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Vasodilatory shock, such as septic shock, requires personalized management which
include adequate fluid therapy and vasopressor treatments. While these potent
drugs are numerous, they all aim to counterbalance the vasodilatory effects of a
systemic inflammatory response syndrome. Their specific receptors include a- and
B-adrenergic receptors, arginine-vasopressin receptors, angiotensin Il receptors and
dopamine receptors. Consequently, these may be associated with severe adverse
effects, including acute mesenteric ischemia (AMI). As the risk of AMI depends on
drug class, we aimed to review the evidence of plausible associations by performing
a worldwide pharmacovigilance analysis based on the World Health Organization
database, VigiBase®. Among 24 million reports, 104 AMI events were reported, and
disproportionality analyses yielded significant association with all vasopressors, to the
exception of selepressin. Furthermore, in a comprehensive literature review, we detailed
mechanistic phenomena which may enhance vasopressor selection, in the course of
treating vasodilatory shock.

Keywords: septic shock (MeSH), vasopressors, pharmacovigilance, systematic review, mesenteric ischemia

BACKGROUND

Vasodilatory shock, among which the first cause is septic shock, rank first in the causes of
mortality in intensive care units (1). Upkeeping organs perfusion is one of the main goals of shock
management, and to that end, volume resuscitation and vasopressors administration are key to
maintaining adequate blood pressure (1).

Yet, the variety of molecules which may be used as vasopressors has been increasing over
the years, and their efficacy and drawbacks have been compared in numerous meta-analyses and
reviews. Among adverse effects related to use of vasopressors, acute mesenteric ischemia (AMI) is
an uncommon (with a below than 1% incidence) but lethal (2, 3) and its diagnosis difficult (4).

In this review, we especially focused on AMI related to vasopressors use. In the first part,
we performed a worldwide pharmacovigilance analysis based on the World Health Organization
database, VigiBase® to assess the potential association between the different vasopressors and
AML. In the second part, we performed a comprehensive literature review on the mechanisms of
action of the available vasopressors at bedside and their respective adverse effects, with a focus
on AML
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METHODS
Study Design

This is a worldwide observational case-non-case cross-sectional
study focusing on AMI related to vasopressors use, from
the international pharmacovigilance database, VigiBase
(5). VigiBase® is the WHO global individual case safety
reports (ICSR) deduplicated database, managed by the
Uppsala-Monitoring-Centre  (Uppsala, Sweden, accessible
at www.vigiaccess.org). It contains over 23 million ICSR
received from over 130 countries since 1967 with over 25,000
drugs and vaccines. ICSR originate from different sources,
such as healthcare professionals, patients, and pharmaceutical
companies, and are generally notified post-marketing. ICSR
include administrative information (country, type of report and
reporter), patient data (age, sex) and nature of the outcome,
using the latest version (currently v22.1) of MedDRA (Medical
Dictionary for Regulatory Activities) terms (6). Drug(s) involved
(name, drug start and stop dates, indication, dose) are also
indicated. Drugs are coded using the WHO drug dictionary
and categorized using the Anatomical Therapeutic Chemical
(ATC) classification (7). Each event is characterized as “serious”
or “non-serious” according to the WHO definition. Seriousness
corresponds to death, life-threatening situations, hospitalization,
hospitalization prolongation, persistent incapacity or disability,
and situations judged clinically serious by the physician reporting
the case.

Analysis in VigiBase

VigiBase'” is a spontaneous reporting system, which allows for
more robust and rigorous analyses than isolated case reports
or case series, due to the possibility of performing quantitative
comparisons, such as disproportionality analysis (case-non-
case) to identify drugs significantly associated with AMI (8).
We identified cases of AMI by searching in VigiBase® all
ICSR flagged with the MedDRA preferred-term level referring
to AMI (a composite of “Intestinal ischemia,” “Mesenteric
arterial occlusion,” “Mesenteric artery stenosis,” “Mesenteric
vascular insufficiency” and “Mesenteric vascular occlusion”) from
inception to June 2021; with a drug declared as “suspect” or
“interacting” with AMI reaction.

Disproportionality analysis compares the proportion of a
selected specific adverse-drug-reaction (ADR) reported for a
single drug with the proportion of the same ADR for a
control group of drugs (i.e., full database with all drugs). The
denominator in these analyses is the total number of ADR
reported for each group of drugs. If the proportion of cases
associated with a specific drug is greater than in patients
without this ADR (non-cases), there is a disproportionality
association (signal identification) between the ADR and the drug.
In the present work, the calculated Bayesian disproportionality
estimate was the information component (IC) (8). Herein, we
also performed for selected previously unknown liable drugs
a sensitivity analysis excluding from full database the ICSR
in which drugs already known to be associated with AMI
were reported.

