a cut-off value greater than (high artdP/dtmax) or less than (low artdP/
dtmax) 0.9 mm Hg ms�1 after reducing HR with esmolol. Data are presented as mean and standard deviation (SD). artdP/dtmax, arterial
peripheral dP/dtmax; CO, cardiac output; CPwO, cardiac power output; DAP, diastolic arterial pressure; DNP, dicrotic notch pressure; Ea,
arterial elastance; LVEF, left ventricular ejection fraction; MPAP, mean pulmonary arterial pressure; NE, norepinephrine; PAOP, pul-
monary arterial occlusion pressure; SAP, systolic arterial pressure; SV, stroke volume; TAPSE, tricuspid annular plane solid excursion.
SDPdifference¼SAPeDNP. *Statistically significant ‘within-group’ difference (P<0.05) comparing baseline vs values recorded at 4 h after
esmolol infusion; in bold are highlighted statistically significant differences between groups.

Variable mean (SD) High artdp/dtmax after
esmolol (n¼23)

Low artdp/dtmax after
esmolol (n¼22)

P-value

CO (L min�1) Baseline 5.3 (1.3) 5.0 (1.3) 0.59
4 h 5.7 (1.1) 4.4 (1.0)* <0.001

SV (ml) Baseline 48 (12) 46 (13) 0.59
4 h 67 (14)* 50 (12) <0.001

HR (beats min�1) Baseline 113 (10) 116 (11) 0.33
4 h 87 (10)* 90 (6)* 0.19

MAP (mm Hg) Baseline 80 (12) 82 (13) 0.72
4 h 76 (11) 74 (8)* 0.40

SAP (mm Hg) Baseline 122 (19) 115 (17) 0.24
4 h 117 (18) 101 (12)* 0.001

DAP (mm Hg) Baseline 60 (11) 65 (13) 0.16
4 h 55 (10)* 59 (8)* 0.12

DNP (mm Hg) Baseline 68 (14) 75 (15) 0.14
4 h 69 (13) 72 (10) 0.34

SDPdifference (mm Hg) Baseline 53 (16) 40 (19) 0.01
4 h 49 (16) 29 (11)* <0.001

MPAP (mm Hg) Baseline 29 (9) 30 (7) 0.44
4 h 27 (8) 27 (6) 0.96

PAOP (mm Hg) Baseline 17 (4) 17 (3) 0.29
4 h 16 (3) 17 (4) 0.29

CVP (mm Hg) Baseline 12 (3) 13 (4) 0.30
4 h 12 (4) 12 (3) 0.85

TAPSE (cm) Baseline 1.6 (0.5) 1.5 (0.6) 0.36
4 h 2.1 (0.6)* 2.0 (0.6)* 0.34

LVEF (%) Baseline 54 (12) 50 (9) 0.14
4 h 55 (12) 52 (9) 0.30

CPwO (W) Baseline 0.54 (0.13) 0.52 (0.16) 0.65
4 h 0.75 (0.27)* 0.51 (0.31) <0.001

Ea (mm Hg L�1) Baseline 1.77 (0.51) 1.92 (0.56) 0.35
4 h 1.17 (0.26)* 1.69 (0.39)* <0.001

artdP/dtmax (mm Hg ms�1) Baseline 1.14 (0.22) 0.99 (0.37) 0.13
4 h 1.09 (0.23) 0.63 (0.16)* <0.001

NE dose (mg kg�1 min�1) Baseline 0.59 (0.47) 0.66 (0.58) 0.70
4 h 0.50 (0.41) 0.54 (0.57) 0.79
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TheEawas similar at baseline anddecreased significantly in

both groups after esmolol infusion. However, the reduction in

Ea was significantly larger in the group with high artdP/dtmax

after esmolol (from 1.77 [0.51] to 1.17 [0.26] mmHg$L�1; P<0.05)
than in the group with low artdP/dtmax after esmolol (from 1.92

[0.56] to 1.69 [0.39] mm Hg$L�1; P<0.05; P<0.001 between

groups). After reducing HR, LVEF remained unchanged,

whereas TAPSE significantly increased in both groups (Table 2).

At baseline, logistic regression analysis indicated that SDPdif-

ference significantly differentiates the two groups (high and low

artdP/dtmax): P¼0.025; confidence interval (CI): 1.00e1.08; 68% of

patients correctly classified; area under the curve (AUC)¼0.731;

P<0.018 with a cut-off value of 37 mm Hg (Fig. 1a). Similarly,

after reducing HR, logistic regression analysis indicated that

SDPdifference significantly discriminates the two groups (high

and low artdP/dtmax): P¼0.001; CI: 1.05e1.22; 80% of patients

correctly classified; AUC¼0.854; P<0.001 with a cut-off value of

34 mm Hg (Fig. 1b).
Discussion

In the present post hoc study, we observed that, in patients

with septic shock with elevated HR and high vasopressor re-

quirements, the difference between systolic and dicrotic

pressure (SDPdifference) was effective in revealing a pre-existing

condition of VeA decoupling as a result of a covert loss of

myocardial contractility, which was not detected at baseline

by values of LVEF and artdP/dtmax. In patients with lower

SDPdifference, tachycardia was compensatory for a state of

reduced LV contractility. From a clinical perspective, lower

values of SDPdifference may indicate a cardiovascular state at

high risk of decompensation in case of pharmacological HR

reduction.

