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It has been assumed that severe sepsis and septic shock 
occur due to immune disequilibrium. Excessive activa-
tion of nuclear factor-κB (NF-κB) has been implicated in 

generation of the “cytokine storm” in the early stages of sepsis. 
Through a variety of genomic and nongenomic mechanisms, 
glucocorticoids inhibit NF-κB activation. Therefore, it has been 
suggested that the immune disequilibrium in the early phase 
of sepsis results from inadequate endogenous glucocorticoid 
mediated regulation of NF-κB activation. Inadequate release 
of cortisol (relative adrenal insufficiency) and/or glucocorti-
coid tissue resistance have been postulated as the cause of the 
inadequate glucocorticoid activity; the term “Critical Illness 
Related Corticosteroid Insufficiency” (CIRCI) has been coined 
to describe this syndrome (also known colloquially as “vitamin 
S deficiency”) (1). Multiple pathogenic mechanisms have been 
implicated in the causation of CIRCI. In patients with septic 
shock, adrenal cells may lose their sensitivity to corticotropin 
(adrenocorticotropic hormone [ACTH]) (2). Anti-inflam-
matory cytokines such as interleukin (IL)-10 down-regulate 
adrenal steroidogenesis (3). Substrate deficiency (high-density 
lipoprotein) may lead to inadequate cortisol synthesis during 
acute illness (4). In addition, polymorphisms of the ACTH 
receptor have been associated with a low cortisol response 
to stress (5). Tissue corticosteroid resistance is a well-known 
manifestation of chronic inflammatory diseases. It is likely that 
patients with acute inflammatory diseases such as sepsis and 
acute lung injury may develop tissue resistance to glucocorti-
coids during the course of their disease (6). Alterations in the 
molecular mechanisms of glucocorticoid receptor (GR) action 
impair glucocorticoid signal transduction and alter tissue 
sensitivity to glucocorticoids (6). In a murine Staphylococcal 
aureus sepsis model, Bergquist et al (7) demonstrated markedly 

decreased GR-α expression and decreased nuclear transloca-
tion of the GR complex into the nucleus. These changes in GR 
number and function occurred in a time-dependent manner. 
Altered phosphorylation of the GR, altered importin-7 func-
tion, or defective dissociation from the chaperon molecules 
may account for the decreased nuclear translocation of the GR 
complex. The anti-inflammatory actions of glucocorticoids are 
more effective in men (8). Estrogens have been suggested to 
antagonize glucocorticoid action through alterations in phos-
phorylation of the GR (9). Increased expression of β-isoform 
of the GR (GR-β) has been demonstrated in sepsis (10). GR-β 
fails to bind cortisol and activate gene expression and thus 
functions as a negative inhibitor of GR-α (11). Single nucleo-
tide polymorphisms in the GR gene are associated with vary-
ing sensitivity to glucocorticoids (12). 11β-Hydroxysteroid 
dehydrogenase type 2 (11β-HSD2) converts cortisol to corti-
sone, its inactive reduced metabolite which is unable to bind 
to the GR. Increased expression of 11β-HSD2 may result in 
glucocorticoid resistance.

In this issue of Critical Care Medicine, Cohen et al (13) 
sought to determine glucocorticoid sensitivity in critically 
ill patients with septic shock when compared with control 
subjects. Glucocorticoid sensitivity was measured by in vitro 
suppression of cytokine production from lipopolysaccharide-
stimulated leukocytes. Although there was no significant dif-
ference in glucocorticoid sensitivity between the groups, there 
was a greater range in the patients with septic shock. Further-
more, the patients in the lowest quartile of glucocorticoid 
sensitivity were sicker (higher Acute Physiology and Chronic 
Health Evaluation II scores) with a trend toward a higher mor-
tality. Expressions of GR-β and 11β-HSD-2 were higher in 
patients than in controls; however, expression of these genes 
did not correlate with glucocorticoid sensitivity. Furthermore, 
there was no difference in glucocorticoid sensitivity between 
male and female patients. Although this study demonstrates 
alterations of GR isoform expression and glucocorticoid sen-
sitivity in patients with septic shock, the failure to find a sta-
tistically significant difference between the groups may be a 
consequence of the insensitivity of the assay used. The authors 
used the inhibitory effects of glucocorticoids on NF-κβ signal-
ing pathways as a surrogate marker of activation of GR tar-
get genes. Activation of primary GR target genes would allow 
more accurate quantification of glucocorticoid activity (14). 
Nevertheless, this study does support the concept that tissue 
resistance to glucocorticoids may occur in patients with acute 
inflammatory conditions such as sepsis. Importantly, this study 
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demonstrates that the standard tests evaluating the integrity 
of the hypothalamic-pituitary-adrenal axis (total cortisol and 
ACTH stimulation test) are unable to detect relative adrenal 
insufficiency (low fee cortisol) or tissue glucocorticoid resis-
tance in acutely ill patients.

Experimental models suggest that exogenous glucocorticoids 
overcome glucocorticoid resistance; however, this effect appears 
to be time dependent (7). In addition to down-regulating the 
proinflammatory response and modulating the anti-inflamma-
tory response, glucocorticoids may have additional beneficial 
effects in patients with sepsis including increasing adrenergic 
responsiveness, restoring the tight junctions between endothe-
lial cells, and preserving the endothelial glycocalyx.

Due to changes in GR function, glucocorticoids alone may be 
insufficient to regulate NF-κβ signaling in patients with sepsis. 
Reactive oxygen species (ROS) are important activators of NF-κB. 
ROS are generated following exposure to cytokines and lipopoly-
saccharide and treatment with antioxidants blocks activation 
of NF-κB by these stimuli. In experimental and clinical stud-
ies, high-dose IV vitamin C has been shown to decrease NF-κβ 
activation, with a reduction inflammatory markers and organ 
dysfunction (15, 16). Similar to glucocorticoids, vitamin C may 
increase vasomotor responsiveness by increasing endogenous 
synthesis of norepinephrine and vasopressin (17). Glucocorti-
coids and vitamin C may act synergistically with glucocorticoids 
inducing the sodium-dependant vitamin C transporter increas-
ing cellular vitamin C uptake (18), whereas vitamin C may restore 
GR function (19). It should be noted that oral vitamin C has been 
shown to have steroid-sparing effects in steroid-dependent asth-
matics (20). These data suggest that patients with severe sepsis 
and septic shock may benefit from the early administration of IV 
glucocorticoids (vitamin S) and vitamin C. Clinical studies are 
required to test this highly cost effective and “radical” hypothesis.
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How to Give Vitamin C
a Cautious but Fair
Chance in Severe Sepsis
Heleen M. Oudemans-van Straaten, MD, PhD
Paul W. G. Elbers, ME, PhD
Angélique M. E. Spoelstra-de Man, MD, PhD
Amsterdam, The Netherlands

Overwhelming inflammation and oxidative stress
contribute to the high morbidity and mortality of sepsis
by causing vasoplegia, capillary leakage, and organ
failure. This provided the strong rationale for Paul
Marik’s1 group to target both uncontrolled
inflammation and oxidative stress in an attempt to
improve patient outcome. In their provocative before
and after study, they administered a combination of IV
vitamin C, hydrocortisone, and thiamine in the early
phase of severe sepsis and found a considerable decrease
in organ failure and mortality. Results are reported in
this issue of CHEST.1

