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Abstract

Purpose Sepsis has high incidence and mortality rates,
particularly in  the (ICU).
Corticosteroids may improve outcomes, and vitamin C
may add benefit. We aimed to assess whether vitamin C and
corticosteroids  improved outcomes compared with
corticosteroids alone.

Methods This historical cohort study (11 December 2016
to 21 February 2018) was conducted in the ICU of a

intensive care  unit
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quaternary referral hospital. Patients with an ICU
admission diagnosis of sepsis or septic shock who
received vitamin C and hydrocortisone within 72 hr were
compared with those who received only hydrocortisone. All
patients received standard sepsis care including source
control, antibiotics, and fluid resuscitation. Most patients
received thiamine as standard ICU care. The primary
outcome was hospital mortality. Secondary outcomes
included ICU mortality, ventilator-free days, vasopressor-
free days, dialysis use, and duration of ICU admission.
Results One hundred and forty-four patients were
included in the study. The mean (standard deviation
[SD]) age was 64 (15) yr; 39% were female; and the
mean (SD) Acute Physiology And Chronic Health
Evaluation IV score was 89 (30). Eighty-eight patients
did not receive vitamin C and 52 received vitamin C. There
was no observed difference in hospital mortality between
the non-vitamin C (36%) and vitamin C (39%) groups
(adjusted odds ratio for hospital death, 0.52; 95%
confidence interval, 0.20 to 1.34; P = 0.18). There were
no statistically significant differences in any secondary
outcomes.

Conclusion In this small observational study of ICU
patients with septic shock, the addition of vitamin C to
hydrocortisone therapy did significantly affect hospital
mortality or other measures of mortality or organ
dysfunction.

Résumé

Objectif Le sepsis comporte une incidence et des taux de
mortalite’ eleves, particulierement da ['unite’ de soins
intensifs (USI). Les corticosteroides pourraient ameliorer
les pronostics, et la vitamine C pourrait étre benefique.
Notre objectif etait d’evaluer si la vitamine C et les
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corticosteroides amelioraient les devenirs par rapport d un
traitement de corticosteroides seulement.

Meéthode Cette etude de cohorte historique (realisee entre
le 11 decembre 2016 et le 21 fevrier 2018) a ete realisee a
’USI d’un hopital quaternaire. Les patients ayant un
diagnostic de sepsis ou de choc septique lors de leur
admission a I’USI et ayant recu de la vitamine C et de
Uhydrocortisone dans les premieres 72 heures ont ete
compares da ceux n’ayant recu que de 1’hydrocortisone.
Tous les patients ont recu des soins standard pour le sepsis,
soit un controle de la source de 'infection, un traitement
antibiotique et une reanimation liquidienne. La plupart des
patients ont recu de la thiamine, un traitement standard a
I’USI. Le critere d’evaluation principal etait la mortalite’
hospitaliere. Les criteres d’evaluation secondaires
comprenaient la mortalite’ a 1'USI, les jours sans
respirateur, les jours sans vasopresseurs, le recours d la
dialyse et la durée de sejour a I’USI.

Résultats Cent quarante-quatre patients ont ete inclus
dans notre etude. L’dge moyen (écart type [ET]) etait de 64
(15) ans; 39 % etaient de sexe feminin; et le score
APACHE IV moyen (ET) de 89 (30). Quatre-vingt-huit
patients n’ont pas recu de vitamine C et 52 en ont recu.
Aucune difference n’a ete’ observee en matiere de mortalite’
hospitaliere entre les groupes sans vitamine C (36 %) ou
avec vitamine C (39 %) (rapport de cotes ajuste” pour la
mortalite” hospitaliere, 0,52; intervalle de confiance 95 %,
0,20 a 1,34, P = 0,18). 1l n’y a eu aucune difference
statistiquement significative en ce qui touchait aux criteres
d’évaluation secondaires.

Conclusion Dans cette petite etude observationnelle
portant sur des patients de ['USI en choc septique,
Uajout de vitamine C d un traitement d’hydrocortisone
n’a pas eu d’impact significatif sur la mortalite hospitaliere
ou les autres mesures de mortalite€ ou d’atteintes
organiques.

Keywords vitamin C - septic shock - critical care -
corticosteroids - ICU

Sepsis and septic shock have high incidence and mortality
rates.' Advances in our understanding of sepsis
pathophysiology have led to the concept of metabolic
resuscitation,” which proposes that in sepsis, key vitamins
acting as cofactors and coenzymes are depleted and need
replacing for effective cellular metabolism. Nevertheless,
evidence for the benefits of vitamin supplementation is
mixed.

