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A General Note About the IVC Presentation:

• We have purposely abbreviated portions of this presentation so that 
more time can be given to other presenters and topics.

• We have done that knowing that most or all attendees have 
experience with the use of low and high dose IVC therapies clinically.

(c) IIVNTP

Safety of Intravenous Ascorbate – from the conclusions in:
Pharmacologic Basis for Stability of High Dose Intravenous Ascorbic Acid (HDIVAA) as used by Bastyr University 

Clinical Research Center (BCRC) and Anderson Medical Specialty Associates

Conclusions:
Based on the above review of the pharmacologic data regarding 
parenteral ascorbate we have established our intravenous formulations 
for maximum patient safety, (3) maximum stability and ascorbate
conservation.  Our formulations containing ascorbate (commercially pH 
adjusted with sodium hydroxide and or sodium bicarbonate), and the 
chloride salts of potassium, calcium and magnesium fit all safety and 
ascorbate protection parameters available in the literature as of this 
time.

(c) IIVNTP
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(c) IIVNTP

Generally what do we watch for with high dose IVC?
All will be discussed in this presentation or in the protocols 

discussions:

• Significant dehydration
• End of life status
• G-6-PD deficiency
• Low GFR
• Admixtures to avoid on the same day (Discussed below)

• B-Vitamins
• Glutathione

• Admixtures to consider:
• Any other oxidative therapies (See the presentation on IVC and Artesunate)

(c) IIVNTP

IVC and Glucometer Readings:

• GLUCOMETER READINGS ARE NOT VALID WHILE A PATIENT IS ON AN 
IVC DRIP!

• The ascorbate is read as glucose by the glucometer and glucose 
values will be facetiously HIGH! – This has led to the inappropriate 
administration of insulin in hypoglycemic patients.

(c) IIVNTP

1 2

3 4

5 6



3/27/2022

2

G6PD – RBC GSH – Ascorbate - Tocopherols:

Plasma &
Cytosol

ASC  DHA ASC

Plasma Lipids &
Cell Membranes

RBC

G6PDNADPH
GSH Reductase

GSH Cycle

Tocopherol Cycle

(c) IIVNTP

G6PD Testing
1. Qualitative (“Normal / Abnormal”)

2. RBC-G6PD or Total-G6PD

3. Quantitative G6PD 
1. A calculated value using both Total and RBC G6PD – considered 

most sensitive at assessing borderline cases.
2. G6PD QUANT = {G6PD Blood / RBC G6PD}
3. Value given in Units per Trillion RBC (U/Tril RBC)

**Ultimately, all are appropriate for screening prior to HDIVC 
treatment.  

** A Quantitative result is most sensitive.

(c) IIVNTP

General Treatment Protocol for the use of Intravenous Ascorbic Acid

Causes to reassess (or more closely monitor) the patient:
• Electrolyte change from baseline to frank hypo or hyper state
• Muscle spasm / Cardiac rhythm disturbance during IV
• Anemia coupled with:

• Increased Bilirubin and/or Increased reticulocytes 
• [Need to rule out hemolysis]

• Suppressed RDW (<13) or WBC below 2.0 
• [Need to consider marrow suppression]

• GFR decrease of greater than 10 points OR below 40

(c) IIVNTP

From the summary of Intravenous Vitamin C (Ascorbic 
Acid):  Information for Physicians and Patients:

[This complete document is provided in the note files for this course]

Published reviews of HDIVC agree that there is limited data to support 
or to disprove the efficacy of this intervention in cancer patients 
(1,3,4,5).  These authors agree that more data needs to be collected in 
order to verify the use of this intervention for cancer patients.  In 
addition to many anecdotal reports regarding the positive benefits of 
HDIVC in cancer situations (4), two recent presentations reported a 
50% positive outcome in a small sample of stage 4 cancer patients 
following data over a 2.5 year timeframe (6,7).

(c) IIVNTP
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(c) IIVNTP

Regarding IV Vitamin C and potential for 
Oxidation:

• The Vitamin C IV’s are in two major categories:
• Those for general immune and antioxidant support

• These IV’s contain support nutrients, and occasionally 
are given with Glutathione

• Those for purely oxidative purposes
• These generally only have minerals to balance blood 

electrolytes, and are generally not given with 
glutathione or other nutrients on the same day.

(c) IIVNTP
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So – How much IVC will oxidize?

• A definitive level for the threshold of oxidation in intravenously (IV) 
administered ascorbate is unclear. 

• Two papers [1,2] indicate that lower levels than previously 
considered (5-10 grams IVC) may cause oxidation and another [3] 
disagrees.

[1] Hininger I, Waters R, Osman M, et al. Prooxidant effects of vitamin C in EDTA chelation therapy and long-term 
antioxidant benefits of therapy. Free Radic Biol Med 2005;38:1565-1570.