» o«

Calculation of the IC using a Bayesian confidence propagation
neural network was developed and validated by the Uppsala
Monitoring Centre as a flexible, automated indicator value
for disproportionate reporting that compares observed and
expected ADR associations to find new drug-ADR signals with
identification of probability difference from the background
data (full database) (9). Probabilistic reasoning in intelligent
systems (information theory) has proved to be effective for the
management of large datasets, is robust in handling incomplete
data, and can be used with complex variables. The information
theory tool is ideal for finding drug-ADR combinations with
other variables that are highly associated compared with the
generality of the stored data (9). Several examples of validation
with the IC exist, showing the power of the technique to
find signals sooner after drug approval than by a regulatory
agency, and to avoid false positives, whereby an association
between a common drug and a common ADR occurs in the
database only because the drug is widely used and the ADR is
frequently reported (i.e., between digoxin and rash) (9, 10). Like
others, our team published several studies using VigiBase™> and
disproportional reporting calculation to characterize and identify
new drug-ADR associated signals, which were subsequently
corroborated by preclinical mechanistic studies or prospective
cohorts (8, 11-14). This later element requires to be emphasized,
as IC value should be interpreted only as means to perform
clinical reviews of plausible associations and do not signify
causality in any way. The ICps is the lower end of the 95%
credibility interval for the IC. A positive value of the ICys is
deemed significant (8, 15).

For description of ICSR, continuous data were reported
in median (interquartile range). All data were available,
otherwise specified. Data management was performed using
Python software v3.0 (Python software foundation, Wilmington,
Delaware, USA).

RESULTS

Overall, 23,937,083 ICSR were screened and 104 ICSR of AMI
were retained. All vasopressors, to the exception of selepressin
were significantly associated with AMI (ICpp5 > 0 and ROR >
1, see Figure 1). Affected patients were >65 years old in 48%,
with men representing 61% of cases. Death was concomitantly
reported in 49% of cases. Reports originated from standard
of care in 91% and 6 from investigational drug studies. The
summary of ICSR characteristics by vasopressor is detailed in
Table 1.

DISCUSSION AND REVIEW OF THE
DIFFERENT AVAILABLE VASOPRESSORS

Vasopressors are indicated for patients with persistent
arterial hypotension after appropriate fluid resuscitation.
While some vasopressors are natural hormones that exert
a vasopressor activity through specific receptor activation
(norepinephrine, epinephrine, vasopressin, angiotensin II), most
recent vasopressors, such as selepressin, are modifications of
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Reaction N obs. N drug ROR (95%Cl), vs fullbase
I I I I
Angiotensin Il 2 42 71.45 [17.27-295.66] : : : 4‘
I I I I
Vasopressin 14 678 30.15 [17.76-51.20] : : : s 2 ]
I I I I
Norepinephrine 47 2,393 28.70 [21.50-38.33] ! [ | @ |
I I I I
| | | |
Terlipressin 17 1,606 15.30 [9.49-24.68] | \ ®
I I I I
| | | |
Dopamine 19 2,952 9.27 [5.90-14.55] | | 2 4 |
| | | |
Phenylephrine 10 2372 605 [3.25-1127] | | = T
| | | |
Epinephrine 30 10,331 417 [291-596] } L }
I I I I
| | | |
0.01 0.1 1 10 100
FIGURE 1 | Association between acute mesenteric ischemia and each molecule. A reporting odds ratio (ROR) value is considered significant when lower bound of
95% confidence interval (95%Cl) is above 1. The studied reaction is acute mesenteric ischemia (AMI). N obs., number of observed AMI reports; N drug, number of
reports involving the studied drug in VigiBase.

natural hormones. All vasopressors have adverse effects such as
ischemia, cardiac arrhythmias and/or metabolic changes. Here,
we confirmed in this worldwide pharmacovigilance study, an
association between use of all vasopressors and AMI, to the
exception of selepressin.

Pharmacovigilance disproportionality analyses using IC and
ROR have long been considered relevant toward building case
for delving deeper into associations between incriminated drugs
and specific ADR, using spontaneous reports as material. As for
any other measures of disproportionality, the need for caution
to interpret quantitative results is paramount and IC values
primarily serve to triage which drugs or drug categories require
scrutiny while building case reviews (16). Hence, the primary aim
of such methods is to look at plausible drug-ADR associations,
before delving deeper using combined in vitro and in vivo
translational methods to assess causality (13).

Gastrointestinal Side Effects of

Vasopressors, an Overview

In critically-ill patients with shock, vasopressors are used to
restore vasoconstriction and enhancement of mean arterial
pressure. However, a higher cumulative vasopressor dose is
associated with organ dysfunction and mortality (17, 18).
Vasopressors are also associated with digestive side effects when
used inappropriately or in high doses.

