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Argipressin-norepinephrine
association in the treatment of
septic shock: the use of the
polydistrectual resistance index as
an assessment of vascular
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Introduction: The hemodynamic management of septic patients involves initial
fluid therapy, followed by the use of vasoconstrictors in case of treatment
failure. The latest Surviving Sepsis Campaign guidelines suggest the synergistic
use of argipressin in addition to norepinephrine when hemodynamic
optimization is not achieved with norepinephrine alone.

Methods: In our single-center retrospective observational study, the primary
endpoint is the safety of initial norepinephrine-argipressin association treatment,
assessed through a reduction in Resistance Index. Our secondary endpoint
includes the efficacy of this combination, measured by an increase in Mean
Arterial Pressure and a reduction in Resistance Index as an indicator of organ
perfusion. The Resistance Index (RI) is evaluated through Power Doppler
ultrasound. Rl is crucial for assessing multi-district vascular tone and multiorgan
perfusion. Patients were categorized into three groups based on their treatment.
In Group 1, we analyzed patients treated with norepinephrine alone in
incremental doses; in Group 2, we analyzed patients receiving the initial
norepinephrine-argipressin association treatment (norepinephrine 0.05 mcg/kg/
min-argipressin 0.03 IU/min); in the third group (Group 3), we analyzed patients
given argipressin (0.03 IU/min) after norepinephrine (<0.10-0.25> mcg/kg/min)
to stabilize their hemodynamics (MAP > 65 mmHg). RI measurements were taken
in the Renal Artery (ARE), Radial Artery (AR), Central Retinal Artery (CRA), and
Superior Mesenteric Artery (AMS) at four different time points: TO before
vasopressor therapy, Tlat 1 h, T2 at 24 h, and T3 at 48 h after vasopressor infusion.

Abbreviations

R, resistance index; ARE, renal artery; AR, radial artery; CRA, central retinal artery; AMS, superior mesenteric
artery; SNUFF, snuffbox; HR, heart rate; MAP, mean arterial pressure; CI, cardiac index; SVV, stroke volume
variation; SVRI, systemic vascular resistance index; Ne, norepinephrine group; NV1t0, initial synergism group
(T0) argipressin/norepinephrine; NVtl, argipressin/norepinephrine synergism group due to failure to optimize
MAP(>65 mmHg) for Norepinephrine dosages.
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Results: A total of 48 patients were divided into three groups: 17 patients in Group
1, 16 in Group 2, and 15 in Group 3. In Group 1, an increase in Mean Arterial
Pressure (MAP) was observed, but there was an increase in Rls in the right CRI
and left ARE. In Group 2, there was an improvement in MAP and a reduction in
Rls in the right/left CRI, left ARE, AMS, and right AR. In Group 3, there was an
increase in MAP and a reduction in Rls in the right/left CRI, left ARE, AMS, and
right AR.

Conclusion: Early norepinephrine-argipressin association treatment appears to be

a valid strategy for hemodynamic optimization in this patient population.

KEYWORDS

septic shock, association, argipressin, decatecholaminization, resistance index,
echodynamic monitoring

1. Introduction

Septic shock is a condition characterized by an uncontrolled
inflammatory response to an infectious agent, resulting in severe
hypotension and leading to inadequate organ perfusion pressure
and severe organ damage (1-4).

The Surviving Sepsis Campaign (SSC) guidelines recommend
norepinephrine as the first-line vasopressor agent in patients with
septic shock after volume replenishment (1). The SSC guidelines
suggest adding argipressin (up to 0.03IU/min) with
norepinephrine to achieve a target mean arterial pressure (MAP)
of 65 mmHg or adding argipressin (up to 0.03 IU/min) to reduce
the norepinephrine dosages. In septic shock patients, a
“catecholamine-sparing strategy” is suggested to help minimize
the adverse events associated with the administration of
catecholamines such as tachycardia, arrhythmias, clot formation,
etc. (5, 6). Hence, several alternative vasopressors such as
argipressin  have been suggested to reduce the dose of
norepinephrine. In septic shock and other states of shock, the
proinflammatory state initially induces the release of high levels
of argipressin, which rapidly drop below the normal range (7-
12). This could be due to the depletion of stores in the pituitary
gland caused by massive release in the early stages of septic
shock, autonomic dysfunction, and the inhibition of argipressin
release by nitric oxide (which is produced in large quantities by
the vascular endothelium under these circumstances) (7). The
rationale for the use of argipressin in septic shock lies primarily
in its vasopressor and osmoregulatory activity. In fact, it has
been hypothesized that stimulation of the V1 receptors induces
anti-edematous activity, reduces vascular permeability, and
increases non-responsiveness to fluid resuscitation. Further, it has
been shown that under-expression of V2 receptors during sepsis,
induced by the NF-kB signaling pathway, contributes to the
onset of acute kidney injury. Therefore, it is possible that the
renal V2 receptors stimulation by argipressin could reduce this
phenomenon (7). Several models have been proposed to describe
the interaction between argipressin and anti-inflammatory
cytokine expression (13-19), which is suggestive of the
immunomodulatory properties of argipressin (13). Patients with
septic shock have reduced argipressin activity, and exogenous
administration of argipressin can restore vascular tone and blood
pressure, reducing the need for catecholamines (20-26).
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Observational ~studies have shown that administering
argipressin below 0.1 U per minute in patients with vasodilatory
shock can improve their short-term blood pressure (7, 8).
However, argipressin might decrease the blood flow to the heart,
kidneys, and intestine (27-31).

