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Abstract

Meta-analyses and several large cohort studies have demonstrated that antiseptic mouthwashes are associated with
mortality in hospitalized patients. A clear pathogenic mechanism is lacking, leading to controversy and a reluctance
to abandon or limit the use of antiseptic mouthwashes. Here, we generate the hypothesis that a disturbance in nitric
oxide homeostasis by antiseptic mouthwashes may be responsible for the observed increase in mortality risk. Nitric
oxide is essential in multiple physiological processes, and a reduction in nitric oxide bioavailability is associated with
the occurrence or worsening of pathologies, such as atherosclerosis, diabetes, and sepsis. Oral facultative anaerobic
bacteria are essential for the enterosalivary nitrate-nitrite—nitric oxide pathway due to their capacity to reduce nitrate
to nitrite. Nitrate originates from dietary sources or from the active uptake by salivary glands of circulating nitrate,
which is then excreted in the saliva. Because antiseptic mouthwashes eradicate the oral bacterial flora, this nitric
oxide-generating pathway is abolished, which may result in nitric oxide-deficient conditions potentially leading to
life-threatening complications such as ischaemic heart events or sepsis.
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Introduction patients and nursing home residents to maintain or
restore oral health [5—11]. In ICUs, chlorhexidine mouth-
washes are recommended to prevent nosocomial and/
or ventilator-associated pneumonia, though this is based
on weak evidence [12-15]. Importantly, in the slip-

stream of these recommendations, chlorhexidine oral

Oral care is essential to maintaining or improving oral
health [1]. The Adult Dental Health Survey indicates that
mouthwash is regularly used by 31% of dentate adults
[2]. Mouthwashes are used by healthy individuals for a

variety of reasons, such as to freshen breath or as part
of a healthy lifestyle [3]. Poor oral health is associated
with bad outcomes due to an increased risk of systemic
and respiratory complications [4]. Therefore, antisep-
tic mouthwashes are given to a variety of hospitalized
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care has been increasingly applied in non-ventilated ICU
patients, though this also lacks documented evidence.
Consequently, oral chlorhexidine use has become general
practice in many ICUs, driven mainly by the presumed
clinical benefits and presumed absence of adverse events.

Problem outline: Is chlorhexidine oral care
harmful?

Reports questioning the safety of chlorhexidine for oral
care have accumulated in recent years. A 2014 meta-anal-
ysis including 12 randomized controlled trials comprising
3630 ICU patients found a trend towards an increased
risk of mortality with the use of oral chlorhexidine



[relative risk (RR) 1.13, 95% confidence interval (CI)
0.99-1.28] [16]. Another 2014 meta-analysis exclusively
considered patients in general ICUs (excluding specialty
units such as those for transplantion or heart surgery)
[17]. Pooled results of 11 randomized controlled trials
including 2618 patients found that oral chlorhexidine is
associated with an increase in mortality [odds ratio (OR)
1.25, 95% CI 1.05-1.5]. In 2016, Klompas et al. reported
that oral chlorhexidine use increased ventilator mortality
among 5539 mechanically ventilated patients in a single-
centre retrospective study [hazard ratio (HR) 1.63, 95%
CI 1.15-2.31] [18]. In the absence of conclusive safety
data, the 2017 International ERS/ESICM/ESCMID/
ALAT Guidelines issued regarding the management of
ventilator-associated pneumonia withheld recommenda-
tions concerning chlorhexidine oral care [19]. In 2018, a
hospital-wide cohort study of 82,274 patients, including
11,139 who received chlorhexidine oral care, showed that
this practice was independently associated with mortal-
ity in either low-level chlorhexidine exposure (<300 mg
cumulative dose, the equivalent of a single bottle of oral
care mouthwash; OR 2.61, 95% CI 2.32-2.92) or high-
level exposure (>300 mg cumulative dose; OR 2.73, 95%
CI 2.35-3.16) [20]. More recently, Parreco et al. reported
a multicentre study comprised of data from 186 US hos-
pitals over a 2-year period [21]. The cohort included
64,904 ICU patients, 14,333 of whom were exposed to
chlorhexidine oral care. After controlling for confounding
factors, chlorhexidine oral care appeared an independent
risk factor for mortality (OR 1.25, 95% CI 1.16-1.34).