Gastrointestinal complications are frequent in critically ill
patients (19). Mechanisms underlying vasopressors use and
gastrointestinal complications are not fully understood yet, but
splanchnic blood flow seems to be a major factor. Firstly, the
restoration of microcirculatory blood flow is not distributed
evenly when vasopressors are used, especially in the digestive

organs. In pigs who were exposed to fecal peritonitis-induced
septic shock; norepinephrine and epinephrine failed to increase
microcirculatory blood flow in most abdominal organs, despite
increased perfusion pressure and systemic blood flow (20).
These both drugs appeared to divert blood flow away from
the mesenteric circulation and decrease microcirculatory blood
flow in the jejunal mucosa and pancreas (20). In late 90s, the
effects of vasopressors on increasing the splanchnic perfusion,
principally assessed by gastric intramucosal pH, was found to
be unpredictable (21). Secondly, in critically-ill patients, the
use of catecholamines and degree of motility disturbance were
found to be associated (22), although the severity of illness and
use of sedative drugs disturbs motility and also associates with
catecholamine use (22).

Splanchnic vasoconstriction, secondary to the vasopressors
use, could lead to non-occlusive AMI, characterized by
gastrointestinal ischemia with “normal” vessels. Overall, non-
occlusive AMI is associated with a high mortality rate in
critically-ill patients (2, 23). The mechanisms underlying
non-occlusive AMI are incompletely understood and include
macrovascular vasoconstriction, hypoperfusion of the tips of
the villi and shunting (4). However, causality link between
vasopressors use and AMI was not established on randomized
studies (24).

Angiotensin Il

The main angiotensin II cardiovascular effects are the regulation
of arterial blood pressure with short-term vasoconstriction, the
regulation of aldosterone synthesis and vasopressin release and
the regulation of the water and salt balance. All these effects
are primary mediated through the binding of angiotensin II
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TABLE 1 | Descriptive statistics by molecule of all reports of acute mesenteric ischemia in VigiBase.

Drug of interest Overall Norepinephrine Epinephrine Phenylephrine Dopamine Vasopressin Terlipressin Angiotensin Il
Nb of cases 104 47 30 10 19 14 17 2
Male 59 (60.8%) [97] 28 (569.6%) [47] 15 (563.6%) [28] 3 (30.0%) [10] 10 (62.5%) [16] 9 (69.2%) [13] 9 (64.3%) [14] 2 (100.0%) [2]
Age > 65 years-old 44 (47.8%) [92] 24 (53.3%) [45] 15 (563.6%) [28] 3 (37.5%)[8] 7 (43.8%) [16] 3 (25.0%) [12] 5 (35.7%) [14] 1 (50.0%) [2]
Serious adverse event 96 (100.0%) [96] 46 (100.0%) [46] 30 (100.0%) 7 (100.0%) [7] 17 (100.0%) [17] 14 (100.0%) 14 (100.0%) [14] 2 (100.0%)
Deaths 47 (49.0%) [96] 22 (47.8%) [46] 15 (50.0%) 6(85.7%)[7] 8(47.1%)[17]  9(64.3%) 8 (57.1%)[14] 0(0.0%)
Region of reporting
Africa 1(1.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 1(5.3%) 0(0.0%) 0 (0.0%) 0(0.0%)
America 27 (26.0%) 10 (21.3%) 12 (40.0%) 3 (30.0%) 8 (42.1%) 7 (50.0%) 0 (0.0%) 2 (100.0%)
South-East Asia 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0(0.0%)
Europe 42 (40.4%) 23 (48.9%) 12 (40.0%) 5 (50.0%) 1(5.3%) 2 (14.3%) 12 (70.6%) 0(0.0%)
East Meditterranean 0(0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0(0.0%) 0 (0.0%) 0(0.0%)
West Pacific 34 (32.7%) 14 (29.8%) 6 (20.0%) 2 (20.0%) 9 (47.4%) 5 (35.7%) 5 (29.4%) 0(0.0%)

