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1. Introduction

Nitric oxide [1] is the gaseous agent previously denominated “endo-
thelial-derived relaxing factor” noted to be responsible for the vasodila-
tion and hypotension in distributive shock and, particularly, in septic
shock. Nitric oxide (NO) is a free radical (NO™) synthesized by a family
of three isoforms of the nitric oxide synthase (NOS). The isoform located
in the leukocytes (iNOS or NOS-2) is inducible by interferon-gamma
and tumor necrosis factor-alfa, and is calcium-independent. The other
two are the constitutively calcium-dependent neuronal (nNOS or
NOS-1) and endothelial (eNOS or NOS-3) enzymes. Activated macro-
phages during sepsis will convert L-arginine to L-citrulline resulting in
production of the NO radical, detectable in plasma as nitrates (NO3"), ni-
trites (NO5 ) and nitrotyrosine [2]. NO can buffer reactive oxygen spe-
cies (ROS) and also react with superoxide to create highly toxic
peroxynitrite. NO freely permeates cell membranes including vascular
smooth muscle, where activates the guanylate cyclase (sGC), generating
the second messenger cGMP which will modulate calcium channels,
protein kinases and phosphodiesterases [3]. In this way, increased intra-
cellular levels of cGMP will cause relaxation of vascular smooth muscle
and will lower blood pressure.

Unwanted hemodynamic NO effects in septic shock as hypotension
can be opposed in more than one way. Non-selective NOS inhibitors
(NOSi) as N¢-monomethyl-L-arginine (L-NMMA) will block NO produc-
tion. Guanylate cyclase inhibitors as methylthioninium chloride (meth-
ylene blue, MB) will interfere NO action. A limited number of small pilot
clinical trials were used to restore blood pressure during septic shock.
Confirmation trials were subsequently developed and shown to be ef-
fective in restoring hemodynamics, but such effect did not improve
the overall outcome both with L-NMMA and MB. In fact, it showed a del-
eterious effect for this population in terms of mortality [4]. Other NO ef-
fects [5] as amplification of macrophage activity, reduced platelet
aggregation and free radical scavenging could be beneficial and must ac-
count for unwanted consequences when NO production or its effects are
blocked. For this reason, other approaches as the use of NO scavengers
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have been tried. While the NO molecule is removed from the blood
stream [6], the intracellular NO activity may continue exerting its bene-
ficial effect [7]. NO scavengers have been tried in clinical trials as treat-
ment for septic shock, but the outcomes have been equally
disappointing. Our intention was to obtain a quantitative summary of
these diverse antagonistic agent effects along the NO pathway using
the available clinical trials. The number of available trials were limited
and sometimes were small-sized. When this is the case, the use of a
tool as meta-analysis may be particularly useful in obtaining meaningful
conclusions.

2. Methods

Electronic searches in Medline, EMBASE and Google Scholar were
carried out using the medical subject headings, text words and Boolean
operators “nitric oxide synthase” and “clinical trial” and “distributive
shock” or “septic shock” up to December 2016. The inclusion criteria
were: controlled randomized clinical trials (RCTs) whose intervention
included either a NOS inhibitor or a sGC/cGMP inhibitor or a NO scaven-
ger in distributive shock or specifically septic shock. The outcomes
analyzed in these RCTs were: hemodynamic (blood pressure, heart
rate, cardiac output, systemic vascular resistance, pulmonary vascular
resistance, etc) survival, adverse events (acute respiratory or renal dete-
rioration, significant liver damage, severe hematologic abnormalities,
cardiac failure, ischemia or dysrhythmia) and disposition issues (length
of stay in ICU and/or hospital). Preclinical studies, dose-finding studies,
case reports, case series, RCTs related exclusively to different outcomes,
opinion articles and reviews were excluded. A hand-search of the refer-
ences was added. Two independent researchers examined the citations
abstracts for inclusion and exclusion criteria. The quality of the included
citations was reviewed by the same researchers using the Jadad score
[8] and the Cochrane Collaboration tool for risk of bias [9] (Table 1).
Any discrepancies were discussed by the two researchers until an agree-
ment was reached.