[2] Roussel AM, et.al. EDTA Chelation Therapy, without Added Vitamin C, Decreases Oxidative DNA Damage and Lipid 
Peroxidation. Altern Med Rev 2009;14(1):56-61

[3] Mühlhöfer A, et. al. High-dose intravenous vitamin C is not associated with an increase of pro-oxidative biomarkers. 
Eur J Clin Nutr. 2004 Aug;58(8):1151-8. (Note ‘High Dose‘ was 7.4 grams).

(c) IIVNTP

Oxidation Conclusions:

• Although lower doses of IVC can cause transient oxidation the 
likelihood of use of low dose IVC as an “oxidative therapy” is small.

• This in no way minimizes the utility of lower dose IVC strategies.
• These lower dose IVC formulas can have more additives and can be used for 

quality of life enhancement and general nutrient support.

• Truly “oxidative” IVC formulas that have a practical longer term 
oxidative effect in the body likely begin at 20-25 grams and above.

• For example the “oxidative” effect of a 10 gram IVC is real, but highly 
transient.

• When employing an “oxidative strategy” with IVC the dose escalation for 
those purposes generally starts at 25 Grams.

(c) IIVNTP

Dosing of IVC:
• “Low Dose” IVC 

• 0.07 to 0.14 Grams per kilogram of body weight
• Quality of Life in cancer and other illnesses
• General immune and antioxidant support

• These IV’s contain support nutrients, and occasionally are 
given with Glutathione

• “High Dose – Oxidative” IVC
• 0.4 to 1.4 Grams per kilogram of body weight
• Those for purely oxidative purposes

• These generally only have minerals to balance blood 
electrolytes, and are generally not given with glutathione or 
other nutrients on the same day.

(c) IIVNTP
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(c) IIVNTP

Pro-oxidant 
Mechanism Of Action

(c) IIVNTP

Where does this MOA work?
The Question and Answer:

• Where does the H2O2 need to be to have a potential anti-cancer 
effect?

• As opposed to former thought, data presented during the past 
decade shown below is clear that the H2O2 surge is outside rather 
than inside the cell.  The anti-oncologic potential effects then cascade 
from the H2O2 generation.

(c) IIVNTP
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Human pharmacokinetics data indicate that i.v. ascorbic acid (ascorbate) in pharmacologic concentrations could 
have an unanticipated role in cancer treatment. …

Extracellular but not intracellular ascorbate mediated cell death, which occurred by 
apoptosis and pyknosis/necrosis. Cell death was independent of metal chelators
and absolutely dependent on H(2)O(2) formation. Cell death from H(2)O(2) added 
to cells was identical to that found when H(2)O(2) was generated by ascorbate
treatment… 

Taken together, these data indicate that ascorbate at concentrations achieved only 
by i.v. administration may be a pro-drug for formation of H(2)O(2), and that blood 
can be a delivery system of the pro-drug to tissues. These findings give plausibility 
to i.v. ascorbic acid in cancer treatment, and have unexpected implications for 
treatment of infections where H(2)O(2) may be beneficial. 

Chen Q, et.al. Pharmacologic ascorbic acid concentrations selectively kill cancer cells: action as a pro-drug to 
deliver hydrogen peroxide to tissues.Proc Natl Acad Sci U S A. 2005 Sep 20;102(38):13604-9. Epub 2005 Sep 12.

(c) IIVNTP

Chen Q, Espey, MG, and Sun AY, et al. Ascorbate in 
pharmacologic concentrations selectively generates 
ascorbate radical and hydrogen peroxide in 
extracellular fluid in vivo. Proc Natl Acad Sci U S A. 
2007; 104(21):8749-54. PMID: 17502596. 

www.pnas.orgcgidoi10.1073pnas.0702854104

© 2007 by The National Academy of Sciences of the USA

(The following three slides and images are from this paper)

(c) IIVNTP

Abstract:

(c) IIVNTP

As ASC Plasma concentrations rise, ECF ASC concentrations rise.  ASC is then 
radicalized in the presence of Fe causing a peroxide surge.  In catalase/GSH 
deficient tissues the peroxide surge creates potential cell damage.          

IMAGE: © 2007 by The National Academy of Sciences of the USA
(c) IIVNTP

Proposed mechanism of injury in CA / Virally infected cells via high ASC 
concentrations.

IMAGE: © 2007 by The National Academy of Sciences of the USA

(c) IIVNTP

[Can we infuse enough Vitamin C to cause these 
concentrations?]

Recently, it has been proposed that pharmacologic concentrations of ascorbate (vitamin C) can be reached by 
intravenous injection. Because high doses of ascorbate have been described to possess anticancer effects, the 
therapeutic potential of these concentrations has been studied, both in vitro and in vivo. By using 2-h exposures, 
a protocol that mimics a parenteral use, we observed that pharmacologic concentrations of ascorbate killed 
various cancer cell lines very efficiently (EC(50) ranging from 3 to 7 mM, 170-397 mg/dL). The mechanism of 
cytotoxicity is based on the production of extracellular hydrogen peroxide and involves intracellular transition 
metals. In agreement with what has been previously published, our in vivo results 
show that both intravenous and intraperitoneal administration of ascorbate
induced pharmacologic concentrations (up to 20 mM, 1135 mg/dL) in blood. In 
contrast, the concentrations reached orally remained physiological. According to pharmacokinetic data, 
parenteral administration of ascorbate decreased the growth rate of a murine hepatoma, whereas oral 
administration of the same dosage did not. 

