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Abstract

Hypovitaminosis C is prevalent in critically ill patients. Continuous renal
replacement therapy (CRRT) clears vitamin C, increasing the risk for
vitamin C deficiency. However, recommendations for vitamin C supple-
mentation in critically ill patients receiving CRRT vary widely, from
250 mg/day to 12 g/day. This case report describes a patient who developed
a severe vitamin C deficiency after prolonged CRRT despite receiving
ascorbic acid (450 mg/day) supplementation in her parenteral nutrition.
This report summarizes recent research investigating vitamin C status in
critically ill patients receiving CRRT, discusses the patient case, and
provides recommendations for clinical practice. In critically ill patients
receiving CRRT, the authors of this manuscript suggest providing at least
1000 mg/day of ascorbic acid to prevent vitamin C deficiency. Baseline
vitamin C levels should be checked in patients who are malnourished
and/or have other risk factors for vitamin C deficiency, and vitamin C
levels should be monitored thereafter every 1-2 weeks.
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23 umol/L (Table 1), include fatigue, malaise, and gum
inflammation.” Ongoing inadequate vitamin C intake

Vitamin C is an essential micronutrient with physio-
logic roles including protection against reactive oxy-
gen species and involvement in gene transcription,
gene translation, and the synthesis of catecholamines,
collagen, and carnitine.' The recommended daily
intake of vitamin C is 90 mg/day for men and 75 mg/
day for women.? In healthy adults, vitamin C
deficiency can develop within a month with vitamin
C intake of <10 mg/day.” Signs of hypovitaminosis C,
defined as a plasma vitamin C level between 11 and

leads to vitamin C deficiency, also known as scurvy,
defined as a plasma vitamin C level of <11 umol/L."
A major implication of scurvy is impaired collagen
synthesis, resulting in poor wound healing and
bleeding (eg, bleeding gums, petechiae, ecchy-
moses).” Additional signs include hyperkeratosis,
corkscrew hairs, joint pain, and depression.? Scurvy
is fatal if left untreated.’ Treatment for scurvy is
individualized with ascorbic acid dosage recommen-
dations ranging from 100-300mg/day orally to
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TABLE 1 Reference ranges for plasma vitamin C levels.**

Range, pmol/L Interpretation
<11 Deficient

11-23 Hypovitaminosis C
>23 Sufficient

300-1000 mg/day intravenously.’ Most signs of scurvy
resolve within days to a few weeks after initiation of
vitamin C supplementation.®

Vitamin C metabolism is altered in critical illness; as
such, vitamin C requirements established for healthy
individuals do not apply to critically ill patients. A study
of 44 critically ill patients meeting the recommended
daily intakes of vitamin C for healthy individuals found
that 68% of patients had hypovitaminosis C, with 32%
classified as having a vitamin C deficiency (Table 1).”
A pharmacokinetic trial of vitamin C dosing in critical
illness randomized patients to receive intravenous (IV)
ascorbic acid as 2g/day continuously, 2 g/day as two
1-g boluses, 10 g/day continuously, or 10 g/day as two
5-g boluses.® Whereas the 10-g/day infusions led
to supratherapeutic levels, the 2-g/day infusions nor-
malized plasma vitamin C concentrations.® As such,
critically ill patients have higher vitamin C require-
ments compared with healthy individuals, although the
exact requirements depend on disease- and treatment-
related factors.

A subset of critically ill patients with acute kidney
injury (AKI) requiring continuous renal replacement
therapy (CRRT) has received increased attention regard-
ing micronutrient deficiencies. AKI is a common
complication of critical illness associated with a hyper-
metabolic, proinflammatory state that may require
treatment with renal replacement therapy (RRT).” CRRT
offers more gradual fluid removal than other RRT
modalities and is often employed for patients who have
hypotension and/or hemodynamic instability.’ CRRT
effectively clears solutes, placing patients receiving CRRT
at risk for nutrient deficiencies."!

