
Wieruszewski et al. 
Journal of Cardiothoracic Surgery          (2025) 20:234  
https://doi.org/10.1186/s13019-025-03486-8

RESEARCH Open Access

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if 
you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or 
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To 
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

Journal of
Cardiothoracic Surgery

Ascorbic acid and microcirculation 
in cardiothoracic surgery: a pilot feasibility trial 
and matched cohort study
Patrick M. Wieruszewski1,2*, Misty A. Radosevich2, Scott D. Nei1, Kianoush B. Kashani3,4, Sarah E. Normand5, 
Hartzell V. Schaff6 and Erica D. Wittwer2 

Abstract 

Background  Ascorbic acid is an essential cofactor of catecholamine synthesis that increases capillary bed density 
and improves microcirculation perfusion. We hypothesized early ascorbic acid administration in cardiothoracic sur-
gery would preserve the microcirculatory integrity and minimize postoperative vasoplegia.

Methods  This was a single-arm pilot feasibility study of adults undergoing septal myectomy combined with valve 
intervention or alone using cardiopulmonary bypass. Intravenous ascorbic acid 1,500 mg was administered 
before and immediately following cardiopulmonary bypass and every 6 h after for 12 doses. Three historical con-
trols were identified and matched to each trial participant on age, gender, body mass index, preoperative ejection 
fraction, surgery performed, and time on cardiopulmonary bypass. The feasibility endpoint was a composite of suc-
cessful and timely 1) ascorbic acid administration, 2) laboratory assessment, and 3) microcirculation measurements 
across the perioperative phases of care. Clinical endpoints included vasoplegia incidence, acute kidney injury, 
and lengths of stay compared to controls.

Results  Fifteen patients were enrolled and compared to 45 historically matched controls. Participants’ median base-
line plasma ascorbic acid concentration was 0.5 (0.3, 0.9) mg/dL. Four (27%) patients had suboptimal concentrations. 
Eleven participants (75%) did not meet the feasibility composite endpoint due to the inability of microcirculation 
measurement. Incidence of vasoplegia and acute kidney injury, vasopressor duration, and lengths of stay were similar 
between participants and historical controls. No drug-related adverse events were noted.

Conclusions  Timely microcirculation measurements were challenging in the complex cardiothoracic surgery envi-
ronment. Compared to historical controls, no meaningful differences in clinical endpoints were noted with ascorbic 
acid treatment. The utility of ascorbic acid on post-cardiopulmonary bypass vasoplegia remains unclear.

Trial registration  ClinicalTrials.gov (NCT03744702, registered on November 14, 2018).
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Introduction
Vasoplegia is a syndrome characterized by non-car-
diogenic, non-hypovolemic, vasodilatory hypotension 
occurring in up to 5 to 50% of cardiopulmonary bypass 
patients [1]. Many non-modifiable risk factors have been 
identified, including preoperative antihypertensive use, 
lower ejection fraction, and longer bypass and aortic 
cross-clamp times [2, 3]. Therefore, the primary manage-
ment of vasoplegia is focused on treatment with vaso-
pressors [1, 4, 5]. However, these agents have side effects 
of digital and mesenteric ischemia and cardiac arrhyth-
mias, especially when deployed in excessively high dos-
ages [6]. Despite treatment, vasoplegia remains a major 
contributor to poor outcomes following cardiothoracic 
surgery, including higher rates of kidney failure, longer 
lengths of stay, and post-surgical death [2].

Ascorbic acid (vitamin C) is an essential micronutri-
ent cofactor for endogenous catecholamine synthesis and 
has potent antioxidant and anti-inflammatory effects [7]. 
The use of ascorbic acid in septic shock in initial studies 
suggested lower rates of kidney failure, more rapid sepa-
ration from vasopressors, and a profound death-sparing 
effect [8]. Subsequent studies failed to demonstrate simi-
lar benefits [9, 10]. Although it is unclear what degree 
of ascorbate deficiency patients with septic shock have, 
patients who undergo cardiac surgery have been shown 
to have nearly 50% reduction in total plasma ascorbic 
acid concentrations following cardiopulmonary bypass 
without any recovery up to one week after surgery [11]. 
In a randomized, double-blind trial of patients with vaso-
plegia requiring norepinephrine after cardiothoracic sur-
gery, ascorbic acid did not reduce the time to vasoplegia 
resolution [12]. However, ascorbic acid is not a vasopres-
sor, limiting the biological rationale for its use in settings 
where the shock is already present. Given the known 
effects of cardiopulmonary bypass, it remains unclear 
whether preventing deficiency by prophylactic early 
ascorbic acid administration would be beneficial in these 
patients.

