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Abstract

Background Some evidence highlights individuals lacking an adequate level of vitamins may experience height-
ened susceptibility to post-anesthesia complications. The current study summarized the previous evidence assessing
the impact of deficient vitamin levels on complications and outcomes following anesthesia.

Methods A comprehensive search in scientific English databases was conducted from January 2000 to January
2024.The inclusion and exclusion criteria were applied, the full-texts were thoroughly analyzed, and the risk-of-bias
was assessed.

Results A multitude of 1322 published articles were discovered based on search strategy and 14 eligible papers
were enrolled. The mean age of patients was 39.3 years and the majority were male. Patients with vitamin B12
deficiency experienced both neurological and hematologic consequences post-anesthesia. Delirium was observed
among patients lacking sufficient levels of vitamin D, and those deficient in vitamin K presented symptoms indica-
tive of epidural hematoma. Post-anesthesia consequences were manifested with a delay, ranging from hours to days
following the anesthesia procedure in vitamin K and B12 deficiency, while patients deficient in vitamin C and B1 expe-
rienced an acute onset of symptoms during surgery. Significantly, a notable proportion (42%) had pre-existing risk
factors for vitamin deficiency prior to the surgery, while 35% of the risk-factors for vitamin deficiency were diagnosed
after the surgery. There was a wide range of complete or partial recovery periods following surgical intervention,
spanning over a few days up to several months according to the severity of symptoms.

Conclusions Based on the evidence from the reviewed studies, this study robustly suggests that serum vitamins
level before surgery should be measured among patients who are at risk of vitamin deficiency or have some related
clinical symptoms.
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Background

Preoperative risk assessment is of great importance for
the anesthesiologist in developing both a surgical proce-
dure and a personalized and safe anesthesia procedure
for patients undergoing surgery. Pre-anesthesia evalu-
ation encompasses a comprehensive examination of the
patient’s health, including underlying disorders, physical
health, cardiovascular and respiratory functions along-
side other relevant systems, medication history, aller-
gies, and various laboratory tests [1, 2]. By detecting any
potential problems or abnormalities beforehand, appro-
priate steps can be taken to optimize the patient’s con-
dition before administering anesthesia. Complete blood
count (CBC), electrolyte and creatinine levels, coagu-
lation tests, etc. are applied as part of the laboratory
screening tests [3]. Through preoperative assessments,
informed decisions can be made regarding the choice
between general anesthesia (GA) or local anesthesia, as
well as determining the appropriate approach for induc-
tion of anesthesia before the surgical procedure.

Vitamin deficiency remains a global issue and over 2
billion people worldwide were found to lack adequate
levels of vitamins and minerals according to data pro-
vided by the World Health Organization (WHO) [4].
In some developing countries or impoverished nations,
severe vitamin deficiency is widespread as a result of food
shortages and malnutrition [5]. While, this issue is largely
absent in the general population in more affluent nations,
where overall health standards are higher. However, it
remains a concern for certain individuals who present
specific behaviors, such as vegetarianism or alcoholism,
and patients with conditions like celiac disease or those
with a history of bariatric surgery [6].

The deficiency of vitamin levels can have some side
effects after surgical outcomes, this might be more sever
among various vitamins [7]. Moreover, some patients
may be prone to developing a lack of vitamins follow-
ing surgery or exposure to anesthetics, for instance, the
use of nitrous oxide as an anesthetic has been linked to
potential decreases in vitamin B12 levels [8]. In addi-
tion, as shown by Jensen et al. surgical stress can result
in lower levels of vitamins such as vitamin D among
patients undergoing elective surgeries [9]. On the other
hand, several clinical trials have evaluated the beneficial
effects of preoperative vitamin administration in patients
with sufficient serum vitamin concentrations. Hung et al.
have demonstrated that consuming vitamin C before
undergoing a surgical procedure can alleviate the severity
of postoperative pain [10]. Furthermore, a positive effect
has emerged from a study demonstrating the advantages
of preoperative supplementation with vitamin D in out-
comes of cardiac surgeries [11]. Despite the fact that tak-
ing vitamins before surgery can be beneficial, it may not
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be logical and cost effective to prescribe for all patients.
In addition, routine vitamin screenings before surgery
remain uncommon.

In this study, we aimed to review previous studies on
how deficient vitamin levels may affect the complica-
tions and outcomes following anesthesia in patients who
have undergone surgery for any reason. The period of our
study extended from 2000 to 2024, because anesthesia
techniques have evolved significantly since 2000.

Methods

Search strategy

The identification of relevant literature was carried out
through a comprehensive search in the scientific English
databases including PubMed, Web of Science, Science
Direct, and Google Scholar from January 2000 to January
2024. The following combination of keywords with the
recruitment of the Boolean operator “AND” to intersect
different concepts and “OR” to encompass similar con-
cepts were including (vitamin OR “vitamin deficiency”)
AND (anesthesia OR “pre-anesthetic” OR surgery OR
“surgery outcome” OR “surgery complication” OR “pos-
tanesthetic complication” OR “postoperative outcome”
OR “postoperative complication”). Moreover, MeSH
terms within PubMed were invoked to augment the
quest.

Data extraction

The systematic data selection was in accordance with
2020 Preferred Reporting Items for Systematic Review
and Meta-Analysis (PRISMA) guidelines. Data sets based
on exclusion or inclusion criteria were extracted by two
experienced writers who worked independently, RB-S
and SN. In cases with no agreement, a thorough discus-
sion involving a third reviewer, AR-R, was held until
reaching a consensus. In the first step, the authors per-
formed an assessment of the title/abstract of each cita-
tion followed by retrieving relevant full-text. Inclusion
criterion was original relevant abstract and the param-
eters for exclusion were detailed in the PRISMA 2020
Flow Diagram (Fig. 1).