Significant clearance of vitamin C has previously
been detected in CRRT effluent,'> which may be
influenced by several factors. First, there are three
primary CRRT modalities: continuous veno-venous
hemofiltration (CVVH), continuous veno-venous hemo-
dialysis (CVVHD), and continuous veno-venous hemo-
diafiltration (CVVHDF). These modalities refer to the
use of convection and/or diffusion to clear solutes from
the blood."? Convection utilizes a hydrostatic pressure
gradient in which solutes are “dragged” with the flow of
water across a semipermeable hemofilter membrane."?
Diffusion occurs through the passage of solutes across a

dialysis membrane via a concentration gradient."® Both
processes yield an effluent with the cleared solutes."?
CVVH uses convection, CVVHD uses diffusion, and
CVVHDF uses both convection and diffusion.'® The use
of convection vs diffusion influences which solutes are
cleared from the blood. Diffusion clears low-molecular-
weight solutes but does not effectively remove medium-
molecular-weight solutes."? Convection clears low- and
medium-molecular-weight solutes, but the clearance is
also dependent on the porosity size of the hemofilter."?
A study investigating the impact of convection vs
diffusion on vitamin C clearance found that diffusion
accounted for two-thirds of vitamin C losses, whereas
convection accounted for one-third of losses.'* As such,
CVVHD and CVVHDF may clear vitamin C at higher
rates relative to CVVH.

A second factor affecting solute clearance is the
solute's sieving coefficient (SC), defined as the effluent-
to-serum solute concentration ratio, ranging from 0 to
1."> Factors influencing a solute's SC include the physical
properties of the solute (eg, size, electric charge), degree
of protein binding, and RRT-related factors such as filter
porosity size and filter adsorption."” (Of note, SC refers to
hemofiltration used in CVVH and CVVHDF, whereas
saturation coefficient, which has slightly different factors
affecting solute removal, refers to hemodialysis.) Re-
ported SCs for vitamin C have ranged from 0.83 to
1.0,">'® suggesting vitamin C is readily cleared by CRRT.
Finally, the effluent flow rate and duration of therapy
also affect solute clearance.”*"

Whereas vitamin C clearance by CRRT is known,
vitamin C supplementation recommendations vary
widely, from 250 mg/day’ to 12g/day.'” Some recom-
mendations suggest avoiding supplementing >250 mg/
day to reduce the risk of nephrotoxic oxalate deposition
in the kidneys,” whereas others contend that higher
doses of supplementation are required to overcome the
net negative balances induced by CRRT."” The European
Society for Clinical Nutrition and Metabolism (ESPEN)
clinical practice guidelines comment that patients
receiving CRRT may develop severe micronutrient
deficiencies and that vitamin C status should be
monitored and supplemented based on serum levels
and effluent losses, although they do not comment on
specific dosage recommendations.'*®

A patient developed a severe vitamin C deficiency
after receiving prolonged CRRT despite receiving
ascorbic acid supplementation of 450 mg/day in her
parenteral nutrition (PN). This report discusses the
patient case, summarizes recent literature describing
vitamin C status in critically ill patients receiving
CRRT, and provides recommendations for clinical
practice.

85U8017 SUOLILLOD BATea1D 3[cedltdde au) Aq pauienob s Ssoie YO ‘88N JO S8|nJ o} A%eiq1 8UlUO A8]IM UO (SUOTIPUOO-PUB-SWSIW0D A8 | 1M AeIq 1 BUI|UO//:SdNY) SUORIPUOD Pue SWLB | 81 88S *[7202/S0/0T] Uo Ariqi]auliuo AB[IM [1Zeid - Ofred 0es Jo AluN Aq zz0TT dou/z00T 0T/I0p/wod A8 im Arelq1uljuo's euino fusdse//sdny Wwoiy papeojumod ‘T ‘v20z ‘ZSreTreT