The size of the effect for quantitative outcomes was extracted from
mean and standard deviation plus population size for each study. It
was calculated as Difference in means (DM) with a confidence interval
(CI) and p value. A neutral DM was 0, a 95% CI crossing 0 was considered
not significant, p values were significant if <0.05. The size of the effect
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Table 1

Quality of report assessment.
Study Randomized Blinded Withdrawals Total  Sequence Allocation Blinding Incomplete outcomes Free of selective  Free of

Jadad  generation  concealment addressed reporting other bias

Petros [11] 1 1 1 3 +7? +7? +? + + —
Bakker/Watson [12,13] 2 2 1 5 + + + + + +
Lépez [14] 1 2 1 4 +7? + + + + +
Kirov [15] 2 0 1 3 + + - + + +
Memis [16] 2 1 1 3 + ? — + + +
Kinasewitz [17] 1 0 1 2 ? ? — + + +
Vincent [18] 2 0 1 3 ? ? - + + +

+7? Author mention it was done, but no method was specified; ? unknown.

for dichotomous outcomes was calculated from incidence rate and size
of the groups and expressed as odds ratio (OR), 95% CI and p value. An
OR of 1 represented a neutral effect for the outcome. A CI crossing 1
was considered not significant, as well as p values above 0.05. The
choice of fixed vs. random effects analysis was decided in favor of the
later because the heterogeneity of the actions. When the number of
studies with usable data for a given outcome was three, a fixed effect
analysis was performed because of the uncertainty of the between-
studies variance. For outcomes addressed only by one or two studies
or presented in graphics with unclear quantification, the data was
presented in tables or in a narrative way. A heterogeneity test was
performed including the comparison of Cochrane's Q with the degrees
of freedom (df), the variance of true effects (T?) and real difference in
effect size (1?) but this information was not used to decide the type of
analysis (fixed vs. random) to be used. The software utilized was the
Comprehensive Meta Analysis V2 (Biostat™, Englewood, USA). This
report was written following the PRISMA checklist [10].

3. Results

The literature search rendered 41 citations. After the abstracts exam,
4 reviews were ruled out, as well as 3 animal studies, one opinion arti-
cle, 9 related to other type of outcomes and 15 uncontrolled studies
(case reports and case series). Out of the 9 retrieved, one was a dose-
finding study [11] and two papers were unified because related to the
same study [12,13]. Seven was the final number of studies considered.
The search flowchart is represented in Fig. 1. The quality of the studies
is depicted in Table 1 using a numerical scale and a descriptive analysis.
The summary of characteristics of the RCTs included is shown in Table 2.
The initial physiologic score is similar among the studies except Memis
et at., which includes lesser sick patients in both groups.

Fig. 1. Literature search algorithm.

All the included RCTs contributed to the analysis of survivors by day
28 (Fig. 2), which is worse for the study (NO pathway inhibition) group
(OR 0.79; 95% C1 0.64 to 0.97; p = .02), and the result is based in the
three strongest for this outcome (Lépez et al., Vincent et al. and
Bakker/Watson et al.).

All of the RCTs included addressed directly or indirectly the changes
in blood pressure and other hemodynamic parameters but often times
not in a fashion amenable for quantitative comparison. Graphic chart-
time representation was the usual means. Less frequent was numerical
data provided at certain points in time (Kirov et al. and Memis et al.).
Petros et al. quantified (p value) a significant increase in MAP, SVR,
CVP, PVR and decrease of CO, heart rate and DO, before and after the
NOS inhibitor L-NMMA was used but they did not compare with the
control group besides showing the graphics. A summary of the hemody-
namic parameters trend differential comparing study vs. control group
is offered in Table 3. The most consistent effects in the intervention
group were the elevation of blood pressure, deceleration of heart rate
and elevation of systemic vascular resistance. Cardiac output was most
frequently decreased. Pulmonary pressure and vascular resistance, fre-
quently increased.

Other way of assessing effectiveness was by looking at the number of
patients that achieved resolution of shock (ROS, meaning normalization
of blood pressure and weaning of vasopressors) by 72 h after the inter-
vention was initiated. It was used by three studies and a favorable meta-
analysis result for the intervention group is shown in Fig. 3 (OR 2.02;
95% CI 1.52 to 2.68; p <.01).