Verrax J, Calderon PB. Pharmacologic concentrations of ascorbate are achieved by parenteral
administration and exhibit antitumoral effects. Free Radic Biol Med. 2009 Jul 1;47(1):32-40. Epub 2009 
Feb 28.

(c) IIVNTP
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High Dose IVC compared to H2O2 – Biological 
activity:

(Or: If it is all about extracellular H2O2 why not 
just use IV H2O2?)

(c) IIVNTP

Biochemical differences between ASC and H2O2:
One delivers H2O2 to the cell matrix – one does not.

ASC – High Dose IV:
• IV  ASC  High Dose – “Pro-drug for 

H2O2 production”
• Plasma

• ASC + Fe or Cu  H2O2
• Some reduced by plasma catalase and GSH 

peroxidase 
• ECF

• ASC + Fe or Cu  H2O2
• Cell

• Cytokine release / Immune stimulation 
PLUS:

• Normal cell: H2O2 reduced by catalase to H2O
• Abnormal cell: H2O2  potential cell damage 

H2O2 IV:
• IV  H2O2
• Plasma

• H2O2 –catalase/Mn H2O+O2 Plasma 
cytokine stimulation:

• IL-1, IL-6, IFNa, TNF, NO
• ALL H2O2 is dismutated in the venous 

circulation in seconds

• ECF
• No H2O2 left But Increased Cytokine 

cascade  Immune stimulation
• No H2O2 delivered to the cells

(c) IIVNTP

References for ASC vs H2O2

• Chen Q, Espey, MG, and Sun AY, et al. Ascorbate in pharmacologic 
concentrations selectively generates ascorbate radical and hydrogen 
peroxide in extracellular fluid in vivo. Proc Natl Acad Sci U S A. 2007; 
104(21):8749-54. PMID: 17502596.

• Siwale RC, et.al. The effect of intracellular antioxidant delivery 
(catalase) on hydrogen peroxide and proinflammatory cytokine 
synthesis: a new therapeutic horizon. Journal of Drug Targeting, 
Volume 17, Number 9 doi.org/10.3109/10611860903161328

• Zadeh. et.al. Regulation of ICAM/CD54 expression on human 
endothelial cells by hydrogen peroxide involves inducible NOS. J. 
Leukocyte Biology; 67: 327-334; 2000

(c) IIVNTP

Low Dose Vitamin C and NK Cell Activity:

The antitumor activity of ascorbic acid has been reported by different investigators. In this study, we 
determined the in vivo effects of ascorbic acid and its modified formulation (Ultra Potent-C) on human 
natural killer (NK) cell activity. Twenty-two healthy subjects were given either ascorbic acid or Ultra Potent-C 
orally at a concentration of 60 mg kg - 1. Vitamin C uptake was measured in the plasma and by peripheral 
blood lymphocytes (PBLs). The uptake of vitamin C by PBLs was maximized at 2-4 h and was maintained at a 
high level up to 24 h. At the maximal point the uptake of Ultra Potent-C was higher by 18-25% than plain 
ascorbic acid. In addition, PBL-NK activity was measured by a 4-h 51Cr release assay using K562 as targets. 
The results demonstrated that ascorbic acid has a biphasic 
pattern of NK function; an early transient depression in NK 
activity (29%) at 1-4 h that is subsequently followed by a 
significant enhancement (200-400%) between 8 and 24 
hours. However, the pattern of NK activity in the Ultra Potent-C group was different from the ascorbic 
acid group and the early transient depression in NK activity was not observed. We conclude that ascorbic 
acid or its modified form is a potent immunomodulator. 

Vojdani, A. Namatella, G. Enhancement of Human Natural Killer Cytotoxic Activity by Vitamin C in Pure and 
Augmented Formulations. Journal of Nutritional and Environmental Medicine. Vol. 7, No. 3 , Pages 187-196. 
1997. DOI: 10.1080/13590849762600

(c) IIVNTP

IV Vitamin C and other additives

• B-Vitamins and IVC:

• Glutathione and IVC:

• Electrolytes and IVC:

(c) IIVNTP

Should we separate B-Vitamins from High-dose / 
oxidative IVC?

The bottom line is that while B-Vitamins and 
other antioxidants are needed during cancer 
therapy, they may decrease the oxidative effect 
of HDIVC if concurrently administered.

