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ABSTRACT

Background: Patients with end-stage renal disease undergoing dialysis suffer from muscle cramps, a prevalent and burdensome
symptom for which there is a paucity of efficient and safe treatments.

Aim: What is the efficacy and safety of pharmacological interventions for the treatment of dialysis-related muscle cramps?
Design: A systematic review was conducted in OVID, CINAHL, PubMed, Web of Science, and Central Cochrane databases up
to August 25, 2023.

Data Sources: Experimental studies reporting on a pharmacological intervention for the treatment of dialysis-related muscle
cramps were included. The review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis, and the
studies quality was assessed with the RoB2 tool.

Results: A total of 4660 studies were retrieved, and 13 articles were included. The studies reported on nine interventions: vi-
tamin C, vitamin E, vitamin K2, vitamin B7, dextrose solutions, gabapentin, sodium chloride, creatine monohydrate, and L-
carnitine. The studies testing L-carnitine and creatine monohydrate were the only ones deemed to have a low risk of bias. Side
effects were reported in only two trials, consisting primarily of gastrointestinal discomfort and hyperglycemia. Vitamins C and E
are the two most studied interventions that showed positive results in reducing the frequency, severity, and duration of dialysis-
related muscle cramps. L-carnitine is a promising intervention that warrants further investigation.

Conclusion: Our review consolidates the existing evidence, elucidating the range of treatments along with their potential ben-
efits and limitations. Future studies should uphold high-quality standards, incorporate patient-reported outcomes, and utilize
well-defined, robust samples to improve patient care.

1 | Introduction neurological, irritation of the mucous membranes and skin, de-

pression, sleep disturbance, sexual, and anemic [3, 4]. Evaluating

People living with end-stage renal disease experience a signifi-
cant and often overwhelming symptom burden [1]. Specifically,
patients undergoing dialysis therapy, whether as a bridge to renal
transplantation or as a definitive treatment, contend with an ad-
ditional cluster of symptoms associated with the treatment itself
[2]. Dialysis-related symptoms have been categorized into eight
clusters: gastrointestinal, musculoskeletal and fluid volume,
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their occurrence is crucial because they are correlated with overall
mortality, quality of life, and functional status [5-7]. Nevertheless,
there are limited available assessment instruments [8]; the current
ones are burdensome and time consuming [9], and, worst of all,
even after recognizing the occurrence of some symptoms, such as
fatigue, depression, and muscle cramps, treatment options remain
limited [10].
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Muscle cramps, for instance, are considered as an orphan
symptom [11], despite being encountered by 42% of dialysis-
dependent patients [12]. At present, only two guidelines have
reviewed and provided recommendations for managing mus-
cle cramps [11, 13]. However, neither of these guidelines con-
siders the particularities of patients undergoing dialysis or
addresses dialysis-related muscle cramps (DMCs) specifically.
Modest research regarding dialysis-related muscle cramp pre-
vention has been carried out [14]. Still, a significant number
of patients continue to present and endure muscle cramp pain
stemming from dialysis treatment, and there is currently no
established standard treatment [15]. The scarcity of data con-
trasts with the perspectives of patients, who have emphasized
the importance of addressing this symptom due to its debil-
itating nature, impacting motor function, sleep, and mood
and changing the way patients act, feel, and what they do [16].
Thus, we conducted a comprehensive systematic literature
review on the efficacy and safety profile of pharmacological
interventions used to treat DMCs, so nephrologists and pallia-
tive care physicians can offer patients options to alleviate this
orphan symptom.

2 | Methodology
2.1 | Search Strategy

We conducted a comprehensive search strategy using Medical
Subject Headings (MeSH) related to patients undergoing dial-
ysis and experiencing muscle cramps. We conducted searches
on five databases (OVID, CINAHL, PubMed, Web of Science,
and Central Cochrane) employing the following search string:
((((cramp*) OR (muscle cramp*)) OR (leg cramp*)) OR (spasm*))
OR (muscle spasm*)) AND (((<chronic kidney failure) OR
(End-Stage Kidney Disease)) OR (End-Stage Renal Disease)) OR
(Chronic Renal Failure)) OR (Renal Dialysis)) OR (Hemodialysis))
OR (Peritoneal Dialysis)). The systematic review protocol
was registered with the International Prospective Register
of Systematic Reviews PROSPERO (CRD42023464297). The
search results were imported into EndNote software for dedupli-
cation. The refined search was then uploaded to Rayyan, where
two reviewers (JEC and NM) screened abstracts and selected
relevant titles, with an inter-rater agreement of 0.84. In cases of
differing opinions, consensus was reached through discussion.
The review was carried out following the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
criteria.

