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ABSTRACT

Objectives: Acute kidney injury (AKI) is a common and critically important clinical entity in geriatric age
group. In addition, higher mortality rates are seen in cases requiring intensive care treatment. We have aimed to
investigate the effect of vitamin B12 and albumin levels on mortality in critically ill geriatric patients with AKI.
Methods: Geriatric patients hospitalised in the Intensive Care Unit with a diagnosis of AKI between
07.01.2014-07.01.2015 were retrospectively screened and included in the study. Two groups were formed from
discharged and exited patients. General characteristics and laboratory values of the patients were scanned from
the hospital archives and recorded. Statistically significant intergroup differences in terms of demographic
characteristics, and biochemical values were determined by statistical analysis.

Results: A total of 103 patients, including 53 females were enrolled in the study, while 72.2% of the patients
had prerenal AKI. The mortality rate was 47.57% in all patients. There was no difference between groups in
terms of mortality rates, etiologic factors and KDIGO staging. Vitamin B12 was high and alblimin was low
the group who succumbed to death. In addition, mortality rates increased by 10% for every 100 units increase
in vitamin B12 value and decreased by 22% for every 10 units increase in albumin value.

Conclusions: We have determined that an increase in albumin levels during clinical follow-up decreased mor-
tality rates and an increase in vitamin B12 levels directly increased mortality rates. Hypoalbuminemia and
high vitamin B12 levels were found to be independent predictive factors for mortality in AKI.
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he geriatric population is defined as the pop-
ulation of people aged 65 years and older [1].
With aging, morphological changes occur in
the kidneys such as anatomical reduction in renal size
and decrease in parenchymal volume, and functional
changes such as decrease in renal blood flow and
glomerular filtration rate (GFR). In addition, chronic
diseases such as hypertension (HT), diabetes mellitus

(DM), heart failure (HF) etc., which have a high
prevalence in the elderly population, increase the risk
of adverse structural and functional changes in the kid-
neys with aging [2]. As is known the incidence of
acute kidney injury (AKI) increases in the elderly pop-
ulation compared to younger individuals [3]. AKI is
defined as the development of functional abnormality
in the kidneys within hours or days [4]. Functional ab-
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normality parameters include the rate and relative ratio
of increase in serum creatinine levels and the amount
of urine formed in a certain period of time. Three
stages have been defined according to these parame-
ters in the classification of KDIGO [5]. Renal dysfunc-
tion frequently improves in AKI and the prognosis is
good. The geriatric population and the patients who
need intensive care have higher mortality rates, need
renal replacement therapy (RRT) more often and per-
manent loss of renal function is observed more fre-
quently [6].

Albumin is a natural protein produced in the liver.
Its half-life is 18 days and it has different physiologic
effects and functions. The most important of these are
maintenance of plasma oncotic pressure, and acid-base
balance, hormone and drug transport, and regulation
of the immune system.7 Albumin is also a negative
acute phase reactant. A decrease in albumin levels
below 30 g/L is defined as hypoalbuminemia and is
frequently detected in critically ill patients [8].

Vitamin B12 is not produced in the body and must
be taken from outside and its deficiency is associated
with anemia and neuropsychiatric disorders [9]. Defi-
ciency may be observed in nutritional disorders and
gastrointestinal system diseases that cause malabsorp-
tion [10]. High vitamin B12 levels may be related to
iatrogenic causes or may be observed in diseases in-
cluding liver disease, polycythemia vera, leukemia and
chronic kidney disease (CKD) [11]. In addition, a re-
lationship between high vitamin B12 levels and in-
flammatory parameters has been shown [12].

In our study, we have aimed to investigate the ef-
fect of vitamin B12 and albumin levels on survival in
geriatric patients with AKI who were hospitalised in
the internal medicine intensive care unit.

METHODS

This study was planned as a retrospective screening
study of geriatric patients with AKI hospitalized in the
Internal Medicine Intensive Care Unit of Kiitahya
Health Sciences University Evliya Celebi Training and
Research Hospital between 07.01.2014 and
07.01.2015.

Inclusion Criteria
Patients aged 65 years and older who were hospi-

talized in the internal medicine intensive care unit with
a diagnosis of acute kidney injury were included in the
study. The KDIGO (Kidney Disease: Improving
Global Outcomes) guidelines were used for the diag-
nosis and staging of AKI [5].