Quality assessment (risk-of-bias)

The Joanna Briggs Institute (JBI) critical appraisal check-
list for case-report studies and JBI checklist for cohort
studies were used to assess the quality of the included
studies [12]. This case-report checklist provides a frame-
work for writing a quality case report, including eight
items. The items used for the assessment were as follows:
(1) patient’s demographic information, (2) patient’s his-
tory, (3) patient’s current clinical condition, (4) diagnostic
and assessment methods and the results, (5) the treat-
ment procedure and interventions, (6) post-intervention
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Fig. 1 Flow chart of the study selection process for the studies that confirmed the association between post-anesthesia complications and vitamin

deficiencies based on PRISMA 2020

clinical condition, (7) adverse or unanticipated events
and takeaway lessons, and (8) appropriate statistical
analysis. According to the recommendations of the JBIs
guidelines, each question was judged “yes” indicating a
low risk of bias, “no” indicating a high risk of bias that
negatively impacts the overall quality of the case reports,
and “unclear” indicating an unclear or unknown risk of
bias.

For the quality assessment of case-report stud-
ies, “Low,” “Moderate,” or “High,” quality was rated for
any study given<4 scores, 4—5 scores, and 6—7 scores,
respectively. The cohort checklist provides 11 items gen-
erally regarding the population and two groups, the con-
founding factors, the validity, and reliability of exposure
measured and outcomes, patient’s follow-up process, and
appropriate statistical analysis. For quality assessment
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of retrospective studies, the mentioned scores were
given<5 scores, 5-8 scores, and 9-11 scores, respec-
tively. The quality assessment was independently per-
formed by two researchers (AN and AM). In cases where
there was no agreement in scoring, the third person (AB-
M) assessed the articles.

Data synthesis

The requisite information obtained from each eligible
study that met the inclusion criteria included the author’s
name, year of publication, study design, patient’s demo-
graphic data (gender and age), anesthesia method, sur-
gical procedure, pre- and post-anesthesia findings or
adverse effects, onset time of consequences, risk factors
for vitamin deficiency, laboratory and imaging results,
therapy intervention or treatment, and outcomes.

Results

The process of study selection is depicted in Fig. 1 based
on PRISMA 2020 Flow Diagrams. A total of 1322 records
between 2000 and 2024 were discovered in databases
and underwent a thorough examination. After eliminat-
ing 387 duplicate studies, an additional 815 publications
were excluded based on title/abstract. In the next step,
114 reports were assessed for eligibility, and 14 stud-
ies including twelve case reports/series alongside two
retrospective studies successfully met the criteria for
inclusion.

Table 1 presents the detailed results of various factors
related to the patients encompassed in this study. The
mean age of patients was 39.3 years. Regarding the case
studies, the majority of patients were male (85.7%), with
only two cases of vitamin B12 deficiency being female
(13, 14].

Among 92.8% of the patients (13/14), GA was admin-
istered, while complications from local anesthesia exclu-
sively emerged in patients with vitamin K deficiency [15].
In a case report, one patient with an undiagnosed vita-
min K deficiency developed a spinal epidural hematoma
after the removal of an epidural catheter [16].

In approximately 78.5% of cases (11/14), symptoms
manifested after delay, while three patients experienced
acute onset of symptoms during surgery, two with vita-
min C deficiency and one with vitamin B1 deficiency
[17-19].

In three cases, patients displayed unstable vital signs,
two cases were linked to vitamin C deficiency and one
case to vitamin B12 deficiency [17-19], one patient
with inadequate vitamin C experienced a cardiac arrest
during surgery [17]. Patients diagnosed with epidural
hematoma as a result of vitamin K deficiency expe-
rienced a decrease in limb strength [15, 16]. Among
nine patients with B12 deficiency, three experienced
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impaired cognition, while others exhibited impaired
motor function. All of them reported sensory compli-
cations including pain, proprioception, or vibration
sense [13, 14, 20-24]. In relation to vitamin D defi-
ciency, patients were found to be more susceptible to
delirium [25, 26].

Nearly half of the patients (6/14) had preexisting
risk factors for vitamin deficiency. Three patients had
restricted vitamin supplies through their diet and mal-
nourishment [17, 18], and two patients who suffered
from gastrointestinal disorders resulting in malabsorp-
tion leading to vitamin K deficiency [15, 16], and a
patient with diabetes.

Out of nine cases of vitamin B12 deficiency, 55%
had anemia and 77% had increased MCV, while folate
serum levels were normal in all patients with B12 defi-
ciency. MRI abnormalities were found in the poste-
rior column of the spine in all of the cases with B12
deficiency.

The recovery of patients with vitamin deficiency after
treatment revealed a wide range postoperative recovery
periods spanning from a few days to several months.