2.2 | Study Selection

The inclusion criteria to meet by eligible studies were
as follows: (1) original investigation with an experimen-
tal design published in a peer-reviewed journal before
August 25, 2023; (2) report on the efficacy and safety of a
pharmacological intervention for the treatment of DMCs; (3)
include at least 10 participants 18years and older; and (4) be
published in English or Spanish. The review excluded quasi-
experimental studies, gray literature, editorials, commentar-
ies, case series with fewer than 10 patients, case studies, and
protocols.

2.3 | Data Extraction

Two reviewers (NM and LB) independently extracted data
into a Microsoft Excel spreadsheet. Extracted data included
the country and year of publication, study design, number of
participants, patients characteristics, type of dialysis, time re-
ceiving dialysis, scales used to assess symptom improvement,
details of the intervention (dose and administration interval),
comparators, primary and secondary outcomes assessed, results
reported, adverse reactions, follow-up time, number of patients
lost to follow-up, and trial limitations. To ensure consistency,
extracted data were cross-checked between reviewers, and any
discrepancies were resolved through discussion and consensus.

2.4 | Quality Appraisal

Five reviewers (SGV, SGM, LC, MXL, and MFI) independently
assessed studies risk of bias. Randomized controlled trials
(RCTs) were evaluated using the Cochrane Collaboration's Risk-
of-Bias Tool 2 [17]. No study was excluded based on its quality
appraisal. The information was uploaded to the robvis online
tool and is presented in a traffic light plot with the judgment on
each evaluated domain for the reader's convenience.

2.5 | Data Synthesis and Analysis

The synthesis of results was conducted in accordance with the
guidance on the Conduct of Narrative Synthesis in Systematic
Reviews [18]. A meta-analytic analysis was not explored due
to the low number of studies per intervention and their hetero-
geneity. Efficacy and safety outcomes related to the pharma-
cological management of DMCs were reported using means
(or differences in means), standard deviations with confidence
intervals (CIs), and p-values, as reported by the original arti-
cles. All authors were involved in the data synthesis and inter-
pretation of the results, and they vouched for the completeness
and accuracy of the findings.

3 | Results
3.1 | Search Strategy

A total of 4660 studies were retrieved. After excluding duplicates
and irrelevant articles, the 25 remaining articles were screened as
full texts. Of these studies, 13 articles were included. Figure 1 de-
picts the complete screening process and the reasons for exclusion.

3.2 | Study and Subject Characteristics

The included studies were published between 1973 and 2021, from
6 different countries: United States (n=7), Iran (n=2), United
Kingdom (n=1), Taiwan (n=1), Japan (n=1), and China (n=1).
The median number of patients per study was 31.53 (range: 10-82).
The mean follow-up and goal assessment time was 13.75weeks
(range: 6-28 weeks). The studies excluded patients with concom-
itant cardiovascular disease, other underlying causes of cramps,
hemodynamic instability, hypotensive episodes, or electrolyte
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—

FIGURE1 | PRISMA diagram.

abnormalities or those who were simultaneously taking supple-
ments or medications for muscle cramps. Side effects related to in-
terventions were reported in only two trials, consisting primarily
of gastrointestinal discomfort while taking vitamin K2 and hyper-
glycemia during dextrose infusion. Most studies lacked informa-
tion on patient continuity and had unclear reasons for dropouts.

3.3 | Quality Appraisal

The methodological quality of the included studies is summarized
in Figure 2. The trials exhibited several quality deficiencies, par-
ticularly in terms of randomization process and measurement of
outcome. As a result, two trials were judged to have a low risk of
bias, three some concern, and eight high risk of bias.