Exclusion Criteria

Patients under 65 years of age, those who were
discharged within the first 48 hours of their admission
to ICU, and cases with a diagnosis of chronic renal
failure who were on renal replacement therapy pro-
gram were not included in the study.

Data Collection

Patients who were discharged from the intensive
care unit (Group 1) and patients who did not survive
(Group 2) were allocated into two separate groups. Be-
sides, patients were also assessed in categories of pre-
renal, renal, and postrenal AKI according to the
etiology of AKI.

Archival information was gathered concerning
age, gender, comorbidities, diagnosis at intensive care
unit admission, length of ICU stay, need for hemodial-
ysis, and clinical outcomes of the patients. Relevant
laboratory parameters [BUN, creatinine, uric acid, al-
bumin, globulin, CRP, ferritin, B12, TSH, WBC, neu-
trophil, lymphocyte, Hgb, MCV, RDW, Plt, MPV]
were recorded from the hospital information system.
In addition, the albumin/globulin ratio and
neutrophil/lymphocyte ratio (NLR) were calculated
and recorded.

Ethical Statement

Ethical approval was received from the ethics
committee of Kiitahya Health Sciences University
Faculty of Medicine with the decision dated
24.02.2021 and numbered 2021/03-15. The study was
conducted by the Declaration of Helsinki.

Statistical Analysis

Statistical analyses were performed with the help
of SPSS version 17.0 program. The conformity of the
variables to normal distribution was examined by his-
togram plots and Kolmogorov-Smirnov test. Mean,
standard deviation, median, minimum, and maximum
values were used in descriptive analyses. Categorical
variables were compared with Pearson chi-square test.
Mann-Whitney U test was used for non-normally dis-
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tributed (nonparametric) variables between two
groups. Kaplan-Meier analysis was used for univariate
and Cox regression analysis for multivariate analysis.
P-values below 0.05 were considered statistically sig-
nificant.

RESULTS

A total of 103 patients, including 50 males and 53 fe-
males, were enrolled in the study. The mortality rate
was 47.57% (n:49). The most common indications for
admission were prerenal (72.2%), renal (22.33%) and
postrenal (4.85%) AKI in respective percentages of
patients. Etiologic factors for prerenal (infection:
65.33%, and dehydration: 20%), renal (infection:
72.73%, and toxic nephropathy 27.27%), postrenal
AKI (% prostatic hyperplasia: 60%, and various ma-

lignancies: 40%) were identified in different propor-
tions of patients as indicated.

According to KDIGO staging; patients had stage
1 (33.98%), stage 2 (36.89%), and stage 3 (29.13%)
AKI. A total of 34 patients (33.01%) received renal re-
placement therapy (RRT) (Table 1).

General and etiologic factors were compared be-
tween the groups (Table 2). Any significant difference
could not be found between groups in terms of gender,
etiology, KDIGO staging and need for RRT when
evaluated using the chi-square test.

Differences between the groups in terms of age, du-
ration of hospitalization in days, and laboratory param-
eters were analyzed using the Mann-Whitney U test
(Table 3). WBC, Neutrophil, NLR, RDW, MPV, B12,
and CRP levels were statistically significantly higher in
the non-surviving group. In addition, albumin, A/G ratio
and creatinine levels were lower in this group.

Table 1. General characteristics and etiologies of AKI in all patients

n %
Sex Male 50 48.54
Female 53 51.46
Patient outcomes Discharged 54 52.43
Exitus 49 47.57
Types of AKI Prerenal 75 2.82
Renal 23 2.33
Postrenal 5 4.85
Causes of prerenal AKI Sepsis 49 65.33
Dehydration 15 20.00
Cardiovascular disease 7 9.33
Chronic liver disease 4 533
Causes of renal AKI Infection 16 72.73
Toxic nephropathy 27.27
Causes of postrenal AKI Prostatic hyperplasia 60.00
Malignancy 40.00
KDIGO stages of AKI Stage 1 35 33.98
Stage 2 38 36.89
Stage 3 30 29.13
Renal replacement therapy Yes 34 33.01
No 69 66.99