Type or reporting

Spontaneous 94 (91.3%) [103] 42 (89.4%) [47] 27 (90.0%) [30] 9 (90.0%) [10] 18 (94.7%) [19] 13 (92.9%) [14] 14 (87.5%) [16] 2 (100.0%) [2]
Report from study 6 (5.8%) [103] 4 (8.5%)[47] 2(6.7%)[30] 0(0.0%)[10] 1(5.3%)[19] 0(0.0%)[14] 2(12.5%)[16] 0 (0.0%) [2]
Other 3(2.9%) [103] 1(2.1%)[47] 1(3.3%)[30] 1(10.0%)[10] 0(0.0%)[19] 1(7.1%)[14] 0(0.0%)[16] 0 (0.0%) [2]
Category of reporter
Physician 75 (79.8%) [94] 34 (82.9%) [41] 21 (75.0%) [28] 4 (66.7%) [6] 14 (93.3%) [15] 6 (54.5%) [11] 15 (88.2%) [17] 1 (50.0%) [2]
Pharmacist 2(21%)[94 1(2.4%)[41] 0(0.0%)[28] 0(0.0%)[6] 0(0.0%)[15] 1(9.1%)[11] 0(0.0%)[17]  0(0.0%) [2]
Other health professional 13 (13.8%) [94] 6 (14.6%) [41] 6 (21.4%) [28] 2 (33.3%)[6] 0(0.0%)[15] 4 (36.4%)[11] 0(0.0%)[17]  0(0.0%) [2]
Lawyer 0(0.0%) [94] 0(0.0%)[41] 0(0.0%)[28] 0(0.0%)[6] 0(0.0%)[15] 0(0.0%)[11] 0(0.0%)[17] 0(0.0%) [2]
Consumer or non-health professional 4 (4.3%) [94]  0(0.0%) [41] 1 (3.6%)[28] 0(0.0%)[6] 1(6.7%)[15] 0(0.0%)[11] 2(11.8%)[17] 1 (50.0%) [2]

Number of available data are indicated in brackets.

to its type 1 receptor, which belongs to the G protein-coupled
receptor superfamily, in blood vessels, kidney, brain and heart
(25). Besides its classical cardiovascular effects, angiotensin II
might also exert inflammatory, pro-proliferative and pro-fibrotic
effects, involved in oncologic and transplantation pathways (26).

Given its vasopressor activity which allows the restoration
of vascular tone and arterial pressure through both venous
and arterial constriction, (27) the interest of angiotensin II
administration has been studied in vasodilatory shock and
especially in septic shock, since a relative renin-angiotensin
system failure has been evidenced in sepsis, illustrated by a
relative decrease in angiotensin II plasma levels combined with
a decrease in sensitivity to angiotensin II stimulation (26). Thus,
some experimental (28-30) and human studies (31-35) have
shown that angiotensin II administration allowed improvements
to arterial pressure and even a catecholamine-sparing effect (36).
In 2017, the multicentric randomized double-blind, placebo-
controlled ATHOS-3 trial conducted in 334 patients with high-
output catecholamine-resistant vasodilatory shock, defined by
persistent vasodilatory shock despite adequate fluid resuscitation
and administration of high doses of norepinephrine for a
minimum of 6 h and a maximum of 48 h, showed that low-dose
of angiotensin II allowed to achieve a predefined mean arterial
pressure target along with a decrease in catecholamine dosage,
but did not reduce the mortality rate (37). Post-hoc analyses

showed that patients who benefited most from angiotensin II
administration were those with the most severe shocks with
a relative angiotensin II deficiency, (38) those with markedly
elevated serum renin concentrations at baseline (39) and those
with acute kidney injury requiring renal replacement therapy
(40). In this latter group of patients, the administration of
angiotensin IT was associated with a lower 28-day mortality rate, a
better correction of hypotension, and a faster recovery of kidney
function (40).

Despite these encouraging results, angiotensin II is currently
not recommended in patients with septic shock (1), since its
safety is still matter of debate. Indeed, the marked vasopressor
activity of angiotensin II could result in AMI and microvascular
thrombosis in experimental models of septic shock (41, 42).
Nonetheless, in the ATHOS-3 trial, the proportion of serious
ischemic adverse effects (digital, gut, myocardial) and cardiac
arrhythmias were similar in patients receiving angiotensin II
or placebo (37). Especially, AMI occurred in <1% of patients
receiving angiotensin II (37). A systematic review also concluded
that angiotensin II-induced side effects were infrequent, with
<300 reported adverse effects, and no AMI was reported (43).
It must be noted that only 13 of the included studies were
conducted in patients with vasodilatory shock, making the
external validity of these results questionable in the case of
critically-ill patients.
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Non-catecholaminergic Vasopressors:

Vasopressin, Selepressin, Terlipressin
Non-catecholaminergic vasopressors rely on an alternate
pathways, which all depend on three receptors, responsive to
plasma osmolality, blood volume and pressure (44, 45):

e Vla receptors, located on vascular smooth muscular cells,
allowing vasoconstriction,

e V1b receptors, mostly located in the anterior-pituitary
gland and in the pancreas. Their activation leads to the
endocrinological role of vasopressin (AVP), especially by the
induction of corticotropic axis stimulation,

e V2 receptors, located on basolateral surface of renal
tubular cells, inducing aquaporin 2 recruitment leading
to water reabsorption.