3.4 | Treatments for Dialysis-Related
Muscle Cramps

This section presents the results of trial studies examining dif-
ferent pharmacological treatments for DMCs. The characteris-
tics and outcomes of the studies are summarized in Table 1.

Duplicate records removed
(n =1,527)

(n=3,017)

Reports not retrieved
(n=91)

Reports excluded:
Not accessible (n=5)
No pharmacologic
Intervention (n = 4)
Less than 10 patients (n = 2)
Narrative Review (n=1)

3.5 | Vitamins

Roca et al. conducted a controlled, randomized, double-blind
clinical trial that aimed to assess the frequency and severity of
leg cramps in 40 patients under dialysis. Following a 2-month
placebo washout, participants were randomly assigned to re-
ceive either vitamin E 400IU or quinine 325 mg at bedtime for
a period of 2months, followed by a 16-week follow-up. Both
groups experienced a significant reduction in leg cramps,
with mean values dropping from approximately 10 cramps
per month to 3.3 and 3.6 cramps for vitamin E and quinine,
respectively. Initially, the pain rating stood at 3.5, experienc-
ing a reduction of about 1.4 points in both groups (p < 0.0005).
After 1 month of treatment, the pain ratings were 2.2 and 2.0
for the vitamin E and quinine groups, respectively. The study
indicated that both quinine and vitamin E are effective treat-
ments for leg cramps in dialysis patients but recommended
vitamin E over quinine, as the initial treatment choice, to
avoid potential quinine toxicity [25]. El-Hennawy and Zaib
conducted an evaluation of vitamin E for muscle cramps in-
duced by hemodialysis in a cohort of 19 patients. These in-
dividuals experienced a minimum of 60 cramp episodes
during and between hemodialysis sessions over a duration
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FIGURE 2 | Trial's risk of bias assessment.

of 12weeks. Patients received 400 international units of vita-
min E daily for a period of 12weeks. At the end of the trial,
patients experienced a 68.3% reduction in the frequency of
muscle cramps, compared to the patient's baseline showing a
positive correlation with the type of therapy (p=0.0001). No
side effects were encountered. They concluded that short-term
vitamin E treatment is safe and effective in reducing patients’
DMCs [28]. In another placebo-controlled, double-blind study
conducted by Khajehdehi et al., 60 hemodialysis patients ex-
periencing a minimum of two muscle cramps per week were
enrolled. These patients were randomly assigned to receive
daily treatment for 8 weeks, consisting of either 400 mg of vi-
tamin E, 250 mg of vitamin C, a combination of both, or a pla-
cebo. They evaluated the change in the frequency and severity
of the pain, finding a significant reduction in both variables
in all vitamin groups compared to the pretreatment values
and the placebo group (r=0.33, p=0.01). At the end of the
trial, vitamins E, C, their combination, and placebo produced
cramp reductions of 54%, 61%, 97%, and 7%, respectively. The
cramp related pain severity changed in the vitamin E group
from 3.5+1.6 to 2.1+1.2 (p=0.02), in the vitamin C group
2.8+1.4 to 2.0+0.76 (p=0.04), vitamin E plus vitamin C
group 3.5+1.6 to 1.1 +£0.35 (p=0.00003), and placebo group
3.1£1.6 to 3.1 +1.9. No adverse effects were reported during

. Low

the trial, concluding the safety and efficacy of the therapy and
the enhanced effect of short-term combination therapy for
DMCs [26].