AKI=Acute Kidney Injury, KDIGO=Kidney Disease: Improving Global Outcomes Clinical Practice Guideline for Acute

Kidney Injury
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Table 2. Demographic characteristics and etiologic factors of AKI in both groups

Group 1 Group 2 P value*
n % n %

Sex Male 27 54.00 23 46.00 0.756
Female 27 50.94 26 49.06

Types of AKI Pre-renal 38 50.67 37 49,33 0.445
Renal 12 52.17 11 7.83
Pos-trenal 4 80.00 1 20.00

Causes of prerenal AKI Sepsis 28 57.14 21 42,86 0.096
Dehydration 8 53.33 7 46,67
Cardiovascular disease 2 28.57 5 71.43
Chronic liver disease 0 0.00) 4 100.00

Causes of renal AKI Infection 9 56.25 7 43.75 0.793
Toxic nephropathy 3 50.00 3 50,00

Causes of postrenal AKI Prostatic hyperplasia 3 100.00 0 0.00 0.171
Malignancy 1 50.00 1 50.00

KDIGO stages of AKI Stage 1 14 40.00) 21 60.00 0.40
Stage 2 24 63.16 14 36.84
Stage 3 16 53.33 14 6.67

Renal replacement therapy No 37 53.62 32 46.38 0.729
Yes 17 50.00) 17 50.00

AKI=Acute Kidney Injury, KDIGO=Kidney Disease: Improving Global Outcomes Clinical Practice Guideline for Acute

Kidney Injury
*Chi-Square Test

Cox regression analysis was performed with the val-
ues that were significantly correlated with mortality
(Table 4). Accordingly, one unit increase in albumin
value decreased the mortality risk by 0.221 times
(95% CI: 0.062-0.789), and one unit increase in B12
value increased the mortality risk by 1.001 times (95%
CI: 1.000-1.002).

DISCUSSION

In our study, we found that prerenal causes were more
frequent in geriatric patients hospitalised in intensive
care unit with the diagnosis of AKI, and high vitamin
B12 and low albumin levels were directly associated
with increased mortality risk. In addition, RDW, MPV
and CRP levels were higher in the nonsurvived group.

With aging, structural and functional changes

occur in the kidneys such as decreased parenchymal
tissue, glomerulosclerosis, thickening of the glomeru-
lar basement membrane, decreased renal blood flow,
and glomerular filtration rate [13, 14]. Because of
these changes, the incidence of AKI is higher in the
elderly population. In individuals over 70 years of age,
AKI is detected 3.5 times more frequently than in
younger individuals [5]. The mean age of the patients
included in our study was 77.3147.77 years. Develop-
ment of AKI in elderly individuals is frequently due
to iatrogenic and multifactorial causes. The most com-
mon causes are the use of nephrotoxic drugs or agents
such as NSAIDs, diuretics, and radiocontrast agents
[15]. In a multicenter study, the rate of development
of AKI during hospitalization was found to be 48% in
patients over 80 years of age with normal renal func-
tion tests at the time of hospitalization [16]. Prerenal
azotemia is the second most common cause of AKI
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Table 3. Comparison of laboratory parameters and demographic factors between groups