A plausible explanation for the increased risk of death
among patients exposed to oral chlorhexidine is still lack-
ing. Chlorhexidine allergy is a growing concern in health-
care, and exposure of the mucosa to chlorhexidine can
result in anaphylactic shock [22-25]. However, such an
event is rare and can hardly be held responsible for a phe-
nomenon that has remained under the radar for decades
[23-25]. Alternatively, higher concentrations of chlorhex-
idine in mouthwash solutions (i.e., 2% instead of the more
commonly used 0.05% or 0.12%) have been associated
with ulceration of the oral mucosa [26]. In view of this,
Bellissimo-Rodrigues et al. conducted a post hoc analysis
assessing dental care in the ICU in a randomized con-
trolled trial of patients receiving a chlorhexidine-based
oral care protocol [27]. The authors proposed chlorhex-
idine-induced oral mucositis as a pathway to mortal-
ity (adjusted OR 6.14, 95% CI 1.98-19.08). However,
their analysis seemed biased, as higher chlorhexidine
concentrations were applied in sicker patients (2% vs.
0.12%), constituting a trigger for mucositis. In addition,

Take-home message

Oral bacteria are essential in nitric oxide homeostasis. Eradicating
the oral microbiome by antiseptic mouthwashes may result in a
state of deficient nitric oxide bio-availability, putting patients at risk
for potentially life-threatening complications. These insights con-
stitute a pathogenic mechanism bridging antiseptic mouthwashes
with mortality and plea against profuse antiseptic mouthwash use
in hospitalized patients.

adjustments for disease severity were made on admission
data, and oral mucositis may have occurred later during
the disease course. Finally, silent microaspiration of chlo-
rhexidine into the deeper airways of intubated patients
has been presumed to trigger pulmonary complica-
tions. This hypothesis was based on experimental data
in rats exhibiting pulmonary toxicity following consider-
able chlorhexidine instillation, and a single case report
of a confused elderly individual who ingested a bottle of
mouthwash, vomited, and aspirated the gastric contents,
leading to fatal acute respiratory distress syndrome [28,
29]. Two factors make this hypothesis unlikely. First,
both studies reported chlorhexidine exposure in the lung
tissue at levels far beyond what can be assumed on the
basis of silent microaspiration. Second, the observed
association with mortality appearing higher in non-crit-
ically (and therefore non-intubated) patients annihilated
the microaspiration hypothesis [20]. Nonetheless, mac-
roaspiration of larger amounts of chlorhexidine in non-
intubated patients with swallowing disorders (e.g. stroke
patients) cannot be ruled out as a trigger for pulmonary
complications. The absence of an explanatory pathogenic
mechanism has led to controversy in clinical practice and
the consideration of alternatives [30—35].

Here, we generate the hypothesis that deficient bio-
availability of nitric oxide (NO) underlies the increased
mortality associated with antiseptic mouthwash use. NO
plays a key role in several aspects of human physiology.
However, the oral microbiome is disturbed by antiseptic
mouthwashes, blunting the nitrate—nitrite—NO pathway
and leading to defective NO bioavailability.

The enterosalivary nitrate-nitrite-NO pathway

A short-lived highly reactive free radical, NO is gen-
erated through the classic NO synthase-dependent
pathway, or alternatively by the enzyme-independent
enterosalivary pathway [36] (Fig. 1). The NO synthase-
dependent pathway generates NO from L-arginine, O,,
and several co-factors. As this system requires oxygen,
it is compromised in the case of local hypoxia. During
hypoxia, the alternative enzyme-independent pathway
is enhanced, ensuring NO bioavailability. In biological



fluids, oxygenated haemoglobin rapidly oxidizes NO to
nitrate and nitrite. After being taken up by the salivary
glands, nitrate is excreted in the saliva. Nitrate is also
obtained from the diet, as it is abundant in beetroot
and green leafy vegetables. In the oral cavity, faculta-
tive anaerobic bacteria residing in crypts on the poste-
rior part of the tongue partially reduce nitrate to nitrite
[37]. Nitrite and any remaining nitrate are ingested into
the stomach. In the acidity of the gastric milieu, nitrite is
non-enzymatically reduced to NO. Subsequently, nitrate
and the remaining nitrite pass to the intestines and are
systemically absorbed. Nitrite in the circulation can be
further reduced to NO following a complex of enzymatic
and non-enzymatic pathways, whereas nitrate enters the
salivary loop. Essential components of NO production
are the active uptake of circulating nitrate and excre-
tion of nitrate in the saliva by the salivary glands, and
then the reduction of nitrate to nitrite by the oral flora.