Discussion

The findings elucidate that out of 14 patients examined
in case reports, the complications were predominantly
observed in males. Both cases of vitamin C deficiency
occurred in children aged 6 and 13 years [17, 18], while
cases involving vitamin K deficiency affected elderly indi-
viduals 65 and 72 years [15, 16]. Besides, two case—con-
trol studies examined the role of vitamin D deficiency in
delirium after surgery, specifically among patients older
than 55 and 65 years [17, 25]. Our study revealed that
depending on the severity of vitamin deficiency, the onset
of complications varies, from emerging during the pro-
cedure to weeks post-surgery. Moreover, it was observed
that the occurrence of most complications was noted
alongside the administration of general anesthesia. GA
has the potential to induce hypotension in individuals
suffering from particular types of vitamin deficiencies,
resulting from pulmonary hypertension or heart failure
[17-19]. This study highlighted that patients with vita-
min D deficiency are more susceptible to experiencing
postoperative delirium. Epidural hematoma subsequent
to local anesthesia was identified as the most prevalent
complication associated with vitamin K deficiency. All
patients afflicted with neurological issues resulting from
vitamin B12 deficiency underwent nitrous oxide anes-
thesia. Regarding recovery of individuals, nine achieved
complete improvement, while one case K deficiency, one
case vitamin c deficiency, and three cases of cobalamin
deficiency did not improve completely [14, 16, 21, 23].
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Vitamin B1 (thiamine)

Thiamine and its active form, thiamine pyrophosphate
(TPP), serve as a co-factor in the processes of both the
citric acid cycle and the pentose phosphate pathway. Fur-
thermore, TPP plays a major role in facilitating the aero-
bic metabolism of glucose for energy production [27].
Insufficient or deficient thiamine can manifest in vari-
ous forms, ranging from tiredness and loss of appetite
in mild conditions to wet beriberi, which predominantly
affects the cardiovascular system, or dry beriberi, which
predominantly affects the neurovascular system in severe
conditions [28]. Notably, these symptoms often afflict
individuals who have had a history of chronic alcoholism,
prolonged malnutrition, and utilization of medications
that interfere with thiamine metabolism [27, 28]. In the
current review study, only one demonstrated a clear asso-
ciation between vitamin B1 deficiency and some postop-
erative complications. A 13-year-old boy who underwent
skin grafting under general anesthesia with propofol,
atracurium, and sevoflurane, displayed various mani-
festations including tachycardia and dropped percent-
age of saturation of Oxygen (SpO2) resulting from acute
decompensated heart failure, loss of weight, impaired
wound healing, decreased appetite and impaired con-
centration after surgery. The young patient had com-
plete improvement within 4 days by receiving treatment
consisting of 100 mg intravenous thiamine for 5 days as
well as therapy for his heart failure [19]. According to the
author’s report, a vegetarian diet is identified as a prob-
able risk factor for thiamine deficiency which has been
observed during surgical procedures leading to acute
decompensated heart failure [19]; however, vegetarian
diet is a rare reason for thiamine deficiency.

Vitamin B12 (cobalamin)

Cobalamin is a water-soluble vitamin responsible for the
production of red blood cells and proper neurological
function. It acts as a vital coenzyme in the synthesis of
DNA and RNA while also participating in the metabo-
lism of hormones, proteins, and fatty acids. Inadequate
cobalamin levels can result in various symptoms, such
as megaloblastic anemia, fatigue, reduced appetite, and
neuropsychiatric complications [29, 30]. Although clini-
cal B12 deficiency is relatively uncommon, subclini-
cal deficiency affects a considerable range between 2.5
and 26% of the general population [31]. The elderly are
particularly susceptible to developing vitamin B12 defi-
ciency which has been associated with earlier onset,
more progressive, and more severe dementia [32]. Cer-
tain individuals with predisposing factors, such as older
age, ongoing use of medications that disrupt cobala-
min metabolism, pernicious anemia, diabetes, vegans,
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pregnant or breastfeeding women, and those with malab-
sorption issues in the gastrointestinal tract bear a higher
risk of experiencing cobalamin deficiency [29, 31]. The
administration of nitrous oxide as a form of anesthetic
drug in anesthesia procedures is an important but over-
looked risk factor for the manifestation of vitamin B12
deficiency after the surgery. Nitrous oxide oxidizes Co(I)
in vitamin B12 to Co(II) and, therefore, inactivates vita-
min B12 and interferes with its normal functions within
the body [33]. This impairment in B12 activity can result
in serious clinical consequences such as megaloblastic
anemia in the bone marrow and neurological-subacute
combined degeneration of the spinal cord, as well as
pernicious anemia. The present study found ten related
articles exploring the possible consequences of anesthe-
sia on patients with vitamin B12 deficiency. Remarkably,
all cases of anesthesia-related complications occurred
exclusively following the induction of nitric oxide [13,
14, 20-24]. Among patients with vitamin B12 deficiency,
it was observed that symptoms were manifested with a
delay, ranging from 6 days to 6 weeks with a mean onset
of 29 days [13, 14, 20-23].