Careful monitoring of peripheral circulation is crucial to the
management of patients in intensive care units. Particularly, the
hemodynamic assessment in patients with septic shock is critical.

Doppler ultrasound is a non-invasive method used widely for
assessing cardiac functionality and peripheral resistances.

The Resistance Index (RI) is a power doppler ultrasound
assessment of vascular compliance to detect organ perfusion in
septic shock patients.

The RI is an important ultrasound parameter that evaluates the
multi-district vascular tone and multiorgan perfusion.

The RI is calculated using the following formula:

RI— Peak Systolic Velocity (Vmax) — End Diastolic Velocity (Vmin)
B Peak Systolic Velocity (Vmax)

It not only indicates the absolute value of blood flow velocity but
also reflects variations in the velocity of the Doppler waveform.

In our single-center retrospective observational study, the
primary endpoint was to use the RI to determine the safety of an
early administration of norepinephrine-argipressin.  The
secondary endpoint was to determine the efficacy of
norepinephrine and argipressin by evaluating the mean arterial
pressure and RI as markers of organ perfusion.

2. Materials and methods

This single-center, retrospective, observational study was
conducted from September 2021 to November 2022. The study
did not include any medical, pharmacological, or behavioural
interventions in addition to hospital standards of care. This
research was carried out in accordance with the principles of the
Declaration of Helsinki.

The study was approved by a local ethics committee: reference
number 63/2023 and registration number 20230038704.
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2.1. Study population

Data of patients admitted to the Intensive Care Unit were
collected. Patients over the age of 18 years who were treated with
vasopressor drugs for septic shock [in accordance with the
definition of the Surviving Sepsis Campaign (1)] and resistant to
fluid infusion were considered.

The exclusion criteria were as follows: patients with unstable
acute coronary syndrome, proven or suspected acute mesenteric
ischemia, cancer, or other irreversible conditions with estimated
6-month mortality >50%, chronic cardiomyopathy (NYHA III or
IV), history of eye disease or previous eye surgery, severe
hyponatremia (serum Na® <130 mmol/L), traumatic brain injury
(GCS < 8 before sepsis onset), and those for whom more than 24
hours passed after the verification of the eligibility criteria.

2.2. Treatment

The patients were divided into three groups based on the
treatments they had received.

In the first group (Group 1), we analyzed data from patients
who were given norepinephrine in incremental doses. In the
second group (Group 2), we analyzed patients who were given
norepinephrine (0.05 mcg/kg/min) and argipressin association
treatment (argipressin 0.03 IU/min). In the third group (Group
3), we analyzed patients given argipressin (0.03 IU/min) after
norepinephrine  (<0.10-0.25> mcg/kg/min) to stabilize the
hemodynamics (MAP > 65 mmHg).

Measurements were taken at the beginning of each treatment
(TO), at 1 h of treatment (T1), at 24 h of treatment (T2), and at
48 h of treatment (T3).

2.3. Data collection and measurements

Demographic data were collected, and vital signs were analyzed
at TO, T1, T2, and T3.

We evaluated heart rate (HR), MAP, Cardiac Index (CI), Stroke
Volume Variation (SVV), Systemic Vascular Resistance Index
(SVRI), SOFA(Sequential Organ Failure Assessment) score, and
lactate levels.

The Resistance Indices we analyzed were from the right and left
side of the central retinal artery (CRA), the radial artery at the
anatomical snuffbox (AR), the renal interlobar arteries (ARE),
and the superior mesenteric artery (AMS).

A portable ultrasound system equipped with a 3.5-5 MHz
convex probe, a linear probe (7.5 MHz), and color Doppler/
Pulsed Wave Doppler (PW) software was used for the
measurements.