Amongst its pleiotropic effects, ascorbic acid plays a 
vital role in vascular endothelial function. Ascorbic acid 
decreases oxidative stress, prevents vascular leakage, and 
improves microcirculatory flow by inhibiting intracellu-
lar adhesion of leukocytes and microthrombi generation 
[13]. The effects of cardiothoracic surgery and cardiopul-
monary bypass on the microcirculation are well known 
and include reductions in perfused capillary density and 
decreased proportion and density of perfused small ves-
sels [14, 15]. Alterations in the microcirculation, despite 
achieving macrocirculatory targets (i.e., mean arterial 
pressure, heart rate, cardiac output), have been associ-
ated with organ failure, perioperative complications, and 
death [14, 16]. Despite this, little information is available 

to inform clinicians how to prevent or treat microcircula-
tory dysfunction in significant physiologic stress. Mecha-
nistically, the administration of ascorbic acid around the 
time of cardiopulmonary bypass can potentially impact 
essential pathways involved in microcirculatory dysfunc-
tion and subsequently limit the insult of oxidative pro-
cesses on the vascular endothelium, maintain vascular 
responsiveness to catecholamines, and prevent endothe-
lial barrier breakdown [13, 17]. Such potential prompted 
microcirculatory evaluation in the current investigation. 
This study aimed to assess the feasibility of a multifac-
eted intervention across the perioperative phases of care, 
including ascorbic acid administration, laboratory assess-
ment, and microcirculation measurements in the context 
of complex cardiothoracic surgery to inform the potential 
for more extensive studies. We also sought to compare 
clinical endpoints to matched historical controls.

Methods
Participants and setting
The first phase of this study was a single-arm pilot fea-
sibility trial in adults undergoing cardiothoracic sur-
gery between July 1, 2019 and March 1, 2021. Adults (≥ 
18 years old) were approached for consent during their 
preoperative clinic visit if they were planning to undergo 
open valve intervention or myectomy using median ster-
notomy and cardiopulmonary bypass. Patients were 
excluded if they underwent emergency surgery, were 
scheduled for isolated coronary artery bypass grafting 
surgery or cases requiring circulatory arrest, had active 
infection or sepsis, severe liver disease or ascites, pre-
operative kidney dysfunction requiring dialysis, preop-
erative need for midodrine, preoperative use of oral or 
intravenous steroids, were pregnant or had known glu-
cose-6-phosphate dehydrogenase deficiency.

The second phase of this study was a matched cohort 
study using historical controls. We evaluated the records 
of all adult patients who underwent cardiothoracic sur-
gery during the timeframe of the pilot trial. We applied 
the same inclusion and exclusion criteria used in the pilot 
trial. We then evaluated for potential suitable matches to 
pilot trial participants using the following criteria: age (± 
10 years), gender (exact), body mass index (± 5  kg/m2), 
preoperative ejection fraction (± 10%), surgical procedure 
performed (exact), and time on cardiopulmonary bypass 
(± 15 min). We aimed to obtain three suitable historical 
controls for every trial participant. Historical controls 
were then matched to trial participants using a standard 
method based on these criteria. Only pairs that exactly 
matched on all the specified criteria were included.

The local Institutional Review Board approved the 
study, and we registered the trial in clinicaltrials.gov. The 
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trial was carried out ethically following the Helsinki Dec-
laration 1975, revised in 2000.