NUTRITION IN CLINICAL PRACTICE

| 237

CASE STUDY

The patient was a 62-year-old woman with a medical
history including end-stage renal disease requiring
intermittent hemodialysis and Crohn's disease with
multiple bowel resections, most recently complicated by
an enterocutaneous fistula after jejunal exclusion and
venting percutaneous gastrostomy, receiving home PN.
She presented to the hospital with complaints of dyspnea,
fatigue, and myalgias and was found to have coronavirus
disease 2019. She had a prolonged hospitalization
with numerous complications, including central line-
associated bloodstream infection, atrial fibrillation with
rapid ventricular response warranting transfer to the
intensive care unit, a large pericardial effusion compli-
cated by tamponade after intubation and emergent
pericardiocentesis, ventilator-associated pneumonia after
tracheostomy placement, and AKI requiring CRRT using
CVVHD, which was started 39 days into her admission.
CRRT was administered using a high-permeability,
glycerin-free, polyethersulfone membrane (NxStage
acute care cartridge; NxStage Medical Inc). At the time
of CRRT initiation, her PN was supplemented with
250 mg/day ascorbic acid in addition to 200 mg/day
ascorbic acid from PN multivitamin for a total of
450 mg/day. Owing to a total bilirubin level >2 mg/dl,
copper and manganese were withheld from her PN by
removing the trace element injection and supplementing
back 60 mcg selenium, 10 mcg chromium, and 5 mg zinc
as per institutional guidelines. She continued to receive
CRRT for most of the following 138 days. The CRRT dose
varied over the course of her hospitalization but was
typically prescribed between 18 and 30 ml/kg/h.
One-hundred thirty-six days into her admission, she
had worsening skin breakdown and minor bleeding
from an abdominal wound and around her tracheos-
tomy site. She had been receiving prophylactically
dosed heparin for deep vein thrombosis (5000 units
subcutaneously every 8 h); this treatment was paused,
but the bleeding continued. Her international normal-
ized ratio was normal, and there was no significant
thrombocytopenia. Given her risk for micronutrient
deficiencies, nutrient level measurements (including
vitamin C) were ordered to assess for deficiencies. For
simplicity, this text will refer to the day of measurement
as day 1. At the patient's institution, plasma vitamin C
measurements take up to 6 days to process. Over the
course of several days while these blood samples were
being processed, the bleeding from her abdominal
wound increased and did not respond to medical
and nursing interventions. On day 5, the plasma
vitamin C level measurement indicated vitamin C
deficiency (6 pmol/L; reference range, 23-114 umol/L).

The C-reactive protein (CRP) level was not measured.
On this day, her ascorbic acid dose was increased as
follows: 700 mg/day in her PN (including 200 mg/day
from PN multivitamin) plus 500 mg given twice daily
enterally for a total of 1700 mg/day. The following day,
this was converted entirely to 1700 mg/day in her PN
(200 mg/day from PN multivitamin plus an additional
1500-mg supplementation). On day 6, the bleeding from
her abdominal wound and around her tracheostomy
site had improved, and by day 7, the bleeding had fully
resolved. The improvement was attributed to treatment
of a severe vitamin C deficiency.

On day 16, a repeated measurement of vitamin C
showed supratherapeutic levels (150 umol/L). Given
these results and that the patient was being transi-
tioned from CRRT to intermittent hemodialysis in
which vitamin C clearance would be lower, the
ascorbic acid supplementation in her PN was held,
and she received only 200 mg/day ascorbic acid via
her PN multivitamin.

On day 26, the patient was transitioned back to CRRT,
and as such, ascorbic acid was increased in her PN for a
total of 700 mg/day to target a dose between one that
yielded deficient and one that yielded supratherapeutic
levels. On day 29, a repeat vitamin C measurement resulted
in 26 umol/L. The patient continued to receive 700 mg/day
ascorbic acid via PN, with plans to serially monitor vitamin
C levels every 1-2 weeks. On day 31, a repeat vitamin C test
was ordered, which later showed levels below the reference
range (15 umol/L). At this point, the patient's family elected
to transition the patient to comfort care, and the patient
died shortly thereafter.