Our post hoc analysis of the original study was based on the

observation that, despite an improved SV after HR reduction in

the whole population, a reduction in artdP/dtmax (but not in

LVEF) indicated an overall decrease in LV contractility.5 This



Fig 1. Receiver operating characteristic (ROC) curves for SDPdifference and its correlation with arterial dP/dtmax 4 h after esmolol adminis-

tration. (a) ROC curve for SDPdifference at baseline: confidence interval (CI)¼1.006e1.087; 68% patients correctly classified; area under the

curve (AUC)¼0.731; P<0.018. (b) ROC curve for SDPdifference after 4 h of esmolol administration: CI¼1.05e1.22; 80% of patients correctly

classified; AUC¼0.854; P<0.001.
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may be the result of improved overall myocardial performance

with LV generation of higher SV despite lower contractility,

consistent with better LV filling pattern or an improved VeAC.

Indeed, an HR reduction with a concomitant increase in SV

allowing the maintenance of CO implies an economisation of

cardiac workload and oxygen consumption.5 However, we

even hypothesised that in several patients the reduction in

artdP/dtmax was the consequence of a direct negative effect of

esmolol on LV contractility with tachycardia compensating for

a state of covert systolic dysfunction. Based on this latter

assumption, we retrospectively divided the population into

two groups according to changes in artdP/dtmax, as LVEF in the

original study did not vary. By doing so, we noticed that only

the baseline value of SDPdifference (not artdP/dtmax or LVEF) was

statistically significantly different between groups, suggesting

that SDPdifference might detect alterations in LV contractility

better than other variables, such as LVEF and artdP/dtmax.

From a physiological standpoint, in the absence of aortic

valve diseases, the DNP on the arterial waveform is deter-

mined by the interactions between forward and reflection

waves on the aorta. Although the forward wave (systolic)

changes are related to the degree of myocardial contractility,

the reflection waves are related to the structural and func-

tional characteristics of the arterial network and on systolic/

diastolic time intervals21; these afterload components can be

summarised as Ea, finally reflecting the net arterial load on LV

ejection.4,5,21 Therefore, a delayed aortic valve closure (indi-

cated by lower DNP, thus increased SDPdifference) reflects a

lower afterload (i.e. Ea), increased myocardial contractility, or

both, whereas an earlier aortic valve closure (decreased

SDPdifference, as a result of higher DNP, decreased SAP, or both,

with unchanged DNP) is associated with reduced myocardial

contractility, increased arterial load, or both. Practically, the

SDPdifference can be proportional to the degree of VeAC, and its

reduction could indicate worse cardiovascular performance.

As a result, we hypothesise that changes in SDPdifference
correlate with different cardiovascular response to HR reduc-

tion with esmolol, discriminating between the compensatory

and non-compensatory origins of tachycardia. Importantly,
we found that baseline echocardiographic parameters, hae-

modynamic variables, and vasopressor dosages were similar

between groups, except for lower baseline SDPdifference in pa-

tients responding to esmolol with a decrease in artdP/dtmax.

Therefore, lower SDPdifference at baseline may already identify

patients with unfavourable LV loading conditions, as a result

of an excessive afterload for that level of contractility and

where tachycardia was a compensatory response for a covert

state of reduced LV contractility.4,5,22e24

In contrast, in patients with higher SDPdifference at baseline,

HR reductionwith esmolol did not affect LVEF, artdP/dtmax, and

SDPdifference itself; in these patients, CO was maintained

through an increase of SV (improved LV performance). Such

improved haemodynamic profile after HR reduction is even

confirmed by the increased values of CPwO observed in this

group of patients. In contrast, in patients with lower baseline

SDPdifference, the pharmacological HR reduction did not

improve SV nor LVEF, but decreased CO, artdP/dtmax, MAP, and

SAP, resulting in a further reduction in SDPdifference. In these

patients, CO was therefore maintained at the expense of

higher HR because of ‘fixed’ SV, and esmolol administration

unmasked a covert reduction of LV contractility and its

inability to cope with increased afterload.22

Our findings should be interpreted considering both baseline

and esmolol-induced differences in LV loading condition. In fact,

improvements in myocardial performance could also be related

to theabilityofesmolol in further reducingarterial loading (lower

Ea), and thus improving VeAC.4,5,23e26 In the present post hoc

analysis, baseline Ea was similar between groups and after

esmolol decreased in both groups; however, such reductionwas

much more pronounced in patients with greater baseline

SDPdifference (roughly 34% absolute reduction vs 12% after esmo-

lol). In patientswith lower baseline SDPdifference, reducing the HR

was not beneficial because esmolol caused a decrease in

myocardial contractility (reduced artdP/dtmax) coupled with a

smaller reduction inEa, indicatingprevalenteffectonmyocardial

contractility with less efficacy in lowering arterial load

(Fig. 2).5,25,26 In this condition, esmolol not only worsened VeA

uncoupling contributing to poor outcome,27e29 but even blunted
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Fig 2. Different values of the difference between systolic and