Measurements of Ris for the central retinal artery and the
radial artery were taken with a linear probe, and the renal
interlobar arteries and superior mesenteric artery measurements
were taken with a convex probe. The vascular landmarks were
sampled in line with existing literature (32-35).
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The maximum systolic velocity (Vmax) and the minimum end-
diastolic velocity (Vmin) of the pulsed Doppler wave were
determined.

To locate the central renal artery location, a color Doppler
ultrasound examination was conducted with the patients lying in
a supine position with closed eyes. A measurement sample of
1.5 mm and Doppler angle correction were used. The vessels,
identified in the region of interest were analyzed by Pulsed Wave
Doppler (PW) and quantified using a velocimetric spectral
analysis. Peak systolic velocity and end-diastolic velocity were
measured after correcting the angle of insonation to less than
60°. Vmin was measured immediately before the next systolic
peak. To reduce variability, an average of 3 measurements per
side were taken.

The RI for the radial artery at the anatomical snuffbox was
measured using a linear probe. The B-mode ultrasound when
applied to the anatomical snuffbox measures the artery that
connects the dorsal branch of the radial artery to the deep
palmar arch. The Vmax and Vmin of the pulsed Doppler wave
were determined, and the RI was calculated (36-38).

The renal intraparenchymal vascularization was determined by
velocimetric analysis of the interlobar or arcuate arteries (identified
using a convex probe). For correct sampling, measurements of at
least three overlapping waves in three different areas of each
kidney were taken. The RI was calculated as the mean of the
measured waves (39-46).

The superior mesenteric artery was measured using a convex
probe (3.5-5 MHz), with a Doppler frequency of 2.8 MHz and a
Pulse Repetition Frequency (PRF) of 5 KHz. Longitudinal scans
were performed 2-3 cm from the origin of the artery with a 50-
60 degree Doppler angle (47, 48).

2.4. Endpoints

The primary endpoint was to evaluate the safety of the initial
administration of norepinephrine-argipressin. The secondary
endpoint was to evaluate the efficacy of this association in
comparison to norepinephrine alone.

This hemodynamic optimization is evaluated by means of
hemodynamic parameters (non-invasive and invasive) and the
values of the peripheral Resistance Indices at three different
time points (T0) before vasopressor therapy, (T1) at 1 h, T2 at
24 h, and T3 at 48 h. Other outcomes included the evaluation
of the patient’s clinical improvement in terms of SOFA
SCORE, laboratory-blood gas data (Lactates), and the side
effects of Catecholamines (Heart Rate, Systemic Vascular
Resistance Index). We also evaluated rates of serious adverse
events.

2.5. Statistical analyses
Baseline demographical and clinical patients’ characteristics

were reported as median and inter-quartile ranges for each group
and compared using Kruskall-Wallis and Fisher exact tests for
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continuous and categorical variables, respectively. Correlations
between continuous variables were assessed using Spearman’s
coefficient. Changes in variables over time (baseline, after 1, 24,
and 48 h) were analyzed using longitudinal linear models with a
spatial power covariance matrix to account for unequal space
visits. All variables were logarithmically transformed before
analyses. Results were reported as regression coefficients (slopes)
along with standard errors and p-values for each arm. Pairwise
slope comparisons were done within the longitudinal model
using pre-specified statistical contrasts. All analyses are
performed using R software. P-values <0.05 were considered
statistically significant.

Because of the multiplicity of the endpoints at issue in this
study, the power study was conducted while considering the
potential detectable Cohen’s effect size. A three-arm study,

enrolling 15 patients in each arm, has 80% power, fixing a Type

TABLE 1 Baseline characteristics of the study population.

Group 1 | Group 2 | Group 3 P-

value

N.Patients 17 16 15

Age (median, 62.00 (54.00, | 61.00 (55.50, | 61.00 (59.50, | 0.075

interquartile range) 78.00) 71.00) 67.00)

Male 8 (47.1%) 12 (75%) 10 (66.7%) 0.256

Female 9 (52.9%) 4 (25.0%) 5(33.3%) 0.256

SOFA SCORE (median, 12.00 (11.00, | 12.00 (10.50, | 13.00 (11.50, 0.384

interquartile range) 13.00) 14.00) 14.00)

The table shows the demographic and baseline clinical data of the study.

10.3389/fanes.2023.1322825

I Error (alpha) equal to 0.05, to detect a statistically significant
pairwise difference (between arms pairwise comparisons) equal at
least to 1.1 in terms of effect size. There were 17 patients in one
arm, 16 in another, and 15 patients in the last arm, and the
power slightly increased.

3. Results

Of the 48 analyzed patients, 17 were treated with only
norepinephrine alone in incremental doses (Group 1); 16 used
the initial

(Group 2); and there were 15 patients in Group 3. The baseline

norepinephrine-argipressin association treatment
characteristics of the three Groups are shown in Table 1.