AVP has pleiotropic effects, by stimulating all three receptors.
Selepressin is a selective agonist of Vla receptors, which may
mitigate sepsis-induced vasodilatation, vascular leakage and
tissue edema. Finally, terlipressin is mostly a Vla receptor
agonist, but also interacts with V1b and V2 receptors. To
be noted, selepressin and terlipressin use are justified by the
potential toxicity of V2 activity on endothelial and renal cells of
vasopressin (46).

Vasopressin (AVP)
AVP is a nine-amino-acid peptide that is produced by the
hypothalamus and then stored in the post-pituitary gland. Its
vasoconstrictive effect is very low in healthy individuals (47, 48).
In patients with vasodilatory shock such as septic shock, AVP
has a much more potent effect and is released at the very early
phase of shock (49). Its effect is then potentiated within the
first 2 h after septic injury (i.e., endotoxinemia), with an increase
in plasma levels concentration (50). Interestingly, if the injury
lasts more than a few hours, the levels of AVP drop under
baseline level, leading to a hormonal paradoxical level that can
be observed during critical illnesses (51). This decrease may be
due to the depletion of pituitary stores (52), although, only a
third showed this feature in a cohort of patients with septic shock
(53). Autonomic dysfunction with impaired baroreflex loop and
osmoregulation may also participate to the low levels of AVP
observed during septic shock (52-56). Furthermore, increased
neuronal apoptosis in the autonomic centers may also contribute
to the observed deficiency in AVP during septic shock (57, 58).
In contrast to norepinephrine, AVP may cause less
vasoconstriction in mesenteric, coronary, and cerebral
circulations (59). In several in vivo models, AVP was associated
with improved recovery from mesenteric ischemia. The
upregulation of endothelin 1 (ET-1) gene expression, with
subsequent increased plasma levels of ET-1 and intestinal
fatty acid binding protein, has been previously associated with
mesenteric ischemia, and use of vasopressin in porcine models
reversed these observations (60). Interestingly, endothelin
receptor antagonists have been identified as potential protectors
against ischemia-reperfusion injury in small intestine, and it was
suggested in rats that AVP may have cross-path effect (61).

The largest trial compared in 778 patients with septic shock,
the effect of vasopressin to those of norepinephrine (62). There
was no difference in overall survival (35.4 and 39.3% 28-day
mortality, respectively; difference, —3.9%; 95% CI, —10.7 to 2.9),
however, the less severe patients who received AVP tended to
show lower mortality, but interaction tests between severity of
shock and mortality did not confirm this observation. AMI
occurred in similar proportion in both treatment arms (3.4% in
the norepinephrine arm vs. 2.3% the AVP arm, p = 0.39). In
a recent meta-analysis, AVP use in septic shock was associated
with an increase of digital ischemia (RR 4.85, 95% CI 2.81-8.39,
I, = 26%), but not AMI (RR 0.83, 95% CI 0.44-1.55, I, = 0%)
and diarrhea (2.47, 95% CI 0.77-7.96, I, = 49%) (63). Hence, to
date, no prospective studies in human showed differences in AMI
when comparing AVP to another vasopressor, but the scarcity
of data does not allow any conclusion, yet. Currently AVP is
recommended as a second-line vasopressor in patients with septic
shock (1).

Terlipressin
Terlipressin is mainly used in patients with hepatic failure,
hepatorenal syndrome (64), and esophageal varices rupture
bleeding (65). Only few trials assessed the benefits of terlipressin
compared to norepinephrine in vasodilatory shock. Moreover,
terlipressin was either evaluated alone or in combination with
other vasopressors, with various dosage, and patients’ profiles.
Thelargest randomized controlled trial comparing terlipressin
and norepinephrine in patients with septic shock was stopped
due to futility (66). In 526 patients, neither difference in 28-day
mortality was observed nor vasopressor-free days or change in
SOFA score during the first week after randomization. While the
investigators reported a greater prevalence of adverse effects (30
vs. 12%, p < 0.01) including diarrhea in the terlipressin group,
they did not find more AMI (1.02 vs. 0.35%, p = 0.62) (66).
Since then, several meta-analyses were published. In 2019,
Huang et al. (67) assessed only randomized controlled trials
specifically evaluating terlipressin vs. norepinephrine, each in
single-therapy in the management of septic shock. With 6 studies
included in their analysis, the authors showed no difference in
28-day mortality, urine output, liver and kidney functions as well
as in adverse effects between groups (67). More recently, Yao
et al. (68) compiled trials evaluating terlipressin alone or with
norepinephrine compared with norepinephrine alone or with
dopamine. They observed a significant lower 28-day or 30-day
mortality rate among patients with septic shock who received
terlipressin [RR = 0.87 (95%CI, 0.77-0.98)]. Adverse effects,
including AMI, were not different between groups (68).

