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ABSTRACT

Background: The role of methylene blue (MB) and hydroxocobalamin (B12) in treating patients with vasoplegic
syndromes remains uncertain.

Objective: This systematic review aimed to assess the effects of MB and hydroxocobalamin on patients with
vasoplegic syndromes following surgery.

Methods: A systematic search was conducted for articles reporting the use of MB and hydroxocobalamin in
vasoplegic syndromes. The databases PubMed, ScienceDirect, Cochrane Library, Springer, Scopus, and medRxiv
were systematically searched up to 9 June 2024. Clinical outcomes, hemodynamic outcomes, length of stay (LOS),
mortality, and adverse events were extracted from each study.

Results: This review included five studies. The findings from these studies suggested that hydroxocobalamin, with
or without MB, effectively reduced vasopressor requirements and improved MAP mainly at 1-hour post-
administration. The LOS and mortality did not differ between the two groups. The most common reported side
effects for MB include serotonin syndrome. Meanwhile, chromaturia affects the hydroxocobalamin group.

Conclusion: Hydroxocobalamin could lower the need for vasopressors and increase MAP better than MB only.
Hydroxocobalamin can also cause temporary chromaturia, which resolves itself. Given the side effects, the choice
between MB or hydroxocobalamin for treating vasoplegic syndrome should be based on the patient’s condition.
Further studies are required to confirm its findings.
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endogenous vasoconstrictors, resulting in the failure of the
body’s normal vasoregulatory mechanisms [5].

INTRODUCTION

Methylene blue (MB) has emerged as a promising
treatment for vasoplegic syndrome, a common complication
following cardiac surgery characterized by hypotension and
low systemic vascular resistance [6, 7]. Studies have shown
that early administration of MB can improve survival and
reduce major adverse events in patients with vasoplegic
syndrome [8]. MB works by inhibiting nitric oxide (NO) synthase
and guanylate cyclase, thereby improving refractory
hypotension [6]. Recent research has compared MB to

Vasoplegic syndrome is an increasingly recognized
condition that significantly contributes to morbidity and
mortality in patients undergoing cardiac surgery [1]. The
incidence of vasoplegic syndrome varies depending on the
surgical procedure, ranging from 2.8% in off-pump coronary
artery bypass grafting (CABG), to 6.9% in isolated on-pump
CABG, 8.8% in general cardiac surgeries, and up to 19% in heart
transplant recipients [2]. Vasoplegic syndrome is characterized

by severe arterial hypotension, normal or elevated cardiac
output, low systemic vascular resistance, and a heightened
need for intravenous fluids and vasopressor support [3]. This
syndrome has emerged as a critical cause of refractory
perioperative hypotension, especially in cardiovascular and
organ transplantation surgeries [4]. Refractory vasoplegic
syndrome arises from uncontrolled vasodilation and vascular
hypo-responsiveness to both fluid resuscitation and

hydroxocobalamin, with mixed results. Some studies found no
significant differences in vasopressor reduction between the
two treatments [9], while others suggested potential
advantages of combination therapy [10], or superiority of
hydroxocobalamin in certain aspects [11].

Current studies indicates considerable variability in the
clinical approach to managing perioperative vasoplegic
syndrome, commonly involving intravenous fluid resuscitation
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and vasopressor therapy [12, 13]. In cases of vasopressor-
resistant vasoplegic syndrome, alternative treatments like MB
and hydroxocobalamin are considered as rescue options.
However, their impact on improving survival outcomes
remains uncertain. Despite advances in therapeutic strategies,
mortality rates remain high, ranging from 30% to 50%,
primarily due to inadequate cellular oxygen utilization and the
development of multi-organ failure, particularly acute kidney
injury [14, 15]. This systematic review aims to comprehensively
analyze the administration of MB and hydroxocobalamin as
potential therapeutic interventions for vasoplegic syndromes.

METHODS

This PROSPERO-registered study (CRD42024521831)
followed the preferred reporting items for systematic review
and meta-analysis (PRISMA) 2020 guidelines.

Eligibility Criteria
The authors screened the titles and abstracts of all
retrieved studies based on the following eligibility criteria:
1) vasoplegic syndromes patients in surgical patients,
2
3
4

(

(2) use MB or hydroxocobalamin as treatment,

(3) English language, and

(4) eligible studies should have reported at least one of our
outcomes of interest.

Our endpoints included clinical outcomes, hemodynamic,
length of stay (LOS), mortality and adverse events. Review
articles, irrelevant studies, non-human studies, and duplicates
were excluded.