In addition to vitamin C, several other micro-
nutrient levels were measured (Table 2). The most
notable results were a copper deficiency found on day 7
(<10 pmol/dl; reference range, 80-155 umol/dl) and a
vitamin Bg deficiency found on day 15 (15.2 nmol/L;
reference range, 20-125nmol/L). The vitamin Bg
deficiency was treated with 25mg/day pyridoxine
supplemented in her PN for 1 week, which resulted
in improvement to normal levels (34.2 nmol/L on day
27). Her copper deficiency was initially treated with
1mg/day copper chloride supplemented in her PN
for 5 days, a dose reduced by 50% of the institution's
standard repletion guidelines because of a total biliru-
bin level of >2 mg/dl. A repeat level on day 17 showed
copper levels remained undetectable. She was there-
after supplemented with 2 mg/day copper chloride in
her PN for an additional 5 days. A repeat copper
measurement on day 30 showed improvement, but
levels were still deficient (41.7 umol/dl). By this time,
the patient's family had elected to transition the patient
to comfort care, as noted.
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TABLE 2 Timeline of blood micronutrient levels for patient case.

Reference
range

Day 17 Day 23 Day 27 Day 30 Day 31

Day 16

Day 7 Day 12 Day 15

Day 1*

15° (resulted

26 (resulted

223 (resulted

150 (resulted

23-114 6° (resulted

Vitamin C, pmol/L

on day 36)

on day 16) on day 21) on day 29)

on day 5)

1237

211-911

Vitamin B,,, pg/ml

34.2

15.2¢

20-125

Vitamin Bg, nmol/L

196

70-180

Thiamin, nmol/L

9.04

>5.39

Folate, ng/ml

41.7°

<10°

<10°

80-155

Copper, pg/dl

65.5°

84.9

23-190°

Selenium, ug/L

109.8

123.8

60-120

Zinc, pg/dl

“Day 1 refers to the first day that a micronutrient level was checked.

®The reported reference range for selenium at the patient's institution is 23-190 ug/L. Of note, other agencies have reported 70 ug/L to be the lower limit of selenium'’s reference range for adults.’® In this case, the

selenium level noted on day 31 would have been below the reference range.

“Serum level below the reference range.

LITERATURE REVIEW

Publications from 2013 to 2023 discussing vitamin C status
in critically ill patients receiving CRRT are summarized in
this section and Table 3. Of note, all studies defined
vitamin C deficiency as a plasma level below the reference
range and did not specifically distinguish between
hypovitaminosis C and vitamin C deficiency.

Kamel et al*® retrospectively assessed the prevalence
of micronutrient deficiencies in 75 critically ill patients
receiving CRRT. Micronutrient levels were only included
when measured during CRRT treatment.>® Most patients
received PN (89%) as well as CVVH (n =39) or CVVHD
(n=21).* Within the cohort, 15 patients had vitamin C
levels recorded, of whom 12 patients (80%) had a vitamin
C deficiency.” No patients had received vitamin C
supplementation for 7 days before blood draw aside from
patients receiving vitamin C from PN multivitamin.*
The authors concluded vitamin C deficiency is common
in critically ill patients receiving CRRT and patients
may require aggressive supplementation to prevent
deficiencies.” A limitation of this study is possible
selection bias, as micronutrient levels were measured
according to clinician judgment.