Selepressin

Selepressin is a pure Vla agonist. In vitro and in-vivo
studies on animals showed it can reduce endothelial barrier
dysfunction, vasodilatation, capillary leakage, lung edema and
pro-inflammatory cytokines generated by sepsis (69-73).

Only two major studies focused on selepressin in addition
to norepinephrine in patients with septic shock. A phase Ila
trial highlighted that patients receiving selepressin compared to
placebo, received less catecholamine while maintaining mean
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arterial pressure and reducing net fluid balance (74). A larger
study, SEPSIS-ACT, published in 2019 by Laterre et al. (75),
evaluated the value of adding to norepinephrine, selepressin
compared to placebo in patients with septic shock in a phase
2b/3 trial. The trial was stopped for futility, finding no difference
on the primary endpoint: ventilator- and vasopressor-free days
within 30 days nor in any of the secondary end points (90-day
mortality, kidney replacement therapy-free days, intensive care
unit-free days). However, beneficial effects were observed in the
selepressin group: decreased norepinephrine doses and positive
fluid balance, increased urine output. Focusing on adverse effects,
the proportion of AMI was no greater in the selepressin group
than in the placebo group (3.2 vs. 2.6%) (75).

Catecholaminergic Vasopressors:
Norepinephrine, Epinephrine,
Phenylephrine and Dopamine

Norepinephrine

Norepinephrine is a potent o- and Pl-adrenergic agonist,
with little activity on B2 receptors. By binding to its receptors,
norepinephrine increases cytosolic calcium concentration
into smooth muscle, leading to vasoconstriction and some
positive inotropic activity. Through its B-adrenergic effect,
norepinephrine exerts its vasopressor activity with arterial
and venous vasoconstriction. Besides the increase in arterial
pressures, left ventricular afterload and cardiac filling pressures,
norepinephrine also increases the venous return, resulting in
an increase in right atrial pressure and cardiac preload (76, 77).
This increase in venous return results from the increase in mean
systemic filling pressure (78, 79) and thus in venous return
pressure gradient. Through its f1 stimulation, norepinephrine
also exerts a positive inotropic effect and an increase in stroke
volume. It has been recently demonstrated in 38 patients with
septic shock who had been resuscitated for <3 h and whose mean
arterial pressure remained <65 mmHg, in whom norepinephrine
administration increased the left and right systolic function and
the cardiac output despite the increased left ventricular
afterload (76, 77, 80). Interestingly, the potential chronotropic
effect is counteracted by baroreflex stimulation following
vasoconstriction. Consequently, norepinephrine increases
cardiac output without increasing heart rate or myocardial
oxygen consumption (81). Finally, norepinephrine enhances the
coronary blood flow because of coronary vasodilation secondary
to enhanced cardiac metabolism and the normalization of
diastolic blood pressure when low.

Besides to its effects on macrocirculation, norepinephrine
administration might also improve microcirculation, especially
in case of septic shock, which is characterized by microcirculatory
abnormalities even in patients with preserved or corrected
microcirculation (82). To this end, Georger et al. (83)
demonstrated in severely hypotensive patients with septic shock
that norepinephrine administration improved muscle tissue
oxygenation and microcirculatory reserve capacities. In addition,
the assessment of tissue oxygenation might be of interest to
personalize mean arterial pressure target and thus the dosage
of norepinephrine in patients with septic shock (84). Finally, it

has also been suggested that norepinephrine might have some
immune effects (85).

While norepinephrine is currently recommended as the first-
line vasopressor in patients with septic shock (1), hemorrhagic
shock (86), and cardiogenic shock (87-89), some potential
adverse effects of high-dose of norepinephrine should be
nonetheless kept in mind. First, high-dose of norepinephrine may
induce oxidative stress and myocardial cells insult but also alter
sepsis-associated immunomodulation (90). Furthermore, high-
dose of norepinephrine may impair the splanchnic circulation
with an increase in systemic and mesenteric vascular resistances
(91). Nevertheless, a large randomized trial, the SEPSISPAM
study, assessed the effects of two levels of mean arterial pressure
in 776 patients with septic shock (92). To achieve the high mean
arterial pressure level, norepinephrine doses were significantly
increased. The 28-day mortality rate was not different between
both groups. Serious adverse effects related to norepinephrine use
were ventricular arrhythmias, bleeding, as well as digital ischemia
and AMI. Except atrial fibrillation which was more frequent in
patients receiving higher dose of norepinephrine, the incidence of
other adverse effects, including AMI, was similar in both groups
of patients and AMI occurred in 2% of patients (92).