The study included 47 consecutive patients with a
primary diagnosis of severe sepsis or septic shock and a
procalcitonin level of 2 ng/mL or higher and compared
this cohort with a control cohort from 7 months earlier.
The study intervention included IV vitamin C (1.5 g
every 6 h) and IV thiamine (200 mg every 12 h) as well
as IV hydrocortisone (50 mg every 6 h). During the
control period, 60% of patients also received IV
hydrocortisone (50 mg every 6 h) but no supplemental
vitamin C or thiamine. The study cocktail was
administered within 24 h of ICU admission. The
hospital mortality was significantly lower in the

treatment group (8.5%) than in the control group
(40.4%). The propensity adjusted OR of mortality in the
study patients was 0.13 (95% CI, 0.04-0.48). The
duration of vasopressor support was reduced by
two-thirds, the 72-h delta Sequential Organ Failure
Assessment score was reduced by 82%, and the need for
renal replacement therapy declined from 37% to 10%.
None of the patients in the treatment group experienced
progressive organ failure.

Why This Combination?
Hydrocortisone and vitamin C act synergistically on
multiple sites in the inflammatory cascade.1-4 In
addition, hydrocortisone facilitates the uptake of vitamin
C into the cell by restoring the cytokine-induced
downregulation of the vitamin C transporter, whereas
vitamin C restores the sensitivity of the glucocorticoid
receptor.1 Thiamine was added to reduce the risk of
renal oxalate crystallization (see further on).

The Primary Circulating Antioxidant
During sepsis, reactive oxygen species (ROS) are
produced in neutrophils. ROS not only kill invading
microorganisms but also cause collateral damage to host
cells. Vitamin C is the only antioxidant in plasma able to
completely prevent neutrophil-induced lipid oxidation.5

Vitamin C also prevents the depletion of other
circulatory antioxidants such as lipid-soluble vitamin E
and glutathione, although this is not the case in reverse.
However, when consumed, plasma vitamin C becomes
rapidly depleted on neutrophil activation.4,5 Early IV
supplementation is therefore needed to limit oxidation
of lipids, proteins, and DNA.

Protection of the Circulation
Preclinical and clinical studies have shown that vitamin
C protects against the loss of the endothelial barrier and
microcirculation.3,4 In addition, vitamin C may increase
vasomotor responsiveness by increasing endogenous
synthesis of norepinephrine and vasopressin.6

Host Defense and Wound Healing
Although glucocorticoids predominantly have
antiinflammatory effects, vitamin C reduces oxidant
damage and can increase host defenses by improving
macrophage and T-cell function.2,7 Vitamin C is an
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essential cofactor in the biosynthesis of collagen and
thereby crucial for the firmness of blood vessels.
Moreover, vitamin C facilitates wound healing beyond
its role in collagen metabolism and blood supply.8

Optimal Dose and Route
The optimal dose of vitamin C in the critically ill
population is not known. It also is not known whether
we should aim at normal or temporarily supernormal
plasma concentrations to achieve more antioxidant
effects.2,7 Pharmacokinetic data in critically ill patients
are scarce. However, enteral administration is ineffective
during critical illness as shown by persistently
subnormal plasma concentrations after administering
600 mg vitamin C daily for 8 days.9 An IV dose of
2 to 3 g/d seems necessary to reach normal plasma
concentrations (50-70 mM),10-12 whereas super-high
plasma concentrations can be obtained with dosages of
200 mg/kg/d11 or 10 g/d.12 In a phase I safety trial in
patients with sepsis, high plasma concentrations were
associated with an earlier decline in the Sequential
Organ Failure Assessment score and procalcitonin
concentrations.11 With continuous infusion, urinary
vitamin C loss and oxalate excretion seem to be lower,
whereas a higher proportion of vitamin C remains in the
body.12 Beneficial effects on organ dysfunction or length
of ICU support were reported with IV doses between
1,000 mg and up to 200 mg/kg/d.4,11 The concomitant
use of hydrocortisone generally was not mentioned.
Altogether, a dose finding is needed.

Negative Image
Despite a huge amount of evidence on the protective
effect of vitamin C,2-4 the administration of vitamin C in
higher than the so-called daily recommended dose is
often qualified as quackery. Opponents refer to Linus
Pauling, who was Nobel Prize winner twice but later in
his life persevered in his beliefs that vitamin C taken
daily was a panacea and had the miraculous property to
prolong life and that mega doses could cure cancer,
negating numerous negative studies. A second objection
comes from nephrologists pointing to the renal
crystallization of oxalate being produced during vitamin
C metabolism. However, whether short-term, high-dose
administration in the setting of hemodynamic and fluid
monitoring will lead to renal oxalate crystallization has
not been investigated. Based on physiological reasoning,
Marik et al1 added thiamine to reduce this risk.
Thiamine is a coenzyme to glyoxylate aminotransferase,
which promotes the oxidation of glyoxylate (a metabolite

of vitamin C) to carbon dioxide (instead of oxalate).
Post aut propter, Marik et al1 found renal benefit, not
harm.

How to Proceed?
The pathophysiology of sepsis reminds us that high-dose
IV vitamin C should probably be limited to the very
early phase of severe sepsis or septic shock because
in the long run, low levels of ROS are crucial for
intracellular signaling. To avoid the Linus Pauling trap,
pragmatic multicenter trials are needed to confirm this
benefit and to exclude unforeseen harm as was seen in
previous sepsis trials using promising drugs. Studies
should also determine optimal dose and treatment
duration, whether normal or temporarily supernormal
plasma concentrations should be obtained, whether
intermittent (high peak concentrations) or continuous
dosing (less renal excretion of vitamin C and oxalate)
performs better, whether coadministration of thiamine
reduces oxalate excretion, and finally whether the
combination with hydrocortisone acts synergistically.
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Hydrocortisone, Vitamin C, and Thiamine
for the Treatment of Severe Sepsis and
Septic Shock
A Retrospective Before-After Study

Paul E. Marik, MD, FCCP; Vikramjit Khangoora, MD; Racquel Rivera, PharmD; Michael H. Hooper, MD;
and John Catravas, PhD, FCCP

BACKGROUND: The global burden of sepsis is estimated as 15 to 19 million cases annually,
with a mortality rate approaching 60% in low-income countries.

METHODS: In this retrospective before-after clinical study, we compared the outcome
and clinical course of consecutive septic patients treated with intravenous vitamin C,
hydrocortisone, and thiamine during a 7-month period (treatment group) with a control
group treated in our ICU during the preceding 7 months. The primary outcome was hospital
survival. A propensity score was generated to adjust the primary outcome.