Sepsis may also impair endogenous corticosteroid
production and effectiveness.”  Replacement can
potentially reduce a patient’s inflammatory response,*

and large randomized-controlled trials have shown that
treatment with supra-physiologic doses of corticosteroids
may improve clinical outcomes including shock duration,
mechanical ventilation, and intensive care unit (ICU)
length of stay.”®

Patients with sepsis also have depleted vitamin C,
potentially increasing susceptibility to tissue damage by
reactive oxygen species resulting in organ failure and
death.”® Animal models suggest that replacing or elevating
plasma vitamin C levels may improve vascular function
and response to vasoconstrictors.”'® Clinical data are less
convincing. Initial studies suggested that intravenous
repletion may improve organ failure scores'' and prevent
multiorgan failure in critically ill postsurgical patients.'>
Nevertheless, more recent work did not see improvement in
markers of organ failure, inflammation, or vascular injury
in ICU patients with sepsis and acute respiratory distress
syndrome."?

Vitamin C and corticosteroids may interact
cooperatively in sepsis, in addition to their individual
benefits. Vitamin C improves the functionality of the
corticosteroid receptor,’* making corticosteroids more
effective. Conversely, corticosteroids have been shown to
increase cellular vitamin C uptake.'” The combination of
vitamin C and hydrocortisone, along with thiamine, has
been shown in a recent before-after study to be associated
with reduced mortality for ICU patients with sepsis and
septic shock.” Secondary outcomes further suggested
prevention of progressive organ failure, decreased
duration of vasopressor use, and improved procalcitonin
clearance in the treatment group.” Nevertheless, this study
had several limitations. Most importantly, controls did not
routinely receive corticosteroids, which may have
negatively impacted their outcomes. Further, it was a
single-centre, non-blinded, before-after study and the arms
were conducted during different times of the year.
Recently, a randomized-controlled trial was conducted
looking at the benefits of vitamin C and thiamine in
addition to hydrocortisone in septic shock. They found no
mortality benefit and no benefit in any secondary outcomes
except a significantly lower sequential organ failure
assessment (SOFA) score in the intervention group
compared with the control group at three-days.'®

Further high-quality research is imperative prior to
widespread implementation of combined vitamin C and
hydrocortisone in critically ill septic patients, as clinical
equipoise remains. Several randomized-controlled trials are
already underway, including the Canadian LOVIT
(Lessening Organ dysfunction with VITamin C) trial,'’
which is directly comparing vitamin C with placebo in
septic ICU patients. The use of vitamin C in our ICU was
an experimental therapy based on preliminary data and was
not the standard of care.
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While large randomized trials were ongoing, we
performed a historical cohort study to assess whether
vitamin C and hydrocortisone compared with
hydrocortisone alone was associated with a decreased
hospital mortality in ICU patients with sepsis or septic
shock. We additionally sought to assess the association of
vitamin C with the following secondary outcomes: ICU
mortality, ICU length of stay, vasopressor-free days,
ventilator-free days, and use of dialysis.

Methods

This study was approved by the University of British
Columbia Clinical Research Ethics Board (H18-01037)
who waived the requirement for written informed consent.

Study design and setting

We conducted a historical cohort study of patients who
were admitted between 12 December 2016 and 21
February 2018 with a diagnosis of septicemia, sepsis, or
septic shock. Patients were identified using our local
clinical Provincial Critical Care Database.'®' The start
date represents the first use of high-dose intravenous
vitamin C to treat sepsis at our institution. We only
included patients who received at least one dose of
hydrocortisone. Patients were excluded if hydrocortisone
or vitamin C was administered beginning more than 72 hr
after ICU admission, or if it was a readmission. Patients
who initially received corticosteroids other than
hydrocortisone were excluded as they were likely to have
a different primary indication for corticosteroid treatment.

This study was carried out in the Vancouver General
Hospital (VGH) ICU, which was affiliated with the
University of British Columbia. This was a quaternary,
closed, 34-bed mixed medical and surgical unit staffed by
board-certified intensivists; 95% of admitted patients
require mechanical ventilation. The nurse-to-patient ratio
was approximately 1:1.2.