Interventions and definitions
Trial participants were evaluated for inclusion during the 
preoperative clinic appointment, where written informed 
consent was obtained. Following induction of anesthe-
sia, 1,500 mg intravenous ascorbic acid (Ascor®, McGuff 
Pharmaceuticals Inc., Santa Ana, CA) was administered. 
Cardiopulmonary bypass, the surgical procedure, and 
all other aspects of patient care, including placement of 
pulmonary artery catheters for hemodynamic manage-
ment, were carried out per routine, including fluid resus-
citation and administering inotropes or vasopressors as 
needed at the discretion of the attending anesthesiologist 
and cardiac surgical team. At our institution, there is no 
specific protocol for vasoplegia, however, at the discre-
tion of the attending anesthesiologist, norepinephrine or 
vasopressin infusion is used first to maintain mean arte-
rial pressure (MAP) of at least 65 mmHg, only after dem-
onstration of adequate cardiac function, appropriate fluid 
resuscitation, and exclusion of hemorrhage. A second 
dose of 1,500 mg intravenous ascorbic acid was admin-
istered after separation from cardiopulmonary bypass 
following protamine administration. Subsequent doses 
of 1,500 mg intravenous ascorbic acid were administered 
every 6 h after that for 12 doses. This dosing schema was 
extrapolated from initial studies in shock suggesting ben-
efit and on the basis that 6 g per day of ascorbic acid is 
suggested to sufficiently replete stores in critical illness 
[8, 10, 12].

Postoperative vasoplegia was defined by the need for 
any dose of a continuous intravenous vasopressor (nor-
epinephrine, epinephrine, phenylephrine, dopamine, or 
angiotensin II) for a minimum of 6 h to maintain a mean 
arterial pressure (MAP) ≥ 65 mmHg in the setting of car-
diac index ≥ 2.2 L/min/m2. Systematic vascular resistance 
was not used in addition to these criteria. Using previ-
ously described formulae, cumulative vasopressor dos-
age was calculated in norepinephrine equivalents (mcg/
kg/min) [18]. All norepinephrine dosages are presented 
as base norepinephrine [19]. The sublingual microcircu-
lation was evaluated using a sidestream dark field video 
microscope (Microscan by Microvision Medical; Amster-
dam, Netherlands) at specific time points, including base-
line (before administration of ascorbic acid), after the first 
ascorbic acid dose, on cardiopulmonary bypass, immedi-
ately after cardiopulmonary bypass, and postoperatively 
in the intensive care unit (within 24 h). We obtained at 
least three images at each time point as recommended 
by the 2018 ESICM Consensus on the Assessment of 
Sublingual Microcirculation [20]. We recorded the com-
puter-generated measurements of DeBacker Density 

(DD, also referred to as small vessel density) and percent-
age/proportion of perfused vessels (PPV). Patients were 
not receiving any vasodilatory medications through the 
entire follow-up period in which microcirculation was 
assessed. Acute kidney injury was assessed using the Kid-
ney Disease: Improving Global Outcomes staging schema 
using only the serum creatinine criteria [21].

Outcomes
The feasibility endpoint was a composite of successful 
and timely multifaceted interventions at the pre-specified 
timepoints across the preoperative, intraoperative, and 
postoperative phases of care, including 1) administration 
of ascorbic acid, 2) collection of laboratory specimens, 
and 3) performance of microcirculation measurements. 
Clinical endpoints included maximum vasopressor 
exposure and duration, incidence of acute kidney injury, 
length of stay, and death. Adverse events related to 
ascorbic acid, including allergic reactions, hyperglyce-
mia, hemolytic anemia, formation of kidney stones, and 
acute kidney injury, were monitored daily for all trial 
participants.

Data analysis
Categorical data were summarized as counts with per-
centages and compared using the chi-square test or 
Fisher exact test, as appropriate. Continuous data were 
summarized by medians with interquartile ranges (25 th 
and 75 th quantiles) and compared using the Wilcoxon 
rank sum test. All data were handled using R version 4.3.2 
(R Core Team, The R Foundation for Statistical Comput-
ing, Vienna, Austria, 2023).

