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Abstract

Background: Postoperatively reduced concentration of ascorbic acid (AA) in plasma (<45.5 pmol/l (<800 pg/dl)) is commonly interpreted
as increased metabolic requirements, but it is not shown yet that the patient benefits from a substitution toward normal levels of AA. This is
due to the missing knowledge on how to substitute AA effectively to normal plasma values in postoperative patients. Therefore, a
postoperative AA substitution procedure “overnight” to normal values in plasma was investigated on a postoperative intensive care unit (ICU)
in a university hospital.

Material and Methods: Fifty-seven operated patients were randomly assigned to a control- or intervention group (CG and IG, respectively).
In all patients, the AA plasma concentration was analysed preoperatively and on the first three postoperative days. Patients of the IG received
AA intravenously up to four times within 12 h depending upon the initial AA concentration (<34.1 pmol/l (4x500 mg AA); <56.8 umol/
1 (2x500 mg AA); <68.2 pmol/l (1x500 mg AA)).

Results: The preoperative and early postoperative AA values did not differ between the groups. On the first postoperative day in both groups
the plasma concentration was lowered (<45.5 umol/l) in 23 of all patients (CG: 85.18%; 1G: 82.14%). In the IG, the dosage regime increased
the AA plasma concentration to >45.5 umol/l in 26 of 28 (92.86%) patients overnight.

Conclusion: The investigated substitution procedure is sufficient to increase AA plasma concentration overnight to normal or high normal
values in postoperative ICU patients.

© 2005 Elsevier Inc. All rights reserved.
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1. Introduction supplementation of 100-300 mg AA per day added to the
clinical nutrition prevents patients from hypovitaminosis,
but has been shown to be ineffective in the prevention or
therapy of lowered AA plasma concentration [5-8].
Therefore, we investigated a postoperative AA substitu-

tion procedure “overnight” to normal values in plasma.

A decreased postoperative ascorbic acid (AA) concen-
tration in plasma is common with a tendency to reach
normal values within 5-8 days [1-3]. Combined with the
onset of postoperative complications, the level of AA is
further reduced and therefore Borrelli et al. [4] attributed
AA deficiency to the risk of postoperative complications.

Together with the known influence of AA on tissue- or
ischemia—reperfusion damage, immune function, etc., a post-
operative supplementation of the antioxidant AA can be
considered useful. To investigate this further, an efficient
substitution regime is necessary but not available yet. This is
due to the missing knowledge on how to substitute AA
rapidly to normal plasma values in postoperative patients. A
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2. Methods
2.1. Patients

All patients provided written informed consent to
participate in this investigation, which was carried out
according to the recommendations for clinical trials in
humans in the Declaration of Helsinki and was approved by
the Ethics Committee of Rhineland-Palatinate in Mainz.

Criteria for the inclusion of patients to the study were
elective operation with a planned postoperative stay on the
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Table 1
Ascorbic acid substitution procedure “overnight” depending on the
measured AA concentration

AA substitution

500 mg (16°°+20°°+24°+4°°)
500 mg (167°+24°°)

AA concentration

<34.1 pmol/l (600 pg%)
>34.1 pmol/l (600 pg%)<
56.8 umol/l (1000 pg%)
>56.8 pmol/l (1000 pg%)<
68.2 umol/l (1200 pg%)
> 68.2 pmol/l (1200 pg%)

AA was given intravenously in 100 ml 5% glucose for 30 min.

500 mg (16°°)

no substitution

ICU and given written informed consent. Patients with at
least one of the following criteria were excluded from the
study: pregnancy, mental incapacity, a known history of
allergic reactions to one of the substances of AA vials,
elevated creatinine concentration in serum, urethro-/ureter-
olithiasis, glucose-6-phosphate dehydrogenase deficiency,
haemosiderosis, haemochromatosis, thalassaemia, any other
predisposing factor for haemolytic reactions or reoperation
within the study period. The following factors led to the
exclusion from the study group during the investigation:
withdrawal from the given written informed consent,
occurrence of allergic reactions or incomplete postoperative
investigation.