As a considerable proportion of the nitrite in blood and
tissues results from dietary consumption, nitrate intake
combined with oral bacteria activity on nitrate may
offer upfront protection against conditions associated
with NO deficiency [38, 39]. As such, the enterosalivary
nitrate—nitrite—NO pathway modulates NO homeostasis
and denotes a symbiosis between the oral bacterial flora
and the host [40, 41].

Role of NO in biological processes

In nearly all organs and tissues, NO is involved in a broad
spectrum of physiological processes [42]. The posi-
tive effects of NO include aspects of the maintenance
of vascular tone and permeability, inhibition of platelet
aggregation and leucocyte adhesion, protection against
antioxidants, neurotransmission, and mitochondrial res-
piration [43]. In the enzyme-dependent generation of
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Fig. 1 Pathways of nitric oxide generation. In the classic NO synthase-dependent pathway, NO is mainly generated in the endothelium from
L-arginine, oxygen, and several cofactors (nicotinamide adenine dinucleotide phosphate, calmodulin, Ca**, tetrahydrobiopterin). NO is then rapidly
oxidized to nitrite and nitrate by oxygenated haemoglobin. Circulating nitrate is either eliminated renally or taken up into the salivary glands and
excreted in the saliva. In the alternative, non-enzymatic, enterosalivary pathway, nitrate excreted in the saliva, together with dietary-derived nitrate,
is partially reduced to nitrite by oral bacteria. This nitrite is ingested into the stomach, where a non-enzymatic reduction to NO occurs. In the
intestinal tract, nitrite is systemically absorbed. In the circulation and tissues, nitrite can be further reduced to NO by enzymatic and non-enzymatic
pathways. Green boxes indicate physiological effects of NO that are potentially compromised by antiseptic mouthwashes, impeding the enterosali-
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NO, three isoforms of NO synthase have been defined
and named based on the cells/tissues where they were
initially discovered, but they may be expressed in dif-
ferent cell types. Neuronal NO synthase plays a role in
central and peripheral neural signalling. Inducible NO
synthase is a key mediator of immune activation and
inflammation. It is released in macrophages by bacte-
rial products and diverse cytokines, providing a defence
against viruses and bacteria [44]. However, overexpres-
sion of inducible NO synthase has deleterious effects. For
example, in sepsis, excessive NO concentration is associ-
ated with muscle wasting syndrome, acute kidney injury,
arterial pulmonary hypertension, pro-apoptotic effects in
the liver, and unfavourable haemodynamic consequences,
such as a diminished response to vasoconstriction and
negative inotropism [42, 45-48]. Thus, NO plays a role
in bacterial killing and optimized perfusion, as well as
tissue damage, capillary leak, and organ failure [49-51].
Endothelial NO synthase modulates vascular tone and
maintains endothelial integrity. NO has a direct vasodila-
tation effect and is a well-known factor in cardiovascu-
lar health. Multiple animal experimental and clinical
studies have demonstrated favourable effects associated
with nitrate supplementation-based boosting of the
enterosalivary nitrate—nitrite-NO pathway, including
reduced blood pressure, a cytoprotective effect against
myocardial ischaemia—reperfusion injury, reversal of
vascular dysfunction in older adults, cardiac protection
through restoration of NO homeostasis, improved angi-
ogenesis following chronic ischaemia, and an advanta-
geous influence on cerebral vasospasm in subarachnoid
haemorrhage [52-59]. Notably, the favourable choles-
terol-independent effects of statins, such as reduced
blood pressure, improved angiogenesis, and benefits in
patients with heart failure, are realized through increased
expression and function of endothelial NO synthases by
a variety of mechanisms and pathways [60]. Hou et al.
demonstrated that homocysteine-induced endothelial
dysfunction, a well-known risk factor in cardiovascular
disease, is reversed by enhancing endothelial NO syn-
thase [61]. In the renal microcirculation, NO mediates
the vascular tone and tubular function [46]. Furthermore,
the non-enzymatically generated NO in the stomach pro-
vides host defence against orally ingested microorgan-
isms, and the presence of nitrite in saliva has a positive
effect on the integrity of the gastric mucosa by improving
mucosal perfusion and mucus thickness [37, 62]. These
favourable aspects of NO on human physiological pro-
cesses have been proposed as therapeutic opportunities
for inorganic nitrite [40].