RESULTS: There were 47 patients in both treatment and control groups, with no significant
differences in baseline characteristics between the two groups. The hospital mortality was
8.5% (4 of 47) in the treatment group compared with 40.4% (19 of 47) in the control group
(P < .001). The propensity adjusted odds of mortality in the patients treated with the vitamin
C protocol was 0.13 (95% CI, 0.04-0.48; P ¼ .002). The Sepsis-Related Organ Failure
Assessment score decreased in all patients in the treatment group, with none developing
progressive organ failure. All patients in the treatment group were weaned off vasopressors, a
mean of 18.3 " 9.8 h after starting treatment with the vitamin C protocol. The mean duration
of vasopressor use was 54.9 " 28.4 h in the control group (P < .001).

CONCLUSIONS: Our results suggest that the early use of intravenous vitamin C, together with
corticosteroids and thiamine, are effective in preventing progressive organ dysfunction,
including acute kidney injury, and in reducing the mortality of patients with severe sepsis and
septic shock. Additional studies are required to confirm these preliminary findings.
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The global burden of sepsis is substantial with an
estimated 15 to 19 million cases per year; the vast
majority of these cases occur in low-income countries.1

With more timely diagnosis and improvement in
supportive care the 28-day mortality from sepsis in
high-income countries has declined to about 25%;
however, the mortality rate from septic shock remains as
high as 50%.2-5 Moreover, the mortality from sepsis and
septic shock in low-income countries is approximately
60%.6-8 In addition to short-term mortality, septic
patients suffer from numerous short- and long-term
complications, with reduced quality of life and an
increased risk of death up to 5 years following the acute
event.9-11 Over the last 3 decades, more than 100 phase 2
and phase 3 clinical trials have been performed testing
various novel pharmacologic agents and therapeutic
interventions in an attempt to improve the outcome of
patients with severe sepsis and septic shock; all of these
efforts ultimately failed to produce a novel
pharmacologic agent that improved the outcome of
sepsis.12 New therapeutic approaches to sepsis are
desperately required. To impact the global burden of
sepsis these interventions should be effective,
inexpensive, safe, and readily available.
We were confronted with three patients with fulminant
sepsis who were almost certainly destined to die from
overwhelming septic shock. On the basis of experimental

and emerging clinical data, we decided to administer
intravenous vitamin C to these patients as a life-saving
measure.13-17 “Moderate-dose” hydrocortisone was
added for its theoretical synergistic benefit. All three of
these patients made a dramatic recovery and were
discharged from the ICU within days with no residual
organ dysfunction. On the basis of this experience and
the reported safety and potential benefit of this
therapeutic intervention, the combination of
intravenous vitamin C and corticosteroid became
routinely used as adjunctive therapy for the treatment of
severe sepsis and septic shock in our ICU. Patents with
sepsis predictably have very low serum vitamin C levels,
which can only be corrected with intravenous vitamin C
at a dose of more than 3 g/d.16,18,19 On the basis of
published clinical data, vitamin C pharmacokinetic
modeling, as well as the package insert, we decided to
administer 6 g of vitamin C per day, divided in four
equal doses.16,18-23 This dosage is devoid of any reported
complications or side effects. Doses as high as 100 to
150 g have been safely administered to patients with
burns and malignancy.17,24,25 Hydrocortisone was
dosed according to the consensus guidelines of the
American College of Critical Care Medicine.26

Intravenous thiamine (vitamin B1) was added to
the vitamin C protocol (see the Discussion section
for rationale).27

Methods
This study was an electronic health record (EHR)-based retrospective
before-after clinical study.28 The study was approved by our
institutional review board (#16-08-WC-0179) and the Sentara Health
System Office of Research (16-08-SRC-88) (see study protocol
e-Appendix 1). This study was conducted at Sentara Norfolk General
Hospital, a tertiary care referral hospital affiliated with Eastern
Virginia Medical School and the only tertiary care facility in the
Hampton Roads area, serving a population of approximately 1.8
million people. Between January 2016 and July 2016, consecutive
patients admitted to the Eastern Virginia Medical School Critical
Care Medicine service in the general ICU at Sentara Norfolk General
Hospital with a primary diagnosis of severe sepsis or septic shock
and a procalcitonin (PCT) level $ 2 ng/mL were treated with
intravenous hydrocortisone, vitamin C, and thiamine (vitamin C
protocol) within 24 h of ICU admission (treatment group). PCT is
routinely measured in our hospital as a screening tool for sepsis and
to monitor the evolution of the disease.29-32 PCT is measured in our
laboratory using the VIDAS B$R$A$H$M$S PCT assay, a one-step
immunoassay sandwich method with final fluorescence detection
(bioMérieux); the lower limit of PCT detection was 0.05 ng/mL.
Septic patients with a PCT level < 2 ng/mL within the first 24 h of
ICU admission were not treated with the vitamin C protocol. We
used a threshold PCT level of 2 ng/mL to increase the certainty that
the patients had severe sepsis and were at risk of developing sepsis-
related organ dysfunction.32-34 Patients < 18 years of age, pregnant
patients, and patients with limitations of care were not treated with

the vitamin C protocol. The control group consisted of a similar
number of consecutive patients admitted to our ICU between June
2015 and December 2015, using the same inclusion and exclusion
criteria as the treatment group. During the control period, patients
with sepsis did not receive intravenous vitamin C or thiamine. The
diagnoses of severe sepsis and septic shock were based on the 1992
American College of Chest Physicians/Society of Critical Care
Medicine Consensus Conference definitions.35

We queried our EHRs (Epic Systems) to identify patients who met the
inclusion criteria for the treatment and control groups. The patients’
clinical and demographic data, including age, sex, admitting
diagnosis, comorbidities, requirement for mechanical ventilation, use
of vasopressors (and hourly dosages), daily urine output (for the first
4 days), fluid balance after 24 and 72 h, length of ICU stay (LOS),
and laboratory data, were abstracted from the EHR. Patients were
considered immunocompromised if they were taking more than
10 mg of prednisone-equivalent per day for at least 2 weeks, were
receiving cytotoxic therapy, or were diagnosed with acquired
immunodeficiency syndrome. The hourly dosage of vasopressors was
recorded as the norepinephrine equivalent dosage.36,37 The serum
creatinine, WBC, platelet count, total bilirubin, PCT, and lactate
levels were recorded daily for the first 4 days. Acute kidney injury
(AKI) was defined on the basis of KDIGO (Kidney Disease:
Improving Global Outcomes) criteria; namely, an increase in serum
creatinine > 0.3 mg/dL or a level > 1.5 times the baseline value.38 If
the baseline serum creatinine was not known a value > 1.5 mg/dL
was assumed to be indicative of AKI. The patient’s admission
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APACHE (Acute Physiology and Chronic Health Evaluation) II and
APACHE IV scores, including the APACHE IV predicted hospital
mortality, were recorded. The APACHE II score (incrementing score
of 0 to 71) and APACHE IV score (incrementing score of 0 to 286)
are standardized measures of disease severity that are used to predict
hospital mortality.39,40 The SOFA (Sepsis-Related Organ Failure
Assessment) score was calculated daily for 4 days. The SOFA score
was designed to sequentially assess the severity of organ dysfunction
in patients who were critically ill from sepsis (incrementing score of
0 to 24).41 The SOFA scores were calculated 24 h after admission to
the ICU and daily thereafter.

