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Abstract

High-dose vitamin C therapy has gained increased interest as an adjunctive treatment of septic shock,
although convincing evidence is still lacking. High blood levels of vitamin C may interfere with several
point-of-care blood glucose meters. We describe the case of a 67-year-old septic patient known with chronic
renal failure who developed truly severe hypoglycemia, which was masked by spuriously high glucose values
measured on a capillary blood glucose meter. This initially led to the treatment of spurious hyperglycemia
with high-dose insulin and a delayed correct diagnosis and treatment, rendering substantial risk for the
patient. Awareness of this dangerous interference is warranted.
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Introduction

High-dose vitamin C therapy can be used as an adjunctive treatment of septic shock [1]. High blood levels of
vitamin C may interfere with several point-of-care blood glucose meters (BGMs) [2,3]. BGMs are well
embedded in the routine hospital care for rapid assessment of glucose homeostasis. Despite many
advantages of the use of these point-of-care testing (POCT), unawareness of the limitations and
interferences may introduce incorrect diagnosis and/or treatment. We describe a 67-year-old septic patient
who developed a coma due to severe hypoglycemia, which was initially masked by factiously high glucose
values measured on the Accu-Chek Inform II (ACI II, Roche Diagnostics, The Netherlands) BGM. This led to
insulin treatment of the artificial hyperglycemia deepening the hypoglycemia and delaying the correct
diagnosis and treatment of the severe hypoglycemia, rendering substantial risk for the patient.

Case Presentation

A 67-year-old female with a medical history of chronic renal failure on hemodialysis and peripheral vascular
disease was postoperatively admitted to our intensive care unit (ICU) after percutaneous transluminal
angioplasty of the left femoral superior artery, popliteal artery and tibialis anterior artery combined with a
hallux amputation because of an infected necrotizing foot ulcer. Initially, she was in need of norepinephrine
(vasopressor) due to septic shock. On the second postoperative day, circulatory failure deepened and she was
treated with high-dose norepinephrine, piperacillin-tazobactam in combination with a high dose of vitamin
C (1,500 mg, four times daily), hydrocortisone (50 mg, four times daily) and thiamine (200 mg, two times
daily). The source of sepsis was infected necrosis of the left foot which was treated surgically. The patient
was treated with intravenous continuous insulin aspart (Novorapid) infusion to maintain glucose levels
between 6 and 8 mmol/L (108-144 mg/dL). Intermittent hemodialysis (IHD) was performed on day 3 without
any problem. Gradually, vasopressor support was tapered, and on day 5, she was discharged to the surgical
ward. At the time of discharge from the ICU, she was still treated with high-dose vitamin C, hydrocortisone,
thiamine and intravenous continuous Novorapid infusion (8 U/h).

In the surgical ward, she suddenly developed acute symptoms of aphasia and a decreased level of
consciousness with a temperature of 36.2°C, a blood pressure of 110/50 mmHg, a pulse rate of 81/min and a
pulse oxygen saturation of 95%. The capillary glucose concentration was 5.9 mmol/L (106 mg/dL), measured
using the Accu-Chek Inform II (ACI II, Roche Diagnostics, The Netherlands), which is based on the
electrochemical detection of glucose using a specific glucose dehydrogenase enzyme. Brain computed
tomography (CT) was negative for intracranial hemorrhage or infarction. Due to progressive arterial
hypotension and coma, the patient was readmitted to the ICU on the same day with a clinical diagnosis of
brain ischemia. Plasma glucose measurement was performed on a routine chemistry analyzer (Cobas 8000,
Roche Diagnostics, The Netherlands). The glucose concentration was found to be 0.9 mmol/L (16.2 mg/dL).
Novorapid was discontinued, and glucose infusion was started. We immediately retested glucose
concentrations both on ACI II and the routine chemistry analyzer at the central lab which showed a value of
6.6 (119 md/dL) and 2.1 mmol/L (38 mg/dL), respectively. Moreover, a whole blood glucose measurement
was performed at the same time with an ABL90 blood gas analyzer (Radiometer, Denmark), which displayed
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a similar glucose concentration as the routine chemistry analyzer. After prompt correction of the severe
hypoglycemia, consciousness rapidly improved.