Group 1 Group 2 P value*
Mean+SD Median Mean+SD Median
Age (years) 76.98+7.12 78.00 77.67+£8.49 79.00 0.624
Hospitalization (days) 10.74+8.72 8.00 15.88£19.15 9.00 0.352
WBC (10°/uL) 12.80+5.98 11.30 15.36+7.15 14.70 0.037
Neutrophil (10°/uL) 11.04+5.63 9.55 13.52 (6.86) 12.50 0.032
Lymphocyte (10°/uL) 0.98+0.60 0.80 0.98+0.70 .60 0.501
NLR 14.88+10.00 12.42 20.04+14.48 16.08 0.090
Hemoglobin (g/dL) 11.46+2.19 11.20 11.42+1.90 11.60 0.840
RDW (%) 16.08+2.51 15.30 17.57+2.93 16.60 0.001
Platelets (10°/uL) 238.63+£111.94 234.00 227.76£165.24 203.00 0.170
MPYV (fL) 8.55+1.41 8.20 9.21£1.26 9.30 0.003
MCYV (fL) 87.30+5.62 87.40 88.04+7.55 86.80 0.820
Uric acid (umol/L) 9.32+3.53 9.00 8.77+3.77 8.00 0.265
Albumin (g/dL) 31.2+4.4 31.0 27.4+5.9 27.0 0.000
A/G Ratio 1.08+0.22 1.06 0.97+0.31 0.96 0.008
Ferritin (ng/L) 323.26+321.31 263.50 544.09+511.80 270.00 0.071
VitaminB12 (pg/mL) 614.62+491.82 446.50 863.67+533.41 853.00 0.038
TSH (mIU/L) 1.70£2.51 79 1.90£3.15 1.08 0.522
CRP (mg/L) 102.00+88.22 79.90 132.86+85.47 124.30 0.021
HCO; (mmol/L) 19.46+6.15 19.15 18.17+6.73 18.70 0.333
Urea (mmol/L) 189.44+104.36 162.50 155.22+68.47 151.00 0.137
Creatinine (mmol/L) 4.57£3.72 3.32 3.00£2.12 2.50 0.011
BUN (mg/dL) 89.11+45.15 76.50 71.96+32.23 71.00 0.060
BUN/Crea Ratio (%) 24.55+11.12 23.95 29.02+12.72 26.66 0.090

WBC=White Blood Cell, NLR=Neutrophil-to-Leucocyte Ratio, RDW=Red Cell Distribution Width, MPV=Mean Platelet
Volume, MCV=Mean Corpuscular Volume, A/C= Albumin/Globulin Ratio, TSH=Thyroid Stimulating Factor, CRP=C-
reactive Protein, BUN=Blood Urea Nitrogen, SD=Standard Deviation

*Mann- Whitney U Test

[17]. Dehydration (fluid loss through gastrointestinal
tract, diuretic use, and decreased fluid intake, etc.) and
decreased effective plasma volume (sepsis, and heart
failure, etc.) are the causes of prerenal azotemia. Some
studies have shown that sepsis is the most common in-
dication for hospitalisation of the patients with AKI in
the intensive care unit [18, 19]. In our study, prerenal
causes were found more frequently in accordance with
the literature. Among prerenal causes, sepsis was the
most frequently detected cause and no significant dif-
ference was found in mortality rates regarding differ-

ent etiologic causes of AKI.

Albumin plays an essential role in the mainte-
nance of serum oncotic pressure and also has regula-
tory functions on the immune system [7]. Serum
albumin levels may decrease in severe inflammations,
in cases where albumin synthesis decreases due to he-
patocyte injury and in cases of increased albumin de-
pletion through renal route [20]. Hypoalbuminemia is
known to be associated with increased mortality and
morbidity rates independent of the underlying disease
[21]. A meta-analysis of 90 studies conducted in crit-
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Table 4. Biochemical parameeters affecting mortality (Cox Regression analysis)

B SE P value Exp(B) 95,0% CI for Exp(B)

Lower Upper
WBC -0.403 0.215 0.061 0.668 0.439 1.018
Neutrophil 0.443 0.233 0.057 1.557 0.987 2.457
RDW -0.004 0.082 0.958 0.996 0.848 1.169
MPV 0.017 0.171 0.921 1.017 0.728 1.422
Albumin -1.512 0.651 0.020 0.221 0.062 0.789
A/G ratio 0.485 0.816 0.552 1.624 0.328 8.043
Vitamin B12 0.001 0.000 0.043 1.001 1.000 1.002
CRP -0.002 0.003 0.347 0.998 0.992 1.003
Creatinine -0.094 0.129 0.466 0.910 0.708 1.171

WBC=White Blood Cell, RDW=Red Cell Distribution Width, MPV=Mean Platelet Volume, MCV= Mean Corpuscular

Volume, CRP=C-reactive Protein

ically 1ll patients hospitalised in intensive care units,
has shown that a 10 g/L decrease in albumin level
caused a 137% increase in mortality rates and a 71%
increase in hospital stay [22]. In another study, it was
shown that low serum albumin level was a significant
independent factor predicting the development of AKI
[23]. In our study, serum albumin levels were signifi-
cantly lower in the nonsurvived group. In addition,
mortality rates decreased by 22% for every 10 g/L in-
crease in serum albumin levels. In parallel with other
studies conducted in critically ill patients, serum albu-
min was found to be an independent factor predicting
mortality in critically ill geriatric patients diagnosed
with AKI.