Table 2 summarizes the hemodynamic parameters of the
patients. The heart rate measurements in Group 2 were
significantly reduced at the different time points after treatment
(Table 2). No significant differences in heart rates were seen in
Groups 1 and 3 at different time points.

The MAP was similar in all three groups. A statistically
significant increase in MAP was observed in each group at
different time points.

In Group 3, the lactate levels were significantly reduced at
different time points after treatment. (Table 2; Figure 1). No
significant differences in lactate levels were seen s in Groups 1
and 2.

Data on the RIs are summarized in Table 3.

TABLE 2 Heart rate, mean arterial pressure, systemic vascular resistance index, and lactate values at TO, T1, T2, and T3.

Baseline (median,

1 h (median,

24 h (median, 48 h (median,

interquartile range)

interquartile range)

interquartile range) interquartile range)

HR(bpm) Group 88.00 [69.00, 01.00] 88.00 [57.00, 110.00] 97.00 [75.00, 103.00] 87.00 [64.00, 109.00] 0.9454
1

HR (bpm) Group 81.00 [61.00, 102.00] 80.50 [57.00, 110.00] 78.00 [58.00, 100.00] 73.00 [64.00, 87.00] 0.0235
2

HR (bpm) Group 82.00 [59.00, 102.00] 83.00 [67.00, 97.00] 77.00 [67.00, 91.00] 75.00 [67.00, 87.00] 0.1221
3

MAP (mmHg) Group 59.00 [55.00, 84.00] 66.00 [61.00, 89.00] 78.00 [59.00, 97.00] 84.00 [71.00, 96.00] <0.001
1

MAP (mmHg) Group 62.50 [56.00, 88.00] 68.50 [61.00, 91.00] 79.50 [70.00, 97.00] 83.00 [72.00, 96.00] <0.001
2

MAP (mmHg) | Group 59.00 [51.00, 67.00] 65.00 [55.00, 76.00] 73.00 [59.00, 97.00] 78.50 [71.00, 87.00] <0.001
3

Svri (dyn*s*cm- | Group 1,443.00 [1,200.00, 1,877.00] 1,455.00 [1,322.00, 1,988.00] 1,899.00 [1,678.00, 2,988.00] 2,134.00 [1,779.00, 2,888.00] <0.001

5*m?) 1

Svri (dyn*s*cm- | Group 1,498.00 [1,124.00, 1,788.00] 1,505.00 [1,232.00, 1,980.00] 1,807.00 [1,653.00, 2,433.00] 1,970.00 [1,700.00, 2,309.00] <0.001

5*m?) 2

Svri (dyn*s*cm- | Group 1,543.00 [1,228.50, 1,566.50] 2,112.00 [1,326.00, 2,766.00] 1,788.00 [1,565.00, 1,988.00] 1,912.00 [1,700.00, 1,998.00] 0.0002

5m?) 3

Lactate (mmol/ | Group 2.10 [2.00, 7.90] 2.80 [0.90, 7.40] 3.00 [1.70, 7.80] 3.00 [1.40, 7.10] 0.903

L) 1

Lactate (mmol/ | Group 2.05 [2.00, 5.40] 1.60 [0.80, 5.90] 1.50 [0.70, 5.40] 1.20 [0.80, 4.90] 0.065

L) 2

Lactate (mmol/ | Group 2.70 [2.50, 5.60] 2.60 [1.00, 7.70] 2.20 [0.90, 7.80] 1.80 [0.90, 3.80] 0.0212

L) 3

HR, MAP, Svri, and Lactate values at TO, T1, T2, and T3: values are expressed in median and interquartile ranges and statistical significance (P-Value); The statistically
significant P-Value are reported in bold; Group 1= Norepinephrine Group; Group 2= Initial Synergism Group (TO) Argipressin/Norepinephrine; Group 3= Argipressin
(0.03 IU/min) after norepinephrine (<0.10-0.25 > mcg/kg/min) to stabilise the hemodynamics (MAP > 65 mmHg).

HR = Heart Rate; MAP = Mean Arterial Pressure; Svri = Systemic Vascular Resistance Index.
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/
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0,5

Group Ne

FIGURE 1

Norepinephrine dosages <0.25mcg/k:g/min.

Group NVi0

Variations in lactate levels in the three groups at different timings expressed as a median. Ne = Norepinephrine Group; NVtO = Initial Synergism Group
(TO) Argipressin/Norepinephrine; NVtl = Argipressin/Norepinephrine synergism group due to failure to optimize Mean Arterial Pressure (>65mrnHg) for

TIMING

Group NVit1

TABLE 3 Resistance indices at TO.