Ochi M, Hetherington J, Lamson D.  The Concern about B-Vitamins with Intravenous Ascorbate
for Malignancy;  Altern Med Rev 2011;16(Supp):1S-5S

(c) IIVNTP
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Glutathione and IVC for Oxidation on the same day:

Two popular complementary, alternative, and integrative medicine therapies, high-dose intravenous 
ascorbic acid (AA) and intravenous glutathione (GSH), are often coadministered to cancer patients with 
unclear efficacy and drug-drug interaction. Treatment in mouse pancreatic cancer xenografts showed 
that intraperitoneal AA at 4g/kg daily reduced tumor volume by 42%. Addition of intraperitoneal GSH 
inhibited the AA-induced tumor volume reduction. Although all treatments (AA, GSH, and AA+GSH) 
improved survival rate, AA+GSH inhibited the cytotoxic effect of AA alone and failed to provide further 
survival benefit. These data confirm the pro-oxidative anti-cancer mechanism of pharmacologic AA and 
suggest that AA and GSH administered together provide no additional benefit compared with AA 
alone. There is an antagonism between ascorbate and glutathione in 
treating cancer, and therefore iv AA and iv GSH should not be 
coadministered to cancer patients on the same day.

Chen P, Stone J, Sullivan G, Drisko JA, Chen Q. Anti-cancer effect of pharmacologic ascorbate
and its interaction with supplementary parenteral glutathione in preclinical cancer models. 
Free Radic Biol Med. 2011 May 30. PMID: 21672627

(c) IIVNTP

Ascorbate safety, electrolytes and formula 

optimization:

(c) IIVNTP

All this data is contained in a document
We have placed that in the documents 

section of your handout

Interventional Study: HDIVC and Electrolyte Shifts

In an interventional study associated with BIORC we attempted to 
answer the questions regarding electrolyte shifts and HDIVC 
administration.

Anderson P., Naydis E., Standish L. (2011, November). High Dose IV 
Ascorbic Acid Therapy: the Bastyr Experience. Poster session 
presented at the Society for Integrative Oncology, Cleveland, OH. 

(c) IIVNTP

Electrolyte shift Concerns with HDIVC:

• Hypocalcemia

• Hypokalemia

• Hypernatremia

• Hypochloremia

(c) IIVNTP

High Dose IVC and Electrolyte changes data:

Baseline:
• Na (N=135-145)

• Mean = 140

• Cl (N=98-111)
• Mean = 102

• Ca (N=8.5-10.5)
• Mean = 9.1

• K (N=3.5-5.4)
• Mean = 4.1

Directly post IVC:
• Na

• Mean = 147.3 (HIGH)

• Cl
• Mean = 90.25 (LOW)

• Ca
• Mean = 8.4 (LOW)

• K
• Mean = 4.58 (Normal)

(c) IIVNTP

Study Conclusions
• After informed consent, and a number of interventions 

to discover an improved formula:
• We altered the constituents of the HDIVC formulae to negate 

most of these electrolyte shifts.
• We ran a crossover group once the new formulae were in 

place.  The crossover group returned to the original 
imbalances, and these resolved when we crossed the 
patients back to the new formula.

(c) IIVNTP
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High Dose IVC and Electrolyte changes data 
New Formula

Baseline:
• Na (N=135-145)

• Mean = 140

• Cl (N=98-111)
• Mean = 102

• Ca (N=8.5-10.5)
• Mean = 9.1

• K (N=3.5-5.4)
• Mean = 4.1

Directly post IVC:
• Na

• Mean = 144.93 (Normal)

• Cl
• Mean = 94.59 (LOW)

• Ca
• Mean = 8.64 (Normal)

• K
• Mean = 4.70 (Normal)

(c) IIVNTP

High Dose IVC and Electrolyte changes data 
New Formula

Na /Cl Ratio
• Ideal:  (140/104) = 1.35 = range 36

• Old Formula:  (146/90) 
• Range = 56 – Likely increases cardioactive

side effects.
• New Formula:  (145/94)

• New formula diminishes the ratio after IV 
by 14% 

(c) IIVNTP

Simple Calculation:

POST IV FINGER STICK READING: _________________

PRE IV FINGER STICK READING:  [-] _________________

====================================================== 

ESTIMATION OF BLOOD ASCORBATE:  ________________ mg/dL

(c) IIVNTP

Ascorbate and infectious disease

(c) IIVNTP

(c) IIVNTP

Intravenous Vitamin C and 
Septic Shock

An Introduction to the work of Paul Marik, MD, and Alpha A. Fowler, 
MD, in the use of IV Vitamin C for Septic Shock and Sepsis

37 38
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Consensus Definitions for Sepsis and Septic Shock

(c) IIVNTP

• Bacterial sepsis refers to symptomatic bacteremia, 
with or without organ dysfunction

• Sepsis is commonly defined as the presence of 
infection in conjunction with the systemic 
inflammatory response syndrome (SIRS)

• Severe sepsis, as sepsis complicated by organ dysfunction
• Septic shock, as a subset of sepsis in which underlying 

circulatory, cellular, and metabolic abnormalities are 
associated with a greater risk of mortality than sepsis alone

• Septic shock is identified using the clinical criteria of hypotension 
requiring vasopressor therapy to maintain mean blood pressure of 
65 mm Hg or greater and having a serum lactate level >2 mmol/L 
after adequate fluid resuscitation