Among the patients who were diagnosed with B12 defi-
ciency, three individuals suffered from impaired cogni-
tion, six cases exhibited impaired motor function, and
all of them experienced sensory complications including
pain, proprioception issues, or disrupted vibration sense
[13, 14, 20—24]. One of those suffered from diabetes [20].
Five patients presented with previously undiagnosed
disorders, which were subsequently identified follow-
ing general anesthesia. Among these cases, three were
diagnosed with pernicious [13, 20, 21] and two others
exhibited malabsorption issues [23]. It was noted that the
majority of individuals afflicted with vitamin B12 defi-
ciency were males (7 out of 9 cases). The youngest patient
was an infant merely 8 months who underwent laparo-
scopic orchiopexy under general anesthesia with nitrous
oxide and isoflurane. Following the surgery, the infant
experienced neurological and hematologic complications
due to a serum cobalamin concentration below 20 pg/
mL (normal range: 200-950 pg/mL), although folate lev-
els remained within normal parameters. It appears that
the deficiency was exacerbated by the induction of nitric
oxide. Nonetheless, all patients recovered completely
after undergoing intramuscular hydroxyl cobalamin ther-
apy [24]. Out of nine cases of vitamin B12 deficiency, 55%
displayed anemia, 77% showed increased MCYV, while
folate serum levels remained normal in all patients. MRI
abnormalities were detected in the posterior column of
the spine in all of the cases with B12 deficiency. Interest-
ingly, in a case with high homocysteine levels and MRI
findings relevant to cobalamin deficiency, the level of
cobalamin was within the normal range [13].
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In agreement with our study, in a systematic review
exploring the effects of nitrous oxide on neurologic com-
plications, it was discovered that the majority of cases
demonstrated an underlying gastrointestinal disorder
characterized by cobalamin deficiency that was further
exacerbated following the administration of anesthesia
[34]. Moreover, remarkable investigations divulged that
individuals who abuse nitrous oxide or are occupation-
ally exposed to it often experience impaired vitamin B12
metabolic status [35-40]. These observations strongly
suggest that patients with low vitamin B12 levels are
potentially at heightened risk for adverse effects when
subjected to nitrous oxide during anesthesia. Therefore,
it is crucial to restrict nitrous oxide as an anesthetic drug
for patients suspected of cobalamin deficiency.

Vitamin C (ascorbic acid)

Ascorbic acid, a water-soluble vitamin, is vital for vari-
ous bodily functions, such as collagen synthesis, the pro-
duction of certain hormones and neurotransmitters, the
metabolism of amino acids and vitamins, and the detoxi-
fication of toxic substances [41]. Deficiency in vitamin C
has been extensively documented among elderly people,
alcoholics, those with mental illnesses, and individuals
following restrictive diets [42]. The available evidence
indicates that vitamin C deficiency is common among
low- and middle-income nations and uncommon in high-
income countries [42]. Prolonged and severe vitamin C
deficiency results in scurvy, a clinical syndrome that can
be fatal if left untreated [42]. In our study, two researchers
separately reported complications due to vitamin C defi-
ciency in 13- and 6-year-old males with autism spectrum
disorders undergoing esophagogastroduodenoscopy
with general anesthesia [17, 18]. Both patients exhibited
malnutrition and followed a diet without vitamin C sup-
plementation, resulting in vitamin C levels<5 pmol/L
(normal range: 23—-114 pmol/L) and <0.1 mg/dL, (normal
range: 0.4—-2 mg/dL). Both patients also presented lower
than normal hemoglobin concentrations. However, the
case of the 6 years in addition to vitamin C deficiency
involved a combination of other vitamin deficiencies,
including thiamine at 55 nmol/L (70-180 nmol/L), vita-
min A at 15 mcg/dL (19-77 mcg/dL), and vitamin D
level < 3.5 ng/mL (30-96 ng/mL). This case afflicted car-
diac arrest due to a pulmonary hypertensive crisis during
anesthesia. In this intricate case, the patient received mul-
tivitamins, sildenafil, zinc, and ferrous sulfate for treat-
ment and developed partial improvement after 6 weeks
[17]. Another case who exhibited a decline in blood pres-
sure following anesthesia was treated completely within
7 days by receiving intravenous vitamin C three times
a day for 5 weeks. In contrast, a 2020 systematic review
and meta-analysis of observational studies, demonstrated
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a correlation between serum vitamin C levels and hyper-
tension. According to this study, hypertensive subjects
showed significantly 15.13 pmol/L lower concentration of
serum vitamin C s compared to those classified as nor-
motensive (P=0.001). This study concluded that serum
vitamin C has an inverse significant relationship with
both diastolic systolic) and systolic blood pressure (both
P<0.00001) [43]. Vitamin C deficiency has a significant
impact on the development of pulmonary arterial hyper-
tension through mechanisms, such as impairments in
nitric oxide production, turnover of reactive oxygen spe-
cies, and oxygen sensing. In the presence of sufficient
vitamin C, nitric oxide synthase converts L-arginine into
L-citrulline to the generation of nitric oxide [44]. In a low
level of vitamin C condition, due to insufficient genera-
tion of endogenous endothelial nitric oxide, the increased
vascular tone in the pulmonary arteries and subsequently
development of pulmonary arterial hypertension can
result. Duvall et al. reported the association between pul-
monary hypertension, scurvy, and vitamin deficiencies
in an autistic child [44]. Such association was supported
repeatedly by other research [18, 45, 46]. Furthermore,
vitamin C due to its anti-oxygen species properties has a
protective effect in pulmonary arterial hypertension [47].
Given these findings, it is imperative to screen individu-
als who are susceptible to vitamin C deficiency before
undergoing anesthesia.