Data of 11 patients were disregarded because of missing
postoperative values (no operation, withdrawal from the
given written informed consent, reoperation within the study
period), and values of four patients due to analytical
problems. With respect to the intention-to-treat agreement,
the data of one patient was kept in the intervention group (IG)
without postoperative treatment. The data of 27 patients in the
control group (CG) and 28 patients in the IG were analysed.

The age of the patients of the CG (IG) was 58+10
(57+11) years old; body mass index was 22+4 (21+2.4) kg/
m?. The patients were hospitalised for neuro- (astrocytoma,
meningioma, aneurysm) (30 patients), maxillofacial- (mod-
ified neck dissection, acusticus tumour) (5 patients), ortho-
paedics- (endoprothetics) (2 patients), abdominal- (liver
resection, lung- and vascular-) (18 patients) surgery. The
average duration of the surgical procedure was 198+114
(216£90) min. In addition, APACHE II (CG: 6.8; 1G: 7.2)
and SAPS II scores on the second and third postoperative
days (CG: 11.9/11.8; 1G: 11.8/11.7) were not different
between groups.

2.2. Material

The following AA preparation was used: Ascorell
(Sanorell Pharma, Biihl, Germany). Ascorell contains
100 mg AA/ml stabilized in sodium hydrogen carbonate.

2.3. Experimental procedure

All patients were randomly distributed into either the CG
or IG. Blood samples were taken for analyzing AA on the
day before the operation and on the first three postoperative
days. All IG patients were substituted on the second and

third postoperative day in dependence on the actual AA
concentration (Table 1) on a day-to-day basis. Ascorbic acid
was given intravenously in 100 ml 5% glucose for 30 min.
Control group patients were not substituted.

On the day of admission to the ICU, the APACHE II score
and, on the following day, the SAPS 1II score were applied.

For analysing AA in plasma, the previously published
method was used [9]. In brief, all specimens were collected
in tubes with 1.6 mg/ml ethylenediaminetetraacetic acid as
anticoagulant. During the transport of the specimen to the
laboratory (transport time: max. 10 min) they were stored on
ice in darkness. Plasma was obtained by centrifugation; cold
10% perchloric acid containing 1% metaphosphoric acid in
a brown microcentrifuge tube was added for deproteiniza-
tion (1:1; v/v). Hemolyzed samples were rejected because
hemoglobin may react with AA. All samples were kept in
darkness at 4°C for 60 min to complete the deproteinization
process, followed by centrifugation. Subsequently, a mobile
phase was added (1:1; v/v). The mobile phase contained 20
mM ammonium dihydrogen phosphate with 0.015% (w/v)
mPA, adjusted to pH 3.5. The specimens were centrifuged,
filtered and stored in liquid nitrogen until the analysis was
carried out. All specimens were analysed in duplicate by
high-performance liquid chromatography (HPLC) employ-
ing ultraviolet detection.

2.4. Statistical analysis

The parameters of AA concentration in plasma were
evaluated for normality using the Kolmogorov—Smirnov
test. Differences in all measured parameters between the
groups were evaluated using the two-sided (unpaired) 7 test
for parametric data, Mann—Whitney rank sum test (un-
paired) and the Wilcoxon signed rank test (paired) for
skewed data. The Sigma Stat (Jandel Scientific, Corte
Madera, CA) and an SPSS statistics program were used for
statistical analysis. In order to increase the probability that

= 200

[e]

£ *

© 4

£ 150

(72}

[0}

=

C

< 100 .