Group 1 Group 2 Group 3 P-value
RI Radial Artery Left -anatomical snuffbox- 0.99 (0.96, 1.20) 1.06 (0.94, 1.29) 1.15 (1.10, 1.22) 0.698
RI Radial Artery Right -anatomical snuffbox- 0.96 (0.93, 1.00) 0.97 (0.95, 1.25) 1.10 (0.96, 1.20) 0.46
RI Central Retinal Artery Left 0.94 (0.85, 1.01) 0.91 (0.79,0.94) 0.96 (0.85, 1.01) 0.592
RI Central Retinal Artery Right 0.90 (0.71, 0.97) 0.90 (0.80, 0.93) 0.90 (0.83, 0.99) 0.715
RI Renal Left 0.74 (0.72, 0.87) 0.79 (0.72, 0,90) 0.77 (0.74,0.90) 0.77
RI Renal Right 0.78 (0.72, 0.88) 0.85 (0.75, 0.89) 0.82 (0.73, 0.86) 0.755
RI superior mesenteric Artery 0.90 (0.78, 0.96) 0.84 (0.78, 0.88) 0.86 (0.78, 0.90) 0.505

Resistance indices at TO: values are expressed in median and interquartile ranges; Group 1 = Norepinephrine Group; Group 2= Initial Synergism Group (TO) Argipressin/
Norepinephrine; Group 3= Argipressin (0.03 IlU/min) after norepinephrine (<0.10-0.25> mcg/kg/min) to stabilize the hemodynamics (MAP >65 mmHg).; MAP = Mean

Arterial Pressure.

There are no significant differences in musculoskeletal
circulation as assessed by the right and left radial artery at TO.

The right radial artery RI was reduced in Groups 2 and 3 at
timepoint T3, which was statistically significant (Table 4). No
significant differences were seen in Group 1.

There were no significant differences in the intracranial
circulation (as bilaterally assessed by the central retinal artery) in
the three Groups at timepoint TO (Table 3). In the
measurements taken for both the right and left side CRAs, there
were significant reductions in the RIs in Groups 2 and 3. In
Group 1, there was a significant increase in the RI for the right
side CRA (Table 4). No significant differences were seen in renal
circulation (assessed bilaterally at the level of the interlobar renal
artery) in the three Groups at timepoint TO (Table 3). In Groups
2 and 3, the RlIs for the left side ARE at time point T3 were
significantly reduced. In Group 1, the RI for the left side ARE
significantly increased. In Group 3, the RI for the right side ARE
significantly reduced (Table 4). No significant differences were
seen in the RI for the right side ARE in Groups 1 and 2.

Frontiers in Anesthesiology

No differences were seen in the splanchnic circulation (assessed
by the superior mesenteric artery) in the three Groups at time point
TO. In Groups 2 and 3, there was a statistically significant reduction
of RI. No significant differences were seen in Group 1 (Table 4).

The norepinephrine drug dosage was significantly reduced over
time in Groups 2 and 3 but significantly increased in Group 1
(Table 5).

A significant reduction in the SOFA SCORE was seen in
Groups 2 and 3 compared to the Ne Group. No significant
differences were seen in the SOFA SCORE in Group 1 (Figure 2).

3.1. Correlations between the parameters
recorded in the study

The correlations between the dosage of norepinephrine and the
polydistrectual multi-district RIs at different time points are
presented in Figure 3.

The correlation appears to be stronger at 48 h.
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TABLE 4 Resistance indices variations at T1, T2, and T3.

1 h (median, interquartile

24 h (median, interquartile

10.3389/fanes.2023.1322825

48 h (median, interquartile P-

range)

RI superior mesenteric Group 0.85 [0.76, 0.97] 0.90 [0.72, 0.99] 0.89 [0.78, 0.99] 0.3529

Artery 1

RI superior mesenteric Group 0.82 [0.64, 0.93] 0.77 [0.62, 0.89] 0.75 [0.59, 0.81] 0.0002

Artery 2

RI superior mesenteric Group 0.83 [0.64, 0.93] 0.74 [0.68, 0.89] 0.68 [0.64, 0.81] <0.001

Artery 3

RI Central Retinal Artery | Group 0.96 [0.72, 1.11] 0.92 [0.66, 1.06] 0.97 [0.79, 1.14] 0.0384

Right 1

RI Central Retinal Artery | Group 0.87 [0.71, 0.97] 0.79 [0.59, 0.92] 0.79 [0.58, 0.87] 0.0081

Right 2

RI Central Retinal Artery | Group 0.86 [0.74, 1.11] 0.86 [0.55, 0.95] 0.78 [0.66, 0.88] 0.003

Right 3

RI Central Retinal Artery | Group 0.92 [0.76, 1.20] 0.97 [0.63, 1.00] 0.95 [0.82, 1.09] 0.3381