Vitamin D

A sufficient supply of vitamin D is crucial in terms of
appropriate brain development and nervous cell func-
tions [48]. Low concentrations of serum 25-hydroxy
vitamin D [25(OH)D] have been linked to various cog-
nitive impairments, such as dementia, cognitive impair-
ment, and delirium among hospitalized patients [49, 50].
According to a review study assessing the prevalence of
vitamin D deficiency, one out of every five Asian individ-
uals displayed significant vitamin D deficiency. This trend
was more prevalent amongst the elderly people, raising
concerns regarding public health [51]. A pooled analy-
sis involving 7.9 million participants worldwide revealed
that the rates of vitamin D deficiency (<30 nmol/L) and
insufficiency (30-50 nmol/L) were 15.7% and 32.2%,
respectively, between 2000 and 2022 [52]. A study high-
lighted that preoperative vitamin D deficiency is asso-
ciated with an increased rate of mortality of patients
(21.5% vs 6.3%, P=0.011) in the first year after geriat-
ric hip fracture surgery [53]. Based on the present sys-
tematic search, two retrospective studies [25, 26] have
reported that vitamin D deficiency especially in elderly
adults can increase the risk of experiencing postopera-
tive delirium. The study populations were patients aged
over 55 and 65 years with serum vitamin D levels lower
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than 25 and 30 ng/mL who underwent general anesthesia
due to coronary artery bypass graft and patients admit-
ted to ICU after non-cardiac and non-neurosurgical
surgeries. Both studies concluded that the likelihood of
developing postoperative delirium is significantly more
prevalent among patients with lower vitamin D concen-
trations. One of two studies found a 1.4 times higher risk
of delirium with every 10 ng/mL decrease in vitamin D
concentrations [26]. The two studies asserted delirium
due to preoperative vitamin D deficiency occurs more
frequently within the initial 2 days following the surgi-
cal procedure [25, 26]. The pathophysiologic cause of
delirium is not well understood, but a 2022 meta-analysis
involving 2673 patients demonstrated that preoperative
vitamin D deficiency increased the risk of postoperative
delirium and cognitive dysfunction (P<0.01) [54]. Such
evidence was confirmed by a subsequent meta-analysis
carried out by Fu et al. among hospitalized patients with
vitamin D deficiency [49]. Regarding the neuroprotective
role of vitamin D in influencing neuromediator synthesis
and preventing oxidative damage to nervous systems and
protecting neurons, the impact of insufficient vitamin
D levels in mental health conditions including delirium
and Alzheimer can be justified [48, 55]. Vitamin D also
mediates the inflammatory processes within the nervous
systems under certain circumstances and also impacts
systemic inflammation resulting in various pathological
manifestations, such as delirium [56]. Hence, we suggest
that surgeons and anesthesiologists consider the level of
vitamin D in elderly adults as a means of reducing the
incidence rate of delirium following surgery.

Vitamin K

Vitamin K is a fat-soluble derivative that is involved in
some physiological processes including bone metabolism,
blood clotting, and cardiovascular health. It serves as a
co-factor in facilitating the y-carboxylation of glutamic
acid, a posttranslational step in the synthesis of clotting
factors II, VII, IX, and X as well as prothrombin, osteo-
calcin, anticoagulants C, S and Z [57]. Vitamin K defi-
ciency may be commonly observed in typically healthy
adults ranging from 8 to 31% [58]. The significant symp-
toms associated with this deficiency contribute to bleed-
ing including spontaneous cutaneous purpura bleeding,
epistaxis bleeding, gastrointestinal bleeding, genitouri-
nary bleeding, and gingival bleeding [59]. Although vita-
min K deficiency is not frequently observed in adults, it
can manifest as a result of several reasons: (a) insufficient
content of vitamin K in the diet, (b) pathological condi-
tions, such as liver disorders, malignancies, malabsorp-
tion disorders, and bariatric surgical intervention, and
(c) pharmacotherapy mainly coumarin-based anticoagu-
lants [60-62]. Increased prothrombin time (PTT) was
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observed across all patients exhibiting deficient amounts
of vitamin K [15, 16]. On average, the presentation of epi-
dural hematoma was documented 28 h post-anesthesia
in patients afflicted with vitamin K deficiency [15, 16],
underscoring the importance of addressing insufficient
levels of vitamin K in individuals with multiple risk fac-
tors to prevent hemostatic complications. Subsequent to
the surgery, both patients experienced symptoms includ-
ing cramp pain, decreased force of four limbs, acute
paraplegia, and epidural hematoma emerging above 24 h
after the surgery. Eventually, a combination of interven-
tions including vitamin K supplementation, surgery for
decompression of hematoma, and removal of the epi-
dural catheter lead to complete or partial improvement.

Limitations and weaknesses

The reliance on English-language publications and the
exclusion of grey literature may have introduced publica-
tion bias and led to an incomplete representation of the
available evidence. The study predominantly highlights
specific vitamins (B12, D, K, C, B1l) while potentially
overlooking other nutritional deficiencies that could
impact anesthesia outcomes. Furthermore, confound-
ing factors such as medication use, socioeconomic status
and lifestyle choices may not have been adequately con-
trolled for, potentially influencing observed outcomes.
In addition, due to the small number of previous stud-
ies identified, a meta-analysis could not be conducted.
This limitation restricts the ability to perform a more
robust statistical synthesis of the data, which would have
allowed for a comprehensive evaluation of the relation-
ships between vitamin deficiencies and post-anesthesia
complications. Instead, the analysis relied on simple
counting and calculation of frequency and mean val-
ues for each variable, which may not adequately capture
the complexity of the associations or provide a nuanced
understanding of the impact of vitamin deficiencies on
patient outcomes. This approach may overlook impor-
tant interactions and variations that could emerge from
a more detailed statistical analysis, further limiting the
depth of insights gained from the study.