Ostermann et al*® serially measured nutrient levels
in 55 critically ill patients with stage 2 or 3 AKI to
determine the prevalence of nutrient deficiencies and
to calculate nutrient losses induced by CRRT.*® Blood
and effluent nutrient levels were measured for 6 days;
blood levels were compared between those receiving and
not receiving CRRT (given as CVVH or CVVHD).*® All
patients received full enteral nutrition with or without
oral diet; patients receiving PN or IV micronutrients were
excluded.”® Plasma vitamin C levels were lower in the
CRRT group compared with the non-CRRT group after
24h (9.2 vs 16.8 umol/L; P =0.09) and after 6 days (14.8
vs 17.6 umol/L; P = 0.33).?° There were no differences in
CRP levels between groups.”® The differences in plasma
vitamin C levels were not statistically significant, but this
was a pilot study and the results were underpowered.*
Vitamin C deficiency was common in both groups;
comparing patients in the CRRT group with those in the
non-CRRT group, 60% vs 78% had vitamin C deficiency
on day 0, 83% vs 82% had vitamin C deficiency on day 1,
and 88% vs 78% had vitamin C deficiency on day 6.%°
Median vitamin C loss in CRRT effluent over the
first 24h was 395 umol (interquartile range [IQR],
870 umol/L), ranging from 0.01 to 4172 umol/day.*
When including a third “mixed” group (patients in the
CRRT group for whom CRRT was paused during the
study period, and patients in the non-CRRT group who
received CRRT during the study period), the CRRT group
had lower vitamin C levels at day 6 (10.1 pmol/L)
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relative to the non-CRRT group (19.0 wmol/L) and mixed
group (19.3 umol/L), although the difference remained
insignificant (P=0.7).® The authors concluded that
vitamin C levels were low in critically ill patients with
stage 2 or 3 AKI regardless of treatment with CRRT and
that although vitamin C was removed by CRRT, there
was no difference in vitamin C levels between the CRRT
and non-CRRT groups.”® Aside from the underpowered
results, a limitation of this research is that many patients
switched groups during the study period (patients in the
CRRT group had CRRT postponed during the study
period, and vice versa).

As part of a larger randomized controlled trial,
Schneider et al*’ prospectively measured nutrient levels
in 30 patients with sepsis receiving CRRT and assessed the
relationship between nutrient levels and CRRT dose.
Patients were randomized to a CVVH dose of either 35
or 70 ml/kg/h for 4 days, after which the dose was adjusted
to 35ml/kg/h for both groups.”” CRRT could be discon-
tinued at any point per clinician judgment.”® Median CRRT
duration was 7 days in the 70-ml/kg/h group and 6 days in
the 35-ml/kg/h group.” Nutrient levels were measured at
days 0, 4, and 8 and compared between groups.”’ All
patients received nothing by mouth initially for 48 h, after
which PN was initiated, providing 125 mg/day ascorbic
acid.”” Vitamin C levels were below the reference range in
all patients throughout the study period.”” The mean
plasma level on day O was 11 umol/L and decreased
significantly by day 4 (P < 0.01).>” There was no significant
difference in vitamin C levels between groups, including
when adjusting for CRP levels.”” The authors concluded
that CRRT leads to vitamin C losses and recommended
supplementation to prevent deficiencies.”” Of note, there
was no difference in vitamin C levels between days 0 and 8,
which was not discussed by the authors®’; this could
possibly be related to CRRT being paused for some patients.

Gundogan et al*® prospectively measured micro-
nutrient levels in 50 critically ill patients receiving
CVVHDF. Micronutrient levels were measured 10-15 min
before CRRT initiation, 24h and 72h after CRRT
initiation, and 24 h and 48 h after CRRT discontinuation.?®
Only patients receiving PN (n=4) received ascorbic
acid supplementation of 125 mg/day as part of the PN
multivitamin.** Median (IQR) vitamin C levels (imol/L)
were as follows, respectively: 13.8 (7.9-25.1); 9.6 (3.6-22.3);
40 (2.3-89); 6.1 (3.8-13.7); and 4.7 (3.2-8.5).%° The
differences between all time points were significant
(P <0.001), with specific significant differences between
baseline levels and 24 h after CRRT initiation, 72 h after
CRRT initiation, and 48 h after CRRT discontinuation.”® In
a subgroup analysis of patients that was based on CRP
level, patients with severe inflammation (CRP, >80 mg/L)
had lower vitamin C levels than patients with moderate

inflammation (CRP, 11-80 mg/dl), although this difference
was not significant (10.7 vs 16.3 umol/L, respectively;
P =0.077). The authors concluded that vitamin C levels in
critically ill patients receiving CRRT were low at baseline
but that CRRT led to significant reductions in vitamin C
levels, which remained low after CRRT discontinuation.?®