The number of adverse effects results (Fig. 4) is detrimental for the
intervention group, based on the three RCTs with usable data for this
outcome (OR 2.22; 95% CI 1.35 to 3.6; p<0.01).

The length of stay (LOS) as days in the ICU among the survivors
(Fig. 5) is shorter in the control group (DM —2.46; 95% CI -4.24 to
—0.69; p = .01) based on three studies with usable data.

Our meta-analysis concludes that the interventions along the NO
pathway interfering NO synthesis, interfering NO action in target tissues
or removing circulating NO are effective to restore blood pressure and
for the resolution of shock in short term. But on the long run perspec-
tive, such agents are deleterious for the survival rate of these patients,
they have more frequent adverse effects and have longer ICU stay
among the survivors.

4. Discussion

New drugs RCTs have systematically failed to prove a benefit in sep-
tic shock patient survival. Small trials often times suggest possible ad-
vantages that are denied by confirmatory larger trials. The absence of
a prior power analysis by the small studies could be the explanation
for these contradictory results. Nitric oxide production has been associ-
ated to hypotension resistant to fluid resuscitation and ultimately mul-
tiple organ dysfunction. Non-selective opposition to NO production or
to its effects has not resulted in improved long-term outcome and sur-
vival despite the fact blood pressure is improved in the short-term.
Several explanations can be offered for such adverse outcome.
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Table 2
Summary of the included studies.
Study Action - Agent Target N =841 score N = 791score Centers Description Outcomes
population study control

Petros [11] NOS inhibitor Septic shock 5 6 1 0.3 mg-kg~ " plus 1 mg-kg ™" Main: hemodynamics
NC-monomethyl-L-arginine APACHE 1131  APACHEII 27 plus1mg-kg=-h~'x6h Others: survival

Bakker/Watson NOS inhibitor Septic shock 156 156 48 5mg-kg~'-h~! titrated to a Main: efficacy as ROS

[12,13] NC-methyl-L-arginine SAPS 11 51 SAPS 11 55 maximum 20 mg-kg~'-h~' x  Others: organ dysfunction,

hydrochloride 72 h survival

Lopez [14] NOS inhibitor Septic shock 439 381 126 2.5 mg-kg~'-h~! titrated to a Main: survival
NC-methyl-L-arginine SAPS 11 52 SAPS 11 52 maximum 20 mg-kg~'-h™' x  Others: ROS, adverse events
hydrochloride 7-14 days

Kirov [15] Guanylate cyclase inhibitor Septic shock 10 10 1 2 mg-kg~ ! plus 0.25 Main: hemodynamics
Methylene blue SAPS1157.8  SAPSII57.7 mg-kg~'-h~! titrated to a Others: ROS, survival, LOS

maximum 2 mg-kg~'-h~! ICU

Memis [16] Guanylate cyclase inhibitor Severe sepsis 15 15 1 0.5mg-kg~'-h~'x6h Main: cytokine levels

Methylene blue APACHE II APACHE Il Others: Blood pressure,
13 14 survival
SOFA 6.2 SOFA 7.06

Kinasewitz [17] NO scavenger Pyridoxilated Distributive 33 29 15 0.25ml-kg~'-h~' fora Main: survival

hemoglobin polyoxyethylene shock APACHE 1133  APACHEII 30 maximum 100 h Others: hemodynamics,
adverse events, LOS ICU

Vincent [18] NO scavenger Pyridoxilated Distributive ~ 183 194 61 0.25ml-kg~!-h~! fora Main: survival

hemoglobin polyoxyethylene shock SOFA 13.8 SOFA 12.8 maximum 150 h Others: adverse events, ROS

NO, nitric oxide; NOS, nitric oxide synthase; ROS, resolution of shock; LOS, length of stay; APACHE, Acute Physiology and Chronic Health Evaluation; SAPS, Simplified Acute Physiology

Score; SOFA, Sequential Organ Failure Assessment.