Conclusion

Based on the evidence from the reviewed studies, vita-
min deficiency can be considered a neglected risk fac-
tor for post-anesthesia complications. The main finding
of this study is a potential impairment of vitamin B12
functioning resulting in vitamin B12 deficiency follow-
ing general anesthesia under nitrous oxide. This study
indicates that patients with vitamin K deficiency are at a
higher risk of facing post-anesthesia consequences after
receiving local anesthesia, so central blocks should be
avoided in patients with abnormal PTT. We suggest that
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before surgery vitamin serum levels should be evaluated
in patients who display susceptibility towards vitamin
deficiency or exhibit clinical signs of vitamin deficiency.
In the event that a deficiency is detected, it becomes
essential to implement appropriate measures for vitamin
supplementation and modify the anesthesia procedure
accordingly.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/540001-025-02288-x.

[ Supplementary Material 1. }

Acknowledgements
Not applicable.

Author contributions

AN, AR-R, RB-S, AM, AB-M and SN participated in collecting and examining
the data. RB-S, AR-R, MG contributed to writing the manuscript and creating
figures. RB-S and AB-M collaborated on designing the study.

Funding
This research received no external funding.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
All authors gave consent for the publication.

Competing interests
The authors declare no competing interests.

Author details

'Department of Anesthesiology and Critical Care, Faculty of Medicine, Mash-
had University of Medical Sciences, Mashhad, Iran. 2Immunology Department,
Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran.
3MD, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad,
Iran. “Department of Community and Family Medicine, Faculty of Medicine,
Mashhad University of Medical Sciences, Mashhad, Iran.

Received: 3 May 2024 Accepted: 10 January 2025
Published online: 12 Iebruary 2025

References

1. Zambouri A. Preoperative evaluation and preparation for anesthesia and
surgery. Hippokratia. 2007;11(1):13-21.

2. RamazaniY, Nemati A, Moshiri M, Motie MR, Jomehpour H, Etemad L.
Gastric obstruction by opium packets: a case report. Addict Health.
2022;14(4):300.

3. Tobias JD. Preoperative anesthesia evaluation. Sem Pediatr Surg. 2018.
https://doi.org/10.1053/j.sempedsurg.2018.02.002.

4. WHO. Preventing and controlling micronutrient deficiencies in
populations affected by an emergency: multiple vitamin and mineral
supplements for pregnant and lactating women, and for children
aged 6 to 59 months 2006. https://www.who.int/publications/m/item/

(2025) 30:97

20.

AR

22.

23.

24.

25.

26.

27.

Page 14 of 15

WHO-WFP-UNICEF-statement-micronutrients-deficiencies-emergency.
Accessed 7 Apr 2006.

Mdller O, Krawinkel M. Malnutrition and health in developing countries.
CMAJ Can Med Assoc J. 2005;173(3):279-86.

Lupoli R, Lembo E, Saldalamacchia G, Avola CK, Angrisani L, Capaldo

B. Bariatric surgery and long-term nutritional issues. World J Diabetes.
2017;8(11):464-74.

Meyer M, Leiss F, Greimel F, Renkawitz T, Grifka J, Maderbacher G, et al.
Impact of malnutrition and vitamin deficiency in geriatric patients under-
going orthopedic surgery. Acta Orthop. 2021;92(3):358-63.

Flippo TS, Holder WD Jr. Neurologic degeneration associated with nitrous
oxide anesthesia in patients with vitamin B12 deficiency. Arch Surg.
1993;128(12):1391-5.

Blomberg Jensen M, Husted H, Bjerrum PJ, Juul A, Kehlet H. Compro-
mised activation of vitamin D after elective surgery: a prospective pilot
study. JBMR Plus. 2018;2(5):281-8.

. Hung KC, Lin YT, Chen KH, Wang LK, Chen JY, Chang YJ, et al. The effect of

perioperative vitamin ¢ on postoperative analgesic consumption: a meta-
analysis of randomized controlled trials. Nutrients. 2020;12(10):3109.

. Das S, Bej P Effect of Vitamin D supplementation on postoperative out-

comes in cardiac surgery patients: a systematic review. J Card Crit Care
TSS. 2022;6(03):195-200.

. Moola S, Munn Z, Tufanaru C. Systematic reviews of etiology and risk.

Adelaide: JBI; 2020. https://doi.org/10.46658/JBIMES-20-08.

. Singer MA, Lazaridis C, Nations SP, Wolfe Gl. Reversible nitrous oxide—

induced myeloneuropathy with pernicious anemia: case report and
literature review. Muscle Nerve. 2008;37(1):125-9.

. Gursoy AE, Kolukisa M, Babacan-Yildiz G, Celebi A. Subacute combined

degeneration of the spinal cord due to different etiologies and improve-
ment of MRI findings. Case Rep Neurol Med. 2013;2013:1-5.

. Rawley JT, Wu J, Fulton EE, Diep R, Jense R. Epidural hematoma in a

patient with undiagnosed vitamin K deficiency: a case report. Int J Clin
Case Rep Rev. 2021;7(2):1-4.

. Ladha A, Alam A, Idestrup C, Sawyer J, Choi S. Spinal haematoma

after removal of a thoracic epidural catheter in a patient with coagu-
lopathy resulting from unexpected vitamin K deficiency. Anaesthesia.
2013;68(8):856-60.

Quinn LA, Gilley SP, Ta AD, Frank BS, Foley CB, Moore JM. Case report: pul-
monary hypertensive crisis leading to cardiac arrest during endoscopic
evaluation in a 6-year-old boy with autism, severe malnutrition, and
undiagnosed scurvy. Front Pediatr. 2022;10:1008507.