Results
Participant characteristics
Fifteen patients were enrolled in the pilot feasibility trial, 
and 45 suitable historical controls (3 matched controls 
per every trial participant) were successfully identified 
(Fig.  1). The details regarding patient characteristics, 
demographics, and surgical information are summarized 
in Tables 1 and 2. The baseline characteristics and surgi-
cal specifics were similar between the pilot participants 
and the historical controls following the matching pro-
cedure. In trial participants, the median baseline plasma 
ascorbic acid concentration was 0.5 (0.3, 0.9) mg/dL, and 
4 (27%) patients had suboptimal concentrations (< 0.4 
mg/dL), one of which was below the lower limit of assay 
detection (< 0.1 mg/dL).

Feasibility endpoint
Only four enrolled patients (25%) achieved the feasibility 
composite endpoint of successful and timely 1) admin-
istration of ascorbic acid, 2) laboratory assessment, and 
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3) microcirculation measurement at the pre-specified 
time points across the preoperative, intraoperative, and 
postoperative phases of care (Table 3). This low achieve-
ment of the feasibility composite endpoint was driven by 
the inability to perform microcirculation measurement. 
All 15 enrolled patients (100%) received all dosages of 

ascorbic acid and laboratory assessment at all the speci-
fied time points.

Microcirculation measurements
Evaluation of the microcirculation was performed in 
only 6 (40%) patients, as our study coincided with the 

Fig. 1  CONSORT flow diagram

Table 1  Patient characteristics

Data are presented as median (IQR) or n (%)

ACE Angiotensin-converting enzyme, BMI Body mass index, LVEF Left ventricular ejection fraction

Pilot Participants (N = 15) Historical Controls (N = 45) p-value

Age, y 60 (54, 67) 60 (56, 67) 0.66

Male sex 9 (60%) 27 (60%) 1

BMI, kg/m2 31.8 (28.6, 35.2) 31.4 (27.4, 34.3) 0.74

LVEF, % 66 (61, 72) 67 (62, 70) 0.76

Chronic kidney disease 3 (20%) 11 (24%) 0.72

Arrhythmia 4 (27%) 18 (40%) 0.35

History of ablation 1 (7%) 3 (7%) 1

Preoperative antihypertensive therapy

  β-blocker 7 (47%) 33 (73%) 0.06

  ACE inhibitor 1 (7%) 5 (11%) 0.62

  Angiotensin receptor antagonist 3 (20%) 5 (11%) 0.38

  Calcium channel blocker 4 (27%) 11 (24%) 0.86

Baseline laboratory data

  Ascorbic acid, mg/dL 0.5 (0.3, 0.9) – –

   < 0.4 4 (27%)

  0.4–1.0 10 (67%)

   > 1.0 1 (7%)

Creatinine, mg/dL 1.05 (0.86, 1.22) 1.02 (0.87, 1.17) 0.41

Cystatin C, mg/L 0.97 (0.82, 1.06) – –
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beginning of the COVID-19 pandemic, and non-essential 
intraoral manipulations were avoided. The remaining 
9 (60%) patients received ascorbic acid as protocolized 
above but did not undergo microcirculation evaluation. 
Of the six patients who underwent microcirculation 
imaging, only 5 (33%) had measurements at each planned 
time point. Post-ascorbic acid (first dose) administra-
tion images were not collected in one patient due to a 
short incision-to-bypass time. Only one image could 
be collected during cardiopulmonary bypass due to a 
short bypass run. No postoperative patient images were 
obtained in the same patient due to a software malfunc-
tion preventing image collection and analysis. In another 
patient, only one image could be collected and analyzed 
before administering ascorbic acid (rapid progression 

from incision to initiation of bypass). Only two images 
could be obtained and analyzed on cardiopulmonary 
bypass with a very short bypass time. We elected to dis-
continue intraoperative image collection in the third 
patient due to the development of visible mucosal irrita-
tion of the sublingual tissue. Postoperatively, the patient 
denied any discomfort in this area, and no visible injury 
was apparent. Like the second patient, only one pre-
ascorbic acid and no post-ascorbic acid, pre-bypass 
images could be collected in the fourth patient due to 
a short incision-to-bypass time. All images were col-
lected in the fifth and sixth patients. An example series 
of images are presented in Fig.  2. Despite dedicated 
efforts and significant time investment, images were fre-
quently of suboptimal quality regarding stability, absence 

Table 2  Surgical operation details

Data are presented as median (IQR) or n (%)