Survivors at day 28

Study name Statistics for each study
Odds Lower Upper

ratio limit limit Z-Value p-Value
Petros 1994 333 020 54.53 0.84 0.40
Bakker-Watson 2004 1.08 0.69 1.68 0.34 0.73
Lopez 2004 066 050 087 -2.92 0.00
Kirov 2001 233 037 1461 0.91 0.37
Memis 2002 1.00 020 504 0.00 1.00
Kinasewitz 2008 096 035 263 -0.08 0.93
Vincent 2014 0.76 050 1.15 -1.31 0.19
079 064 097 -224 0.02

0.01

QOdds ratio and 95% CI

Relative Relative
weight  weight

0.54
20.57
48.08

1.26

1.62

4.12
23.80

10
Study group

100
Control group

Random effect model used due to absence of a common effect (Q=6.16, df 6, p=0.41,12=2.54, T2=0.002). OR 0.79; 95% CI 0.64 to 0.97; p=0.02

Fig. 2. Survival al 28 days.

A physiological reason for this is that NO produced by iNOS enhances
microbial killing by macrophages [20] and neutrophil recruitment [21].
In addition, iNOS must nowadays be considered as an integral compo-
nent of the development, differentiation, and function of B and T lym-
phocytes, and also of non-hematopoietic cells [22]. NO interfering of
platelet aggregation (in fact there, is no expression whatsoever of NOS
in human platelets) and free radical scavenging [23] could be beneficial

Table 3
Hemodynamic parameters.

MAP CVP  PAOP PAP

Petros [12]
Watson [13,14]
Lopez [15]
Kirov [16]
Memis [17]
Kinasewitz [18]
Vincent [19]

I+ +
I+ + +

+
+

A+t
+

MAP, mean arterial pressure; SVR, systemic vascular resistance; CO, cardiac output; HR,
heart rate; CVP, central venous pressure; PAOP, pulmonary artery occlusion pressure;
PVR, pulmonary vascular resistance; DO, oxygen delivery.

in septic shock and must account for unwanted consequences when NO
production or its effects are blocked.

It has been argued that methylene blue is not a vasoconstrictor by it-
self but re-balances the vascular system by blocking the cGMP system to
NO effects and enhancing cAMP response to norepinephrine (NE) [24].
In an experimental model in rats, the combination of MB and NE pre-
served microvascular integrity and did not so when NE was used
alone [25]. Methylene blue RCTs have been remarkably small. Larger tri-
als with the previous consideration included in its design could be con-
sidered in the future.

Certain limitations of these RCTs should be pointed-out and some al-
ternative strategies may be suggested. If NO immunoregulatory effects
are beneficial for septic patients, selective iNOS activity preservation
with selective iNOS inhibitors could be beneficial [26]. Lange et al. [27]
reported an early eNOS expression vs. late iNOS expression during sep-
sis, in correspondence with the worse outcome that patients in
hypodynamic phase had in Lépez et al. RCT, meaning that relatively
more iNOS was inhibited during such phase. May be NO donors will
be salutatory for these patients, providing tailored cardiovascular sup-
port by usual agents (vasopressin, norepinephrine) in the interim [26].

In Lopez et al. trial there is low-grade evidence (post hoc analysis)
that the low dose treatment initial group could have better outcome
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Resolution of shock at 72 hours

Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Bakker 2004  2.05 126 3.33 2.89 0.00
Lopez 2004 1.94 136 277 3.68 0.00
Kirov 2001 5.44 0.80 36.87 1.74 0.08
2.02 152  2.68 4.88 0.00

0.01

Odds ratio and 95% CI

Relative Relative

weight  weight
- 33.84
B 63.98
219
L 2
0.1 1 10 100
Control group Study group

Fixed effect model used due to low number of studies for the outcome (Q=1.1, df 2, p=0.6, 12=0, T2=0). OR 2.02; 95% CI 1.52 to 2.68; p<0.01

Fig. 3. Resolution of shock at 72 h.