Due to vitamin C interference, a marked discrepancy was observed between the capillary blood glucose
measured on ACI IT and the glucose concentration of the venous sample measured on the routine chemistry
analyzer, which was confirmed by glucose spiking experiments described elsewhere [2]. The use of the BGM
in this specific patient was discontinued, and all glucose measurements from that moment onward were
performed using the ABL90 equipment.

Residual plasma from the time of the low glucose measurement was used to measure vitamin C, which
demonstrated an extremely high level of 1,492 pmol/L (reference range: 11-100 umol/L), probably due to
renal failure. Moreover, two hours after the detection of hypoglycemia, the vitamin C level increased to
1,806 pmol/L. Forty hours after discontinuing vitamin C treatment and reinitiating IHD, the concentration
decreased to 551 umol/L. She continued to improve clinically, maintained euglycemia and was discharged
seven days after the initial ICU admission. In Figure /, we summarize the time course of glucose
concentrations, insulin dosage and clinical interventions.
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FIGURE 1: Biomarker concentrations and relevant clinical data during
the admission of the patient

IHD: intermittent hemodialysis, ACI Il: Accu-Chek Inform II.

Discussion

Septic patients develop multiple organ dysfunction induced by ischemia/reperfusion injury or distributive
shock. Overwhelming amounts of reactive oxygen species (ROS) and reactive nitrogen species are generated
under these conditions, and ROS-mediated microcirculatory impairment and endothelial dysfunction may
occur [4]. Preclinical and small clinical studies have shown that high-dose vitamin C may aid in modulating
ROS-induced microcirculatory flow disturbances and vascular responsiveness mainly by protecting against
oxidative stress [4]. The biological plausibility and several small clinical observational trials of vitamin C
therapy (most often in combination with thiamine and hydrocortisone) prompted clinical application in
several ICUs worldwide [5,6]. However, these remarkable results have not consistently been validated in
more recent randomized controlled trials (RCTs) [7,8]. Moreover, vitamin C therapy has been associated with
adverse effects [9], and therefore, controversy continues to exist [6].

Based on the protocol by Marik et al. [5], which has been adopted in our ICU, most patients with sepsis
receive a high dose of vitamin C (1,500 mg, four times daily), hydrocortisone (50 mg, four times daily) and
thiamine (200 mg, two times daily). Despite the manufacturer's warnings in the package insert of the
product, physicians were not fully aware that these high doses of vitamin C could hamper glucose
interpretations when measured with our capillary BGM.

Our case report demonstrates a dangerous and potentially life-threatening interference of vitamin C on our
capillary BGM in a patient receiving high-dose vitamin C therapy and in particular with renal failure. Several
studies have shown that vitamin C can cause falsely elevated point-of-care glucose measurements due to
not only interference electrochemical method but also calorimetric analytic method, potentially displaying
hypoglycemia in patients with renal failure treated with high doses of vitamin C [10,11]. Spiking
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experiments using the blood of three healthy volunteers were spiked with vitamin C with increasing
concentration, providing proof that these high concentrations of vitamin C indeed resulted in falsely
elevated glucose concentrations on our BGM [2]. BGM measurements leading to factitiously elevated glucose
levels and consequently to the administration of excessive and unnecessary insulin may induce or aggravate
hypoglycemia and delayed diagnostics.

Conclusions

High levels of vitamin C in blood interfere with several BGMs (both calorimetric and electrochemical
methods); therefore, extreme caution is warranted. The vitamin C interference on the BGMs will lead to
overestimation of blood glucose and potentially mask hypoglycemia. Renal failure, as in our patient, will
decrease the vitamin C clearance and increase the risk of misdiagnosing hypoglycemia.

Therefore, awareness of this potential interference of vitamin C and glucose measurements on BGMs is
warranted and close collaboration of intensivists and clinical chemists may prevent complications such as
those presented in our case report. Automated signaling by clinical decision rules could have prevented this
adverse treatment. Potentially dangerous hypoglycemia can be prevented by using conventional laboratory
glucose measurement or BGMs that do not display this interference.