Effects of antiseptic mouthwashes on NO
homeostasis and morbidity
The capacity of oral bacteria to reduce nitrate has been
demonstrated in different ways. First, the absence of
nitrate reduction has been observed in germ-free rats
[37]. Second, antibiotic therapy results in reduced bac-
terial numbers and blunted salivary nitrate reduction
[63]. This was assumed to at least partially be responsi-
ble for Salmonella gastroenteritis or oral candidiasis in
patients exposed to antibiotic therapy. Third, a series of
trials with antiseptic mouthwash have associated blunted
nitrate-reduction with increased blood pressure. A 0.12%
chlorhexidine antiseptic mouthwash destroys up to 94%
of the oral bacteria that reduce nitrate and decreases the
proportion of reduced nitrate by 85% (from 17 to 4%)
[64]. The results of five human crossover studies [65—69]
and three controlled animal experiments [54, 70, 71]
assessing the effect of antiseptic mouthwashes on blood
pressure and the enterosalivary nitrate—nitrite—NO path-
way were summarized in a systematic review [72]. Two
of the animal studies and all the human studies reported
that antiseptic mouthwash had deleterious effects on
at least one of the outcome variables (i.e., blood pres-
sure and nitrate/nitrite levels in the saliva or plasma).
Three human studies assessed the effects without oral
nitrate supplementation to explore the underlying
mechanisms [65—67]. Two of these studies found signifi-
cantly increased systolic blood pressure (3.5 mmHg and
2 mmHg) [65, 66]. Tribble et al. found that a twice daily
mouthwash using a 0.12% chlorhexidine solution for a
week significantly increased blood pressure in healthy
subjects [73]. A substantial effect was shown, with 13
of 27 study subjects demonstrating an at least 5 mmHg
increase in systolic blood pressure at rest. Salvage from
mouthwash use showed enhancement of the oral bacte-
ria capable of reducing nitrate. Finally, Bescos et al. dem-
onstrated that chlorhexidine mouthwashes for 7 days led
to a major shift in salivary microbiome resulting in more
acidic conditions, lower nitrite availability and higher
systolic blood pressure in healthy study subjects [74].
Epidemiological studies have also found a relationship
between antiseptic mouthwash use and cardiovascular
health. In a cohort of middle-aged (40-65 years) over-
weight or obese individuals, Joshipura et al. evaluated the
risk of hypertension developing over 3 years [75]. Twelve
percent of 540 individuals developed hypertension. The
risk of hypertension was higher in individuals using an
antiseptic mouthwash at least twice daily than in less
frequent users [incidence rate ratio (IRR) 1.85, 95% CI
1.17-2.94] and non-mouthwash users (IRR 2.17, 95% CI
1.27-3.71). These associations were independent of the
major risk factors associated with hypertension, includ-
ing dietary habits and smoking. Using a similar approach



in the same cohort, they found that the risk of develop-
ing pre-diabetes/diabetes was higher in individuals using
an antiseptic mouthwash at least twice daily than less
frequent users (IRR 1.55, 95% CI 1.21-1.99) and non-
mouthwash users (IRR 1.49, 95% CI 1.13-1.95) [76].

Pathologies associated with deficient NO
bioavailability

The above-mentioned studies underscore a relation-
ship between compromised oral bacterial flora and car-
diovascular and endocrine morbidity. This relationship
can be attributed to a disturbance in the enterosalivary
nitrate—nitrite—NO pathway, resulting in decreased NO
bioavailability. The importance of NO for human health
is stressed by multiple examples of pathologies that are
induced or worsened by insufficient bioavailability of NO.

Cardiovascular

Reduced activation of endothelial NO synthase was
associated with cardiac hypertrophy, fibrosis, increased
natriuretic peptide levels, and oxidative stress in an ani-
mal model of chronic kidney injury [77]. These altera-
tions were prevented by the administration of L-arginine,
an essential component of NO synthase-dependent NO
generation. Endothelial NO synthase concentrations are
also significantly lower in patients with unstable angina
pectoris compared to controls, leading to the idea that
NO may serve as a biomarker to predict coronary lesion
severity and complexity [78]. Furthermore, in patients
receiving coronary artery bypass grafts, NO concentra-
tions were significantly lower among those developing
postoperative hypertension [79]. Interestingly, when
sodium nitroprusside was started, NO concentrations
increased and catecholamine levels decreased. Reduced
NO concentrations also contribute to endothelial dys-
function, an important event in atherosclerotic devel-
opment [80, 81]. Actually, defective NO function in the
endothelium is associated with all foremost cardiovascu-
lar risk factors including hypertension, hyperlipidaemia,
smoking, diabetes mellitus, and severity of established
atherosclerosis [58].