Zavaleta JR, Burt N. Eighteenth century complications with 21st century
general anesthesia: a case report of scurvy. A&A Pract. 2020;14(1):15-7.
Kshirsagar SJ, Kute S, Bhalerao PM. Anaesthesia and intensive care man-
agement of shoshin beriberi in perioperative period in young adult. Ann
Card Anaesth. 2023;26(3):318-20.

Ahn SC, Brown AW. Cobalamin deficiency and subacute combined
degeneration after nitrous oxide anesthesia: a case report. Arch Phys Med
Rehabil. 2005;86(1):150-3.

Marié R-M, Le Biez E, Busson P, Schaeffer S, Boiteau L, Dupuy B, et al.
Nitrous oxide anesthesia—associated myelopathy. Arch Neurol.
2000;57(3):380-2.

Safari A, Emadi F, Jamali E, Borhani-Haghighi A. Clinical and MRI manifes-
tations of nitrous oxide induced vitamin B12 deficiency: a case report.
Iran J Neurol. 2013;12(3):111.

lIniczky S, Jelencsik |, Kenez J, Szirmai I. MR findings in subacute com-
bined degeneration of the spinal cord caused by nitrous oxide anaesthe-
sia—two cases. Eur J Neurol. 2002;9(1):101-4.

Felmet K, Robins B, Tilford D, Hayflick SJ. Acute neurologic decompensa-
tion in an infant with cobalamin deficiency exposed to nitrous oxide. J
Pediatr. 2000;137(3):427-8.

Tumer NB, Kunt AT, Gunaydin S, Ozisik K. Preoperative vitamin D level is
associated with postoperative delirium after cardiac surgery in patients
over 65 years of age. Heart Surg Forum. 2020. https://doi.org/10.1532/hsf.
2961.

QiuY, Sessler DI, Chen L, Halvorson S, Cohen B, Bravo M, et al. Preopera-
tive vitamin D deficiency is associated with postoperative delirium in
critically ill patients. J Intensive Care Med. 2022,37(5):655-62.

Hanna M, Jaqua E, Nguyen V, Clay J. Vitamins: functions and uses in medi-
cine. Perm J. 2022;26:39-97.


https://doi.org/10.1186/s40001-025-02288-x
https://doi.org/10.1186/s40001-025-02288-x
https://doi.org/10.1053/j.sempedsurg.2018.02.002
https://www.who.int/publications/m/item/WHO-WFP-UNICEF-statement-micronutrients-deficiencies-emergency
https://www.who.int/publications/m/item/WHO-WFP-UNICEF-statement-micronutrients-deficiencies-emergency
https://doi.org/10.46658/JBIMES-20-08
https://doi.org/10.1532/hsf.2961
https://doi.org/10.1532/hsf.2961

Bagheri Moghaddam et al. European Journal of Medical Research

28.

29.
30.
31

32.

33.

34

35.

36.
37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

Habibollahi P, Poureskandari M, Makouie M, Amiri H, Delice O, Rahimi A.
Evaluation of neurological symptoms of acute tramadol poisoning and its
relationship with laboratory findings. J Res Clin Med. 2023;11(1):7.

Marchi G, Busti F, Zidanes AL, Vianello A, Girelli D. Cobalamin deficiency in
the elderly. Mediterr J Hematol Infect Dis. 2020;12(1): €2020043.
Watanabe F. Vitamin B12 sources and bioavailability. Exp Biol Med.
2007,232(10):1266-74.

Green R, Allen LH, Bjarke-Monsen A-L, Brito A, Guéant J-L, Miller JW, et al.
Vitamin B12 deficiency. Nat Rev Dis Prim. 2017;3(1):1-20.

SashindranV, Aggarwal V, Khera A. Prevalence of Vitamin B12 deficiency
in elderly population (> 60 years) presenting with dementia to outpatient
department. Med J Armed Forces India. 2022;78(1):94-8.

Chevalier-Curt MJ, Grzych G, Tard C, Lannoy J, Deheul S, Hanafi R, et al.
Nitrous oxide abuse in the emergency practice, and Review of toxicity
mechanisms and potential markers. Food Chem Toxicol. 2022;162:112894.
Patel KK, Munne JCM, Gunness VRN, Hersey D, Alshafai N, Sciubba D, et al.
Subacute combined degeneration of the spinal cord following nitrous
oxide anesthesia: a systematic review of cases. Clin Neurol Neurosurg.
2018;173:163-8.

Krajewski W, Kucharska M, Pilacik B, Fobker M, Stetkiewicz J, Nofer J-R,

et al. Impaired vitamin B12 metabolic status in healthcare workers occu-
pationally exposed to nitrous oxide. Br J Anaesth. 2007;99(6):812-8.
Massey TH, Pickersgill TT, Peall KJ. Nitrous oxide misuse and vitamin B12
deficiency. Case Rep. 2016;2016: bcr016215728.

Stockton L, Simonsen C, Seago S. Nitrous oxide-induced vitamin B12
deficiency. Proceedings. 2017;30(2):171.

Morris N, Lynch K, Greenberg SA. Severe motor neuropathy or neu-
ronopathy due to nitrous oxide toxicity after correction of vitamin B12
deficiency. Muscle Nerve. 2015;51(4):614-6.

Hathout L, EI-Saden S. Nitrous oxide-induced B12 deficiency myelopathy:
perspectives on the clinical biochemistry of vitamin B12. J Neurol Sci.
2011;301(1-2):1-8.

Duque MA, Kresak JL, Falchook A, Harris NS. Nitrous oxide abuse and
vitamin B12 action in a 20-year-old woman: a case report. Lab Med.
2015;46(4):312-5.