Search Strategy and Selection of Studies

Two authors (DAPM and PO) conducted searches in the
PubMed, ScienceDirect, Cochrane, Springer, Scopus, and
medRxiv databases using the keywords “((Vasoplegic
syndrome) AND ((Methylene blue) OR (Vitamin B12) OR
(Hydroxocobalamin))” for article up to 9 June 2024, without
language restrictions. Additionally, a manual search was
performed to find further eligible articles. More details about

| of studies via

the search strategy can be found in the supplementary
materials. Titles and abstracts were individually reviewed to
identify potentially eligible studies, and any disagreements
between the two authors were resolved through discussion
with all authors until a consensus was reached.

Data Extraction

Relevant data from each chosen study were extracted
individually using a structured and standardized format by two
authors (DAPM and DSB). The information extracted were: first
author’s name, year of publication, study design, country of
origin, sample size, patient age, disease severity, dosage and
administration of MB or hydroxocobalamin, and outcomes
including clinical outcomes such as total dose of vasopressor,
hemodynamic outcomes, LOS, mortality, and adverse events).

Quality Assessment

Two authors (DSB and PO) independently evaluated the
risk of bias in each included studies using Newcastle-Ottawa
scale (NOS) for cohort studies. The NOS consists of eight items
across three domains: patient selection, comparability, and
outcomes. Studies scoring 7-9 were classified as high quality,
those scoring 4-6 as moderate quality, and those scoring 0-3 as
low quality. Any differences in scoring were resolved through
discussion until a consensus was reached.

Statistical Analysis

Due to significant differences in the comparisons made in
each study and the various outcome measures used, we were
unable to conduct a meta-analysis of the included studies and
instead provided a narrative synthesis of the evidence.

RESULTS

Study Selection

The keywords search yielded 1,280 studies. After duplicate
removal and screening the titles and abstracts, 101 articles
were fully reviewed. After excluding 97 irrelevant studies, we
finally included and extracted data from five studies (Figure 1).

Identification of studies via other methods

Records identified from”
Pubmed (n = 337)
ScienceDirect (n = 440)
Cochrane (n = 0)
Springer (n =326)
Scopus (n = 177)

Records removed before
screening.

Records removed due 1o non-
original articles (n = 780)

Records identified from:
medRxiv (n = 76)

§

}

Records excluded** because of
#| 1. Non-English language (n= 13)
2. Duplication (n = 109)

Records screened

(n = 500)

Reports sought for retrieval

Reports not retrieved (n = 277)

Reports not retrieved, due to

Reports sought for retrieval »
Irrelevant (n = 74)

i —

(n=76)

Reports assessed for eligibility
(n=101) *| Reports excluded (n = 97)

1. Non-surgical patient (n = 22)
2. lrrelevant outcome (n = 45)
3. Non-human studies (n = 17)
Irrelevant treatment (n = 13)

N

Studies included in systematic
review (n = 5)

Reports excluded (n = 1), due to

Reports assessed for eligibilit N
e oty Non human (n = 1)

n=2)

i

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers)
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

Figure 1. PRISMA flow diagram (Source: Authors’ own elaboration)
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Table 1. Characteristics of the included studies

Sample size Age (year) Dosage &
. " A .
R  Studydesign Country Surgery i M+ SD or median (IQR) administration Comparison
Intervention Control Intervention Control
. Cardiothoracic . MB: 1.2 (0.9-1.9) mg/kg
[g) Retrospective —,rgery with B12:22  MBonly:66 50(38,68) 55(41,66 Mo 12000919y ocalamin: 5,000
cohort mg/kg
CPB mg
. . . MB: 0.5 (0.5-0.7) mg/kg
[10] Retrospective o, Cardiac o hdB12:6 MBonly:14 67.0£13.0 6304130 MO E3SOSLT g ocalamin: 5,000
cohort surgery mm/kg .
mg over 15 minutes
MB: 123.00 + 75.80 mg .
Retrospective Cardiothoracic bolus, 25-minute 5+ 0gintravenously
[16] USA B12:19 MBonly:16  56.5+16.4 59.9+8.6 . > asasingle 5 gdose
cohort surgery infusion, or bolus .
. . over 15 minutes
followed by infusion
MB bolus dose
Retrospective Cardiothoracic (mg/kg): 1.2 (1-1.5) Hydroxocobalamin
[17] P USA surgery with B12: 77 MBonly:43  62.8+12.0 60.7+12.3 MB continuous dose 5 g IV bolus over
cohort . R .
CPB infusion (mg/kg/h): 15 minutes
0.25 (0.25-0.5)
MB: 1.5-2.0 mg/kg,
Retrospective Liver infused over 10 min
[18] P USA MBand B12:68 MBonly:33  58.3+10.9 54.2+12.4 MB: 1.5-2.0 mg/kg hydroxocobalamin 5
cohort transplant

g/200 mlinfused over
over 15 minutes

Note. R: Reference & M: Mean

Five cohort studies were assessed using the NOS assessment
tool and considered to be of high quality.