LVEF Left ventricular ejection fraction

Pilot Participants (N = 15) Historical Controls (N = 45) p-value

Surgical procedure

  Myectomy 11 (73%) 33 (73%) 1

  Valve replacement 6 (40%) 18 (40%) 1

  Valve repair 1 (7%) 3 (7%) 1

  Repeat sternotomy 2 (13%) 2 (4%) 0.23

Total cardiopulmonary bypass time, m 53 (45, 90) 51 (43, 91) 1

Total aortic cross-clamp time, m 41 (25, 74) 41 (31, 72) 0.67

Intraoperative pre-bypass LVEF, % 65 (60, 70) 65 (60, 70) 0.94

Intraoperative post-bypass LVEF, % 65 (60, 70) 65 (60, 70) 0.66

Post-procedure fluid balance, mL 3178 (1524, 3495) 2312 (1061, 3540) 0.33

Table 3  Patient outcomes

Data are presented as median (IQR) or n (%)

Pilot Participants (N = 15) Historical Controls (N = 45) p-value

Composite primary endpoint 4 (25%) – –

Ascorbic acid administration 15 (100%)

Laboratory assessment 15 (100%)

Microcirculation measurements 4 (25%)

Postoperative vasoplegia 9 (60%) 17 (38%) 0.13

Max vasopressor dosage at any time, mcg/kg/min 0.09 (0.04, 0.13) 0.04 (0.02, 0.05) 0.03

Cardiac index at max vasopressor dosage, L/min/m2 3.04 (2.49, 3.65) 2.39 (2.10, 3.05) 0.05

Vasopressor duration, h 11 (5.5, 17.8) 5.8 (3.5, 17.5) 0.20

Acute kidney injury 0.89

  Stage 1 2 (13%) 8 (18%)

  Stage 2 1 (7%) 2 (4%)

  Stage 3 0 (0%) 1 (2%)

ICU length of stay, h 25 (22, 45) 23 (21, 27) 0.11

Hospital length of stay, d 6 (5, 7) 5 (5, 7) 0.36

Death 0 (0%) 1 (2%) 0.56
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of bubbles, vessel loops, and focus. We present the 
DeBacker Density and PPV in Table 4.

Clinical endpoints
Postoperative vasoplegia was identified in 9 (60%) of 
the trial participants compared to 17 (38%) of the his-
torical controls (p = 0.13). The maximum postoperative 
vasopressor dosage at any time was greater in trial par-
ticipants (0.09 mcg/kg/min) than in historical controls 

(0.04 mcg/kg/min), p = 0.03. No patients in either 
group received any other vasoplegia treatments (e.g., 
steroids, methylene blue, or hydroxocobalamin). The 
groups were similar in the overall vasopressor duration, 
occurrence of acute kidney injury, and intensive care 
unit and hospital lengths of stay. One historical con-
trol died on postoperative day zero due to hemorrhagic 
shock. No ascorbic acid-related adverse events were 
noted in any of the trial participants.

Fig. 2  Example series of dark field microscopy images (still snapshots of video) from patient 6 collected pre-ascorbic acid (A), post-ascorbic acid (B), 
on cardiopulmonary bypass (C), post-cardiopulmonary bypass (D), and postoperative in the intensive care unit (E)

Table 4  Microcirculation variables

Data is presented as the average value obtained

AA Ascorbic acid, CPB Cardiopulmonary bypass, ICU Intensive care unit, PPV Proportion/percentage of perfused vessels

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

PPV

  Before AA 94% 84% 79% 63% 78% 87%

  After AA NA 88% NA 78% 81% 92%

  On CPB 78% 74% NA 84% 92% 80%

  Post-CPB 90% 90% NA 88% 60% 82%

  Post-op in ICU NA 85% 79% 89% 87% 88%

DeBacker Density

  Before AA 7.44 10.6 8.93 8.08 8.9 8.70

  After AA NA 10 NA 7.44 8.43 6.70

  On CPB 7.87 7.4 NA 8.29 10.1 9.6

  Post-CPB 8.86 10.1 NA 9.47 9.1 8.86

  Post-op in ICU NA 7.12 8.14 7.07 8.2 9.9
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Discussion
In this single-arm pilot study, providing a multifaceted 
intervention, including ascorbic acid administration, 
laboratory assessment, and microcirculation assessment, 
was not feasible in the totality of the complex environ-
ment of cardiothoracic surgery. Although no adverse 
drug events were noted with the use of ascorbic acid, no 
clinically meaningful improvements were identified in 
the trial participants. Trial participants required higher 
doses of vasopressors.