Finally, Fah et al® retrospectively assessed the preva-
lence of micronutrient deficiencies in 106 critically ill
patients at risk for malnutrition, in both those receiving and
those not receiving CRRT. The CRRT modality was not
reported.> For patients receiving CRRT, micronutrient
levels were only included if the level was measured while
the patient was receiving CRRT or after CRRT was
discontinued (the latter constituting 7% of patients).’
Thirty-five patients had vitamin C levels measured: 29
patients in the CRRT group and 6 patients in the non-CRRT
group.® Vitamin C deficiency was more prevalent in the
CRRT group (44.8% of patients) than in the non-CRRT
group (16.7% of patients).> The difference was not
statistically significant (P =0.41), although the study was
underpowered.” No patients received vitamin C supple-
mentation.” The mean (standard deviation [SD]) plasma
vitamin C level in CRRT patients was 3.4 + 2.8 pmol/L
(reference range, 28-85 umol/L).* The authors concluded
that vitamin C deficiency was more prevalent in patients
receiving CRRT than in those not receiving CRRT and that
CRRT increases the risk for vitamin C deficiency.” Similar
to the study by Kamel et al,” a limitation includes possible
selection bias, as micronutrient levels were measured per
clinician judgment.

Of note, all studies defined vitamin C deficiency as a
plasma level below the reference range but did not
differentiate between hypovitaminosis C and vitamin C
deficiency, which are typically defined as plasma levels
<23 umol/L and <11 umol/L, respectively (Table 1).”*"*?
Additionally, studies typically provided incomplete
details regarding the handling and analysis of the blood
samples. Improper handling or analysis of vitamin C
samples may lead to inaccurate results; Collie et al*
provide recommendations for proper procedures.

In summary, vitamin C levels are low at baseline in
critically ill patients with AKI. CRRT removes vitamin C,
which could lead to significant reductions in plasma
vitamin C levels and increase the risk for vitamin C
deficiency.

DISCUSSION AND APPLICATIONS
TO PRACTICE

In the case described in this article, a critically ill patient
on prolonged CRRT developed a severe vitamin C
deficiency despite receiving ascorbic acid supplementation
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of 450 mg/day in her PN. It is unclear to what extent the
deficiency was due to her chronic critical illness or to her
CRRT treatment, although the research summarized in
the previous section suggests CRRT was a contributing
factor. The deficiency was effectively treated with a dose of
1700 mg/day ascorbic acid, with resolution of bleeding
within 2 days. Over the course of 11 days, the 1700-mg/
day dosing led to supratherapeutic vitamin C levels, and as
such, vitamin C supplementation was reduced. Upon
restarting CRRT, the patient was given ascorbic acid
supplementation of 700 mg/day; however, this may have
been insufficient, as her vitamin C levels dropped back
below the reference range.

A pharmacokinetic trial of vitamin C supplementa-
tion in critically ill patients (not specifically those
receiving CRRT) found that 2g/day IV ascorbic acid
maintained plasma vitamin C levels within reference
range (which the authors defined as between 21 and
100 umol/L).® In a follow-up letter from their group, the
authors calculated a daily vitamin C loss of 830 mg/day
in a patient receiving CVVH.'® By contrast, a follow-up
letter from Ostermann et al found a mean + SD daily loss
of 100.5 + 15.3 mg/day, or 59.0 + 9.2 mg/day when stan-
dardized to an effluent flow rate of 25 ml/kg/h."> The
variability in reported vitamin C losses is likely due, in
part, to CRRT-related factors discussed earlier that affect
vitamin C clearance.