Walingo K. Role of vitamin C (ascorbic acid) on human health-a review.
Afr J Food Agric Nutr Dev. 2005;5(1):1-12.

Carr AC, Rowe S. Factors affecting vitamin C status and prevalence of
deficiency: a global health perspective. Nutrients. 2020;12(7):1963.

Ran L, Zhao W, Tan X, Wang H, Mizuno K, Takagi K, et al. Associa-

tion between serum vitamin C and the blood pressure: a systematic
review and meta-analysis of observational studies. Cardiovasc Ther.
2020;2020:1-11.

Duvall MG, Pikman Y, Kantor DB, Ariagno K, Summers L, Sectish TC, et al.
Pulmonary hypertension associated with scurvy and vitamin deficiencies
in an autistic child. Pediatrics. 2013;132(6):e1699-703.

Dean T, Kaushik N, Williams S, Zinter M, Kim P. Cardiac arrest and
pulmonary hypertension in scurvy: a case report. Pulm Circ.
2018;9(1):2045894018812052.

Ferreira CCG, Belfort DDSP, Neto PMC, da Cruz Gouveia PA. Reversible pul-
monary hypertension secondary to scurvy in a patient with a psychiatric
disorder: a case report and literature review. Eur J Case Rep Intern Med.
2020;7(2):001404.

Jernigan NL, Naik JS, Weise-Cross L, Detweiler ND, Herbert LM, Yellowhair
TR, et al. Contribution of reactive oxygen species to the pathogenesis of
pulmonary arterial hypertension. PLoS ONE. 2017;12(6): e0180455.
Wrzosek M, tukaszkiewicz J, Wrzosek M, Jakubczyk A, Matsumoto H,
Pigtkiewicz P, et al. Vitamin D and the central nervous system. Pharmacol
Rep. 2013;65(2):271-8.

Fu N, Miao M, Li N, Zeng S, Zhu R, Zhang J. Association between vitamin
D concentration and delirium in hospitalized patients: a meta-analysis.
PLoS ONE. 2023;18(2): €0281313.

Amrein K, Scherkl M, Hoffmann M, Neuwersch-Sommeregger S, Kosten-
berger M, Tmava Berisha A, et al. Vitamin D deficiency 2.0: an update on
the current status worldwide. Eur J Clin Nutr. 2020;74(11):1498-513.
Jiang Z, Pu R, LiN, Chen C, Li J, Dai W, et al. High prevalence of vitamin D
deficiency in Asia: a systematic review and meta-analysis. Crit Rev Food
Sci Nutr. 2023;63(19):3602-11.

Cui A ZhangT, Xiao P, Fan Z, Wang H, Zhuang Y. Global and regional
prevalence of vitamin D deficiency in population-based studies from

(2025) 30:97

Page 15 of 15

2000 to 2022: a pooled analysis of 7.9 million participants. Front Nutr.
2023;10:1070808.

53. FuG,Wu R, Zhang R, Chen D, Li H, Zheng Q, et al. Preoperative vitamin
D deficiency is associated with increased one-year mortality in Chinese
geriatric hip fracture patients—a propensity score matching study. Clin
Interv Aging. 2023;18:263-72.

54. Hung K-C, Wang LK, Lin Y-T, Yu C-H, Chang C-Y, Sun C-K, et al. Associa-
tion of preoperative vitamin D deficiency with the risk of postopera-
tive delirium and cognitive dysfunction: a meta-analysis. J Clin Anesth.
2022;79:110681.

55. Mokry LE, Ross S, Morris JA, Manousaki D, Forgetta V, Richards JB. Geneti-
cally decreased vitamin D and risk of Alzheimer disease. Neurology.
2016;87(24):2567-74.

56. Anjum |, Jaffery SS, Fayyaz M, Samoo Z, Anjum S. The role of vitamin D in
brain health: a mini literature review. Cureus. 2018;10(7): €2960.

57. Wen L, Chen J, Duan L, Li S. Vitamin K-dependent proteins involved in
bone and cardiovascular health. Mol Med Rep. 2018;18(1):3-15.

58. Eden RE, Coviello JM. Vitamin K deficiency. Treasure Island: StatPearls;
2019.

59. Mladénka P, Macakova K, Kujovskd Kr¢mova L, Javorska L, Mrstnd K,
Carazo A, et al. Vitamin K-sources, physiological role, kinetics, deficiency,
detection, therapeutic use, and toxicity. Nutr Rev. 2022;80(4):677-98.

60. LaiY, MasatoshiH, MaY, Guo Y, Zhang B. Role of vitamin Kin intestinal
health. Front Immunol. 2022;12:791565.

61. Gaol,Wang F, ChenY, Li F, Han B, Liu D. The antithrombotic activity of
natural and synthetic coumarins. Fitoterapia. 2021;154:104947.

62. Yan Q, Zhang T, O'Connor C, Barlow JW, Walsh J, Scalabrino G, et al. The
biological responses of vitamin K2: a comprehensive review. Food Sci
Nutr. 2023;11(4):1634-56.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Vitamin deficiency, a neglected risk factor for post-anesthesia complications: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Search strategy
	Data extraction
	Quality assessment (risk-of-bias)
	Data synthesis

	Results
	Discussion
	Vitamin B1 (thiamine)
	Vitamin B12 (cobalamin)
	Vitamin C (ascorbic acid)
	Vitamin D
	Vitamin K
	Limitations and weaknesses

	Conclusion
	Acknowledgements
	References