Although many studies have been conducted on
health problems that may develop due to vitamin B12
deficiency, limited information is available on health
problems that may develop due to its excess. B12, a
water-soluble vitamin, plays a critical role in maintain-
ing cellular functions, erythrocyte formation and me-
tabolism of homocysteine [10]. It is now known that
increased serum vitamin B12 levels are associated with
systemic inflammatory response syndrome (SIRS), and
impaired liver and kidney functions [24]. However, the
effect of increased serum vitamin B12 levels in the de-
velopment of AKI is not known exactly. In various
studies elevated vitamin B12 levels have been associ-
ated with severe degrees of inflammation. Corcoran et
al. [25] showed that increased CRP levels were corre-

lated with high vitamin B12 levels in intensive care
unit patients.25 Similarly, it has been showed that high
vitamin B12 levels were associated with increased
CRP levels. These findings suggest that increased vi-
tamin B12 levels with their toxic inflammatory effects
may induce development of kidney damage. In a mul-
ticenter study by House et al. [26], a decrease in GFR
was observed after administration of high-dose vitamin
B complex (containing vitamin B12) to patients with
diabetic nephropathy. It was shown that increased
serum vitamin B12 levels elevate the risk of developing
AKI in patients undergoing liver transplantation and
vitamin B12 level was a predictive factor for the de-
velopment of AKI [26]. Besides relatively higher vita-
min B12 levels were associated with increased rates of
hospital mortality in adult patients [27]. As a result of
these studies, it is obvious that vitamin B12 elevation
is not innocent and further studies are needed to reveal
its adverse effects. In our study, significantly higher
serum vitamin B12 levels were detected in the nonsur-
vived patient group. It was also shown that every 100
unit increase in serum vitamin B12 levels caused a
10% increase in mortality rates. According to these re-
sults, it can be said that vitamin B12 level is an inde-
pendent predictive factor for mortality. It is possible
that extremely high serum vitamin B12 levels may in-
crease mortality rates by inducing the development and
exacerbation of AKI and by contributing to the exac-
erbation of inflammation.
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Limitations

Our study has some limitations. Retrospective de-
sign and small patient group can be listed. In addition,
the fact that the effect of additional comorbid diseases
could not be fully evaluated due to its retrospective
design can be considered as a limitation. There is a
need to support the findings with large patient groups
and prospective studies.

CONCLUSION

It is known that AKI is a frequently detected clinical
condition among inpatients, and morbidity and mor-
tality rates are higher both among patients hospitalised
in the intensive care unit and in the geriatric age group.
In the geriatric age group, the presence of additional
parameters that will help in the evaluation of treatment
efficacy and disease severity and predict mortality is
thought to aid clinicians in patient follow-up.

It should be known, and taken into consideration
that high vitamin B12 levels may exert toxic effects in
AKI and increase mortality rates in patients with AKI.
It is necessary to be more careful about vitamin B12
replacement in the geriatric age group.

Serum albumin levels decrease in critically ill pa-
tients and the presence of infection. It should be
known that a low albumin level will have a negative
effect on the clinical status of patients with potential
development of immune system defects, while an in-
crease in serum albumin levels has a mortality-reduc-
ing effect. In geriatric patients hospitalised in the
intensive care unit, applications to increase albumin
levels should always be evaluated and albumin re-
placement should be considered frequently in case of
need.

Authors’ Contribution

Study Conception: SE, TPK; Study Design: SE, TPK;
Supervision: SE, TPK; Funding: SE, TPK; Materials:
SE, TPK; Data Collection and/or Processing: SE,
TPK; Statistical Analysis and/or Data Interpretation:
SE, TPK; Literature Review: SE, TPK; Manuscript
Preparation: SE, TPK and Critical Review: SE, TPK.

Ethics Approval
Ethical approval was received from the ethics
committee of Kiitahya Health Sciences University

Faculty of Medicine with the decision dated
24.02.2021 and numbered 2021/03-15.

Conflict of interest
The authors disclosed no conflict of interest during
the preparation or publication of this manuscript.