JAMA. 2016 Feb 23;315(8):775-87. doi: 10.1001/jama.2016.0289. 
PMID: 26903336

Treatment goals for septic shock

(c) IIVNTP

• Initiate adequate antibiotic therapy (proper dosage and 
spectrum) as early as possible

• Resuscitate the patient using supportive measures to 
correct hypoxia, hypotension, and decreased tissue 
oxygenation (hypoperfusion)

• Identify the source of infection, and treat with 
antimicrobial therapy, surgery, or both (source control)

• Maintain sufficient organ system function, guided by 
cardiovascular monitoring, and interrupt the progression 
to multiple organ dysfunction syndrome (MODS)

From the website: http://emedicine.medscape.com/article/168402-
treatment. Accessed May 11, 2017.

Sepsis mortality is high

(c) IIVNTP

• Patients with severe sepsis requiring intensive care unit 
(ICU) admission have very high rates of ICU and hospital 
mortality, with estimates ranging from 18 to 50%.[1,2]

• A large observational cohort study in the United States 
found an overall hospital mortality rate of 28%.[3] In a 
multicenter European cohort study, the ICU mortality was 
27% and the overall hospital mortality was 36%. 

• What these studies point out is that treatment of septic 
shock is both difficult and in many cases, ineffective at 
preventing mortality due to shock and MODS. 

[1] PMID: 15312201, [2] PMID: 12700374, [3] PMID: 11445675

How Does IV Vitamin C Help in Septic Shock?

(c) IIVNTP

• Preclinical studies show that high-dose vitamin C can prevent 
or restore microcirculatory flow impairment by inhibiting 
activation of nicotinamide adenine dinucleotide phosphate-
oxidase and inducible nitric oxide synthase

• It also enhances tetrahydrobiopterin, preventing uncoupling of 
oxidative phosphorylation, and decreasing the formation of 
superoxide and peroxynitrite, and by directly scavenging 
superoxide

• Vitamin C can additionally restore vascular responsiveness to 
vasoconstrictors, preserve endothelial barrier by maintaining 
cyclic guanylate phosphatase and occludin phosphorylation
and preventing apoptosis

• Finally, high-dose vitamin C can augment antibacterial defense
Crit Care. 2014 Aug 6;18(4):460. doi: 10.1186/s13054-014-0460-x. PMID: 25185110

Development of the “Marik Protocol”

(c) IIVNTP

• It started in January, 2016, when Dr Paul Marik was 
supervising the intensive care unit at Sentara Norfolk 
General Hospital. A 48-year-old female came in with a 
severe case of sepsis.  "Her kidneys were failing. Her 
lungs weren't working. She was going to die," Marik
said. "In a situation like this, you need start thinking 
out of the box."

• Marik had recently read a study by researchers at 
Virginia Commonwealth University in Richmond. Dr 
Alpha A. Fowler and his colleagues had shown some 
moderate success in treating people who had sepsis 
with intravenous vitamin C.

A Hypothesis Tested

(c) IIVNTP

• Marik decided to use IV ascorbate with the woman.
• He added in a low dose of corticosteroids, which are 

used to treat sepsis 
[Annane D. The rold of ACCTH and corticosteroids for sepsis and septic shock: 

an update. Front Endocrinol (Lausanne). 2016 Jun 20;7:70. PMID: 
27379022] 

• He also included thiamine. 
[Manzanares W, Hardy G.Thiamine supplementation in the critically ill. Curr

Opin Clin Nutr Metab Care. 2011 Nov;14(6):610-7. PMID: 21912244]

• His severely ill patient received this treatment 
according to his instructions

43 44
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An unexpected positive outcome

(c) IIVNTP

• "I was expecting the next morning when I came to work 
she would be dead," Marik said."But when I walked in the 
next morning, I got the shock of my life." The patient was 
progressing on the road to recovery. 

• Marik tried this treatment with the next two sepsis 
patients he encountered, and was likewise surprised. He 
started treating most of his sepsis patients with the 
vitamin and steroid infusion. 

• After treating 50 patients, he decided to write up his 
results. As Marik described in Chest, only four of those 47 
patients died in the hospital, and all the deaths were from 
their underlying diseases, not from sepsis. For 
comparison, he reviewed 47 patients the hospital had 
treated before he tried the vitamin C infusion and found 
that 19 had died in hospital

Continued treatment success

(c) IIVNTP

• Normally, the new treatment would be tested 
simultaneously with a placebo or standard treatment. 
But the results were so astounding, Marik decided 
that he would treat all his sepsis patients with the 
vitamin C infusion. As of March 2017, he had treated 
about 150 patients, and only one died of sepsis

Marik PE, Khangoora V, Rivera R, et al. Hydrocortisone, Vitamin C and Thiamine for 
the Treatment of Severe Sepsis and Septic Shock: A Retrospective Before-After Study. Chest. 
2016 Dec 6. pii. S0012-3693(16)62564-3. PMID: 27940189