dicrotic pressures (SDPdifference) according to variations in the

positions of the dicrotic notch pressure on arterial pressure

waveform after esmolol administration in two of the enrolled

patients. (a) Patient with values of arterial dP/dtmax below the

cut-off after HR reduction, where the SDPdifference decreases af-

ter esmolol administration (non-responder). The sharp pulse

contour profile before HR reduction is the consequence of a

reduction of left ventricular contractility,27 which further de-

teriorates after HR reduction leading to ventricularearterial

uncoupling. (b) Patient with values of arterial dP/dtmax above

the cut-off after HR reduction, where the SDPdifference remains

stable after esmolol administration (responder). In violet, the

dicrotic notch. Red arrows represent SDPdifference calculated as

the difference between systolic peak and dicrotic notch pres-

sure (purple).
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a compensatory chronotropic response. It is important to note

that HR reductionwith esmolol did not apparently cause further

cardiovascularderangement inbothgroupsaccordingtochanges

in conventional haemodynamic (MAP), echocardiographic

(LVEF), and clinical (reduction in NE dosages) parameters.
Limitations

Additional limitations beyond those related to the original

study design5 include, firstly, the post hoc design. In this regard,

to test our hypothesis (ability of SDPdifference in discriminating

the compensatory origin of tachycardia), we had to divide

retrospectively the study population into two groups accord-

ing to the changes of artdP/dtmax after esmolol administration.

This exploratory evaluation was based on artdP/dtmax as it

decreased significantly, whereas LVEF remained unchanged

after esmolol administration. Notably, logistic regression an-

alyses indicate that SDPdifference was able to discriminate the

two groups both at baseline and after reducing HR.

Secondly, although SAP and DNP were automatically

calculated, caution should be exercised in interpreting the

meaning of SDPdifference as it may have been influenced by al-

terations in the physical characteristics of fluid-filled trans-

duction systems and irregularity in the conducting tubes,

whichmay affect the accuracy of pressure waveforms because

of incorrect damping. However, this bias is mitigated by the
characteristics of PRAM technology adopted in the MostCare

haemodynamic monitor.15,30 Indeed, after acquiring a single

cardiac cycle, PRAM verifies the adequacy and accuracy of the

radial pressure wave detected by sampling the signal at 1000

Hz. Through a specific dynamic filtering system, PRAM iden-

tifies and eliminates the single frequencies that may cause

incorrect dumping, thus reducing the perturbative effects of

the pressure transducers and their conducting tubes. It must

be emphasised also that clinicians should not consider our

preliminary findings for patients with aortic valve disease.

Thirdly, artdP/dtmax has to be interpreted only as a surrogate

of LV contractility because it relies on the peripheral detection

of the pulse wave. Such peripheral detection plays a crucial

role in limiting the reliability of artdP/dtmax especially during

septic shock, in which altered loading conditions and arterial

wall characteristics may largely affect such variables.10,31 In

contrast, for similar reasons, the use of LVEF as echocardio-

graphic index of LV contractility does not hold high specificity

in patients with septic shock.32,33

Fourthly, to facilitate the bedside assessment of Ea,

different approaches have been proposed and validated. As

the superiority of one method over another in estimating Ea

has not been demonstrated, both under dynamic conditions

(i.e. changes in HR) and after pharmacological interventions,

as for the original study,5 we decided to use MAP in the for-

mula for estimating Ea.

Finally, in the original study, high doses of esmolol were

administered over a short time period.5 Such study design

carries higher risks of worsening haemodynamic instability,

leading to increased NE requirements as a consequence of

negative chronotropic effect and reduced myocardial contrac-

tility. A slower dose titration may lead to different results.

In conclusion, our preliminary results suggest that changes

in SDPdifference could be used to discriminate between

compensatory and non-compensatory origins of tachycardia

in patients with septic shock, possibly revealing a state of VeA

uncoupling and a covert reduction of myocardial contractility

not detected by conventional haemodynamic and echocar-

diographic parameters. If proved valid in larger prospective

studies, this haemodynamic variable may facilitate a clini-

cian’s decision at bedside on which a population of patients

with septic shock is more likely to benefit from HR reduction,

avoiding, however, the pharmacological control of tachycardia

in patients where it could be harmful.
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