Vitamin K was also evaluated in one study conducted by
Xu et al. This multicenter, randomized, placebo-controlled,
crossover clinical trial aimed to investigate the efficacy of
vitamin K2 (360 mg/d) in reducing the frequency and sever-
ity of muscle cramps in 41 patients under hemodialysis with
muscle cramps refractory to conventional interventions.
Participants received vitamin K2 or placebo for two 4-week
phases, crossing over after a 2-week washout. The frequency
of muscle cramps in the vitamin K2-initial group decreased
significantly from 7.4 +2.5 to 2.5+ 1.9 in Phase 2 (p <0.001).
The frequency of attacks did not change in the placebo-initial
group. As participants crossed over, they experienced the op-
posite result. Muscle cramp attacks increased from 2.5+1.90
to 5.7+£1.9 (p<0.001) in the vitamin K2-initial group and de-
creased from 7.0+ 1.7 to 2.7+ 1.4 in the placebo-initial group.
Secondary outcomes also showed a significant reduction in
the duration and severity of muscle cramps in the vitamin K2
group compared to placebo (all p<0.05). No serious adverse
events occurred. This pilot trial suggests that vitamin K2 sup-
plementation may effectively alleviate DMCs [31].
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TABLE1 | Characteristics of studies of pharmacological treatment for dialysis-related muscle cramps.

No. of
Author and year patients Intervention Outcome Result
Catto et al. 1973 19 600mg sodium chloride Frequency and Reduction of 26% in the frequency
[19] severity of DMCs (p<0-05) and 30% in the severity
(p<0.02) of muscle cramps
Milutinovich 15 Hypertonic (50%) glucose The relief of DMCs 17 of 26 cramp episodes were
et al. 1979 [20] completely relieved either during the
initial hypertonic glucose injection
or within 5min after injection
Neal et al. 1981 38 Hypertonic dextrose (50% DMC relief: partial 89% of treatments with DSOW
[21] dextrose in water) or complete resulted in complete relief vs. 40% of
treatments with D5W. Partial relief
was obtained in 5.5% of treatments
with D50W vs 40% relief with D5W
Sherman et al. 20 50-mL vials containing Relief of cramping Hypertonic saline and hypertonic
1982 [22] 50% dextrose, 7.05% dextrose each produced similar
saline, or 5% dextrose relief of hemodialysis-related
muscle cramps; both were
superior to 5% dextrose
Ahmad et al. 1990 82 20mg/kgL carnitine DMCs frequency 36% of the patients in the
[23] carnitine group had one or more
episodes of muscle cramps. The
incidence of muscle cramping
dropped to 13% in the final six
dialysis procedures (p <0.02)
Canzanello et al. 24 50mL of dextrose 50% water, DMCs frequency The mean cramp duration was
1991 [24] 100mL of 25% mannitol less for mannitol compared to
solution, and 23.5% saline D50W (p <0.05), but not to saline
Roca et al. 1992 40 Vitamina E 400 UI Frequency and Vitamin E group experienced
[25] severity of DMCs a significant reduction in
leg cramps, passing from
approximately 10 cramps per
month to 3.3 episodes. The pain
reduced a mean of 1.4 points
Khajehdehi et al. 60 Vitamin E 400 mg, DMC frequency Vitamins E, C, their combination,
2001 [26] vitamin C 250 mg, their and placebo produced cramp
combination or placebo reductions of 54%, 61%, 97%,
and 7%, respectively
Chang et al. 2002 10 12 mg creatine monohydrate DMC frequency The episodes of muscle cramps were
[27] decreased by 60% in the creatine
group (control vs. creatine: 6.4 +/—0.9
vs. 2.6 +/— 1.8 times 4 weeks, p <0.05)
El-Hennawy and 19 Vitamin E 400UI DMC frequency The frequency of muscle
Zaib 2010 [28] cramps decreased 68.3%
during vitamin E therapy
Oguma et al. 2012 27 1 mg/dia biotin DMC severity Reduced the onset and the
[29] severity of cramps in 12/14
patients during and after HD
Mousavi et al. 15 Gabapentin 300 mg Frequency and The incidence and severity of

2015 [30]

severity of DMCs

symptomatic muscle cramp
decreased in the gabapentin
group (p=0.001).