ICU Treatment Protocol
The overall treatment of patients with sepsis during the control and
treatment periods was similar except for the administration of the
combination of vitamin C, hydrocortisone, and thiamine during the
treatment period.42 There were no known significant changes to our
ICU protocols, referral patterns, or patient population during the
study period. During the control period patients received
hydrocortisone (50 mg every 6 h) at the discretion of the attending
physician.26,42,43 As per standard operating procedure in our ICU, all
patients with sepsis and septic shock are started empirically on
broad-spectrum antibiotics, which are then deescalated according to
microbiologic data and clinical progress44; are treated according to a
conservative, physiologically based fluid and vasopressor strategy45,46;
and are ventilated according to a lung-protective strategy,46,47

avoiding hyperoxia48 and with the limited use of sedative agents
(preferred agent, dexmedetomidine).49 Norepinephrine is the
vasopressor of first choice and is titrated to a dose of 20 mg/min,
targeting a mean arterial pressure > 65 mm Hg. In patients failing
to achieve this target, fixed-dose vasopressin was then added at 0.04
units/min followed by phenylephrine or epinephrine.42,45 Patients
receive enteral nutrition with a whey-based formula (Vital 1.2;
Abbott), using an intermittent bolus protocol that is started 24 h
after ICU admission; once clinical stability is achieved,50,51 they
receive deep venous thrombosis prophylaxis with both enoxaparin
(or heparin in patients with a calculated creatinine clearance <
30 mL/min) and sequential compression, and we allow permissive
hyperglycemia.52 Routine stress ulcer prophylaxis is not
administered.53 During the treatment period consecutive patients
with a primary admitting diagnosis of severe sepsis or septic shock
and a PCT level > 2 ng/mL were treated with intravenous vitamin C
(1.5 g every 6 h for 4 days or until ICU discharge), hydrocortisone
(50 mg every 6 h for 7 days or until ICU discharge followed by a
taper over 3 days), as well as intravenous thiamine (200 mg every
12 h for 4 days or until ICU discharge). The vitamin C was
administered as an infusion over 30 to 60 min and mixed in a 100-
mL solution of either dextrose 5% in water (D5W) or normal saline.

Intravenous thiamine was given as a piggyback in 50 mL of either
D5W or normal saline and was administered as a 30-min infusion.
We attempted to determine the vitamin C level prior to the first
dose of vitamin C. The vitamin C assay was performed at LabCorp
by high-pressure liquid chromatography with electrochemical
detection. The specimens were collected in a serum separation gel
tube, protected from light, and transported on ice. The specimens
were frozen prior to transport to the local reference laboratory
(LabCorp).

Data Analysis
The first three “pivotal” patients treated with the vitamin cocktail were
excluded from analysis. The patients’ deidentified clinical and
laboratory data were recorded in an electronic spreadsheet. The
primary outcome was hospital survival. Secondary outcomes
included duration of vasopressor therapy,54 requirement for renal
replacement therapy in patients with AKI, ICU LOS, and the change
in serum PCT and SOFA score over the first 72 h.30,55-58 The
procalcitonin clearance was calculated according to the following
formula: initial PCT minus PCT at 72 h, divided by the initial PCT
multiplied by 100.57,59 Summary statistics were used to describe the
clinical data and are presented as means " SD, medians and
interquartile range, or percentages as appropriate. c2 analysis with
Fisher’s exact test (when appropriate) and Student’s t test (Mann-
Whitney U test for nonnormal distributions) were used to compare
data between the treatment and control groups, with statistical
significance declared for probability values of 0.05 or less. Logistic
discriminant analysis was performed on the entire data set to
determine the independent predictors of survival. Statistical analysis
was performed with NCSS 11 (NCSS Statistical Software) and SPSS
Statistics version 24 (IBM).

To adjust for potential baseline differences between the treatment and
control groups, SPSS Statistics was used to generate propensity scores
for the patients’ likelihood to receive the vitamin C protocol. Factors
included in propensity score generation included age, weight, sex,
APACHE IV score, need for mechanical ventilation at presentation,
use of vasopressor agents at presentation, WBC count at
presentation, serum lactate level at presentation, procalcitonin level
at presentation, and serum creatinine at presentation (e-Table 1).
Binary logistic regression with propensity score adjustment was then
performed to assess the odds ratio for mortality by treatment
group.60 This analysis was then repeated with both age and
propensity score adjustments to assess the odds ratio for mortality
(e-Table 2). The propensity score distribution for the treatment and
control groups is presented in e-Figure 1, while the APACHE IV
distribution between the treatment and control groups is presented
in e-Figure 2.

Results
There were 47 patients in each group. The baseline
characteristics of the two groups are presented in
Table 1; there were no significant differences in baseline
characteristics between the two groups. Most patients
had multiple comorbidities, with only two patients in the
treatment group and one in the control group being
previously “healthy.” The distribution of infections was
similar between the two groups, with the lung being the
most common site of infection. Blood cultures were
positive in 13 patients (28%) in each group. Escherichia
coli (n ¼ 6) and gram-positive organisms (n ¼ 3) were

the commonest blood isolates in the treatment group
while gram-positive organisms (n ¼ 6) and E coli
(n ¼ 4) were the commonest isolates in the control
group. Correctly timed baseline vitamin C levels were
available for 22 patients in the treatment group; the
mean level was 14.1 " 11.8 mM (normal, 40-60 mM),
with no patient having a normal level. Twenty-two
patients (47%) in each group were treated with
vasopressor agents and met the criteria for septic shock.
The primary and secondary outcomes are provided
in Table 2. The hospital mortality was 8.5% (4 of
47 patients) in the treatment group compared with
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40.4% (19 of 47 patients) in the control group
(P < .001). The predicted and actual mortality for the
treatment and control groups is illustrated in Figure 1.
Logistic discriminant analysis identified three
independent predictors of mortality, namely, treatment
with the vitamin C protocol (F value, 17.33; P < .001),
the APACHE IV score (F value, 13.29; P < .001), and

need for mechanical ventilation (F value, 3.75; P ¼ .05).
The propensity adjusted odds of mortality in patients
treated with the vitamin C protocol was 0.13 (95% CI,
0.04-0.48; P ¼ 002). None of the patients in the
treatment group died of complications related to sepsis.
All these patients survived their ICU stay, received
“comfort care” on the hospital floor, and died of

TABLE 1 ] Baseline Characteristics of Treated and Control Patients

Variable
Treated
(n ¼ 47)

Control
(n ¼ 47)

Age, mean " SD, y 58.3 " 14.1 62.2 " 14.3

Sex, male, No. (%) 27 (57) 23 (49)

Comorbidities, No. (%)

None 2 (4) 1 (2)

Diabetes 16 (34) 20 (42)

Hypertension 20 (43) 25 (53)

Heart failure 15 (32) 16 (34)

Malignancy 5 (11) 7 (15)

COPD 8 (17) 7 (15)

Cirrhosis 6 (13) 3 (6)

CVA 8 (17) 5 (11)

CRF 7 (15) 8 (17)

Morbid obesity 6 (13) 8 (17)

Immunocompromiseda 6 (13) 4 (9)

Drug addiction 5 (11) 5 (11)