One factor making the assessment of vitamin C
status during critical illness challenging is that plasma
vitamin C levels are affected by the systemic inflamma-
tory response seen in critical illness. A recent system-
atic review of patients with acute or chronic tissue
injury found vitamin C levels declined significantly in
association with increasing CRP levels.”® Plasma vita-
min C levels declined by 50%-60% in the setting of
severe inflammation (CRP>80mg/L); by contrast,
vitamin C levels in patients with minor inflammation
(CRP <10 mg/L) were within reference range in eight
of eight studies reviewed.”” In one study of patients
undergoing elective hip arthroplasty, vitamin C levels
dropped by 74% postoperatively coinciding with a rise
in CRP levels, suggesting that the decline in vitamin C
levels is related to an increased rate of vitamin C
depletion and redistribution to other body compart-
ments rather than an acute decline in vitamin C
intake.”® The decline in vitamin C levels may partly
be an adaptive response, and as such, the benefits
of vitamin C supplementation are unclear.”* This
may explain, in part, why recent trials of vitamin C
supplementation in critically ill patients have yielded
mixed outcomes.* Nonetheless, plasma vitamin C levels
remain the most common method of assessing vitamin
C status.?’ Of note, total vitamin C levels (ascorbic acid

plus dehydroascorbic acid levels) have been recom-
mended as a more accurate measure of vitamin C status
than ascorbic acid levels alone,*' although dehydroas-
corbic acid levels were not available for measuring at
the patient's institution.

On the basis of this case and the research published
thus far, the authors of this manuscript suggest providing
at least 1000 mg/day ascorbic acid to patients receiving
CRRT to prevent deficiency. Baseline total vitamin C
levels should be checked in patients who are mal-
nourished and/or have other risk factors for vitamin C
deficiency, and vitamin C levels should be monitored
thereafter at least every 1-2 weeks. Clinicians should
measure CRP levels to assist with interpretation of the
plasma level. CRP levels <10 mg/dl have been associated
with normal vitamin C levels*’; as such, plasma vitamin
C levels during mild inflammation may be valid
indicators of vitamin C status, whereas levels in patients
with moderate or severe inflammation should be inter-
preted more cautiously. Next, clinicians should avoid
excessive doses of vitamin C, which have pro-oxidant
properties and may be harmful.! High doses of vitamin C
increase the risk of calcium oxalate stones® and thus
should be administered cautiously in patients with a
history of nephrolithiasis. High doses of IV vitamin C can
also yield falsely elevated glucose readings via point-of-
care testing.31 Finally, clinicians should consider the
route of vitamin C administration. Depending on the
dosage, IV repletion may be needed, as enteral absorp-
tion of vitamin C is saturable.>® At low doses, the
bioavailability of oral vitamin C is 100%; this declines at
doses of >500 mg.>?

Further research is needed to better measure vitamin
C clearance by CRRT and assess how CRRT-related
factors (including modality and dosage) affect vitamin C
clearance. Results of these studies could guide more
specific recommendations for vitamin C supplementa-
tion. Studies should also compare measurement of
plasma vitamin C levels with CRP levels and report
procedures used for sample handling and analysis to
assure accurate results. Finally, research could investi-
gate the impact of vitamin C supplementation on clinical
outcomes.

Although vitamin C has been the focus of this
manuscript because of the increased attention vitamin
C has received in critically ill patients and the clear
implications of the patient's case, it is important to note
that CRRT has been associated with other micronutrient
deficiencies (see the summarized articles and clinical
practice guidelines for further details®'"'#2%>>-*7)_ In the
case described in this article, the patient also had copper
and vitamin B6 deficiencies. The copper deficiency likely
developed from complete withholding of copper for
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several months. Institutional guidelines have since been
updated to recommend routine monitoring of serum
copper levels in patients for whom copper is withheld
from PN. Although the copper deficiency based on
serum laboratory work was quite significant, there were
no clinical signs that could clearly be attributed to
the copper deficiency, nor did these potential signs
(including a macrocytic anemia) show improvement with
copper repletion.

CONCLUSION

Plasma vitamin C levels are low in critically ill patients
owing to increased rates of depletion and redistribution
secondary to the systemic inflammatory response. CRRT
clears vitamin C from the blood which increases the risk
for vitamin C deficiency. In the case of a critically ill
patient receiving prolonged CRRT, supplementation with
450 mg/day IV ascorbic acid was inadequate to prevent
a severe vitamin C deficiency. Critically ill patients
receiving CRRT require vitamin C supplementation.
Monitoring of vitamin C status should be a practice
standard.
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