Dr Paul Merik’s Septic Shock Protocol

(c) IIVNTP

• Vitamin C: 1.5 g IV q 6 hourly for 4 days or until discharge 
from the ICU. Vitamin C is provided by the manufacturer as 
a 50 ml vial at a concentration of 500mg/ml. Three (3) ml 
of vitamin C will be placed in a 100ml bag of either 
dextrose 5% in water (D5W) or normal saline and infused 
over 60 minutes

• Hydrocortisone: 50mg IV push q 6 hourly for 6 days or until 
discharge from the ICU. Taper is not required. Optional 
dosing strategy: Hydrocortisone 50 mg bolus, followed by a 
24-hour continuous infusion of 200 mg for 4 days

• Thiamine: 200mg IV q 12 hourly for 4 days or until 
discharge from the ICU. Intravenous thiamine (200 mg) was 
placed in a piggyback in 50 ml of either D5W or normal 
saline and administered as a 15-minute infusion

Protocol source: From the website: 
http://www.evms.edu/about_evms/administrative_offices/marketing_commun
ications/publications/issue_9_4/sepsis.php#medical-professional. Accessed 
May 12, 2017.

Pathophysiology of sepsis & septic shock (1)
Vitamin C blocks or reverses these reactions

(c) IIVNTP

• Endothelial dysfunction is initiated by increased 
concentrations of ROS produced by inducible 
enzymes

• ROS are also produced by xanthine oxidase, 
lipoxygenase and cyclooxygenase, and during 
oxidation of catecholamines

• Unopposed ROS oxidize tetrahydrobiopterin (BH4) the 
cofactor of eNOS (endothelial nitric oxide synthase), 
and thereby reduce eNOS activity, the enzyme 
producing endothelial nitric oxide (eNO). eNO triggers 
vasodilation by stimulating soluble guanylcyclase and 
increasing cyclic guanosine monophosphate in 
smooth muscle cells 

Pathophysiology of sepsis & septic shock (2)
Vitamin C blocks or reverses these reactions

(c) IIVNTP

• eNO also inhibits platelet aggregation and adhesion of 
activated platelets and leukocytes. For this reason 
eNO is crucial for patency of the microcirculation and 
its depletion impedes organ perfusion and 
oxygenation

• Without BH4, eNOS becomes uncoupled, producing 
superoxide (O2

–) rather than nitric oxide (NO) 
• O2

– and NO produce peroxynitrite, the most damaging 
ROS

Oudemans-van Straaten HM, Spoelstra-de Man AM, de Waard MC. Vitamin C revisited. Crit Care. 
2014 Aug 6;18(4):460. PMID: 25185110

(c) IIVNTP

Wilson, J. Mechanism of action of vitamin C in sepsis: 
Ascorbate modulates redox sinaling in endothelium. Biofactors. 
2009 Jan-Feb; 35 (1): PMID: 19319840
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(c) IIVNTP

Wilson, J. Mechanism of action of vitamin C in sepsis: 
Ascorbate modulates redox sinaling in endothelium. Biofactors. 
2009 Jan-Feb; 35 (1): PMID: 19319840

Sepsis causes increased consumption of 
thiamine and Vitamin C

(c) IIVNTP

• Vitamin C levels always fall during sepsis, at 
times dropping below the level of detection. Vitamin 
C deficiency correlates with multiorgan failure and 
death [Wilson JX. Mechanism of action of vitamin C in 
sepsis: ascorbate modulates redox signaling in 
endothelium. Biofactors. 2009 Jan-Feb;35(1):5-13. 
PMID: 19319840]

• Thiamine deficiency is common in sepsis, occurring in 
about one-third of patients. Different studies have 
shown that critical illness in adults and children is 
accompanied by absolute or relative thiamine 
depletion, which is associated with an almost 50% 
increase in mortality [Manzanares W, Hardy G.Thiamine supplementation in 
the critically ill. Curr Opin Clin Nutr Metab Care. 2011 Nov;14(6):610-7. PMID: 21912244]

Rationale for vitamin C infusion

(c) IIVNTP

• Sepsis increases the risk of death and disability, but 
treatment consists only of supportive therapies because 
no specific therapy has been available

• Severe sepsis is characterized by ascorbate (reduced 
vitamin C) depletion, excessive protein nitration in 
microvascular endothelial cells, and microvascular
dysfunction composed of refractive vasodilation, 
endothelial barrier dysfunction, and disseminated 
intravascular coagulation

• Parenteral administration of ascorbate prevents or 
reverses these pathological changes and so decreases 
hypotension, edema, multiorgan failure, and death in 
animal models of sepsis 

Wilson JX. Evaluation of vitamin C for adjuvant sepsis therapy. Antioxid Redox Signal. 2013 Dec 
10;(19)17:2129-40. PMID: 23682970

The use of IV vitamin C is mandatory

(c) IIVNTP

• Only parenterally administered vitamin C can achieve 
sufficient blood concentrations to combat oxidative stress