(Continues)
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TABLE1 | (Continued)

No. of
Author and year patients Intervention Outcome Result
Xu et al. 2021 [31] 41 Vitamin K2 360 mg/d Frequency and Vitamin K2 reduced the

frequency, duration, and severity
of muscle cramps (all p <0.05)

severity of DMCs

The last vitamin that has been studied is vitamin B7. In a
prospective randomized trial led by Oguma et al., 14 hemodi-
alysis patients experiencing frequent muscle cramps were ad-
ministered 1 mg/day of oral biotin. The study aimed to assess
the response in pain intensity compared to baseline levels. The
intensity of cramps was rated from 0 (no pain) to 4 (excruciat-
ing, no tolerable pain). Whereas half of the patients experienced
a meaningful reduction of the pain greater than or equal to 2
points, the other half had just a 1 point improvement. There also
was a reduced onset of cramps in 12/14 patients both during and
after hemodialysis [29].

3.6 | Dextrose Solutions

Neal et al. performed a double-blind trial that investigated the
effectiveness of 50% dextrose in water solution (D50W) to relieve
DMCs compared to a control group receiving an identical vol-
ume (1 mL/kg for 15s) of 5% dextrose in water solution (D5W).
The results showed that from the 18 patients, 89% in the D50W
group had complete relief, compared to 40% of the 15 patients
in the D5W group (p <0.002). There were no important side ef-
fects observed. They suggest that expansion of plasma volume
with D50W is a safe and effective treatment for DMCs [21].
Canzanello et al. conducted a prospective, randomized, double-
blind crossover study that aimed to compare the efficacy, safety,
and impact on interdialytic weight gain and blood pressure con-
trol of hypertonic solutions (50% dextrose, 25% mannitol, and
23.5% saline) in treating DMCs. They included 24 stable chronic
hemodialysis patients. Each patient was randomized to receive
a 2-week treatment with each of the three agents for DMCs. No
efficacy outcome (episodes and severity) improved, and mean
cramp duration decreased with mannitol compared to dextrose
(945 vs. 13+ 12min, p<0.05), but not to saline. The study had
the inconvenience that not every patient had a cramp episode
during the study period. All three agents were well tolerated;
the only side effect reported was hyperglycemia during dextrose
infusion [24]. Another double-blind trial by Milutinovich et al.
evaluated the efficacy of hypertonic glucose (50%) versus nor-
mal saline for relieving DMCs in 15 chronically uremic, non-
diabetic hemodialysis patients. When the cramp started, the
ultrafiltration was decreased, and one of the vials was infused
over 5min. Of the 44 cramp episodes recorded, 17 out of 26 ep-
isodes treated with hypertonic glucose experienced complete
relief, and 5 out of 18 episodes treated with normal saline were
relieved (p<0.016). No complications were observed with the
administration of hypertonic glucose, suggesting its safety and
effectiveness in treating DMCs [20].

Sherman et al. developed a double-blind controlled trial in
which 20 nondiabetic patients undergoing chronic hemodialysis
were randomly assigned to receive 50 mL intravenous doses of

7.05% saline, 50% dextrose, or 5% dextrose for the relief of DMCs.
Of the 100 episodes treated, relief was reported after 3min in 17
out of 26 episodes with hypertonic saline, 18 out of 26 episodes
with 50% dextrose, and 5 out of 18 episodes with 5% dextrose.
Hypertonic saline and hypertonic dextrose appeared to have
similar efficacy, both being superior to 5% dextrose (p <0.05).
The author proposes hypertonic dextrose as a preferable option
because of lower side effects on end-stage renal disease pa-
tients [22].

3.7 | Other Interventions

Catto et al. conducted a double-blind crossover randomized
clinical trial, in which they compared the efficacy of an oral
preparation of sodium chloride with placebo, in reducing the
frequency and severity of muscle cramps in 19 patients undergo-
ing maintenance hemodialysis for end-stage renal failure. Each
patient received 14 tablets of sodium chloride (each contained
600mg/10 meq for a total of 140 meq sodium) during each dialy-
sis for 2months and then 14 placebo tablets during each dialysis
for 2months. The study reported a statistically significant reduc-
tion of 26% in the frequency (p <0.05) and 30% in the severity
(p<0.02) of DMCs with the administration of sodium chloride.
No significant adverse effects were observed in blood pressure
or body weight. Patient preference was also evaluated, 76% pre-
ferred sodium chloride, 12% preferred the placebo, and 12% had
no preference (p <0.01) [19].