Left 1

RI Central Retinal Artery Group 0.81 [0.60, 0.97] 0.78 [0.44, 0.91] 0.76 [0.58, 0.87] 0.0285

Left 2

RI Central Retinal Artery | Group 0.90 [0.75, 1.20] 0.87 [0.58, 0.98] 0.79 [0.61, 0.88] 0.0025

Left 3

RI Renal Right Group 0.93 [0.76, 1.08] 0.89 [0.69, 1.11] 0.93 [0.72, 0.99] 0.0918
1

RI Renal Right Group 0.78 [0.60, 0.95] 0.69 [0.61, 1.11] 0.73 [0.62, 0.86] 0.1261
2

RI Renal Right Group 0.73 [0.60, 0.95] 0.69 [0.61, 0.87] 0.70 [0.62, 0.82] 0.0074
3

RI Renal Left Group 0.89 [0.79, 1.11] 0.89 [0.69, 1.17] 0.96 [0.82, 1.17] 0.0062
1

RI Renal Left Group 0.86 [0.63, 0.89] 0.69 [0.61, 1.17] 0.72 [0.59, 0.83] 0.0211
2

RI Renal Left Group 0.78 [0.60, 1.00] 0.72 [0.57, 0.85] 0.67 [0.61, 0.85] 0.0016
3

RI Radial Artery Right Group 1.09 [0.94, 1.20] 1.09 [0.79, 1.19] 1.10 [0.89, 1.21] 0.4808
1

RI Radial Artery Right Group 1.05 [0.84, 1.29] 1.02 [0.78, 1.23] 1.01 [0.64, 1.22] 0.0465
2

RI Radial Artery Right Group 1.10 [0.89, 1.27] 0.84 [0.65, 1.00] 0.87 [0.64, 1.22] <0.001
3

RI Radial Artery Left Group 1.14 [0.87, 1.25] 1.08 [0.89, 1.32] 1.11 [0.87, 1.24] 0.8975
1

RI Radial Artery Left Group 1.11 [0.81, 1.23] 1.04 [0.62, 1.22] 1.10 [0.87, 1.26] 0.8011
2

RI Radial Artery Left Group 0.93 [0.69, 1.17] 0.86 [0.61, 1.11] 1.09 [0.87, 1.24] 0.6983
3

Resistance indices variations at T1, T2, and T3: values are expressed in median and interquartile ranges and statistical significance (P-value). The statistically significant
P-Value are reported in bold; group 1= norepinephrine group; group 2= initial synergism group (TO) argipressin/norepinephrine; group 3= argipressin (0.03 IU/min)
after norepinephrine (<0.10-0.25> mcg/kg/min) to stabilize the hemodynamics (MAP > 65 mmHg).

TABLE 5 Variations of norepinephrine dosage at TO, T1, T2, and T3.

0 h (median, interquartile 1h 24 h (median, interquartile 48 h (median, interquartile
range) range) range)
NORA Group 1 0.18 [0.15, 0.25] 0.28 [0.10, 0.45] 0.30 [0.12, 0.50] <0.001
DOSE
NORA Group 2 0.15 [0.10, 0.25] 0.11 [0.03, 0.30] 0.10 [0.03, 0.25] <0.001
DOSE
NORA Group 3 0.18 [0.13, 0.25] 0.20 [0.10, 0.25] 0.15 [0.10, 0.25] <0.001
DOSE

Variations of Norepinephrine Dosage at TO, T1, T2, and T3: values are expressed in median and interquartile ranges and statistical significance (P-Value). The statistically
significant P-Value are reported in bold. NORA DOSE = Norepinephrine Dosage; group 1= Norepinephrine Group; group 2= Initial Synergism Group (TO) Argipressin/
Norepinephrine; group 3= Argipressin (0.03 IU/min) after norepinephrine (<0.10-0.25> mcg/kg/min) to stabilize the hemodynamics (MAP > 65 mmHg).
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4. Discussion

This retrospective observational study evaluates the safety of
early administration of argipressin drug association used in the
treatment of septic shock.

The drug argipressin is not the first choice for treatment
because it could cause an increase in splanchnic resistance.

Resistance Index is an important ultrasound parameter that
evaluates the multi-district vascular tone and multiorgan Perfusion.

Studies comparing the Doppler ultrasound technique with
SVRI
reported

standard  techniques for  measuring (such as

transpulmonary  thermodilution) have accurate
measurements taken by Doppler ultrasound. Moreover, the
Doppler ultrasound technique is low in cost and reproducible
(36, 37). Previous studies have been conducted using a small
number of samples and usually measured a single landmark or
vascular district (53). It is known that the specific vasopressor
receptors are distributed all along the vascular system. Hence, the
hemodynamic disturbances after shock are not uniform along the
whole body. Therefore, vascular RI measurement at a single site
is not representative of systemic vascular resistance in patients
with distributive shock. Hence, we measured the response to
shock in several regions of the body including the intracranial
circulation, the musculoskeletal circulation, the splanchnic
circulation, and the renal circulation.