Adverse events

Study name Statistics for each study
Odds Lower Upper
ratio limit limit Z-Value p-Value
Lopez 2004 6.24 1.85 21.03 2.96 0.00
Kinasewitz 2008  0.61 022 169 -095 0.34
Vincent 2014 272 145 511 3.13 0.00
2.21 135 3.60 3.17 0.00

0.01

Odds ratio and 95% CI

<&
0.1 1 10 100

Control group

Relative Relative

weight weight
16.22
23.15
60.64

Study group

Fixed effect model used due to low number of studies for the outcome (Q=9.4, df 2, p=0.01, 12=78.6, T2=0.83). OR 2.219; 95% CI 1.35 to 3.6; p<0.01

Fig. 4. Number of adverse effects.

compared to the high dose group, which was the standard not only in
this one, but in other included trials. This suggests that the doses used
in these trials could have been excessive.

A phase I trial in patients with severe sepsis using intravenous ascor-
bic acid reduced the proinflammatory biomarkers C-reactive protein
and procalcitonin and improved pathophysiologic scores [28]. The rea-
son for this could be that ascorbate increases overall nitric oxide con-
centration by releasing nitric oxide from adducts and by acting
through tetrahydrobiopterin (BH4) to stimulate eNOS, although must
be emphasized that at the same time, it also undesirably diminishes en-
dothelial expression of iNOS [29]. A single action may have desirable
and undesirable effects that will need to be gauged.

When BH4 availability is a limiting factor, eNOS becomes enzymati-
cally uncoupled and generates superoxide. NO reaction with superoxide
creates peroxynitrite [30]. Peroxynitrite interacts with lipids, DNA, and
proteins via direct oxidative reactions or via indirect, radical-mediated

mechanisms, triggering significant oxidative injury, cellular necrosis
and apoptosis [31]. The novel drug R-100 has a mixed action as superox-
ide scavenger and peroxynitrite degradation catalyst as well as nitric
oxide donor. It improved pulmonary function in a sheep model of septic
shock caused by Pseudomonas aeruginosa and smoke inhalation [32].

The use of biomarkers as surrogates of outcome is an interesting
possibility that was scarcely used in these trials. Bakker/Watson
trial provided arginine and nitrate levels, Memis provided Tumor Ne-
crosis Factor, interleukines (1beta, 2R, 6 and 8) and NO oxidative
species.

NO role in sepsis is a complex matter with favorable and deleterious
actions. We also now know that NO is generated by bacterial NOS or ni-
trite reductases and helps bacterial pathogens to resist antimicrobial ac-
tivities of myeloid cells or even modulates host cell immune responses.
Any future trial will be technically difficult to perform, and should focus
in adequate dose, selective receptor action, timely NO inhibition/

Length os stay (days) in ICU

Study name Statistics for each stud
Difference  Standard Lower Upper
in means error Variance limit limit Z-Value p-Value
Kirov 2001 0.30 1.90 363 -343 4.03 0.16 0.87
Menis 2002 -3.00 1.15 133 -5.26 -0.74 -2.60 0.01
Kinasewitz 2008 -4.30 226 5.11 -8.73 0.13 -1.90 0.06
-2.46 0.90 0.82 -4.24 -0.69 -2.72 0.01

Difference in means and 95%Cl

-8.00 -4.00 0.00 4

00 8.00

Relative  Relative
weight weight

259
6141
16.01

Study group Control group

Fixed effect model used due to the limited number of studies (Q=2.98, df 2, p=0.23, 12=32.9, T2=0.002). OR -2.46; 95% CI -4.24 to -0.69; p=0.01

Fig. 5. Length of stay in ICU.
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donation, appropriate tissue- or cell-specific populations as targets and
could include the use of biomarkers as surrogates of outcome.

Financial support
This study did not have financial support.
Conflict of interest
The authors have no Conflict of Interest to declare.

References

[1] Moncada S, Higgs EA. The discovery of nitric oxide and its role in vascular biology. Br
J Pharmacol 2006;147(Suppl. 1):5193-201.

[2] Sharawy N. Vasoplegia in septic shock: do we really fight the right enemy? ] Crit
Care 2014;29:83-7.

[3] Kraehling JR, Sessa WC. Contemporary approaches to modulating the nitric oxide-
cGMP pathway in cardiovascular disease. Circ Res 2017;120:1174-82.

