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Abstract

Introduction: Vitamin C deficiency has been described in patients with sepsis. The post-cardiac
arrest syndrome shares similarities to sepsis, however vitamin C levels in post-arrest patients have
been incompletely characterized. We assessed vitamin C levels in a post-arrest population.

Methods: This was a retrospective observational study at a tertiary care center. A convenience
sample of post-arrest, sepsis, and healthy control patients was selected from prior studies. Vitamin
C levels were measured from samples obtained within 6-hours of emergency department
admission. A subset of cardiac arrest patients had vitamin C levels additionally measured at 24-
hours later.

Results: A total of 84 patients (34 healthy controls, 25 post-arrest, and 25 septic patients) were
included. The median baseline vitamin C level in cardiac arrest patients was 0.33 mg/dL (0.05—
0.83), as compared to 0.91mg/dL (0.69-1.48) in the healthy control group (p<0.01) and 0.28
mg/dL (0.11-0.59) in the septic group (p=0.36). Vitamin C levels for cardiac arrest patients fell
between the two time points, but the change was not statistically significant (median decrease 0.26
mg/dL, p=0.08).

Conclusions: Serum vitamin C levels were lower in post-arrest patients compared to controls
and were similar to patients with sepsis. Future studies of vitamin C levels and supplementation
following cardiac arrest may be warranted.
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Introduction:

Methods:

Vitamin C has several functions. In addition to serving as an anti-oxidant and co-factor in
catecholamine synthesis, it also has anti-inflammatory and immune-modulating properties.
1.2 vjitamin C deficiency has been described in sepsis.3~> and there is evidence that
supplementation may help attenuate organ injury and improve mortality in sepsis victims.6-°

The post-cardiac arrest syndrome is characterized by brain injury, myocardial dysfunction,
and systemic ischemia-reperfusion injury. The post-arrest systemic pathophysiologic
cascade shares several features in common with sepsis such as mitochondrial dysfunction,
generalized activation of coagulation and immunologic pathways, with resultant multi-organ
failure and high rates of morbidity.19.11 To date, there has been a paucity of studies
exploring vitamin C levels in post-arrest populations.

In this study we hypothesized that post-arrest patients would have significantly lower
vitamin C levels than healthy controls and similar levels to septic patients.

Study Design

This was a single center, retrospective, observational study performed at an academic
tertiary care center. Vitamin C levels were measured in stored blood samples collected
during two previously completed, multicenter prospective studies. The original studies,
including blood collection and analysis plans, were approved by the Beth Israel Deaconess
Medical Center Committee on Clinical Investigation (CCI)&.

Data Collection

Blood samples from cardiac arrest victims were collected during the Characterization of
Mitochondrial Injury in Cardiac Arrest (COMICA) study.1? Sepsis samples were obtained
from the Randomized Control Trial of Calcitriol in Sepsis.13 Control blood samples were
obtained from healthy volunteers. Patients were included in the present sub-study if
sufficient stored blood sample was available. Post-arrest samples were taken with 6-hours of
return-of-spontaneous circulation (ROSC) and sepsis samples were taken within 6 hours of
trial enrollment. All cardiac arrests occurred out-of-hospital. Twelve of the 25 post-arrest
patients also had blood available from a time-point 24-hours after enrollment. All blood
samples were centrifuged to remove cellular elements and then serum was stored frozen at
—80°C. For complete details of the original study designs, blood collection protocols, cohort
characteristics, and results please see the published manuscripts.12:13

Measurement of Vitamin C Levels

Vitamin C levels were measured using the Abcam ascorbic acid assay. In this assay,
ascorbate oxidase was added to parallel samples. This removes any ascorbate present in the

aAbbreviations: CCI: Committee on Clinical Investigation; ED: Emergency Department; IQR: Inter-Quartile Range; IRB:
Institutional Review Board; NHANES: National Health and Nutrition Examination Survey; ROSC: Return of Spontaneous

Circulation;
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sample and leaves a background value which is subtracted from the total value to calculate
the ascorbate concentration of the sample. The detection limit for this assay is 0.035 to 3.52
mg/dL of ascorbic acid. To ensure measurement accuracy, all samples were measured at
least in duplicates of sample and sample background. Measures closest in value were
averaged.

Statistical Analysis

Results:

Vitamin C levels were expressed as median (IQR) in milligrams/deciliter (mg/dL). Median
vitamin C levels were compared between the 3 groups using the Kruskall-Wallis test with
pairwise comparisons done via Mann-Whitney U test. Changes in vitamin C levels between
time points in the post-cardiac arrest patients were compared using the Wilcoxon signed-
rank test. A p-value < 0.05 was used to determine statistical significance. Data analysis was
performed using STATA, version IC15. (College Station, Texas, StataCorp LP, United
States)

Cohort Characteristics

There were 84 patients who had serum samples available for testing. Of these, 34 were
healthy controls, 25 were post-cardiac arrest patients, and 25 were septic patients.
Demographic data, comorbidities, the worst serum lactate over the first 24-hours after
enrollment, and in-hospitality mortality for these patients can be found in Table 1.

Vitamin C Levels at Time 0

The median baseline vitamin C level in cardiac arrest patients was 0.33 mg/dL (0.05-0.83),
as compared to 0.91mg/dL (0.69-1.48) in the healthy control group and 0.28mg/dL (0.11-
0.59) in the septic group. Vitamin C levels were significantly lower in the cardiac arrest
group than in the control group (p=<0.01). There was no significant difference in vitamin C
levels between the cardiac arrest and sepsis patients (p=0.36). These data are shown in
Figure 1.