Mousavi et al. evaluated gabapentin in a double-blinded ran-
domized clinical trial that included 19 patients with end-stage
renal disease (creatinine clearance <10-15mL/min/m?) un-
dergoing hemodialysis with at least six episodes of intradialytic
muscle cramps per month. Initially, placebo was given before
each dialysis session for 4 weeks, and then, after a 2-week wash-
out period, they received 300 mg of oral gabapentin 5min before
starting hemodialysis for an additional 4weeks. There was a
total follow-up time of 10 weeks. A significant reduction of 20%—
100% in the incidence and intensity of muscle cramps during the
gabapentin intervention was observed (p <0.001). Five patients
(30%) became symptom-free, and the majority experienced a
decrease of over 60% in cramp frequency. No side effects were
reported during the study [30].

Creatine monohydrate was also evaluated as a potential inter-
vention by Chang et al. This randomized, double-blinded study
included 10 patients who were on maintenance hemodialysis
and experienced frequent intradialytic muscle cramps. They
were randomly assigned to receive either creatine monohydrate
(12mg dissolved in 100mL water 5min before starting HD)
or placebo for 4weeks, followed by a 4-week washout period.
There was a 60% reduction in the frequency of muscle cramps
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in the creatine monohydrate group during the treatment period
(control vs. creatine: 6.4+/—0.9 vs. 2.6+/—1.8 times 4weeks,
p<0.05), which did not occur in the placebo group. During the
washout period, the incidence of cramps increased to previous
levels in the intervention group. No adverse effects were ob-
served during the trial [27].

Finally, Ahmad et al. conducted a 7-month, randomized,
double-blind trial involving 82 stable, nondiabetic, hemodialy-
sis patients in four different centers. They assessed the effects
of 20mg/kg intravenous L-carnitine versus placebo (equal
volume of 0.9% saline). Thirty-eight patients were allocated to
the L-carnitine group, whereas 44 were randomized to receive
the placebo. In the L-carnitine group, the incidence of muscle
cramping dropped to 13% in the final six dialysis procedures of
the treatment phase (p<0.02), and there was a significant re-
duction in intra-dialytic hypotension (p <0.02). Clinical status
showed a significant improvement in 50% of the L-carnitine
group compared to 18.9% in the placebo group (p <0.005). The
authors concluded that L-carnitine in hemodialysis patients is
associated with a decrease in dialytic symptoms, improvement
in exercise capacity, and well-being [23].

4 | Discussion

Patients with end-stage renal disease undergoing dialysis com-
monly experience muscle cramps, a symptom that significantly
impacts their quality of life and functional status. Muscle
cramps are also a frequent cause for early termination of dialysis
sessions [32]. For this relatively neglected symptom, treatment
options are limited. This systematic review represents the first
comprehensive effort to synthesize available pharmacological
interventions for DMCs.

Our results point out that vitamins E and C are the most stud-
ied interventions so far and have consistently shown to reduce
the frequency and the severity of the DMCs with a low inci-
dence of adverse effects. However, these studies had a small
sample of participants and a high risk of bias that cannot be
overlooked. These fat-soluble vitamins have also been tried in
the treatment of patients with cramps due to liver cirrhosis.
A systematic review conducted in 2022, specifically target-
ing this population, identified 24 studies. Among them, two
studies reported contradictory results regarding the effective-
ness of vitamin E. For patients with cramps-related cirrhosis
interventions, such as taurine, appear to be more beneficial
[33]. Similarly, in the neurology field, an evidence-based re-
view published by the American Academy of Neurology for
the treatment of muscle cramps related to amyotrophic lateral
sclerosis (ALS), peripheral neuropathies, and cramp fascicula-
tion syndromes, advice to use quinine derivatives. This inter-
vention presents a moderate benefit but carries a significant
risk for adverse events. Moreover, the pharmacokinetics are
often altered in dialysis patients, rendering it an unreliable op-
tion. The review also mentions naftidrofuryl, calcium channel
blockers such as diltiazem, and vitamin B as an option to treat
cramps related to neurological conditions [13]. None of these
options have been assessed in patients undergoing hemodi-
alysis and cannot be recommended. This exemplifies that al-
though the symptom appears to be the same, the underlying

pathophysiology may vary as a result of the underlying dis-
ease, and the most effective treatment approach can differ ac-
cordingly. As the research on DMCs develops, it is crucial to
consider the fact that patients undergoing hemodialysis may
be receiving it for various underlying conditions. Hence, vari-
ations in treatment outcomes for DMCs may arise too, due to
the diverse etiologies of end-stage renal disease.