Data collection

Patient demographics and clinical characteristics were
collected from the Provincial Critical Care Database.'®"
These included the Acute Physiology And Chronic Health
Evaluation (APACHE) 1V scores,”’ source of sepsis,
hospital and ICU admission and discharge times,
mortality, and SOFA scores”' for the first seven days of
ICU admission. Durations of interventions were also
documented; these included mechanical ventilation,
vasoactive agents, and renal replacement therapy.
Ventilator-free days and vasoactive-free days were
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subsequently calculated. Data on hydrocortisone,
thiamine, and vitamin C prescription were collected from
the pharmacy database. Chart correlation was used to
verify medication prescriptions and/or source of sepsis as
required.

Exposure

Exposure was defined as patients who were prescribed
vitamin C at a dose of at least 1,500 mg every six hours.
Patients who received vitamin C for 96 hr were considered
to have completed a full course,” and any vitamin C
administered after this was not recorded.

Patient management

Patient management decisions were at the discretion of
treating physicians. There was no pre-defined sepsis
protocol in the VGH ICU. Patients were treated
following the Surviving Sepsis Campaign guidelines,*”
including rapid administration of antibiotics, source
control, fluid resuscitation as required, vasopressor
support as required, and hydrocortisone in patients with
refractory septic shock. Hydrocortisone was typically
mixed as 50 mg in 50 mL of 5% dextrose solution and
infused over 15-30 min. Thiamine was regularly
supplemented on admission to ICU at our institution,
following recommendations for prophylactic treatment for
thiamine deficiency in critically ill patients.”> While not a
universal standard of care, the vast majority of patients in
our ICU receive thiamine, which was administered as 200
mg mixed in 50 mL of 5% dextrose solution, infused over
30 min. When vitamin C was prescribed, 1,500 mg was
typically mixed in 50 mL of 5% dextrose solution and
infused over 15 min. Vitamin C was considered an
experimental treatment, not a standard of care.

Statistical analysis

No corrections were made for multiple comparisons as this
analysis was exploratory. The primary outcome of hospital
death and the secondary outcome of ICU death were
analyzed with a multivariable logistic regression model.
Three covariates were included in each model to maintain a
15:1 ratio of events to predictors and to prevent overfitting.
The covariates used in the final analysis of hospital death
were APACHE IV score, year of admission, and whether or
not the patient was admitted directly from the emergency
department. Covariates for ICU death were the APACHE
IV score and source of sepsis. The APACHE IV score was
chosen a priori for clinical significance. Other covariates
were added using forward selection based on statistical
significance to the model. Linearity in log-odds was tested



Vitamin C and hydrocortisone in sepsis

1801

for continuous variables. Effect sizes (adjusted odds ratios
[aOR]) for the above endpoints were reported as point
estimates with 95% confidence intervals (CI). The
secondary endpoints of ventilator-free days, vasopressor-
free days, and ICU length of stay were analyzed using a t-
test; need for dialysis was analyzed using a Chi square test.
P values were reported for primary and secondary endpoint
analysis and P < 0.05 was considered statistically
significant. All statistical analysis was performed using R
version 3.6.2 (R Foundation for Statistical Computing,
Vienna, Austria).24

Results
Baseline demographics and clinical characteristics

There were 2,078 admissions to the VGH ICU between 12
December 2016 and 21 February 2018, and 535 of these
patients were admitted with sepsis, septic shock, or
septicemia (Figure). Overall, 395 patients were excluded

Figure Patient flow diagram
indicating inclusion/exclusion
of patients for final group
analysis

for the reasons listed in the Figure. The remaining 140
patients were included in the final analysis; 52 were treated
with vitamin C and 88 were not. There were no observed
differences between the two groups with regards to age,
sex, source of sepsis, or location of admission (Table 1).
There were differences in admission year, APACHE IV
score, and SOFA score; admission year and APACHE IV
score were used as covariates in the logistic regression
model for hospital mortality.

Medication administration

Of the 52 patients in the vitamin C group, 49 patients
(94%) were prescribed 1,500 mg of vitamin C every six
hours and three (6%) were prescribed 1,500 mg every 12
hr. One patient in the vitamin C group had a delayed
hydrocortisone start, beginning 25 hr after vitamin C.
Twenty-one patients (40%) completed 96 hr of treatment
with vitamin C. Forty-nine patients (94%) were initially
prescribed a minimum of 200 mg of hydrocortisone or
equivalent daily.