Our results showed an improvement in the pressure parameters
(MAP) in all three groups. This increase was confirmed by
hemodynamic monitoring using Systemic Vascular Resistances
Indices over 48 h. However, the lactate levels in the three groups
varied over 48 h. In particular, there was an increase in the

lactate levels in the group given norepinephrine only, whereas

Frontiers in Anesthesiology

the other two groups had a decrease in lactate levels (Table 2).
Lactates are an important biomarker of tissue hypoxia and
dysfunction but are not a direct measure of perfusion. A recent
retrospective study by Sacha et al. (20) demonstrated a
correlation between high doses of norepinephrine, lactate levels,
and mortality in patients with septic shock.

In our study, the RI was used to evaluate other organ perfusion
parameters. The Rls varied across the three groups in our study
(Table 4).

We analyzed the perfusion in the splanchnic region, which has
a higher incidence of mesenteric ischemia after infusion therapy
with argipressin. Our study showed a significant reduction in RI
in the two groups that used argipressin compared to the group
that used norepinephrine alone. There were no differences
between Groups 2 and 3.

In the musculoskeletal district, there was a significant reduction
in the right radial artery Rls in the two groups that used argipressin
compared to the norepinephrine group. This reduction was not
significant when the two groups that used argipressin were
compared.

In the renal district, there was a significant reduction in the RIs
in the two groups that used argipressin compared to the
norepinephrine group. There were no differences in Groups 2
and 3.

Finally, in the intracranial district, there was a significant
reduction in the RIs in the two groups that used argipressin
compared to the norepinephrine group. This reduction was not
significant when the two groups that received argipressin were
compared.

These findings suggested that the use of argipressin reduced
resistance and improved multi-organ perfusion.
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FIGURE 3
The graph shows the colTelations between all the vatiables analyzed in the study at O hours (A), 24 hours (B) and 48 hours (C). The intensity of Red
indicates Inverse Conelations, while the intensity of Blue indicates Direct ColTelations. It is also possible to highlight how the conelation turns out to
be all the stronger the greater the diameter of the circumferences. What is highlighted in the Graph is a direct colTelation between the dose of
norepinephrine and the Index of Resistance, i.e. for each increase in the dosage of Norepinephrine there is an increase in the Index of Resistance in
the various districts. This colTelation is greater at 48 hours. The hypothesis that can be made to explain this is related to the mechanism of “Receptor
Desensitization”. Receptor Desensitization means that the dosage ofnorepinephrine must be increased over time to produce the desired effect (Mean
Altetial Pressure >65mmHgq). This increase therefore detelmines, in addition to the desired effect, also an increase in side effects such as
tachyphylaxis, vasoconsttiction and therefore the increase of the Resistance Indices. AMS RI= Resistance Index of the Superior Mesenteric Attely CRA
RI right/left= Right and left Central Retinal Altery Resistance Index; ARE RI right/left = Right and Left Renal Artely Resistance Index; AR RI right/left =
Resistance Index Right and left radial artely to the anatomical snuff box; HR = Healt Rate; MAP = Mean Alterial Pressure; Svri = Systemic Vascular
Resistance Index; SAP = Systemic Alterial Pressure; DAP = Diastolic altelial pressure; SOFA (Sequential Organ failure Assessment) SCORE; PCT =
Procalcitonin; C1t = Creatinine; NORA DOSE = norepinephrine dosage.

This better multi-organ perfusion could be explained by  vascular resistance, increases cardiac work, and causes
“decatecholaminization”, ie., a catecholamine-sparing strategy =~ myocardial ischemia and severe hypertension (51). Systemic
associated with the early effect of norepinephrine-argipressin  vasoconstriction can impair mesenteric perfusion resulting in
treatment. organ dysfunction and metabolic acidosis.

Reducing norepinephrine dosages decreased the activation of It is essential to observe the trend of the norepinephrine dosage
ol receptors. The al-agonist action, in fact, increases pulmonary  in the 48 h in the three groups. In the norepinephrine group, there
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FIGURE 4

Intracellular mechanisms behind the effect of a and ~-AR activation on cytokine production. (A) Stimulation of the a-AR results in activation of PKC, which
induces IKB phospholylation, and traslocation of NF-KB to the nucleus. NF-KB facilitates proinflammatory cytokine transcription. (B) Stimulation of the
~-AR increases intracellular cAMP levels, which activate PKA. PKA prevents NF-KB from entering the nucleus, resulting in reduced proinflammatory
cytokine transcription and production and increased production of antinflammatory IL-10. AR = adrenoceptor; IKB = inhibitor nuclear factor; NF-KB
= nuclear factor K - lightchai-enhancer of activated B cell; PKA = Protein kinase A; PKC = Protein Kinase C; TNF = Tumor Necrosis factor.

is a highly significant increase in norepinephrine dosage (p-value
<.0001) while in the two argipressin groups, there is a highly
significant reduction (p-value <.0001) (Table 5).