[4] Lo]CY, Darracq MA, Clark RF. A review of methylene blue treatment for cardiovascu-
lar collapse. ] Emerg Med 2014,46:670-9.

[5] Wallis JP. Nitric oxide and blood: a review. Transfus Med 2005;15:1-11.

[6] De Angelo ]. Nitric oxide scavengers in the treatment of shock associated with sys-
temic inflammatory response syndrome. Expert Opin Pharmacother 1999;1:19-29.

[7] Harbrecht BG. Therapeutic use of nitric oxide scavengers in shock and sepsis. Curr
Pharm Des 2006;12:3543-9.

[8] Jadad AR, Moore A, Carroll D, Jenkinson C, Reynolds DJM, Gavaghan DJ, et al.
Assessing the quality of reports on randomized clinical trials: is blinding necessary?
Control Clin Trials 1996;17:1-12.

[9] Higgins JPT, Green S. Cochrane handbook for systematic reviews of interventions.
The Cochrane Collaboration; 2011 version 5.1.0. Available at www.cochrane-
hanbook.org.

[10] Moher D, Liberati A, Tetzlaff ], Altman DG for The PRISMA Group. Preferred reported
items for systematic reviews and meta-analyses: the PRISMA statement. Open Med
2009;3:123-30.

[11] Jufermans NP, Vervloet MG, Daemen-Gubbels CRG, Binnekade JM, de Jong M,
Groeneveld ]. A dose-finding study of methylene blue to inhibit nitric oxide actions
in hemodynamics of human septic shock. Nitric Oxide 2010;22:275-80.

[12] Petros A, Lamb G, Leone A, Moncada S, Bennett D, Vallance P. Effects of a nitric oxide
synthase inhibitor in humans with septic shock. Cardiovasc Res 1994;28:34-9.

[13] Bakker J, Grover R, McLuckie A, Holzapfel L, Anderson ], Lodat R et al for the Glaxo
Welcome International Septic Shock Study Group. Administration of the nitric
oxide synthase inhibitor N®~-methyl-l-arginine hydrochloride (546C88) by intrave-
nous infusion for up to 72 hours can promote the resolution of shock in patients
with severe sepsis: results of a randomized, double-blind, placebo-controlled multi-
center study (study no. 144-002). Crit Care Med 2004;32:1-12.

[14] Watson D, Grover R, Anzueto A, Lorente J, Smithies M, Bellomo R for the Glaxo Wel-
come International Septic Shock Study Group. Cardiovascular effects of the nitric
oxide synthase inhibitor N®-methyl-I-arginine hydrochloride (546C88) in patients
with septic shock: results of a randomized, double-blind, placebo-controlled multi-
center study (study no. 144-002). Crit Care Med 2004;32:13-20.

[15] Lopez A, Lorente JA, Steingrub J, Bakker ], McLuckie A, Willatts S, et al. Multiple-cen-
ter, randomized, placebo-controlled, double-blind study of the nitric oxide synthase
inhibitor 546C88: effect on survival in patients with septic shock. Crit Care Med
2004;32:21-30 Jan.

[16] Kirov MY, Evgenov OV, Evgenov NV, Egorina EM, Sovershaev MA, Sveinbjernsson B,
et al. Infusion of methylene blue in human septic shock: a pilot, randomized, con-
trolled study. Crit Care Med 2001;29:1860-7.

[17] Memis D, Karamanlioglu B, Yuksel M, Gemlik I, Pamukcu Z. The influence of methy-
lene blue infusion on cytokine levels during severe sepsis. Anaesth Intensive Care
2002;30:755-62.

[18] Kinasewitz GT, Privalle CT, Imm A, Steingrub ]S, Malcynski JT, Balk RA, et al. Multi-
center, randomized, placebo-controlled study of the nitric oxide scavenger
pyridoxalated hemoglobin polyoxyethylene in distributive shock. Crit Care Med
2008;36:1999-2007.

[19] Vincent JL, Privalle CT, Singer M, Lorente JA, Boehm E, Meier-Hellmann A, et al. Mul-
ticenter, randomized, placebo-controlled phase III study of pyridoxalated hemoglo-
bin polyoxyethylene in distributive shock (PHOENIX). Crit Care Med 2015;43:
57-64.