Study Characteristics

Table 1 and Table 2 summarize the characteristics of the
included studies. The total number of patients in the
intervention group (MB and/or B12) was 192, compared to 172
in the control group. All of these studies are retrospective
cohort designs. Most studies are from the United States (USA),

Table 2. Outcomes of the individual studies

and one study is from the United Kingdom (UK). Four studies
were cardiothoracic, and one was on liver transplant patients.
All of the control groups received only MB. In the intervention
group, three studies use MB and B12 as treatments for
vasoplegic syndrome. The two other studies only used B12 for
treatment. The control group received the MB dosage either as
a bolus dose or as a continuous infusion. The intervention
group receives a single 5-gram infusion of B12 over a period of
15 minutes.

Clinical outcome Hemodynamic parameters LOS Mortality Any adverse events
R M +SD M+ SD M+ SD N (%) N (%)
Intervention Control Intervention Control Intervention Control Intervention Control Intervention Control
Norepinephrine Norepinephrine
equivalent equivalent
(ug/kg/min): (ng/kg/min):  MAP (mmHg): MAP (mmHg):
baseline:0.35  baseline: 0.3  baseline: 75.5 baseline: 58
(0.26-0.41) (0.20-0.42) (65.0-89.8) (48.8-70.3) U LOS
30 min after: 30 min after: 30 min after: 30 min after: ICU LOS (days): 11.9
0.3(0.22-0.41) 0.28 (0.16-0.41) 74 (65.8-78.8) 65(58.8-73.3) (days): 18.8 3 8.2 2j Serotonin
1-h after: 0.32  1-h after:0.28 1-hafter: 72.5 1-h after:66  [10.5-36.9] o Serotonin  syndrome: 1
B (022:041) (0.15-0.35)  (65.8-85.5) (59-76.3)  hospital LOS 825(2':;;_ 6(27.3%)  13(19.7%) o irome:0  (0.83%)
2-h after:0.28  2-h after: 0.24 2-h after: 74.5 2-h after:68.5 (days):51.2 27.9[15 0_' 1/120
(0.17-0.36) (0.17-0.36) (70.0-88.0) (62-76.3) [26.3-85.7] e 0]'
changein Changein  MAP change at MAP change at ’
vasopressor vasopressor 1-h:-2.79 ¢ 1-h:7.73
requirementat requirement at 24.86 20.87
1-h:-0.023 + 1-h:-0.052 +
0.190 0.230
Norepinephrine Norepinephrine
equivalent equivalent
(ug/kg/min) (ug/kg/min)  Cl post-dose  Cl post-dose
1-h after: 0.25 1-h after:0.28  (L/min/m?): (L/min/m?):
(0.15-0.33) (0.12-0.76) 2.8 (2.2-4.6) 2.7(2.4-3.1)
6-h after:0.2  6-hafter: 0.21 CO post-dose CO post-dose
(0.06-0.28) (0.13-0.57) (L/min):6.8  (L/min):5.5 )
12-hafter:0.22 12-hafter:0.16  (4.5-11.8) (4.7-6.7) , . Serotonin _>erotonin
(101 ™ 5 10-0.27) (0.09-0.23)  SVRbefore  SVRbefore N/A N/A 2(333%)  T(00%) i ome:0 Syn;jrlir;e' 1
24-h after: 0.03 24-h after: 0.14 (dyn*sec/cm®): (dyn*sec/cm®): (7.14%]
(0-0.2) (0.07-0.2) 560 + 238 666+ 187
Changein Changein  SVR post-dose SVR post-dose
vasopressor vasopressor  (dyn*sec/cm®): (dyn*sec/cm?®):
requirementat requirementat 597 + 246 687 +280
1h:-0.073 £ 1h:-0.003 £
0.250 0.640
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Table 2 (Continued). Outcomes of the individual studies