Primary diagnosis, No. (%)

Pneumonia 18 (38) 19 (40)

Urosepsis 11 (23) 10 (21)

Primary bacteremia 7 (15) 7 (15)

GI/biliary 6 (13) 6 (13)

Other 5 (11) 5 (11)

Mechanical ventilation, No. (%) 22 (47) 26 (55)

Vasopressors, No. (%) 22 (46) 22 (46)

Acute kidney injury, No. (%) 31 (66) 30 (64)

Positive blood cultures, No. (%) 13 (28) 13 (28)

WBC,b mean " SD, # 109 20.6 " 13.5 17.1 " 13.4

Lactate, mean " SD, mM 2.7 " 1.5 3.1 " 2.8

Creatinine,c mean " SD, mg/dL 1.9 " 1.4 1.9 " 1.1

Procalcitonin, median and IQR, ng/ml 25.8 (5.8-93.4) 15.2 (5.9-39.0)

Day 1 SOFA, mean " SD 8.3 " 2.8 8.7 " 3.7

APACHE II, mean " SD 22.1 " 6.3 22.6 " 5.7

APACHE IV, mean " SD 79.5 " 16.4 82.0 " 27.4

Predicted mortality, mean " SD 39.7 " 16.7 41.6 " 24.2

There were no significant differences in baseline characteristics between groups. APACHE ¼ Acute Physiology and Chronic Health Evaluation; CRF ¼ chronic
respiratory failure; CVA ¼ cerebrovascular accident; IQR ¼ interquartile range; SOFA ¼ Sepsis-Related Organ Failure Assessment.
aHIV infection, neutropenia, post-transplantation, and so on.
bExcluding neutropenic patients.
cExcluding patients with chronic renal failure.
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complications of their underlying disease (advanced
dementia, severe heart failure, advanced sarcoidosis, and
severe COPD).

Twenty-eight patients (59.6%) in the control group were
treated with hydrocortisone. Thirty-one patients (66%)
in the treatment group met the criteria for AKI
compared with 30 (64%) in the control group (not
significantly different). Three patients (10%) with AKI in
the treatment group required renal replacement therapy
compared with 11 (37%) in the control group (P ¼ .02).
The 24-h fluid balance was 2.1 " 3.2 L in the treatment
group compared with 1.9 " 2.7 L in the control group
(not significantly different). Similarly, the 72-h fluid
balance was 1.9 " 3.7 L in the treatment group
compared with 1.6 " 3.3 L in the control group. All
patients in the treatment group were weaned off
vasopressors a mean of 18.3 " 9.8 h after starting
treatment with the vitamin C protocol. The dose of
pressors was predictably reduced between 2 and 4 h after

the first infusion of vitamin C. The mean duration of
vasopressor use was 54.9 " 28.4 h in the control group
(P < .001); nine patients in the control group received
escalating doses of vasopressors and died of refractory
septic shock. The mean duration of vasopressor
treatment was 61.4 " 33.8 h in the control patients who
died compared with 38.7 " 6.5 h in those who survived.
The time course of the vasopressor dose (in
norepinephrine equivalents)36,37 in the treatment group,
the control patients who died, and the control patients
who survived is illustrated in Figure 2. The 72-h DSOFA
score was 4.8 " 2.4 in the treatment group compared
with 0.9 " 2.7 in the control group (P < .001). None of
the patients in the treatment group developed new organ
failure (as reflected by an increase in their SOFA score)
requiring an escalation of therapy. The time course of
the SOFA score in the treatment group, the control
patients who died, and the control patients who survived

TABLE 2 ] Outcome and Treatment Variables

Variable
Treated
(n ¼ 47)

Control
(n ¼ 47)

Hospital mortality, No. (%) 4 (8.5) 19 (40.4)a

ICU LOS, median and IQR, d 4 (3-5) 4 (4-10)

Duration of vasopressors, mean " SD, h 18.3 " 9.8 54.9 " 28.4 a

RRT for AKI, No. (%) 3 of 31 (10%) 11 of 30 (33%)b

DSOFA, 72 h 4.8 " 2.4 0.9 " 2.7a

Procalcitonin clearance, median % and IQR, 72 h 86.4 (80.1-90.8) 33.9 (–62.4 to 64.3)a

AKI ¼ acute kidney injury; LOS ¼ length of stay; RRT ¼ renal replacement therapy; DSOFA ¼ change in Sepsis-Related Organ Failure Assessment score.
See Table 1 legend for expansion of other abbreviations.
aP < .001.
bP ¼ .02.
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lents) in the treatment group and in the control group survivors and
nonsurvivors. *P < .001 for comparison of treatment group vs control
group (see text).
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is shown in Figure 3. The median 72-h PCT clearance
was 86.4% (80.1%-90.8%) in the treatment group
compared with 33.9% (–62.4% to 64.3%) in the control
group (P < .001); the time course of the PCT over the
first 4 days is illustrated in Figure 4. The median ICU
LOS was 4 (3-5) days in the treatment group compared
with 4 (4-10) days in the control group (not significantly
different).

Discussion
In this observational study the combination of
intravenous vitamin C, moderate-dose hydrocortisone,
and thiamine appeared to have a marked effect on the
natural history of patients with severe sepsis and septic
shock. No patient in the treatment group developed
progressive organ failure, and the four deaths in this
group were related to the patients’ underlying disease;
these patients did not die of sepsis-related
complications. Our study evaluated the use of
intravenous vitamin C, hydrocortisone, and thiamine in
a real-world setting where all eligible patients with sepsis
were studied. This is important as less than 20% of
eligible patients with severe sepsis and septic shock are
commonly included in many of the sepsis trials, limiting
the applicability and generalizability of the results.61

Furthermore, we did not test an expensive, proprietary
designer molecule, but rather the combination of three
inexpensive and readily available agents with a long
safety record and in clinical use since 1949.62,63

The findings of our study are supported by extensive
experimental and clinical studies that have demonstrated