Epinephrine

Epinephrine is the first adrenergic hormone of the adrenal
medullar gland which was identified and is a potent agonist of a,
B1 and P2 receptors. Through its a-adrenergic effect, epinephrine
exerts its vasopressor activity with marked arterial and
venous vasoconstriction. However, the epinephrine effects on
vasculature is partly counteracted by p2-mediated vasodilation.
Thus, epinephrine administration results clinically in a marked
increase in systolic arterial pressure while diastolic arterial
pressure only slightly increased. Consequently, the increase in
mean arterial pressure is less than that with norepinephrine.
Through its B1 stimulation, which is more marked than that
of norepinephrine (81, 93), epinephrine also exerts positive
inotropic and chronotropic effects, resulting in an increase
in cardiac output. Epinephrine also facilitates ventricular
relaxation and enhanced coronary blood flow through the
increase in myocardial oxygen consumption. Finally, as with
norepinephrine, it has also been suggested that epinephrine
might have some immune effects (85).

Two large trials evaluated the effects of epinephrine
administration in critically-ill patients (94, 95). In the CAT study,
Myburgh et al. showed in 280 patients with shock (mainly septic
shock) that the median time to achieve a predefined mean arterial
pressure target was similar with epinephrine and norepinephrine
administration. The 28- and 90-day mortality rate was also
similar and there was no difference in vasopressor-free days
(94). However, epinephrine administration was associated with
more frequent lactic acidosis and arrhythmia, which led to the
discontinuation of the administration of epinephrine in 13% of
patients. Of note, no AMI or others ischemic adverse effects
were reported (94). In the multicentric and randomized CATS
study, Annane et al. (95) compared in 330 patients with septic
shock epinephrine alone to the association norepinephrine and
dobutamine. The different mortality rates were not different
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as the time to achieve hemodynamic success and the time
to vasopressors withdrawal (95). Once again, epinephrine was
associated with more frequent lactic acidosis, but the incidence
of the other severe adverse effects (arrhythmias, ischemic events,
bleeding) was similar between epinephrine and the association
norepinephrine and dobutamine and AMI was reported (95).
Epinephrine-induced lactic acidosis is a well-known metabolic
effect (96, 97), which is assumed to be independent of tissue
hypoxia and related to the activation of the P2-adrenergic
receptors located at the surface of the skeletal muscle cells (98).
This B2-activity stimulates the skeletal muscle cell Na+/K+-
ATPase and accelerates the aerobic glycolysis and thus the
production of pyruvate and hence of lactate into the cell (99).

Regarding the microcirculation, while it has been suggested
in patients with septic shock that epinephrine administration
increased more gastric mucosal perfusion than norepinephrine
alone for the same mean arterial pressure level (100), other
experimental (20, 101) and human studies (96, 100, 102-104)
suggested that epinephrine might impair splanchnic circulation.
Finally, compared to other vasopressors, epinephrine has the
most negative inhibitory effect of propulsive gut motility (105).
Thus, because of its more marked metabolic and cardiac adverse
effects than norepinephrine (81, 93), and its potential deleterious
effects on microcirculation, epinephrine is currently considered
as a second-line vasopressor in patients with septic shock (1) and
is no longer recommended as a vasopressor therapy in patients
with hemorrhagic shock (86).

In patients with cardiogenic shock, there is no evidence of
superiority of one vasopressor over another in terms of mortality
(106). However, although epinephrine and the association
norepinephrine and dobutamine has similar hemodynamic
efficiency, patients with cardiogenic shock receiving epinephrine
experience more lactic acidosis and arrhythmias and have
inadequate gastric mucosa perfusion (107). More recently, Levy
et al. (108) showed in a randomized trial including 57 patients
with cardiogenic shock after myocardial infarction confirmed
that epinephrine and norepinephrine had similar hemodynamic
efficacy, but epinephrine was associated with higher incidence
of refractory shock. Currently, it is recommended to favor
norepinephrine over epinephrine in patients with cardiogenic
shock requiring vasopressors (89).

Phenylephrine

Phenylephrine is a pure a-adrenergic receptor agonist with
marked vasopressor activity (81, 93). The effects of phenylephrine
on cardiac output are complex and difficult to predict, depending
on its venous and arterial modulation (109). Phenylephrine-
induced venous vasoconstriction might exert opposite effects
on systemic venous return. On one hand, it decreases the
unstressed venous volume, which in turn increases the mean
systemic filling pressure, the venous return pressure gradient
and thus the systemic venous return. On the other hand, it also
increases the resistance to venous return, which consequently
decreases the systemic venous return. Thus, phenylephrine
may either increase or decrease cardiac output in patients
with preload reserve (110). Moreover, phenylephrine-induced
arterial vasoconstriction results in a marked increase in left

ventricular afterload with an important rise in systolic arterial
pressure and thus may induce a decrease in cardiac output
in patients with impaired cardiac contractility (111). This
marked increase in systolic arterial pressure may also result
in baroreceptor-mediated reflex bradycardia and contribute
to the decrease in cardiac output (81, 93). Recently, Kalmar
et al. (112) showed in patients with preload reserve and
anesthesia-induced hypotension that a single phenylephrine
administration increased the systemic venous return and thus
cardiac preload, which in turn increased cardiac output while
the left ventricular afterload increased. Besides its hemodynamic
effects, phenylephrine might also have some immune effects (85).