Additional Information
Disclosures

Human subjects: Consent was obtained or waived by all participants in this study. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

References

1. Scholz SS, Borgstedt R, Ebeling N, Menzel LC, Jansen G, Rehberg S: Mortality in septic patients treated with
vitamin C: a systematic meta-analysis. Crit Care. 2021, 25:17. 10.1186/513054-020-03438-9

2. Ten Berge D, Muller W, Beishuizen A, Cornet AD, Slingerland R, Krabbe J: Significant interference on
specific point-of-care glucose measurements due to high dose of intravenous vitamin C therapy in critically
ill patients. Clin Chem Lab Med. 2021, 59:e197-9. 10.1515/cclm-2020-1445

3. He]J, Zheng G, Qian X, et al.: Effect of high-dose intravenous vitamin C on point-of-care blood glucose level
in septic patients: a retrospective, single-center, observational case series. Curr Med Res Opin. 2021,
37:555-65.10.1080/03007995.2021.1887832

4. Oudemans-van Straaten HM, Spoelstra-de Man AM, de Waard MC: Vitamin C revisited. Crit Care. 2014,
18:460. 10.1186/513054-014-0460-x

5. Marik PE, Khangoora V, Rivera R, Hooper MH, Catravas J: Hydrocortisone, vitamin C, and thiamine for the
treatment of severe sepsis and septic shock: a retrospective before-after study. Chest. 2017, 151:1229-38.
10.1016/j.chest.2016.11.036

6. Iglesias ], Vassallo AV, Patel VV, Sullivan JB, Cavanaugh ], Elbaga Y: Outcomes of metabolic resuscitation
using ascorbic acid, thiamine, and glucocorticoids in the early treatment of sepsis: the ORANGES trial.
Chest. 2020, 158:164-73. 10.1016/j.chest.2020.02.049

7. Hwang SY, Ryoo SM, Park JE, et al.: Combination therapy of vitamin C and thiamine for septic shock: a
multi-centre, double-blinded randomized, controlled study. Intensive Care Med. 2020, 46:2015-25.
10.1007/s00134-020-06191-3

8. Moskowitz A, Huang DT, Hou PC, et al.: Effect of ascorbic acid, corticosteroids, and thiamine on organ
injury in septic shock: the ACTS randomized clinical trial. JAMA. 2020, 324:642-50.
10.1001/jama.2020.11946

9. Lamontagne F, Masse MH, Menard J, et al.: Intravenous vitamin C in adults with sepsis in the intensive care
unit. N Engl ] Med. 2022, 386:2387-98. 10.1056/NE]Moa2200644

10.  Sartor Z, Kesey J, Dissanaike S: The effects of intravenous vitamin C on point-of-care glucose monitoring . J
Burn Care Res. 2015, 36:50-6. 10.1097/BCR.0000000000000142
11.  Moatti-Sirat D, Velho G, Reach G: Evaluating in vitro and in vivo the interference of ascorbate and

acetaminophen on glucose detection by a needle-type glucose sensor. Biosens Bioelectron. 1992, 7:345-52.
10.1016/0956-5663(92)85030-€

2022 Ten Berge et al. Cureus 14(8): €28615. DOI 10.7759/cureus.28615 30f3


https://dx.doi.org/10.1186/s13054-020-03438-9
https://dx.doi.org/10.1186/s13054-020-03438-9
https://dx.doi.org/10.1515/cclm-2020-1445
https://dx.doi.org/10.1515/cclm-2020-1445
https://dx.doi.org/10.1080/03007995.2021.1887832
https://dx.doi.org/10.1080/03007995.2021.1887832
https://dx.doi.org/10.1186/s13054-014-0460-x
https://dx.doi.org/10.1186/s13054-014-0460-x
https://dx.doi.org/10.1016/j.chest.2016.11.036
https://dx.doi.org/10.1016/j.chest.2016.11.036
https://dx.doi.org/10.1016/j.chest.2020.02.049
https://dx.doi.org/10.1016/j.chest.2020.02.049
https://dx.doi.org/10.1007/s00134-020-06191-3
https://dx.doi.org/10.1007/s00134-020-06191-3
https://dx.doi.org/10.1001/jama.2020.11946
https://dx.doi.org/10.1001/jama.2020.11946
https://dx.doi.org/10.1056/NEJMoa2200644
https://dx.doi.org/10.1056/NEJMoa2200644
https://dx.doi.org/10.1097/BCR.0000000000000142
https://dx.doi.org/10.1097/BCR.0000000000000142
https://dx.doi.org/10.1016/0956-5663(92)85030-e
https://dx.doi.org/10.1016/0956-5663(92)85030-e

	Delayed Diagnosis of Severe Hypoglycemia in a Septic Patient With Chronic Renal Failure
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Biomarker concentrations and relevant clinical data during the admission of the patient

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