S

©

& 50

(&)

C

[e]

(&]

< o0 . ‘ .
0 1 2 3

Preoperative (0) and postoperative values (1-3)
* = significant different (p = < 0.001)

Fig. 1. Ascorbic acid concentration in plasma in CG- (gray boxplots) and
IG patients (white boxplots). The concentration significantly increased in
IG compared to the CG.
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Progression of AA concentration in patients without postoperative AA substitution
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Number of patients with different AA concentration preoperative and on the first to the third postoperative day in
rectangles. No spontaneous normalisation of AA plasma concentration was seen within the third postoperative day.

the relative difference is clinically relevant, a difference
(AAA concentration on the second postoperative day) of
56.8 umol/l (1000 pg%) and a standard deviation of 56.8
umol/l (1000 pg%) were calculated for sample size
determination. The level of probability was set at 5% and
p-error at 10%.

3. Results

Data are presented as median/25%/75% percentile for
skewed data.

3.1. Ascorbic acid in plasma

The preoperative values of AA in plasma (CG: 49.81/
29.98/67.58 pmol/l; 1G: 50.79/37.3/80.66 umol/l) were not

Table 3

significantly different (Mann—Whitney rank sum test) in
both groups (Fig. 1).

On the first postoperative day (CG: 31.35/24.21/29.10
umol/l; 1G: 30.06/25.76/40.55 pmol/l) in both groups, the
AA plasma concentration was significantly (P<.001)
lowered (Wilcoxon signed rank test) compared to the
preoperative values. In the CG (IG), in 17 (17) patients
the AA concentration was <34.1 umol/l (600 ug/dl); in 7
(8) patients, <56.8 pumol/l (1000 pg/dl); and in 2 (2)
patients, <68.2 umol/l (1200 pg/dl) (Tables 2 and 3).

After overnight substitution in the IG, the AA
concentration significantly (P<.001) rose (Mann—Whitney
rank sum test) on the second postoperative day to 81.22/
71.16/110.85 upmol/l compared to the untreated CG
(26.70/19.53/38.76 pmol/l). On the second postoperative

Postoperative AA substitution overnight in dependence to the measured AA plasma concentration
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day in the IG, six patients (<68.2 pumol/l) received a
second time a dosage-dependent supplementation of AA
(Table 1) overnight.

At the end of the study period, the AA concentration in
plasma was significantly (P<.001) different (CG: 27.92/
22.36/40.31 pmol/l; 1G: 56.88/41.27/64.75 umol/l). In the
CG (IG), the AA concentration in plasma in 18 (1) patients
was <34.1 pmol/l; in 6 (13) patients, <56.8 umol/l; and in 3
(8) patients, <68.2 pmol/l. No patient of the CG and six
patients of the IG had an AA concentration >68.2 umol/l
(Tables 2 and 3).

4. Discussion

Postoperatively, an imbalance of pro- and antioxidants
(oxidative stress [10]) occurs. In addition, the plasma
concentration of AA, which is a major antioxidant of the
plasma, is often lowered. Recently, the positive effects of
AA substitution on ischemia—reperfusion damage [11,12],
acute respiratory distress syndrome (ARDS) [13,14], sys-
temic inflammatory response syndrome (SIRS) and sepsis
[15] were shown. These effects are ascribed to the radical
scavenger activity of AA.

For further investigations on the effect of AA substitution
on the recovery of postoperative ICU patients, a rapid
substitution procedure to normal values in plasma is
necessary and not available yet. We investigated the
efficiency of a postoperative substitution regime to upper
normal values within 12 h. The actually recommended AA
amount of 100300 mg/day during clinical nutrition is not
sufficient to sustain normal AA plasma concentration in
postoperative patients in the ICU [5-8]. As a basis of our
investigation, we hypothesise that a plasma concentration of
56.8-96.6 umol/l would be helpful. From a previous
investigation, we know that the maintenance dosage of
AA is more than 800 mg/day on the first postoperative day.
Together with an average loading dosage to increase the AA
concentration to normal values, up to 1151 mg AA/day is
required [16].