The other intervention that had multiple studies is the hyper-
tonic dextrose solutions. The logic behind this intervention
is that the expansion of the plasma volume by the increased
plasma osmolarity can mitigate DMCs that are caused by the
volume contraction [24]. Although some studies got positive
results, not all of them did, the risk of bias was also high, the
trials had small samples, and the intervention did present
mild to moderate adverse effects. Other interventions such
as sodium chloride, gabapentin, creatine monohydrate, or L-
carnitine have only been investigated in a single study each.
The most promising intervention among them is L-carnitine,
which is a vitamin-like biofactor involved in the metabolism
of fatty acids. The study by Ahmad et al. had the highest
recruitment of participants, had a low risk of bias, was per-
formed in multiple sites, and found a positive result. However,
the enrolled participants were nondiabetic hemodialysis pa-
tients and had a 13% cramp reduction. This leaves the question
if L-carnitine can be useful in diabetic hemodialysis patients
and if this reduction is really meaningful. It is challenging to
determine, considering that no study utilized patient-reported
outcome measures (PROM) or investigated how DMCs im-
provement affected the quality of life for patients. Given these
preliminary positive results with L-carnitine, robust, high-
quality trials are warranted to better understand the benefit
and safety of this intervention in the treatment of patients with
DMCs. Currently, two studies are being conducted regarding
DMCs treatment and can be found in clinicaltrials.gov. One
of them concentrates on a non-pharmacological interven-
tion called sujok therapy [34]. The pharmacologic interven-
tion trial explores the use of topical magnesium; however, it
was last updated in 2017, and right now, its present status is
unknown [35]. As part of our review, we aspire to stimulate
renewed research interest in this field, fostering further explo-
ration and enhancement of knowledge surrounding the most
promising interventions outlined herein.

Our study has several limitations to consider. First, during the
study retrieval process, there was not a full text available for
some promising studies. Second, most studies included had a
high risk of bias due to concerns in the randomization process,
so our results should be interpreted with caution. Third, the
samples, interventions, and effect assessment in the included
studies were heterogeneous, which resulted in the lack of plau-
sibility to perform a meta-analysis. Fourth, we only included
studies that reported a pharmacological treatment in an adult
population, so it is likely that we miss non-pharmacological
treatments such as exercise and massage that may equally be
effective and have a safetier profile, and we do not know if
the current interventions apply to children. Furthermore, we
did not explore preventive interventions that could potentially
alleviate the symptom before it manifests, which is prefera-
ble to waiting for patients to experience the symptom. Lastly,
the studies use scores to assess DMCs' severity that are not
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specific, and their reliability is highly questionable. A system-
atic PROM to improve assessment and management should
be integrated [36]. This horizon of research awaits to be de-
veloped to guarantee a better evaluation of end-stage renal
disease patients’ symptoms, as the tools currently used do not
include DMCs [37, 38].

5 | Conclusions

In conclusion, dialysis-related muscle cramps present a chal-
lenging symptom, significantly impacting patients’ well-being,
exacerbated by the limited evidence on pharmacological in-
terventions. This systematic review provides a comprehensive
summary of the efficacy and safety of the current interventions
investigated thus far. Vitamins E and C emerge as the most
promising treatments, given their demonstrated efficacy and
safety in reducing the frequency, severity, and duration of DMCs.
Although L-carnitine also shows potential, further investigation
is warranted. Future studies should adhere to high-quality stan-
dards, incorporate patient-reported outcomes, and utilize well-
defined, robust samples to address previous gaps and advance
our understanding and management of dialysis-related muscle
cramps, ultimately improving patient outcomes.
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