Ascorbic acid (vitamin C) is a water-soluble, essen-
tial antioxidant and anti-inflammatory micronutrient 
and a cofactor to tyrosine hydroxylase and dopamine-β-
hydroxylase in the endogenous biosynthesis of catechola-
mines [13]. Because of this, there has been recent interest 
in applying ascorbic acid to sepsis and septic shock. How-
ever, studies have found mixed results, leaving no 
straightforward utility of this agent in that population 
[8–10]. We previously reported a catecholamine-sparing 
effect with ascorbic acid administration in three vaso-
plegic patients following cardiopulmonary bypass, while 
two of them were liberated from vasopressors within 24 
h [22]. A subsequent randomized trial of ascorbic acid 
failed to demonstrate a reduction in the time to vasople-
gia resolution in patients requiring norepinephrine after 
cardiopulmonary bypass [12]. However, because ascor-
bic acid is not a vasopressor, we hypothesize that earlier 
administration, around the time of insults leading to 
hypotension, would maximize its benefit in patients with 
shock. Accordingly, in animal models, ascorbic acid has 
been shown to increase capillary bed density, improve 
microcirculation perfusion, and protect against the vas-
odilatory effects of nitric oxide production from induc-
ible nitric oxide synthetase [23–25]. However, the direct 
impact of ascorbic acid on the endothelial glycocalyx sur-
face components in humans has not been studied.

Cardiopulmonary bypass is an ideal scenario to test this 
hypothesis, as the precise timing of the insults leading to 
vasoplegia is well-known. In addition, cardiopulmonary 
bypass surgeries are known to be associated with sig-
nificantly reduced plasma ascorbate concentrations [11]. 
Indeed, the endothelial glycocalyx is prone to injury when 
exposed to cardiopulmonary bypass, leading to dysregu-
lation of the vascular endothelium function [26]. Endo-
can, a vascular endothelial surface glycan with increased 
expression during states of inflammation, is significantly 
upregulated following cardiopulmonary bypass [27, 28]. 
One study found increased endocan concentrations asso-
ciated with a greater duration of catecholamine use in 
patients with post-cardiopulmonary bypass vasoplegia 
[27]. Similarly, syndecan-1, an endothelial surface pro-
teoglycan involved in flow-mediated nitric oxide pro-
duction and vascular endothelial homeostasis, has been 

negatively associated with vasopressor requirements in 
vasoplegia after cardiopulmonary bypass [29]. Interest-
ingly, another study found that while cardiopulmonary 
bypass did not affect soluble P-selectin concentrations, 
those with higher preoperative soluble P-selectin were 
more likely to develop vasoplegia [30]. Targeting these 
endothelial insults and microvascular injuries may serve 
as a mechanism for preventing or reducing the sever-
ity of postoperative vasomotor function and vasoplegia. 
However, it is important to note that the pathogenesis of 
vasoplegia is multifactorial and assessing any one specific 
intervention may not be entirely feasible.

Our intent in microcirculatory measurements in this 
study was to inform the feasibility of obtaining meas-
urements intraoperatively to guide larger investigations. 
However, we noted the feasibility of physically fitting 
the microscope tip into the patient’s mouth and the sub-
lingual area was challenging given the presence of an 
endotracheal tube, tracheal tube tie, and a transesopha-
geal echocardiography probe. It was difficult to ade-
quately suction the submucosal area and wipe away oral 
secretions to optimize image quality for similar rea-
sons. Furthermore, a protective horseshoe-shaped bar is 
secured over the supine patient’s head at our institution, 
and sterile drapes are placed atop the device. This added 
physical limitation increased the complexity of optimally 
placing the video microscope in the correct sublingual 
position and holding a stable image. For the above rea-
sons, acquiring the guideline-recommended three images 
of any quality at each pre-determined endpoint was time-
intensive. Due to the nature of the video microscope 
analysis software (AVA4, Microvision Medical; Amster-
dam, Netherlands), the analysis of images automatically 
began once an image was captured and required approx-
imately 5  min for each image. Considering the time for 
acquiring satisfactory images and the time for image 
analysis, it was often not feasible to collect three images 
for pre-bypass or on-bypass time points in short incision-
to-bypass times or short bypass runs. Lastly, the subopti-
mal image quality limits the DeBacker Density and PPV 
interpretation.