the safety and potential benefit of moderate-dose
hydrocortisone, intravenous vitamin C, and thiamine in
critically ill patients.16,17,21,26,64 However, ours is the first
study to evaluate the combination of intravenous
vitamin C, hydrocortisone, and thiamine, a combination
we believe synergistically reverses the pathophysiologic
changes of sepsis. The outcome data are supported by the
time course of the PCT levels and SOFA score as well as
the rapid decline in vasopressor requirements in the
treatment group as compared with the control group. The
time course of PCT in patients with severe sepsis and
septic shock has been evaluated in a number of
studies.31,32,65 These studies have demonstrated a linear
fall in PCT, reaching about 30% of the baseline value in
72 h; a fall of greater than 30% over this time has been
shown to indicate the appropriate use of antibiotics and is
predictive of survival. In the treatment group, the PCT fell
exponentially in all patients, reaching a median of 86% of
the baseline value at 72 h. In comparison, the PCT
remained relatively unchanged in the control group
during this time. This observation is supported by the
pilot study of Fowler et al,16 who in a randomized
controlled trial evaluated the clinical response to low-dose
(50 mg/kg/d) and high-dose vitamin C (200 mg/kg/d)
(without corticosteroids) in 24 patients with sepsis. In this
study, the fall of the PCT in the first 72 h was
approximately 40% in the low-dose group and 80% in the
high-dose group whereas it increased in the control
patients. In our study, the mean time to vasopressor
independence after starting the vitamin C protocol was
18 h. The mean duration of vasopressor therapy was 54 h
in the control group. In the literature, the mean duration
of vasopressor dependency in patients with septic shock is
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Figure 3 – Time course of the SOFA score over the 4-day treatment
period in the treatment group and in the control group survivors and
nonsurvivors. *P < .001 for comparison of treatment group vs control
group (see text). SOFA ¼ Sepsis-Related Organ Failure Assessment.
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(see text). PCT ¼ procalcitonin.
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reported to vary between about 72 and 120 h.37,54 In the
VANISH (Vasopressin vs Noradrenaline as Initial
Therapy in Septic Shock) trial, the median time to shock
reversal was 45 h (interquartile range, 23-75 h).66 The
mean duration of vasopressor dependency in the patients
treated with vitamin C in the study by Fowler et al16 was
86 h. Similarly, in the CORTICUS (Corticosteroid
Therapy of Septic Shock) study, the time to vasopressor
independence was 79 h.54 These data support the
contention that vitamin C, hydrocortisone, and thiamine
have synergistic effects in reversing vasoplegic shock in
patients with sepsis. Shortening the duration of
vasopressor treatment and preventing dose escalation
likely have numerous beneficial effects, including limiting
organ and limb ischemia.66-68 Furthermore,
norepinephrine exerts antiinflammatory and bacterial
growth-promoting effects, which may potentiate the
immunoparesis of sepsis, thereby increasing the
susceptibility to secondary infections.69

Experimental studies have demonstrated that both
vitamin C and hydrocortisone have multiple and
overlapping beneficial pathophysiologic effects in sepsis.
Vitamin C is a potent antioxidant that directly scavenges
oxygen free radicals; restores other cellular antioxidants,
including tetrahydrobiopterin and a-tocopherol; and is
an essential cofactor for iron- and copper-containing
enzymes.70,71 Both drugs inhibit nuclear factor-kB
activation, down-regulating the production of
proinflammatory mediators; increase tight junctions
between endothelial and epithelial cells; preserve
endothelial function and microcirculatory flow; are
required for the synthesis of catecholamines; and
increase vasopressor sensitivity.13-15,26,70-75 Vitamin C
plays a major role in preserving endothelial function and
microcirculatory flow.70,72 In addition, vitamin C
activates the nuclear factor erythroid 2-like 2 (Nrf2)/
heme oxygenase (HO)-1 pathway, which plays a critical
role in antioxidant defenses and enhances T-cell and
macrophage function.76-78 The explanation as to why
the combination of intravenous vitamin C,
hydrocortisone, and thiamine appeared to have a
marked effect on the course of sepsis, as compared with
the myriad of designer molecules that have been
evaluated in previous sepsis trials, is likely related to the
multiple and overlapping effects of all three agents as
compared with drugs that target a single molecule or
pathway.12 Furthermore, we believe that vitamin C and
corticosteroids act synergistically.79 Oxidation of
cysteine thiol groups of the glucocorticoid receptor
affects ligand and DNA binding, reducing the efficacy of

glucocorticoids.80,81 Vitamin C has been demonstrated
to reverse these changes and restore glucocorticoid
function.82 The transport of vitamin C into the cell is
mediated by the sodium-vitamin C transporter-2
(SVCT2).83 Proinflammatory cytokines have been
demonstrated to decrease expression of SVCT2.84

Glucocorticoids, however, have been shown to increase
expression of SVCT2.85 In an experimental model using
cultured human lung vascular endothelial cells exposed
to endotoxin we have demonstrated that incubation with
the combination of vitamin C and hydrocortisone
preserved endothelial integrity as compared with either
agent alone, the latter being no more effective than
placebo.86 This finding is in keeping with clinical studies
suggesting that hydrocortisone and vitamin C alone
have little impact on the clinical outcome of patients
with sepsis.16,54 The HYPRESS (Hydrocortisone for
Prevention of Septic Shock) study failed to demonstrate
an outcome benefit from a hydrocortisone infusion in
patients with severe sepsis.87

While the dosing strategy for corticosteroids
(hydrocortisone) in patients with severe sepsis and septic
shock has beenwell studied,26,88 that for vitaminC ismore
uncertain. Critically ill patients have either low or
undetectable vitamin C levels (normal serum levels,
40-60 mM).18,19 Because of the saturable intestinal
transporter (sodium-vitamin C transporter-1),20,83 oral
administration of doses as high as 1,500mg cannot restore
normal serum levels.20 To achieve normal serum vitamin
C levels in critically ill patients, a daily dose of more than
3 g is required.16,18,21 On the basis of pharmacokinetic
data and preliminary dose-response data we believe that a
daily dose of 6 g combinedwith hydrocortisone is optimal.
When high dosages of vitamin C are given intravenously,
metabolic conversion to oxalate increases.19 Oxalate is
normally excreted by the kidney, and serum levels will
increase with renal impairment. In patients with renal
impairment receiving megadose vitamin C,
supersaturation of serumwith oxalate may result in tissue
deposition as well as crystallization in the kidney.89,90

Worsening renal function is therefore a concern with
megadose vitamin C. It is noteworthy that renal function
improved in all the patients with AKI. Glyoxylate, a
byproduct of intermediary metabolism, is either reduced
to oxalate or oxidized to carbon dioxide by the enzyme
glyoxylate aminotransferase; thiamine pyrophosphate is a
coenzyme required for this reaction.91 Thiamine
deficiency increases the conversion of glyoxylate to
oxalate.92,93 Thiamine deficiency is common in septic
patients and is associatedwith an increased risk of death.64
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For these reasons, thiamine was included in our vitamin C
protocol.

Our study has several limitations, namely the small
sample size, single-center design, and the participation
of nonconcurrent control subjects. Furthermore, the
treatment and control periods occurred during different
seasons. We used propensity score adjustment in an
attempt to control for some of these factors. We believe
that the data from our study are internally consistent,
have a valid mechanistic basis, and are supported by
experimental studies. In addition, the safety of
hydrocortisone, vitamin C, and thiamine is supported by
more than 50 years of clinical experience. Because of the
inherent safety of the combination of hydrocortisone,
vitamin C, and thiamine we believe that this treatment
strategy can be adopted pending the results of further
clinical trials. We believe that the results of our study
provide sufficient information for the design of an
adequately powered, high-quality pragmatic trial to

confirm the findings of our study. Because of the lack of
clinical equipoise and the ethics of withholding a
potentially lifesaving intervention, we were unable to
initiate a randomized controlled trial in our center.
Furthermore, while our observational study suggests that
a 4-day course of vitamin C is optimal, additional
studies are required to determine the ideal dosing
strategy, and the contributing role of thiamine requires
further exploration.