Clinical outcome Hemodynamic parameters LOS Mortality Any adverse events
R M+SD M+ SD M+SD N (%) N (%)
Intervention Control Intervention Control Intervention Control Intervention Control Intervention Control
Norepinephrine Norepinephrine
equivalent equivalent
(mg/kg/min):  (me/kg/min) o ) MAP (mmHg)
1-h before: 1-h before: 15 min before: 15 min before:
0.326 £0.106 0.374+£0.133
. . 59.4+14.8 52.2+10.3
15 min after: 15 min after: 15 min after: 72.5 15 min after: 62.2
0.273 % 0].(141 0.447 0%101 1127 +13.2
30 min after: 30 min after: T S
037540546  0.408+0.124 30 mlni;t‘(zerTO.E)t 30 m|232t§r. 66.0
1-h after: 0.255 1-h after: 0.409 Lhafter 712+  1-hafter 62.8 4
+0.129 +0.178 13.2 9.2
. zh ifgfiﬁ'zss 2h if:ﬂ'sgsu 2-h aftlezr:8 683+ 2-h af;e;r:4 722+ (dICU)Lng I%J Lo)S _— . . )
. . ays): 4.9+ ays .8%
4-hafter:0.247 4-hafter: 0367\ to 700+  4-hafter: 652+ 49 3545 (50.0%]
+0.180 +0.199 9.6 9.0
6-hafter:0.233 6-h after: 0.372 6-h after:67.8+  6-h after: 65.1+
+0.245 +0.195
. . 10.3 10.5
time free for time free for . X
mechanical mechanical change in SVR change in SVR
e . after 1-h after 1-h
dvent)llit;t:?g ; (dvent)llztzl‘tfg ; (dyn*sec/cm3): (dyn*sec/cm?):
ays): 7.4 +6. ays): 6.4 6.
( cyhangein ghangein 254 £ 241 192£230
vasopressor vasopressor MAP change at1- MAP change at 1-
. . h:11.80+19.83 h:10.60 + 13.81
requirement at requirement at
1-h:-0.071 + 1-h: 0.035 +
0.170 0.220
MAP (mmHg): MAP (mmHg):
baseline: 64.7 baseline: 56.5
(62.7, 66.8) (54.2,58.9)
1-h after: 72.7 1-h after: 67.4
(70.7,74.7) (65.0, 69.8)
3-h after: 74.3 3-h after: 71.1
Norepinephrine Norepinephrine (72.3,76.3) (68.7,73.5)
equivalent equivalent 6-h after: 75.4 6-h after: 70.9
(ng/kg/min): (ug/kg/min): (73.3,77.4) (68.5,73.3) ICULOS
baseline: 0.34 baseline:0.59  12-h after: 74.4 12-h after: 71.5 (days):
(0.28,0.40) (0.52,0.66) (72.4,76.4) (69.1,73.9) ICULOS  19.0 (9.0,
1-h after: 0.27  1-h after: 0.44  24-h after: 75.8 24-h after: 71.9  (days):16.0  36.0)
(0.21,0.33) (0.38, 0.51) (73.8,77.8) (69.5,74.3) (7.0, 33.0) 5
[17] 3-hafter:0.23  3-h after: 0.35 SVR SVR Hospital LOS Hospital 9 (11.7%) (20.9%) N/A N/A
(0.16,0.29) (0.28,0.41) (dyn*sec/cm®): (dyn*sec/cm®):  (days): 34.0 LOS ’
6-h after:0.20  6-h after:0.33  baseline: 648.4 baseline: 606.5 (22.0,54.0)  (days):
(0.13,0.26) (0.26,0.39) (537.5, 759.4) (493.0, 720.0) 30.0
12-h after: 0.16 12-h after: 0.29  1-h after: 803.2 1-h after: 814.9 (20.0,
(0.09, 0.22) (0.23,0.36) (680.2,926.1) (698.0,931.8) 50.0)
24-h after:0.12 24-h after:0.24  3-h after: 807.1 3-h after: 852.5
(0.06,0.18) (0.18,0.31) (678.8,935.4) (742.7,962.3)
6-h after: 860.7 6-h after: 859.2
(754.1,967.4) (751.3,967.2)
12-h after: 853.7  12-h after: 851.5
(749.6, 957.7) (745.4,957.7)
24-h after: 842.1  24-h after: 791.2
(735.8,948.4) (683.1,899.3)
ICU
SVR(dyn*sec/cm?®): SVR(dyn*sec/cm®): postop
Postop days on baseline: 481.6+ baseline: 514.6+ ICU postop LOS
mechanical Postop days on 163.6 220.5 LOS (days):  (days): Worsening  Worsening
(18] ventilation: mechanical 15 min after: 574.6 15 min after: 524.3 44+93 5.4+9.7 0 0 AKI: 1 (1.4%) AKI: 0
23469 ventilation: +222.1 +226.5 Hospital LOS Hospital chromaturia: chromaturia:
e 2.8+5.4 conclusion of conclusionof  (days):15.7+  LOS 67 (98.5%) 0
surgery:562.9+  surgery: 502.5 + 19.3 (days):
294.3 207.2 12.1+
11.5