The direct correlation between the dosages of norepinephrine
and the multi-district RIs at 0 h, 24 h, and 48 h is presented in
Figure 3.

This correlation appears to be greater at 48 h. This correlation
can be explained by the mechanism of “receptor desensitization”.

It has been established that desensitization of norepinephrine
receptors can occur through phosphorylation and internalization
of al-receptors (49-52). It is therefore essential to increase the
dosage of norepinephrine over time to produce the desired effect
(MAP > 65 mmHg). This increase can be associated with adverse
effects such as tachyphylaxis and vasoconstriction with an
increase in the RIs. In such scenarios, therapeutic agents with
different pharmacodynamics should be used.

We can attribute the effect of reducing the RIs in the
argipressin groups to the argipressin agonism on the V2
receptors of the kidney. V2 receptors act through the retention of
free water and the release of von Willenbrand factor, factor VIII,
and tissue plasminogen activator from endothelial cells (54-56).
The
vasodilation through the activation of endothelial NOS via c-

selective V2 agonism exerted by argipressin causes
AMP. Argipressin may therefore have vasodilatory effects in
some vascular beds, including the pulmonary arterial system,
probably through the activation of oxytocin receptors.

From the results of this study, it is not possible to say which of
the two groups with argipressin is better at reducing the
vasoconstrictive effects. There were no significant differences in
the measurements in the groups that started the norepinephrine-

Frontiers in Anesthesiology

argipressin combination treatment from the beginning and in the
group in which the infusion was started for norepinephrine
dosages less than 0.25 mcg/kg/min. The small sample size limits
the results obtained, and further studies are needed.

Furthermore, the improvement of Multiorgan Perfusion can
also be highlighted by the Correlation Graph (Figure 3) in terms
of improvement of the SOFA SCORE. In particular, a direct
correlation can be observed between dosages of norepinephrine,
Ris, and SOFA SCORE.

It is likely that an early administration of argipressin is
associated with a clinical prognostic improvement due to
endocrine replacement. Patients with septic shock initially have
high argipressin levels, which decrease over the subsequent 48 h
(7-12). The administration of exogenous argipressin restores the
physiological plasma concentrations, and this can improve the
outcome and organ perfusion.

It is possible that a high SOFA SCORE value in the
norepinephrine group is associated with the immunological
effects of norepinephrine. Norepinephrine suppresses the
synthesis of proinflammatory cytokines, such as TNFo and IL-
1B, and increases the production of anti-inflammatory cytokines,
such as IL-10, in a dose-dependent manner. This could explain
the immunological impairment of the patient treated with high-
dose norepinephrine and in general its worse outcome.
Argipressin compared with norepinephrine augments the decline
of plasma cytokine levels in septic shock (13;16;18) (Figures 4, 5).

Our study also showed a statistically significant reduction in
Heart Rate in Group 2. This could be due to the lower dosages
of norepinephrine whose effects on arrhythmias are well known

(57-59).
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Mechanisms by which norepinephrine may contribute to sepsis-induced immunoparalysis. Activation of the a-AR has been associated with both pro- and
anti-inflammatory effects. Activation of ~-AR exells anti-infammatory effects Fmlhermore, noreplinephline induces the generation of
immunosuppressive neutrophils and directly promotes bacterial growth. AR = adrenoreceptor; NK = Natmal Killer; Th = T-helper; TNF = tumor
necrosis factor.

4.1. Limitations

The retrospective nature of the study represents a limitation,
and this should be taken into consideration when interpreting
our preliminary results.

As for the retrospective nature of the study, we had the chance
to balance the number of patients in each group. The sample size
uniformity among groups adds an important limitation.

Another limitation is the resistive index evaluations, as this
requires a training period and is not a procedure that can always
be replicated.

5. Conclusions

In light of the obtained results, we can hypothesize that the use of
the early norepinephrine-argipressin association treatment could be a
valid strategy for hemodynamic optimization in this patient setting.
Our results suggest an efficacy and safety profile of the early
argipressin-norephynephrine association. Considering the already
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discussed limitations of our study, further and more complete
studies will serve to confirm (or not) the results of our observation.
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