2078 ICU admissions between

December 12, 2016 and
February 21, 2018

[ 535 admissions for sepsis ]

( 395 patients excluded: \

- 65 repeat admissions
- 321 no hydrocortisone
- 4 started vitamin C >72 hours
after ICU admission
- 5 started hydrocortisone > 72

k hours after ICU admission /

{ 140 patients included ]

|

[ 88 Hydrocortisone only ]

[ 52 Hydrocortisone + Vitamin C }
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Table 1 Cohort demographics and clinical characteristics on admission

Hydrocortisone Vitamin C + hydrocortisone

(n = 88) (n =52)
Age, mean (SD) 63.6 (14.5) 63.9 (15.7)
Female, n (%) 34 (39) 21 (40)
Year, n (%)
2016 9 (10) 2 (4
2017 69 (78) 43 (83)
2018 10 (11) 7 (14)
APACHE IV, mean (SD) 86.1 (28.4) 95.1 (32.3)
SOFA, mean (SD) 8.6 3.1) 9.9 (3.8)
Vasopressors, n (%) 85 (97) 51 (98)
Sepsis source, n (%)
Pulmonary 26 (30) 17 (33)
Septicemia 15 (17) 8 (15)
Gastrointestinal 21 (24) 10 (19)
Genitourinary 13 (15) 6 (12)
Skin and soft tissue infections 1(1) 1)
Other 1(1) 4 (8)
Unknown 11 (13) 6 (12)
Admission from ED, n (%) 29 (33) 21 (40)

APACHE = Acute Physiology And Chronic Health Evaluation; ED = emergency department; SOFA = sequential organ failure assessment; SD =

standard deviation

Among those patients who did not receive vitamin C, 68
of 88 patients (77%) were initially prescribed a minimum
of 200 mg of hydrocortisone or equivalent daily.

Sixty-nine patients (78%) in the non-vitamin C group
and 50 patients (96%) in the vitamin C group were
prescribed at least 200 mg of thiamine daily.

Clinical outcomes

There was no observed difference in hospital mortality
between the non-vitamin C (36%) and vitamin C (39%)
groups (Table 2). The aOR for hospital death was 0.52
(95% CI, 0.20 to 1.34; P = 0.95) for the vitamin C group
compared with the non-vitamin C group. There was also no
observed statistical difference in any secondary outcomes,
including ICU mortality (31% vs 23%; aOR, 0.83; 95% (I,
0.30 to 2.31; P = 0.39), mean (standard deviation [SD])
duration of ICU admission [11.1 (13.3) vs 9.3 (11.7); P =
0.41], mean (SD) ventilator-free days [16.0 (11.8) vs 17.8
(11.8), P = 0.40], mean (SD) vasopressor-free days [16.9
(11.8) vs 19.7 (11.5), P = 0.17], or use of renal replacement
therapy (44% vs 44%, P = 1.00) for the vitamin C group
compared with the non-vitamin C group.
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Discussion

Despite important similarities in demographic and clinical
characteristics observed between the two patient cohorts,
combining vitamin C and hydrocortisone did not
significantly reduce hospital mortality compared with
hydrocortisone alone in this sample of ICU patients with
sepsis, septic shock, or septicemia. Furthermore, we did not
observe a significant reduction in ICU mortality, ICU
length of stay, vasopressor-free days, ventilator-free days,
or requirement for renal replacement therapy.

Our results are in contrast to the apparent benefit shown
by Marik e al.” in another non-randomized study, where

the combination of vitamin C, hydrocortisone, and
thiamine appeared to drastically reduce hospital
mortality, prevent worsening of organ failure, and

decrease requirements for vasopressors. Two early meta-
analyses of Marik et al’s work and two very small
randomized-controlled trials agreed that vitamin C
appeared to decrease mortality and vasopressor duration,
although the decrease in ICU length of stay was not
consistently significant.>>?® The randomized CITRIS-ALI
trial also suggested that vitamin C may decrease 28-day
mortality, ventilator requirements, and ICU length of stay
for patients with sepsis and acute respiratory distress
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Table 2 Primary and secondary outcomes

Hydrocortisone Vitamin C + hydrocortisone P value Effect size

(n = 88) (n=52
Primary outcome - hospital death, n (%) 32 (36) 20 (39) 0.18 aOR 0.52 (95% CI, 0.20 to 1.34)
ICU death, n (%) 20 (23) 16 (31) 0.72 aOR 0.83 (95% CI, 0.30 to 2.31)
Ventilator-free days, mean (SD) 17.8 (11.8) 16.0 (11.8) 0.40 — 1.8 days (95% CI, — 5.95 to 2.39)
Vasopressor-free days, mean (SD) 19.7 (11.5) 16.9 (11.8) 0.17 — 2.8 days (95% CI, — 6.88 to 1.25)
ICU length of stay, mean (SD) 9.3 (11.7) 11.1 (13.3) 0.41 1.8 days (95% CI, — 2.57 to — 6.25)
Dialysis, n (%) 39 (44) 23 (44) 1.00 OR 1.00 (95% CI, 0.50 to 1.99)