In conclusion, the results of our study suggest that the
early use of intravenous vitamin C, together with
moderate-dose hydrocortisone and thiamine, may prove
to be effective in preventing progressive organ
dysfunction, including acute kidney injury, and reducing
the mortality of patients with severe sepsis and septic
shock. This inexpensive and readily available
intervention has the potential to reduce the global
mortality from sepsis. Additional studies are required to
confirm our preliminary findings.
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The Nevada Supreme Court casts doubt on the standard
for brain death diagnosis. Med Sci Law. 2017;57(2):
100-102.

4. Machado C, Perez-Nellar J, Estevez M, et al. Evidence-based guideline
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Neurology. 2011;76(3):307-309.
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Response
To the Editor:

As we have presented, because there are numerous
reasons why consent should not be required prior to an
evaluation for brain death (BD), Nevada revised its
Uniform Determination of Death Act (UDDA) to
stipulate that consent is not needed to conduct a BD
evaluation.1,2 Rady et al3 argue that this is
constitutionally problematic.

The revisions to Nevada’s UDDA stem from the
response of the Supreme Court of Nevada to the case
of Aden Hailu, a woman whose father requested
continuation of organ support after she was declared
brain dead using the practice parameter for determina-
tion of BD from the American Academy of Neurology
(AANPP).4 The AANPP was originally written in 1995
in response to concerns raised by the authors of the
UDDA and was updated in 2010.5 The Court found that
organ support should be continued because the hospital
did not provide sufficient evidence or expert testimony
that the AANPP is the accepted criteria for
determination of BD in the medical community.
Notably, the Court stated that their ruling was not an
attempt to “set in stone certain medical criteria for
determining BD,” but rather that it was based on the
“undeveloped record before [them].”4

The Nevada Assembly sought to avoid future confusion
about the criteria needed to determine BD, so they
proposed revisions to their UDDA to clearly state that
BD determination in an adult must be made in
accordance with the AANPP.2 Additionally, because
questions about the need for consent prior to the
determination of BD were raised in recent lawsuits in
other states, the Assembly specified in the revised
UDDA that BD determination is a clinical decision and
therefore does not require consent. The determination is
not based on “battery” as Rady et al3 claim but rather on
a neurologic examination that is similar to, but more
detailed than, the routine examination performed
multiple times a day on comatose patients around the

world.1-3 The AANPP provides: (1) clear instructions
about performing the examination and apnea testing, (2)
stipulations on how to avoid complications during the
evaluation, and (3) indications to abort apnea testing.5

We applaud Nevada for revising their UDDA in response
to these recent lawsuits. Although claims have been made
that determination of BD in the absence of consent violates
a patient’s freedom of religion and privacy, determination
of death should not be a negotiated standard or choice.1,6

Nonetheless, determination of whether or not Nevada’s
UDDA revision is constitutionally problematic is outside
the purview of physicians.

Ariane Lewis, MD
New York, NY
David Greer, MD
Boston, MA

AFFILIATIONS: From the Division of Neurocritical Care (Dr Lewis),
Departments of Neurology and Neurosurgery, NYU Langone
Medical Center; and the Department of Neurology (Dr Greer),
Boston University Medical Center.
FINANCIAL/NONFINANCIAL DISCLOSURES: See earlier cited article
for author conflicts of interest.
CORRESPONDENCE TO: Ariane Lewis, MD, Division of Neurocritical
Care, Department of Neurology, NYU Langone Medical Center, 530
First Ave, HCC-5A New York, NY 10016; e-mail: ariane.kansas.
lewis@gmail.com
Copyright ! 2017 American College of Chest Physicians. Published
by Elsevier Inc. All rights reserved.
DOI: http://dx.doi.org/10.1016/j.chest.2017.06.051
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Vitamin C and Sepsis
Framing the Postpublication
Discussion
To the Editor:

We read with interest the recent study by Marik et al1

published in the June 2017 issue of CHEST. The trial has
many notable limitations, which, in our opinion, render
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its findings hypothesis generating. However, given the
long history of frustrated attempts to identify novel
pharmacotherapies for patients with sepsis, efforts to
advance the care of critically ill patients should be
applauded.

Our concern centers on efforts by the investigators to
leverage the lay press and medical education blogs to
frame their findings as revolutionary. In a press release
filed jointly by Eastern Virginia Medical School and
Sentara Healthcare, the study’s lead author Dr Marik
states, “my intention was never to discover the cure for
sepsis, it just kind of happened by mistake.”2 This
message has been emphasized by Dr Marik on popular
medical education blogs (which are read by thousands of
trainees and practicing physicians in internal medicine
and emergency medicine) stating, “there can be no
question of doubt that we have changed the natural
history and disease progression of patients with sepsis.”3

The leap from retrospective single-center data to
unequivocal proclamations of safety and efficacy is a
startling one. Aggressive nutritional supplementation in
the early stages of critical illness has repeatedly been
shown not to benefit patients. Vitamin C
supplementation in critical illness has been studied in
high-quality trials without any signal of benefit. In a
recent multicenter randomized trial of high-protein
enteral nutrition enriched with immune-modulating
nutrients including vitamin C, patients in the
intervention arm actually had increased adjusted
mortality at 6 months compared with patients who
received standard high-protein enteral nutrition.4

Arguing, as the study authors do, that high-dose IV
supplementation is not only more efficacious but also
unquestionably safe ignores high-quality trials of other
antioxidant therapy. Glutamine, an amino acid felt to
have many of the same immunomodulatory properties
as vitamin C, although no better than placebo at
moderate doses,5 increased rates of death when given at
high doses.6

These studies do not refute Marik et al’s findings. They
do, however, highlight the need for caution and humility
when extrapolating the results of a single-center study to
scores of critically ill patients. Without ingenuity and
persistence in the face of repeated failures, medical
breakthroughs would not be possible. However, when in
the desperate hope for discovery we greet the fantastic
with unblinking acceptance, we risk becoming
unmoored from the principles that have guided steady
advances in the care of critically ill patients.

James M. Walter, MD
Benjamin D. Singer, MD
Chicago, IL

AFFILIATIONS: Division of Pulmonary and Critical Care,
Department of Medicine, Northwestern University Feinberg School
of Medicine.
CORRESPONDENCE TO: James M. Walter, MD, Division of
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McGaw M-300, Chicago, IL 60611; e-mail: james.walter@
northwestern.edu
Copyright ! 2017 American College of Chest Physicians. Published
by Elsevier Inc. All rights reserved.
DOI: http://dx.doi.org/10.1016/j.chest.2017.06.038
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Response
To the Editor:

We thank Drs Walter and Singer for their comments
regarding our study.1 However, we believe that a
number of the quoted statements have been taken out of
context or misinterpreted. It is true that we did not
expect our therapy to have a dramatic impact on the
initial treated patients and we did not expect to see the
dramatic impact on mortality that we witnessed
vs historical control subjects. Although the standards for
applying the term cure are different in the lay press, we
were responding to the apparent size of the effect from
our intervention. Furthermore, it is true that we believe
that the treatment was effective for patients with sepsis.
This strong belief was the reason that we applied the
therapy to additional patients and why we analyzed
those results after the fact. We agree that additional well-
designed studies are necessary to convince the medical
community of the efficacy of this treatment.
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Response
To the Editor:

We thank Drs Eberlein, Reed, Redwan, and Bolukbas
for their insightful comments on our recent article in
CHEST regarding the relationship between collateral
ventilation and persistent air leaks (PALs).1 As they
pointed out in their letter, emphysema has been
identified as a significant risk factor for the development
of PALs following surgery. Indeed, collateral ventilation
is more prevalent in patients with emphysema and
incomplete fissures and would not only put these
patients at risk for a PAL but likely make management
more challenging.2 When endobronchial valves (EBVs)
have been used for bronchoscopic lung volume
reduction, the researchers found a lack of significant
improvement in patients with incomplete fissures,
arguing that collateral ventilation can complicate EBV
placement by allowing air to bypass the pathway of
greater resistance.3 Anecdotally, as hypothesized in the
letter, we have seen evidence of this phenomenon when
placing EBVs in patients with emphysema and a PAL.
Typically, occluding only one airway does not resolve
the air leak (despite proper localization using the
endobronchial balloon technique), and multiple valves
may need to be placed, sometimes in more than one
lobe. Thus, on average, three valves are typically
required to control each PAL.4 The Valves Against
Standard Therapy (VAST) study is ongoing, comparing
EBVs with standard care for PALs.5 We hope that this
study will allow a further analysis of fissure integrity

(as assessed by using chest CT scans) and the success of
EBVs for patients experiencing PALs.
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Vitamin C in Sepsis
When It Seems Too Sweet, It
Might (Literally) Be
To the Editor:

We read with great interest the paper by Marik et al1

published in CHEST (June 2017). The authors described
their experience using a vitamin C-containing regimen
as adjunctive therapy in sepsis. Whether this approach is
prime for clinical practice is open to debate; however, we
wish to issue a cautionary note to clinicians who may
adopt this approach regarding the “fictitious hypergly-
cemia” that has been described with the use of vitamin
C in the population of burn patients.2 Significant dis-
crepancies between point-of-care (POC) and central
laboratory-analyzed blood glucose values have been
previously reported in burn patients receiving high-dose
vitamin C (mean of 225 mg/dL vs 138 mg/dL,
respectively).2 These discrepancies are often inconsistent
over time and can range from 10 to 200 units.3 A falsely
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elevated POC blood glucose measurement may result in
overly aggressive insulin therapy, resulting in iatrogenic
hypoglycemia, and reportedly has been attributed to
patient mortality in at least one case.2 Thus, if appro-
priate precautions are not in place, the regimen may not
be “devoid of. side effects,” as the authors assert, when
implemented into clinical practice.1

This directly impacts centers using glucose-
dehydrogenase-pyrroloquinoline quinone ampero-
metric methods (or similar technology), a technology
commonly used in POC testing.2,4 In a comparative
assessment of various POC devices, ascorbic acid
concentrations falsely increased glucose readings
> 30% in commonly used POC technologies,
including Accu-Chek (Roche Diagnostic) and
Optium (Abbott Diabetes Care) (but not StatStrip;
Nova Biomedical), underpinning the importance of
awareness regarding an ICU’s POC technology.4

Although other types of POC testing modalities
may not be as susceptible to the effects of vitamin C,
clinical evidence is lacking.3

Based on the mechanism by which vitamin C oxidizes at
the electrode, releases an electron, and creates additional
negative charges measured at the electrode, it seems
logical that this effect would be dose dependent.
Although this phenomenon has mostly been observed
with higher doses of vitamin C (66 mg/kg/h for 18-24
hours) than used in the present study (1.5 g every 6
hours), caution remains warranted.1,2 Extrapolated from
phase I data, the anticipated blood levels of ascorbic acid
used in the present study are likely to yield concentra-
tions in the range shown to interfere with POC
testing.1,4,5 As vitamin C continues to be studied in a
research fashion or implemented clinically, it seems
prudent to adopt recommendations from the burn
literature and avoid reliance on POC testing to monitor
blood glucose and titrate insulin during vitamin C
therapy and for up to 24 hours following completion
of therapy.2
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Response
To the Editor:

We appreciate the correspondence of Flannery et al
regarding their concerns regarding point-of-care (POC)
glucose testing in patients receiving IV vitamin C.1 We
are aware of this potential interaction. Vitamin C and
glucose have very similar molecular structures, both
being six-carbon molecules, with glucose-6-phospate
being the precursor molecule of vitamin C. Spuriously
elevated POC glucose levels have been reported in
patients with burns who have received large
pharmacologic doses of vitamin C (in excess of
50 g/d).2,3 This phenomenon has been reported with
vitamin C and other compounds with POC glucose
devices that incorporate the glucose-dehydrogenase-
pyrroloquinoline quinone amperometric method of
testing. The pharmacologic doses of vitamin C used
in patients with burns2,3 and those with malignancy4-6

result in concentrations of vitamin C in the mmol/L
range. Our dosing strategy (1.5 g IV every 6 hours)
will result in blood vitamin C levels that are in the
200 mmol/L range, which should not cause a significant
cross reaction with blood glucose concentrations that are
in the mmolar range (6-11 mmol). To validate this, we
have measured blood glucose levels with POC testing
(Accu-Chek Inform, Roche) and simultaneously with our
central laboratory at the end of the vitamin C infusion
and have noted minimal differences in the measured
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elevated POC blood glucose measurement may result in
overly aggressive insulin therapy, resulting in iatrogenic
hypoglycemia, and reportedly has been attributed to
patient mortality in at least one case.2 Thus, if appro-
priate precautions are not in place, the regimen may not
be “devoid of. side effects,” as the authors assert, when
implemented into clinical practice.1

This directly impacts centers using glucose-
dehydrogenase-pyrroloquinoline quinone ampero-
metric methods (or similar technology), a technology
commonly used in POC testing.2,4 In a comparative
assessment of various POC devices, ascorbic acid
concentrations falsely increased glucose readings
> 30% in commonly used POC technologies,
including Accu-Chek (Roche Diagnostic) and
Optium (Abbott Diabetes Care) (but not StatStrip;
Nova Biomedical), underpinning the importance of
awareness regarding an ICU’s POC technology.4

Although other types of POC testing modalities
may not be as susceptible to the effects of vitamin C,
clinical evidence is lacking.3

Based on the mechanism by which vitamin C oxidizes at
the electrode, releases an electron, and creates additional
negative charges measured at the electrode, it seems
logical that this effect would be dose dependent.
Although this phenomenon has mostly been observed
with higher doses of vitamin C (66 mg/kg/h for 18-24
hours) than used in the present study (1.5 g every 6
hours), caution remains warranted.1,2 Extrapolated from
phase I data, the anticipated blood levels of ascorbic acid
used in the present study are likely to yield concentra-
tions in the range shown to interfere with POC
testing.1,4,5 As vitamin C continues to be studied in a
research fashion or implemented clinically, it seems
prudent to adopt recommendations from the burn
literature and avoid reliance on POC testing to monitor
blood glucose and titrate insulin during vitamin C
therapy and for up to 24 hours following completion
of therapy.2
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levels. We therefore believe that in the dosage used in our
study, the interaction between vitamin C and POC
glucose testing is not a clinically significant problem.
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