To avoid unclear postoperative bioavailability, an intra-
venous substitution procedure was chosen. A continuous
infusion over 12 h is not recommended due to the known
instability of AA in solutions, nor is a bolus injection
because of high amounts of AA excretion in the urine [17].
Therefore, keeping the conditions of a daily routine in mind,
we substituted 500 mg AA in a solution of 100 ml glucose
5% over 30 min up to four times in 12 h.

For the applied analysis method, the normal plasma
concentration of AA is 45.5-68.2 umol/l (800—1200 pg/dl).
In the CG (IG), in 85.18% (82.14%) the AA plasma
concentration was less than 45.5 pmol/l on the first
postoperative day. After substitution, the AA concentration
increased to >45.5 umol/l in 26 of 28 (92.86%) patients. In
22 patients, the AA concentration was = 68.2 pmol/l (Table 3).
Due to our dosage-dependent substitution procedure, 25
patients were substituted once a day or no further on the

second postoperative day. Subsequently, the AA concentra-
tion decreased in 19 patients on the third postoperative day
(Table 3). We interpret this as an indication for the need for
further substitution of AA.

One patient of the IG did not receive any AA supple-
mentation. The data of this patient are part of the IG data
(intention-to-treat agreement) (Table 3). One patient of the
CG had an AA concentration in plasma of >68.2 pmol/l for
two postoperative days. This patient was a young female
athletic who substituted multiple vitamins daily. The oral
AA supplementation was 1-2 g AA/day (Table 2).

No side effects (e.g., allergies) were observed in the
patients. Therefore, this dosage regime can be considered
safe. It was previously shown that an intravenous substitu-
tion of 3—6 g AA/day for up to 48 h [15,18] or 3 g AA for
multiple weeks [19] produces no side effects.

In general terms, we do not recommend higher dosage
regimes as described here. A disadvantage of a high amount
is reduced efficiency of AA due to increased excretion of
AA in urine [17]. Theoretically, an oversubstitution of AA
could result in imbalance of high antioxidants and low
oxidants. Extremely high dosage of AA (500 mg/kg body
weight) was shown to damage DNA in animal studies [20].
However, the clinical relevance of this finding is not known;
oversubstitution might suppress the cell membrane transport
system for AA [21] and influence the immune function of
granulocytes in the postoperative period, which produces
radicals to destroy bacteria, etc. Consequently, free radicals
could partly be scavenged before the defence has reached
optimal levels. On the other hand, a diminished AA
concentration increases the autoxidation of granulocytes
[3]. The AA supplementation is part of the idea to “balance”
antioxidants and oxidants.

Case reports of renal failure due to oxalosis during oral
[22,23] or parenteral [24—28] AA supplementation are rare.
These patients, who had no preexisting chronic renal
insufficiency, tend to increase the oxalate concentration in
plasma and formate oxalate stones [29] after intake of
relatively small amounts of AA. These are a few patients
compared to the number of individuals who had taken AA
supplements daily; but for those, the consequences are
serious and no reliable predictor for the development of
renal impairment in these persons is known.

Known contraindications for the dosage regime are renal
insufficiency, a history of urethro-/uterolithiasis [30],
hemosiderosis/hemochromatosis, thalassemia [31] or glu-
cose-6-phosphate dehydrogenase deficiency [32].

Besides our study design, no hospital laboratory provides
HPLC measurements of plasma AA within 24 h. Over 80%
of the patients had lower AA concentration in plasma on the
first postoperative day, and more than 90% of them had an
adequate response to the substitution procedure. In the
interpretation of our findings, and taking into account that
AA has a wide therapeutic range, we do not recommend a
postoperative AA substitution that is dependent on the
actual postoperative plasma concentration.
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Observing the contraindications, we suggest that a
postoperative AA substitution of initially 500 mg, four
times in 12 hours followed by 500 mg AA twice a day
during the next days might be effective for the investigation
of potential benefits. This procedure is the “hand tool”; the
clinical relevance of a postoperative AA substitution still
has to be proven.
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