Note. R: Reference; M: Mean; Intervention: B12; & Control:

Clinical Outcomes

MB

Three studies [9, 16, 17] revealed that using B12 has
significantly reduced vasopressor requirements 1-hour post-

administration.

Furthermore,

a significant reduction

in

vasopressor requirement was shown until 6-hour [16, 17] and

24-hour following B12 administration [17]. However, when B12
was administered with MB, it resulted in no significant
reduction in vasopressor requirements compared with MB-
only at 1-hour post-administration and thereafter [10].
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Hemodynamic Parameters

On hemodynamic parameters, studies conducted
comparing B12 and MB reported significant improvement of
MAP at 1-hour post-administration (72.5 [inter-quartile range
(IQR) 65.8 t0 85.5] vs. 66 [IQR 59.0, 76.3]; p = 0.04) and (72.7 [IQR
70.7 to 74.7] vs. 67.4 [IQR 65.0 to 69.8]; p < 0.001), respectively
[9, 17]. In addition, it was revealed in vasoplegic syndrome
undergoing cardiac surgery at 1-hour post-administration, the
MAP was 71.2 (standard deviation [SD] = 13.2) using B12, while
62.8 (SD =9.2) using MB [16]. Using B12 plus MB resulted in no
significant improvement in cardiac output compared with MB-
only (p = 0.33) [16]. There were no differences between using
B12 and MB to improve SVR at 1-hour post-administration.
Furthermore, two studies using B12 plus MB also showed no
significant improvement in SVR compared with MB-only.

Length of Stay

Four studies documented the LOS in the intensive care unit
(ICU) [9, 16-18]. It was found that patients who received B12
had significantly longer lengths of stay in the ICU compared to
those who did not receive B12 (p = 0.025). Nevertheless, the
other studies failed to show significant differences in the LOS
in the ICU between the group that received MB only and the
group that received B12 (p > 0.05) [16-18]. Only one study (p =
0.001) reported a significantly longer hospital LOS in the B12
group [9]. The rest of the studies did not find any significant
differences [17, 18].

Mortality

The mortality rates were identical between the group that
received MB only and the group that received B12 [9, 10, 16-18].
However, in our study, the B12 group tends to have lower
mortality than the MB only group. Only one study reported that
the B12 group had higher mortality than the MB only group
(27.3% vs. 19.7%) [9].

Adverse Events

Incidence of serotonin syndrome was observed solely in
the control group that received MB monotherapy. However,
the group that received MB and B12 did not experience any
cases of serotonin syndrome [9, 10]. On the third day after the
operation, a patient in the intervention group experienced a
deterioration of the acute kidney injury and developed acute
tubular necrosis. Before the operation, this patient had anuria.
The worsening of acute renal injury is attributed to
preoperative hypotension and postoperative supratherapeutic
tacrolimus levels. All the remaining patients, who had no
anuria, showed purple chromaturia. The chromaturia were
resolved spontaneously after 2 weeks without associated
complications [18]. Yet, it was not documented any adverse
events among either of the groups [16].

DISCUSSION

Vasoplegic syndrome is a condition characterized by a high
cardiac output state and low systemic vascular resistance [19].
In our systematic review, using hydroxocobalamin for
vasoplegic syndrome significantly reduces vasopressor
requirement and improves hemodynamics over MB,
particularly the MAP. Furthermore, we found intriguing results
that using B12 in combination with MB did not show a
significant impact compared with MB-only. A retrospective

study conducted on 33 patients who received
hydroxocobalamin for refractory hypotension during or after
cardiopulmonary bypass showed that 73% of patients had a
pressor effect-although response was highly heterogeneous
among individuals. Also, since such heterogeneity might be
due partly to the mode of administration, Seelhammer et al.
conducted a study to assess the impact of a continuous
infusion of hydroxocobalamin (5 g over 6 hours) after surgery
on 12 patients with severe vasoplegic shock. The results
demonstrated that this treatment approach allowed for a
significant reduction in vasopressors in all patients, with the
effects lasting more than 10 hours [20]. The mechanism of B12
could improve MAP by inhibiting NO synthase enzymes and
direct NO inactivation [21]. By contrast, although the
mechanism of MB could improve MAP involves NO-dependent
vasodilation; however, the primary mechanism of MB to
improve MAP was through the inhibition of guanylyl cyclase
[22]. Hence, we speculate that the difference was caused by the
way B12 and MB influence hemodynamics.