Endocrine

Reduced NO bioavailability affects endocrine health via
enhanced insulin resistance and obesity. Low NO bioa-
vailability is assumed to directly lead to insulin resistance
due to disturbed lipid control, increased fat mass, and
decreased glucose delivery [82—84]. Obese patients have
improved insulin sensitivity following nitrate supplemen-
tation by beetroot juice intake [85]. However, this favour-
able effect is erased following antiseptic mouthwash.
These effects have not been observed in healthy non-
obese adults, stressing the possibility that obese patients

are more prone to NO depletion when exposed to anti-
septic mouthwash. Of note, Carlstrom et al. demon-
strated that mice, at risk for metabolic syndrome because
of their endothelial NO synthase-deficient status, experi-
enced reversed features of metabolic syndrome following
a nitrate-rich dietary intake (i.e., reduction in weight and
visceral fat, and lower levels of circulating triglycerides)
[86].

Wound healing

Because of its role in angiogenesis, endothelial home-
ostasis, and inflammation, NO is also important in
wound healing. Reduced collagen deposition and tensile
strength, and delayed wound re-epithelialization have
been demonstrated in mice under NO-free conditions
[87]. Moreover, disease states characterized by a defi-
ciency in NO, including diabetes mellitus and malnutri-
tion, as well as corticosteroid use, are associated with
poor wound healing [88—92]. Suboptimal wound healing
facilitates wound infection and sepsis.

Sepsis

NO plays a protective role in sepsis via better organ
perfusion through microcirculatory vasodilation. In
early sepsis, NO likely contributes to microbial clear-
ance through NO-derived mediators with antibacte-
rial capabilities [93]. Multiple experimental and clinical
studies have stressed the association between decreased
NO bioavailability and sepsis susceptibility, severity, and
outcomes. The immune dysfunction seen late after burn
injury results in decreased NO production, which may
lead to increased susceptibility to sepsis in burn patients
[94]. Several clinical studies have found associations
between reduced NO bioavailability and sepsis severity.
NO has a short half-life in plasma and is a challenge to
measure; therefore, trials often use proxies of NO bio-
availability. Using such approaches relationships between
deficient bioavailability and the occurrence of sepsis has
been demonstrated [95]. Furthermore, among septic
patients, reduced bioavailability of NO is associated with
greater endothelial activity and capillary leakage [96],
more severe organ failure, and mortality [97-99]. How-
ever, these observations rely on a deficient endothelial
NO synthase pathway. The relevance of the enzyme-inde-
pendent pathway in circulatory and septic shock is dem-
onstrated by Cauwels and colleagues [100]. In a mouse
model, they demonstrated the protective effect of intra-
venous pretreatment with sodium nitrite against hypo-
thermia and mortality following a lethal dose of tumor
necrosis factor and Gram-negative lipopolysaccharide.
Therapeutic treatment with nitrite provided additional
protection if administered when hypothermia was not
yet too severe. These experiments suggest that circulating



nitrite is an important source of NO in hypoxic/ischae-
mic conditions and may give occasion to the develop-
ment of treatment options for sepsis [101, 102].

Can a disturbance in the nitrate-nitrite-NO
pathway by antiseptic mouthwash lead

to increased mortality in hospitalized patients?

The previous data clearly indicate the important role of
NO in physiology, the important role of the enterosali-
vary nitrate—nitrite—-NO pathway in NO homeostasis,
that reduced NO bioavailability is associated with the
occurrence or worsening of pathophysiological processes,
and that this pathway is diminished by the use of antisep-
tic mouthwash. Whether antiseptic mouthwashes cause
excess mortality is unclear. However, at least two types of
potentially fatal events may be facilitated by deficient NO
bioavailability provoked by antiseptic mouthwashes.