Vitamin C Levels in Post-Arrest Group Between 0 and 24 Hours

A total of 12 post-arrest patients had repeat plasma samples available for testing at 24-hours.
The median vitamin C level among those patients at 24-hours was 0.07 mg/dL (0.01-0.19).
Although lower than initial levels, this did not reach the a priori determined significance
threshold of 0.05 (p=0.08). These data are shown in Figure 2.

Discussion:

In this study, serum vitamin C levels were lower in patients post-cardiac arrest as compared
to healthy controls and were similar to those in septic patients. Over the next 24 hours,
vitamin C levels in post-arrest patients trended downwards. Aside from an abstract from
Grooth et al in 201414, we believe this is the first study to describe vitamin C levels in
human subjects post-cardiac arrest.
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Multiple studies have identified vitamin C deficiency in sepsis and septic shock

patients® /14, While Fowler” and Carr® found mean vitamin C levels of 0.29 mg/dL and 0.27
mg/dL respectively, Grooth4 found a median level of 0.35 mg/dL. In this study, we found
that vitamin C levels in a post-arrest population were decreased to a similar magnitude as
those in a septic population. Vitamin C deficiency during critical illness may be due to
increased metabolic demand. Both sepsis and the post-cardiac arrest syndrome generate
significant oxidative stress1911, which could result in excess metabolic consumption of
vitamin C. The acute nature of out-of-hospital cardiac arrest suggests that poor oral intake/
malnutrition is a less prominent contributor to post-arrest vitamin C deficiency. The
processes by which vitamin C levels fall in critical illness are an important avenue of future
investigation.

The large age difference between the healthy controls and the septic and cardiac arrest
patients in this study could explain the increased rate of vitamin C deficiency we observed.
However, while elderly patients are known to be higher risk for malnutrition, the 2003—-2004
National Health and Nutrition Examination Survey (NHANES) conducted by the Centers for
Disease Control found mean vitamin C levels were higher in patients > 60 years old
compared to those 20-39 years old.15 Given this, we feel it is unlikely the difference we are
seeing are solely due to age and more likely related to the underlying pathophysiology of
their illness.

Supplementation of vitamin C has been studied in populations of critically ill septic patients
with mixed outcomes.-9:16 |n the CITRUS-ALI trial, Fowler et al found no difference in the
primary outcomes of modified SOFA scores and C-Reactive Protein levels in patients with
severe sepsis who developed ARDS. However, secondary outcomes analysis showed
statistically significant improvements in 28-day mortality and hospital-free days at 60-days.?
While the improvement in mortality is less dramatic than those reported by Marik and
Kim®16 it is encouraging that improvements in mortality were replicated in a larger scale
trial. More recently, in the VITAMINS multicenter randomized trial comparing
administration of hydrocortisone, vitamin C and thiamine combination to hydrocortisone
alone in patients with septic shock, Fujii et al found no difference in the primary outcome of
median time alive and free of vasopressors. This was a well-designed study, however, it
should be noted it was underpowered to detect differences in mortality and the effects of
vitamin C and thiamine were not assessed separately.’

To date, there have not been any studies examining the effect of supplemental vitamin C in
human subjects post-cardiac arrest. However, two animal studies by Tsai et al demonstrated
that, in rat models with induced ventricular fibrillation of 5 minutes prior to onset of CPR
and defibrillation, supplementation of IV vitamin C was associated with decreased
myocardial necrosis, improved myocardial function, increased ability to obtain ROSC, and
improved survival and neurologic outcomes of mice at 72 hours post-arrest.18:19

There were several limitations to our study. First, the blood samples we used were several
years old, although all were from approximately the same years and all were frozen at —80
Celsius which is generally protective. Second, we used colorimetry/fluorimetry to quantify
vitamin C levels. Other investigators have used mass spectrometry, which may be more
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sensitive. Finally, we used a small, retrospective sample since this study was meant to be
hypothesis generating.

Conclusions:

Vitamin C levels were lower in patients post-cardiac arrest compared to controls and were
similar to patients with sepsis. These levels appeared to continue to decline over their first 24
hours of admission. Future study trending vitamin C levels post-cardiac arrest and
supplementation of vitamin C to these patients with outcome-based measures is a reasonable
next step.
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Figure 1:

Median Vitamin C Levels in 3 Groups at Time 1 (0 Hours). This figure represents median
(IQR) vitamin C levels for each of the 3 groups at time point 0. Levels were significantly
lower in post-arrest and septic groups compared to healthy controls. Levels were similar
between post-arrest and septic groups.
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Figure 2:
Vitamin C Levels in Post Arrest Patients at Time 1 and 2. This figure shows median (IQR)

levels of vitamin C for the post-arrest group at time point 1 (~0-6 hours) and time point 2
(24 hours). At 24 hours, repeat vitamin C levels were trending downwards, nearing statistical
significance.
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Table I:

Demographics, co-morbidities, worst lactate, and in-hospital mortality for each of the 3 groups

Healthy Control
N (sample size) 34
Age (median, IQR) 28.0 (25.5-33.5)
Gender (% female) 76.5
Race (% white) 88.2

Worst Lactate (within 24 hr of admission), median, IQR)  N/A
Comorbidities (% yes)

Diabetes Mellitus 0.0
Chronic Obstructive Pulmonary Disease 0.0
Congestive Heart Failure 0.0
Chronic Kidney Disease 0.0
Initial rhythm (% shockable) N/A
Hospital Mortality (% died) 0.0

Cardiac Arrest
25

68.0 (57.0-75.0)
40.0

80.0

6.6 (4.3-8.8)

36.0
20.0
12.0
16.0
52.0
56.0

Sepsis

25

64.0 (56.0-71.0)
40.0

80.0
2.1(1.5-3.0)

20.0
24.0
16.0
8.0

N/A
20.0
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