• There is no evidence that parenteral vitamin C exerts 
prooxidant effects in humans while it is resident in 
circulation. Theoretical concerns in relation to competitive 
interactions between vitamin C and glucose cellular 
uptake are probably only relevant for oxidised vitamin C 
(dehydroascorbate)

Lehr HA, et al. Consensus meeting on “Relevance of parenteral vitamin C in acute endothelial 
dependent pathophysiological conditions (EDPC)”. Eur J Med Res. 2006 Dec 14;11(12):516-26. PMID: 
17182364 

Phase I safety trial of intravenous ascorbic 
acid in patients with severe sepsis (1)

(c) IIVNTP

• BACKGROUND: Parenterally administered ascorbic acid modulates 
sepsis-induced inflammation and coagulation in experimental 
animal models. The objective of this randomized, double-blind, 
placebo-controlled, phase I trial was to determine the safety of 
intravenously infused ascorbic acid in patients with severe sepsis.

• METHODS: Twenty-four patients with severe sepsis in the medical 
intensive care unit were randomized 1:1:1 to receive intravenous 
infusions every six hours for four days of ascorbic acid: Lo-AscA (50 
mg/kg/24 h, n = 8), or Hi-AscA (200 mg/kg/24 h, n = 8), or Placebo 
(5% dextrose/water, n = 8). The primary end points were ascorbic 
acid safety and tolerability, assessed as treatment-related adverse-
event frequency and severity. Patients were monitored for 
worsened arterial hypotension, tachycardia, hypernatremia, and 
nausea or vomiting. In addition Sequential Organ Failure 
Assessment (SOFA) scores and plasma levels of ascorbic acid, C-
reactive protein, procalcitonin, and thrombomodulin were 
monitored.

Phase I safety trial of intravenous ascorbic 
acid in patients with severe sepsis (2)

(c) IIVNTP

• RESULTS: Mean plasma ascorbic acid levels at entry for the entire 
cohort were 17.9 ± 2.4 μM (normal range 50-70 μM). Ascorbic acid 
infusion rapidly and significantly increased plasma ascorbic acid 
levels. No adverse safety events were observed in ascorbic acid-
infused patients. Patients receiving ascorbic acid exhibited prompt 
reductions in SOFA scores while placebo patients exhibited no such 
reduction. Ascorbic acid significantly reduced the proinflammatory
biomarkers C-reactive protein and procalcitonin. Unlike placebo 
patients, thrombomodulin in ascorbic acid infused patients 
exhibited no significant rise, suggesting attenuation of vascular 
endothelial injury.

• CONCLUSIONS:Intravenous ascorbic acid infusion was safe and 
well tolerated in this study and may positively impact the extent of 
multiple organ failure and biomarkers of inflammation and 
endothelial injury.

Fowler AA, et al. Phase 1 safety trial of intravenous ascorbic acid in 
patients with severe sepsis. J Transl Med. 2014 Jan 31;12:32. 
PMID: 24484547
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Clinical Trial 

(c) IIVNTP

• Professor Fowler and his colleague Professor Ramesh Natarajan hypothesise that endoplasmic 
reticulum stress, autophagy (an intracellular degradation system), histone citrullination (which 
controls gene expression) and NFkB activation could all play key roles in the molecular pathways that 
stimulate NETosis. Therefore, modulation of these pathways could be the reason the team saw 
attenuated NETosis in subjects treated with ascorbic acid.

• Furthermore, ascorbic acid increases the synthesis and activity of ion pumps and channels located on 
the alveolar surface, restoring normal water movement.

• Ascorbic acid as a human treatment 
The team from Virginia Commonwealth University have also used ascorbic acid as an interventional 
drug to treat sepsis-induced lung injury, conducting trials on humans suffering from acute respiratory 
failure. Twenty-four patients with severe sepsis were given intravenous infusions of ascorbic acid 
every six hours for four days. Overall, not only did the results show that ascorbic acid had no adverse 
safety issues, it also significantly reduced proinflammatory biomarkers, supporting Professor Fowler’s 
earlier work.

• However, further research is needed before ascorbic acid can be approved as a legitimate treatment 
for sepsis-induced lung injury. Therefore, Professor Fowler is currently conducting a larger-scale 
Phase II proof of concept trial, in collaboration with four medical centres (Virginia Commonwealth 
University, The Cleveland Clinic, The Medical College of Wisconsin and The University of Kentucky).

• The aim of this trial is to determine whether intravenous ascorbic acid will decrease multiple organ 
failure of sepsis and reduce inflammation and coagulation, indicated by reduced levels of pro-
inflammatory biomarkers associated with this condition.

• Professor Fowler’s innovative research has provided much evidence to show that ascorbic acid can 
be an effective drug to mitigate the effects of sepsis-induced lung injury, saving tens of thousands of 
lives.