[20] Vazquez-Torres A, Jones-Carson ], Mastroeni P, Ischiropoulos H, Fang FC. Antimicro-
bial actions of the NADPH phagocyte oxidase and inducible nitric oxide synthase in
experimental salmonelosis. 1. Effects on microbial killing by activated peritoneal
macrophages in vitro. ] Exp Med 2000;192:227-36.

[21] Yadav S, Pathak S, Sarikhani M, Majumdar S, Ray S, Chandrasekar BS, et al. Nitric
oxide synthase 2 enhances the survival of mice during Salmonella Typhimurium
infection-induced sepsis by increasing reactive oxygen species, inflammatory cyto-
kines and recruitment of neutrophils to the peritoneal cavity. Free Radic Biol Med
2018;116:73-87.

[22] Bogan C. Nitric oxide synthase in innate and adaptive immunity: an update. Trends
Immunol 2015;36:161-78.

[23] Olas B. Gasomediators (NO, CO, and H2S) and their role in hemostasis and thrombo-
sis. Clin Chim Acta 2015;445:115-21.

[24] Evora PRB. G-proteins agonists and NO/cGMP blockers: unexplored frontiers in the
pharmaceutical industry. Arq Bras Cardiol 2017;109:275-6.

[25] Nantais J, Dumbarton TC, Farah N, Maxan A, Zhou J, Minor S, et al. Impact of meth-
ylene blein addition to norepinephrine on the intestinal microcirculation in experi-
mental septic shock. Clin Hemorheal Microcirc 2014;58:97-105.

[26] Lupp C, Baasner S, Ince C, Nocken F, Stover JF, Westphal M. Differentiated control of
deranged nitric oxide metabolism: a therapeutic option in sepsis. Crit Care 2013;17:
311.

[27] Lange M, Connelly R, Traber DL, Hamahata A, Nakano Y, Esechie A, et al. Time course
of nitric oxide synthases, nitrosative stress, and poly(ADP ribosylation) in an ovine
sepsis model. Crit Care 2010;14:R129.

[28] Fowler Il AA, Syed AA, Knowlson S, Sculthorpe R, Farthing D, DeWilde C, et al. Phase
I safety trial of intravenous ascorbic acid in patients with severe sepsis. ] Transl Med
2014;12:32.

[29] Wilson JX, Wu F. Vitamin C in sepsis. Subcell Biochem 2012;56:67-83.

[30] Schmidt TS, Alp NJ. Mechanisms for the role of tetrahydrobiopterin in endothelial
function and vascular disease. Clin Sci 2007;113:47-63.

[31] Pacher P, Beckman JS, Liaudet L. Nitric oxide and peroxynitrite in health and disease.
Physiol Rev 2007;87:315-424.

[32] Ito H, Malgerud E, Asmussen S, Lopez E, Andrew L, Salzman AL et al. R-100 improves
pulmonary function and systemic fluid balance in sheep with combined smoke-
inhalation injury and Pseudomona aeruginosa sepsis. ] Transl Med 2017;15:266-73.


http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0005
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0010
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0010
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0015
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0015
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0020
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0020
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0025
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0030
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0030
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0035
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0035
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0040
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0040
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0040
http://www.cochrane-hanbook.org
http://www.cochrane-hanbook.org
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0050
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0050
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0050
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0055
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0055
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0055
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0060
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0060
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0065
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0070
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0075
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0075
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0075
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0075
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0080
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0080
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0080
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0085
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0085
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0085
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0090
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0095
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0100
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0105
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0110
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0110
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0115
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0115
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0120
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0120
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0125
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0130
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0130
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0130
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0135
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0135
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0135
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0140
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0140
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0140
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0145
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0150
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0150
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0155
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0155
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0160
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0160
http://refhub.elsevier.com/S0883-9441(18)31185-7/rf0160

	The nitric oxide pathway antagonists in septic shock: Meta-�analysis of controlled clinical trials
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	Financial support
	Conflict of interest
	References