Limitations
The benefits of any prophylactic treatment should out-
weigh the potential risks to justify its empiric use. 
Patients undergoing cardiopulmonary bypass are at high 
risk of acute kidney injury. Ascorbic acid is metabolized 
and degraded to several byproducts, including oxalate. 
Hyperoxaluria, especially in the setting of high ascorbic 
acid dosages, leads to the deposition of oxalate crystals 
in the renal tubules and may result in acute kidney injury 
and acute or chronic kidney diseases [31]. We were una-
ble to measure plasma or urine oxalate concentrations 
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and thus cannot exclude the potential for calcium oxa-
late precipitation and longer-term adverse kidney effects 
with use of ascorbic acid. The dosage of ascorbic acid 
used in our study is consistent with other studies evaluat-
ing its utility in shock. It is on the basis that 6 g per day 
is sufficient to restore adequate concentrations in those 
deficient due to critical illness [8, 10, 12, 22], however 
the dose necessary to replete ascorbate loss during car-
diopulmonary bypass is unknown. Despite this relatively 
large dose, meta-analyses of 1) 74 studies in which 2,801 
subjects received 6  g per day or more of ascorbic acid 
and 2) 15 studies in which 2,490 subjects received less 
than or greater than 10 g per day of ascorbic acid, did 
not conclude any increased harm with the administra-
tion of ascorbic acid compared to placebo [32, 33]. Five 
patients in our study presented for cardiac surgery with 
already low baseline ascorbic acid concentrations, though 
were unable to assess the reasons for these deficiencies, 
or whether these patients had a different response to 
ascorbic acid treatment. No unified definition for vaso-
plegia exists, and the definition used in our study may 
overestimate the true incidence. We sought to include 
patients undergoing valve or myectomy surgery due to 
our center’s experience and internal data demonstrating 
such elective cases to have a higher likelihood of vaso-
plegia, and exclusion of isolated coronary revasculari-
zation surgeries as these have been shown to provide a 
protective effect against vasoplegia [34]. Because of this, 
the findings should not be extrapolated to all types of 
cardiac surgeries. Additionally, the patients included in 
our study had relatively short cardiopulmonary bypass 
runs whereas longer durations have been associated with 
increased risk of vasoplegia [34], and thus, our findings 
may not reflect those at highest risk. Because of our small 
sample size, the comparison of clinical outcomes may be 
unreliable. The reasons for higher vasopressor dosages in 
the treatment group are unclear and unable to be deter-
mined. Additionally, because we only performed micros-
copy on patients in the pilot trial and not on the historical 
controls, we cannot draw any conclusions on the effects 
of ascorbic acid on microcirculation.

Conclusions
A multifaceted intervention of ascorbic acid adminis-
tration, laboratory assessment, and microcirculation 
measurement in preoperative, intraoperative, and post-
operative phases of care in patients undergoing cardio-
pulmonary bypass was not feasible in this single-arm 
pilot study. Evaluation of the microcirculation in the 
setting of cardiac surgery and cardiopulmonary bypass 
was challenging. Due to limited patient numbers and 
data points and suboptimal quality images obtained, 

our ability to comment on the impact of ascorbic acid 
on the microvasculature is limited. Advances in video 
microscopy and software improvements that enhance 
image acquisition and analysis that are now available, 
and devices that assess other vascular beds such as 
other mucosal membranes or nail beds could improve 
the feasibility of studying the microvasculature in this 
context. The utility of ascorbic acid on post-cardiopul-
monary bypass vasoplegia remains unclear.
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