Financing
The authors disclosed that they did not receive any
grant during conduction or writing of this study.

REFERENCES

1. Orimo H. [Reviewing the definition of elderly]. Nihon Ronen
Igakkai Zasshi. 2006;43(1):27-34. doi: 10.3143/geriatrics.43.27.
[Article in Japanese]

2. Lameire N, Nelde A, Hoeben H, Vanholder R. Acute renal fail-
ure in the elderly. Geriatr Nephrol Urol. 1999;9(3):153-165. doi:
10.1023/a:1008322515136.

3. Pascual J, Orofino L, Liano F, et al. Incidence and prognosis
of acute renal failure in older patients. J Am Geriatr Soc.
1990;38(1):25-30. doi: 10.1111/5.1532-5415.1990.tb01592 x.

4. Molitoris B. Acute Kidney Injury. In: Goldman L, Schafer Al,
editors. Goldman-Cecil Medicine. 26th ed. Philadelphia: Else-
vier; 2020: p. 748-753.

5. KDIGO AKI Work Group. KDIGO clinical practice guideline
for acute kidney injury. Kidney Int Suppl. 2012;2(1):1-138.

6. Lou LM, Boned B, Gimeno JA, et al. [Characteristics of acute
renal failure in elderly patients admitted to a small town hospital].
Nefrologia. 2002;22(6):547-554. [Article in Spanish]

7. Peters T. Albumin. San Diego: Academic Press; 1995.

8. Dubois MJ, Orellana-Jimenez C, Melot C, et al. Albumin ad-
ministration improves organ function in critically ill hypoalbu-
minemic patients: A prospective, randomized, controlled, pilot
study. Crit Care Med. 2006;34(10):2536-2540. doi:
10.1097/01.CCM.0000239119.57544.0C.

9. Stabler SP. Clinical practice. Vitamin B12 deficiency. N Engl
J Med. 2013;368(2):149-160. doi: 10.1056/NEJMcp1113996.
10. Capelli I, Cianciolo G, Gasperoni L, et al. Folic Acid and Vi-
tamin B12 Administration in CKD, Why Not? Nutrients.
2019;11(2):383. doi: 10.3390/nu11020383.

11. Carmel R, Vasireddy H, Aurangzeb I, George K. High serum
cobalamin levels in the clinical setting--clinical associations and
holo-transcobalamin ~ changes. Clin Lab  Haematol.
2001;23(6):365-371. doi: 10.1046/j.1365-2257.2001.00134.x.
12. Geissbiihler P, Mermillod B, Rapin CH. Elevated serum vi-
tamin B12 levels associated with CRP as a predictive factor of
mortality in palliative care cancer patients: a prospective study
over five years. J Pain Symptom Manage. 2000;20(2):93-103.
doi: 10.1016/s0885-3924(00)00169-x.

13. Beck LH. Changes in renal function with aging. Clin Geriatr
Med. 1998;14(2):199-209.

14. Hoang K, Tan JC, Derby G, et al. Determinants of glomerular
hypofiltration in aging humans. Kidney Int. 2003

The European Research Journal


https://doi.org/10.3143/geriatrics.43.27
https://doi.org/10.1023/a:1008322515136
https://doi.org/10.1111/j.1532-5415.1990.tb01592.x
https://doi.org/10.1097/01.ccm.0000239119.57544.0c
https://doi.org/10.1056/nejmcp1113996
https://doi.org/10.3390/nu11020383
https://doi.org/10.1046/j.1365-2257.2001.00134.x
https://doi.org/10.1016/s0885-3924(00)00169-x

Eur Res J. 2024

Effect of vitamin B12 and albumin levels on acute renal failure in the elderly patient

Oct;64(4):1417-1424. doi: 10.1046/5.1523-1755.2003.00207 x.
15. Johnson TM 2nd, Miller M, Pillion DJ, Ouslander JG. Argi-
nine vasopressin and nocturnal polyuria in older adults with fre-
quent nighttime voiding. J Urol. 2003;170(2 Pt 1):480-484. doi:
10.1097/01.ju.0000071406.18453.5f.