Ischaemic cardiovascular events

Several controlled trials have demonstrated increased
arterial blood pressure in subjects exposed to antiseptic
mouthwash [65, 66, 73]. Though the absolute increase in
systolic blood pressure was rather small (2-5 mmHg),
even a 2 mmHg increase corresponds with an increased
risk of mortality from stroke of 10% or from ischaemic
heart disease of 7% in middle-aged patients [103]. All
these mouthwash-controlled studies were executed in
healthy volunteers or, at most, in patients with comor-
bidities under stable conditions (i.e., treated hyperten-
sion). However, the NO homeostasis may be more easily
disturbed in patients whose clinical status is compro-
mised by recent surgery, acute illness, or exacerbation
of chronic underlying conditions than in healthy indi-
viduals. Multiple health risk factors, including obesity,
hyperlipidaemia, and hypertension, contribute to ath-
erosclerosis, a condition leading to local tissue hypoxia.
However, as the NO synthase-based pathway is oxygen-
dependent, NO generation is mainly dependent on the
non-enzymatic and oxygen-independent enterosalivary
pathway, which is compromised by antiseptic mouth-
wash. This is illustrated by a case report of a patient with
angina pectoris whose symptoms resolved following ces-
sation of twice daily antiseptic mouthwash use [104].

Septic events

Reduced NO bioavailability facilitating infection and sep-
sis is supported by the multicentre ICU cohort reported
by Parreco et al. [21]. After excluding patients with a
diagnosis of sepsis at admission, the overall rate of sep-
sis among patients exposed to chlorhexidine mouth-
wash was 3.3% compared to 1.8% in unexposed patients
(p<0.001). Chlorhexidine mouthwash remained an

independent risk factor for sepsis after controlling for
confounders (OR 1.37, 95% CI 1.19-1.59).

Discussion

The observed risk of mortality associated with antisep-
tic mouthwash use is hypothesized to be caused by an
obliteration of the oral bacterial flora, resulting in a dis-
turbance in the enterosalivary nitrate—nitrite—NO path-
way. This condition leads to defective NO bioavailability,
facilitating the occurrence of cardiovascular and septic
events.

However, several issues need to be considered. First,
thus far, the link between antiseptic mouthwashes and
increased mortality has been observed exclusively with
chlorhexidine-based mouthwashes [16-18, 20, 21].
However, based on the outlined hypothesis, the poten-
tially deleterious effect cannot be limited to a particular
mouthwash. Potentially every mouthwash with antiseptic
properties against nitrate-reducing oral bacteria should
be capable of decreasing the NO bioavailability and pro-
voking adverse events. Chlorhexidine, however, is used
for a plethora of applications, particularly because of its
sustained effect, an unfavourable quality pertaining to a
healthy oral microbiome [105]. Little is known about the
impact of distinct antiseptic mouthwash solutions on the
nitrate—nitrite—NO pathway. In an experimental setting,
Woesner et al. reported significantly higher systolic blood
pressures following chlorhexidine 0.12% and cetylpyri-
dinium 0.05% mouthwash solutions compared with con-
trols or study subjects exposed to Listerine mouthwashes
[69]. However, to the best of our knowlegde, no effect
of different oral care solutions on nitrate-reducing oral
flora are reported. Second, though a recent meta-analy-
sis confirmed the role of oral bacteria in salivary nitrate
metabolism, their influence on plasma NO bioavailability
requires confirmation [106].

Third, in addition to mouthwashes, several other agents
can disrupt the nitrate—nitrite—-NO pathway, such as
smoking, antibiotics, high concentrations of ascorbate,
and proton-pump inhibitors [107]. Concerning the latter,
Montenegro et al. demonstrated in a randomized, dou-
ble-blind, placebo-controlled, cross-over study in healthy
subjects that the blood pressure lowering effect of oral
nitrite ingestion remains absent when pretreated with
esomeprazole [108]. A similar observation was made in
an experimental setting with rats [109]. Based on these
observations, one may assume that in patients treated
with proton-pump inhibitors antiseptic mouthwashes
may not have an additional adverse effect. Concerning
antibiotics, while the negative impact of amoxicillin on
salivary nitrite has been demonstrated, [63] subsequent
enterosalivary pathway-derived adverse events following