• Vitamin C – breathing new life into septic acute lung injury therapy? AB. Fowler III etal.Oregon State 
University

Fowler, A.B etal 8.2017

(c) IIVNTP

Comments regarding Fowler’s study

(c) IIVNTP

• Lo-AscA (50 mg/kg/24 h), the low dose cohort
• For a 70 kg (154.3 lb) person the daily dose is 3500 mg
• Infusions were administered every 6 hours, or 4 times/day
• Each infusion contained 875 mg ascorbic acid

• Hi-AscA (200 mg/kg/24 h), the high dose cohort
• For a 70 kg person the daily dose is 14,000 mg (14 g)
• Infusions were administered every 6 hours
• Each infusion contained 3500 mg ascorbic acid

• Fowler’s doses are conservative; could higher doses 
be more effective in sepsis?

• Integrative physicians in the U.S. routinely increment 
vitamin C doses to 50 grams for acute viral infections

Septic shock & Vitamin C (1)

(c) IIVNTP

• Septic shock is characterized by refractory hypotension 
and is normally managed by fluid resuscitation and 
administration of the catecholamine vasopressor
norepinephrine. Vasopressin can also be administered to 
raise mean arterial pressure and decrease the 
norepinephrine dose

• Endogenous norepinephrine and vasopressin are 
synthesised by two copper-containing enzymes, 
dopamine β-hydroxylase for norepinephrine and 
peptidylglycine α-amidating monooxygenase, for 
vasopressin

• Both enzymes require ascorbate as a cofactor for optimal 
activity. Patients with severe sepsis show hypovitaminosis
C. and pre-clinical and clinical studies indicate that 
administration of high-dose ascorbate decreases the 
levels of pro-inflammatory biomarkers, attenuates organ 
dysfunction and improves haemodynamic parameters. 

Septic shock & Vitamin C (2)

(c) IIVNTP

• Pre-clinical and clinical studies indicate that 
administration of high-dose ascorbate decreases the 
levels of pro-inflammatory biomarkers, attenuates 
organ dysfunction and improves haemodynamic
parameters

• Vitamin C improves endogenous vasopressor
synthesis and thus ameliorates the requirement for 
exogenously administered vasopressors

Carr AC, Shaw GM, Fowler AA, Natarajan R. Ascorbate-dependent vasopressor synthesis: a 
rationale for vitamin C administration in severe sepsis and septic shock? Crit Care. 2015 Nov 
27;19:418. PMID: 26612352

Mitochondrial resuscitation

(c) IIVNTP

• Mitochondrial dysfunction occurs early in sepsis and has 
an important role in MODS development. MODS severity 
and recovery of mitochondrial function are associated 
with survival

• Recent clinical and experimental investigations suggest 
that mitochondrion-targeted therapy for sepsis and septic 
shock will help reduce MODS severity and mortality

• Supplementation with micronutrients identified as 
potential metabolic resuscitators could be beneficial 
[coenzyme Q10 (CoQ10), cytochrome oxidase (CytOx), L-
carnitine, melatonin, selenium, zinc]

Leite HP, de Lima LF. Metabolic resuscitation in sepsis: a necessary step 
beyond the hemodynamic? J Thorac Dis 2016 Jul;8(7):E552-7. PMID: 
27501325
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Intravenous Vitamin C Administered as Adjunctive Therapy for Recurrent Acute Respiratory 
Distress Syndrome

(c) IIVNTP

• Amit Bharara, Catherine Grossman, Daniel Grinnan, Aamer Syed, Bernard 
Fisher, Christine DeWilde, Ramesh Natarajan, and Alpha A. (Berry) Fowler *

• Abstract
• This case report summarizes the first use of intravenous vitamin C 

employed as an adjunctive interventional agent in the therapy 
of recurrent acute respiratory distress syndrome (ARDS). The two episodes 
of ARDS occurred in a young female patient with Cronkhite-Canada 
syndrome, a rare, sporadically occurring, noninherited disorder that is 
characterized by extensive gastrointestinal polyposis and malabsorption. 
Prior to the episodes of sepsis, the patient was receiving nutrition via 
chronic hyperalimentation administered through a long-standing central 
venous catheter. The patient became recurrently septic with Gram positive 
cocci which led to two instances of ARDS. This report describes the broad-
based general critical care of a septic patient with acute respiratory failure 
that includes fluid resuscitation, broad-spectrum antibiotics, and 
vasopressor support. Intravenous vitamin C infused at 50 mg per kilogram 
body weight every 6 hours for 96 hours was incorporated as an adjunctive 
agent in the care of this patient. Vitamin C when used as a parenteral agent 
in high doses acts “pleiotropically” to attenuate proinflammatory mediator 
expression, to improve alveolar fluid clearance, and to act as an 
antioxidant.

IVC and COVID-19

(c) IIVNTP and Dr. B. Cochran

24 grams per day for 7 days

IVC and COVID-19

(c) IIVNTP and Dr. B. Cochran

IVC and COVID-19

(c) IIVNTP and Dr. B. Cochran

IVC and COVID-19

(c) IIVNTP and Dr. B. Cochran
(c) IIVNTP and Dr. B. Cochran
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