Hospital and ICU death were analyzed using a multivariable logistic regression model. All other outcomes were analyzed using ¢ tests or Chi
square tests. Adjusted effect size (adjusted odds ratio [aOR]) is provided for outcomes analyzed with logistic regression, and unadjusted effect

size is provided for the remaining outcomes

CI = confidence interval; ICU = intensive care unit; SD = standard deviation

syndrome, but did not show any differences in the primary
outcomes of changes in SOFA score, C-reactive protein,
and thrombomodulin.'® Our results are more consistent
with the recent meta-analysis by Wei ef al. and the
randomized trial by Fujii et al., which both concluded that
there was no difference in mortality when patients were
treated with vitamin C.'®%’

The lack of mortality benefit in the current analysis may
reflect the lack of randomization in our study, in that
vitamin C may have been given to sicker patients.
Nevertheless, the baseline characteristics of the two
groups appeared similar, with no significant differences
in age, sex, or source of sepsis, and the difference in
APACHE 1V score, a predictor of hospital mortality based
on pathophysiologic characteristics prior to ICU
admission,”® was accounted for by inclusion as a
modelling covariate. Additionally, previously reported
results indicating an improvement in mortality are limited
by study design. The results of Marik et al.”> may have been
primarily driven by administration of corticosteroids,
which the control group did not routinely receive.
Importantly, independent corticosteroid administration
has shown improved outcomes, including mortality.’
Taken together, it is possible that the combination
treatment of vitamin C and hydrocortisone is truly not
superior to hydrocortisone alone.

The baseline SOFA and APACHE 1V scores, as well as
the ICU and hospital mortality rates, were higher than the
typical values for patients with septic shock in our
institution’s ICU. Moreover, a majority of patients in the
cohort were supported with vasoactive agents and all
patients were prescribed hydrocortisone with or without
vitamin C. Together, this suggests that this cohort reflects a
group of patients in refractory septic shock. The SOFA and
APACHE 1V scores were slightly higher in the vitamin C
group, and we controlled for this by including the

APACHE 1V score as a covariate in the logistic
regression model. The SOFA score was not included in
the model as it is collinear with the APACHE IV score; we
chose to include only one covariate controlling for disease
severity to avoid any issues with multicollinearity. The
APACHE IV score was chosen because it is a more
clinically comprehensive mortality risk score and it was a
more statistically significant covariate to the model when
using forward selection.

Limitations

This study is non-randomized, no statistical adjustments for
multiple comparisons were made, covariates were not
controlled for in secondary outcomes, and external validity
is limited by our single-centre design. There may be
confounding by indication, given the non-randomized
design; vitamin C may have been added to the
management plan for sicker patients, or there may be
other important unmeasured differences between groups
(i.e., residual confounding). The presence of chronic
diseases not included in the APACHE IV score is not
routinely recorded, and thus is not included in the analysis.
The high ICU mortality rate and difference between ICU
and hospital mortality rates may reflect differences in the
population studied, as these values are higher than for the
general population of ICU patients with sepsis at our
institution. No systemic changes to standards of care for
septic patients in our ICU are known over the study period,
but process measures such as time to antibiotics are not
routinely recorded. Corticosteroid dosing was not
standardized, and vitamin C treatment was delayed
beyond ICU admission on rare occasions. Thiamine is
routinely supplemented for critically ill patients at our
institution, which may limit generalizability. Some
modelling covariates were determined based on statistical
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significance for this particular population. Propensity
score-matched analysis was not undertaken in this
analysis because numbers were small, but would be
valuable in future studies with high match rates. Despite
these limitations, our analysis provides evidence that
hospital mortality, as well as several other secondary
outcomes (e.g., ICU length of stay, ventilator-free days), do
not significantly differ between patients treated with
vitamin C and hydrocortisone and those treated only with
hydrocortisone.

Conclusions

In this small observational study of ICU patients with
septic shock, the addition of vitamin C to hydrocortisone
therapy did not significantly affect hospital mortality or
other measures of mortality or organ dysfunction. Further
studies are needed prior to widespread adoption of vitamin
C as an adjunct to the current standard of care for sepsis
management.
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