antibiotic exposure remain unexplored. Of note, antibi-
otic indications (i.e., infection or risk of infection) con-
stitutes an inherent bias in the attempt to answer the
research question. Selective oral decontamination could
also harm the nitrate-reducing oral flora. However, such
a prophylactic approach did not increase mortality in a
large trial [110]. It can be assumed that the high base-
line mortality in this study (27.5% of 28-day mortality)
is responsible for the absence of harm. One may indeed
question why chlorhexidine mouthwashes are not asso-
ciated with mortality in patients with a particularly grim
prognosis. In a large randomized-controlled trial in venti-
lated patients Wittekamp et al. reported hospital mortal-
ity rates in patients receiving baseline care (chlorhexidine
mouthwash at standard concentrations, i.e. 0.12% or
0.2%, in 11 out of 13 units), chlorhexidine mouthwash at
high concentrations (2% replaced by 1% solution [26]),
selective oral decontamination, and selective digestive
decontamination [111]. Mortality ranged 38-40.3% and
was not different between the study groups. Likewise, in
the large hospital-wide cohort by Deschepper et al., [20]
the association between chlorhexidine mouthwash and
death was absent in patients with an inherently extreme
mortality risk based on the All Patient Refined-Diagnosis
Related Groups (OR 1.13, 95% CI 0.9-1.41), but present
in patients with a more favorable prognosis [112]. Being
exposed to chlorhexidine mouthwash was significantly
associated with death in patients with a minor/moderate
risk of mortality (OR 5.5, 95% CI 4.51-6.71) and patients
with a major risk of mortality (OR 2.33, 95% CI 1.96—
2.78). The overall observed mortality in the latter groups
was 0.8% and 10.9%, respectively, while it was 41.9% in
the group with an extreme risk of mortality. Analo-
gously, the overall mortality in the ICU cohort described
by Parreco et al., who found excess mortality associated
with chlorhexidine mouthwashes, was 6.9%, consider-
ably lower than the mortality reported by Wittekamp
et al. (38.1%) and the extreme risk subgroup reported by
Deschepper et al. (41.9%) [20, 21, 111]. At the same line, a
recent meta-analysis of 11 studies on critically ill patients
ventilated at least 48 h, with a high 24% baseline mortality
among the control groups, did not find excess mortality
in patients exposed to chlorhexidine mouthwash [113].
This observation could be due to a greater contribution
of complications to mortality in moderately ill patients
than in critically ill patients. Among critically ill patients,
a greater proportion of the mortality is attributed to the
general disease severity, as observed in studies assessing
the impact of infectious complications [114—117].

Finally, ideally, this hypothesis should be tested by
a hospital-wide randomized-controlled trial compar-
ing antiseptic mouthwash exposed with non-exposed
patients. Hereby surrogates of NO bioavailability should

be monitored, linked with the occurrence rate of septic
and ischaemic heart events, and subsequent mortality.
However, the association between antiseptic mouthwash
and mortality constitutes a rare event that could only be
verified in large cohorts and meta-analyses. In the study
by Deschepper et al. including 82,274 patients (11,133
exposed), the number of patients that need to be exposed
to add 1 additional fatality was 47 (95% CI 45-49), com-
promising the achievement of a sufficiently powered
randomized controlled trial [20]. In a hospital-wide pop-
ulation with 2% baseline mortality, a trial must include
42,216 patients to be able to demonstrate a 20% differ-
ence in mortality (alpha=0.05, power=0.8). Large pro-
spective cohort studies with detailed data collection seem
more realistic. Thus, special emphasis should be given to
antiseptic mouthwash exposure (product, concentration,
frequency, and duration of use), other agents compro-
mising the oral microbiome (smoking habits, antibiot-
ics, proton-pump inhibitors), aspects of severity of acute
illness (e.g., acute organ failure), patients’ comorbidities
(especially cardiovascular risk factors, e.g., atherosclero-
sis, hypertension, and obesity), and adverse events com-
plicating the hospital course, especially ischaemic heart
events and septic complications. To further explore the
link between the oral microbiome and harm, monitoring
the oral flora with use of metataxonomic analysis may be
carry out in a randomly selected proportion of patients.
In these patients, salivary and circulating nitrite concen-
trations, as well as surrogate markers of bioavailability of
NO could be measured. However, such in-depth analyses
will add to the complexity of the trial.

In conclusion, we generated the hypothesis that a dis-
turbance of the nitrate—nitrite—NO pathway by oral anti-
septics may be the pathogenic mechanism behind the
observed relationship with mortality. While this hypoth-
esis remains unproven, based on the available meta-anal-
yses and observational cohort studies, it is recommended
to restrict the use of oral antiseptics to indications sup-
ported by evidence.
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