While phenylephrine is widely used to restore arterial pressure
in anesthesia-induced hypotensive patients in the operating
theater (113), its use is no longer recommended in critically-
ill patients with septic shock from 2016 (1, 101). First,
phenylephrine induced a more pronounced global o1-mediated
splanchnic vasoconstriction than norepinephrine (114), with a
potential risk of splanchnic ischemia (115), even though the
adverse effects of phenylephrine on microcirculatory blood flow
in the gastrointestinal tracts might be less marked than those
of epinephrine and norepinephrine (20). Second, phenylephrine
has a lower efficacy than norepinephrine when continuously
administered due to the absence of B-adrenergic effects (116).
Third, phenylephrine use could be associated with a higher
mortality rate in critically-ill patients (117).

Dopamine

Dopamine is the immediate physiologic precursor of
norepinephrine and epinephrine. Its effects depend on
the activated receptors, which in turn depend on the dose
administered (81, 118, 119). At low dose (<5 wg/kg/min),
dopamine activates D1 receptors located in cerebral, coronary
renal and mesenteric vessels and induces vasodilation with
no effect on arterial pressures. At intermediate dose (5-10
ng/kg/min), dopamine has chronotropic and inotropic effects
by activating the pl-adrenergic receptor. At high dose (10-20
ng/kg/min), by activating the a-adrenergic receptor, dopamine
has a vasopressor activity similar to that of norepinephrine, with
arterial and venous vasoconstriction, which results in an increase
in systemic venous return and left ventricular afterload. As with
other catecholaminergic vasopressors, dopamine might also have
some immune effects (120, 121).

Regarding microcirculation, dopamine has similar effects
than norepinephrine in splanchnic circulation (102). Yet,
gastroduodenal motility was found to be adversely impacted by
the use of low-dose dopamine (4 jug/kg per minute) as compared
to placebo in mechanically ventilated critically ill patients (122).
Currently, dopamine is no longer recommended in critically-
ill patients for the following reasons. First, there is a great
inter-individual variability of the dopamine effects, because of
unpredictable relationship between infusion rate and plasma
levels (81). Second, in a multicenter and randomized trial, De
Backer et al. (123) compared dopamine to norepinephrine as
first-line vasopressor therapy to restore and maintain blood
pressure in 1,679 patients with shock. While there was no
difference in mortality rate, except in the subgroup of patients
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with cardiogenic shock, dopamine was associated with a two-fold
incidence of cardiac arrhythmias (123), confirming findings of
a previous study conducted in patients with septic shock (124).
Conversely, the incidence rate of ischemic complications (skin
ischemia and arterial occlusions) with dopamine was similar
to that observed with norepinephrine. In particular; AMI was
reported in <1% of patients (123).

LIMITATIONS

We acknowledge several and important biases due to the
nature of the pharmacovigilance database. The first being
underreporting, associated with halo bias and lack of information
on the exposed population for calculation of incidence, which
would require sales data from the industry. Indeed, acute
mesenteric ischemia may be caused by shock, which is a major
confusion bias. Moreover, as mesenteric ischemia remains a
rare entity, true incidence remains elusive, due to numerous
factors. The lack of consensual definition, with multiple criteria
possible, as well as hardship to have definite diagnosis makes
underreporting plausible. Moreover, not being able to return to
each report to ensure that an exhaustive search for etiologies
and concomitant drugs intake has been carried out leads to
an information bias, which leads to the fact that the likelihood
of a causal relationship is not the same in all reports. It is of
importance to underline that the association we found between
vasopressors and acute mesenteric ischemia is not necessarily
synonymous with causality and, given the low quality of evidence
that can be inferred from the analysis of large databases such as
the pharmacovigilance database, our results should be interpret
with caution. Yet, with all these elements, disproportionality
analysis methodology allows to focus the attention of clinical
physicians, and to assess plausibility of the incrimination of a
drug toward a singular adverse effect. Although all vasopressors
except Dopamine do not have dose-dependent physiological
effects and were used in the same indications in the different
studies included in our literature review, it should be kept in
mind that the incidence of acute mesenteric ischemia may be
influenced by the dose of vasopressors administered, especially in
patients with impaired vascularity (elderly patients, smokers...).
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