Between the B12 and MB groups, there are no differences
in lengths of stay [9, 16-18]. LOS in cardiac surgery is influenced
by several factors, including age; low LVEF; nonelective
surgery; comorbidities such as COPD, renal failure; and
inotrope support [23]. B12 groups had a lower ejection fraction,
resulting in a LOS [9]. Infection incidence also affects the LOS
in cardiac surgery. The development of an infection was an
independent risk factor that could increase hospital stay
duration by more than nine days, with an odds ratio of
approximately 19 [24]. Meanwhile, in liver transplant, LOS was
associated with BMI, surgical duration, and bacterial infection
[25]. A high-scale study involving more than 70,000 adults
concluded that the most significant causes of prolonged
hospital stays were ICU admission, previous transplant,
hospital admission, and ventilator dependence [26].

Likewise, mortality rates in both groups are not statistically
significant [9, 10, 16-18]. A meta-analysis comparing B12 with
MB for vasoplegic syndrome revealed similar findings (odds
ratio [OR] = 0.92, 95% confidence interval = 0.42-2.0) [11].
However, in our study, the B12 group tended to have lower
mortality. These may be related to the adverse effects of MB
administration, which cause serotonin syndrome. Serotonin
syndrome is a life-threatening condition associated with
increased serotonergic activity in the central nerve system [27].
MB is a potent inhibitor of monoamine oxidase (MAO) A and
also MAO B in higher concentrations. Combining a significant
MAO inhibitor with a selective serotonin reuptake inhibitor
increases the risk of serotonin syndrome [1, 28]. Serotonin
toxicity, commonly referred to as serotonin syndrome, is
characterized by a clinical presentation that includes altered
mental status, autonomic stimulation, and neuromuscular
excitation. These may appear as rapid onset, hyperreflexia,
tremors, and either inducible or spontaneous ocular clonus,
which are more frequent in the lower limbs [27]. Another
unfavorable effect of MB is that it may cause hemolytic anemia
in patients with glucose-6-phosphate dehydrogenase
deficiency, which is crucial for the drug’s metabolism [1, 29].
MB could worsen arterial oxygenation, impair alveolar capillary
gas exchange in the lungs, induce mesenteric vasoconstriction,
and reduce renal blood flow at doses exceeding 2 mg/kg [29,
30]. Additional significant side effects include interference with
co-oximetry, which may result in a false reduction of apparent
oxygen saturation owing to the blue dye’s inhibition of light
transmission [1].
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Chromaturia, or dark orange or red urine, is the most
common side effect of B12 and usually resolves spontaneously
within 2 weeks [18, 31]. One patient in the B12 group
experienced worsening AKI [18]. Hydroxocobalamin may have
potential renal toxicity because of its association with calcium
oxalate nephropathy, which leads to AKI [32].

Hydroxocobalamin may affect laboratory results,
unintentionally trigger the blood leak alarm during dialysis,
and cause transient hypokalemia in patients with
megaloblastic anemia due to vitamin B12 deficiency.
Laboratory values affected by B12 include hemoglobin,
basophils, creatinine, glucose, alkaline phosphatase, bilirubin,
aPTT, PT, and INR within a certain period of time [31].

This systematic review has several limitations. The number
of included studies and sample population is relatively small,
which limits the generalizability of the findings. The small
sample size reduces the statistical power and may introduce
bias. Moreover, the included studies exhibited significant
heterogeneity in terms of study design, population
characteristics, and interventions. This variability made it
challenging to perform a meaningful meta-analysis, as pooling
the data would not yield reliable or valid results.

CONCLUSION

Hydroxocobalamin is able to reduce vasopressor
requirements and improve MAP compared to MB. No
significant differences were observed in LOS or mortality
between the two groups. MB could induce vasoplegic
syndrome in a specific population, which may be life-
threatening. While hydroxocobalamin causes chromaturia that
resolves spontaneously. Considering the side effects, the
selection of MB or B12 for vasoplegic syndrome should be
tailored to the patient’s specific condition.
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