16. Liafio F, Pascual J. Epidemiology of acute renal failure: a
prospective, multicenter, community-based study. Madrid Acute
Renal Failure Study Group. Kidney Int. 1996;50(3):811-818. doi:
10.1038/ki.1996.380.

17. Pascual J, Liaiio F. Causes and prognosis of acute renal failure
in the very old. Madrid Acute Renal Failure Study Group. J Am
Geriatr  Soc.  1998;46(6):721-725. doi: 10.1111/5.1532-
5415.1998.tb03807.x.

18. Bagshaw SM, Uchino S, Bellomo R, et al; Beginning and
Ending Supportive Therapy for the Kidney (BEST Kidney) In-
vestigators. Septic acute kidney injury in critically ill patients:
clinical characteristics and outcomes. Clin J Am Soc Nephrol.
2007;2(3):431-439. doi: 10.2215/CJN.03681106.

19. Hoste EA, Lameire NH, Vanholder RC, Benoit DD, Decruye-
naere JM, Colardyn FA. Acute renal failure in patients with sepsis
in a surgical ICU: predictive factors, incidence, comorbidity, and
outcome. J Am Soc Nephrol. 2003;14(4):1022-1030. doi:
10.1097/01.asn.0000059863.48590.¢9.

20. Mehta RL, Bouchard J, Soroko SB, et al; Program to Improve
Care in Acute Renal Disease (PICARD) Study Group. Sepsis as
a cause and consequence of acute kidney injury: Program to Im-
prove Care in Acute Renal Disease. Intensive Care Med.

2011;37(2):241-8. doi: 10.1007/s00134-010-2089-9.

21. Bagshaw SM, George C, Bellomo R; ANZICS Database
Management Committee. Early acute kidney injury and sepsis: a
multicentre evaluation. Crit Care. 2008;12(2):R47. doi:
10.1186/cc6863.

22. Vincent JL, Wilkes MM, Navickis RJ. Safety of human albu-
min--serious adverse events reported worldwide in 1998-2000.
Br J Anaesth. 2003;91(5):625-630. doi: 10.1093/bja/aeg233.
23. Wiedermann CJ, Wiedermann W, Joannidis M. Hypoalbu-
minemia and acute kidney injury: a meta-analysis of observational
clinical studies. Intensive Care Med. 2010;36(10):1657-1665. doi:
10.1007/s00134-010-1928-z.

24, Romain M, Sviri S, Linton DM, Stav I, van Heerden PV. The
role of Vitamin B12 in the critically ill--a review. Anaesth Intensive
Care. 2016;44(4):447-452. doi: 10.1177/0310057X1604400410.
25. Corcoran TB, O'Neill MP, Webb SA, Ho KM. Inflammation,
vitamin deficiencies and organ failure in critically ill patients.
Anaesth  Intensive  Care.  2009;37(5):740-747.  doi:
10.1177/0310057X0903700510.

26. House AA, Eliasziw M, Cattran DC, et al. Effect of B-vitamin
therapy on progression of diabetic nephropathy: a randomized
controlled trial. JAMA. 2010;303(16):1603-1609. doi:
10.1001/jama.2010.490.

27. Cappello S, Cereda E, Rondanelli M, et al. Elevated Plasma
Vitamin B12 Concentrations Are Independent Predictors of In-
Hospital Mortality in Adult Patients at Nutritional Risk. Nutri-
ents. 2017;9(1):1. doi: 10.3390/mu9010001.

The European Research Journal


https://doi.org/10.1046/j.1523-1755.2003.00207.x
https://doi.org/10.1097/01.ju.0000071406.18453.5f
https://doi.org/10.1038/ki.1996.380
https://doi.org/10.1111/j.1532-5415.1998.tb03807.x
https://doi.org/10.1111/j.1532-5415.1998.tb03807.x
https://doi.org/10.2215/cjn.03681106
https://doi.org/10.1097/01.asn.0000059863.48590.e9
https://doi.org/10.1007/s00134-010-2089-9
https://doi.org/10.1186/cc6863
https://doi.org/10.1093/bja/aeg233
https://doi.org/10.1007/s00134-010-1928-z
https://doi.org/10.1177/0310057x1604400410
https://doi.org/10.1177/0310057x0903700510
https://doi.org/10.1001/jama.2010.490
https://doi.org/10.3390/nu9010001

