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Rare disease

Rhabdomyolysis is a clinical syndrome characterized by elevated serum creatine kinase (CK) and myoglobin
levels due to the breakdown of muscle fibers and is associated with symptoms such as myalgia, muscle swell-
ing, and erythruria. Rhabdomyolysis has an array of potential causes, including Salmonella infection, although
rare. We report 2 cases in which nontyphoidal salmonellae caused acute gastroenteritis complicated by rhab-
domyolysis and myoglobinuric acute kidney injury (AKI).

Two male patients, aged 69 years and 62 years, presented to our hospital with sudden-onset fever, abdominal
pain, and watery diarrhea. At the time of admission, the patients had elevated serum CK levels (32 225 U/L
and 10 590 U/L, respectively) and serum creatinine levels (4.8 mg/dL and 8.8 mg/dL, respectively). Both pa-
tients also had elevated serum myoglobin concentrations with significant myoglobinuria. They were adminis-
tered fluid therapy and intravenous empirical antibiotics (cefotaxime and metronidazole for Case 1, ciproflox-
acin for Case 2). The patient in Case 2 underwent 3 sessions of hemodialysis due to persistent oliguria and
exacerbation of metabolic acidosis. Salmonella B (Case 1) and Salmonella C (Case 2) were isolated from blood
cultures. After about 2 weeks of inpatient care, both patients showed improvement of clinical symptoms and
were discharged.

Patients with acute gastroenteritis induced by Salmonella infection can develop rhabdomyolysis and myoglo-
binuric AKl in rare cases. Timely administration of appropriate antibiotics and fluids is expected to produce a
favorable prognosis. Furthermore, early initiation of hemodialysis after onset of oliguric AKI can improve clin-
ical outcomes.

Acute Kidney Injury ¢ Rhabdomyolysis

https://www.amjcaserep.com/abstract/index/idArt/936407
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Background

Salmonella is a gram-negative, rod-shaped, non-capsulated, and
non-spore-forming bacterium in the family Enterobacteriaceae;
it is categorized into types A, B, C1, C2, D, and E according to
O-antigen serogroups. Salmonella infections are classified
into Salmonella Typhi infection and nontyphoidal salmonel-
losis, and the incidence of the latter has increased in recent
years [1]. Salmonellosis most commonly manifests as gastro-
enteritis, with clinical symptoms including high fever, diar-
rhea, and cramping abdominal pain that begins approximate-
ly 12 to 72 h after infection, and these symptoms are present
in 70% of all clinical cases [1].

Rhabdomyolysis is a clinical syndrome characterized by mus-
cle weakness, myalgia, muscle swelling, erythruria, and re-
lease of intracellular components (eg, potassium, phosphate,
myoglobin, creatine kinase [CK], and uric acid) into the plas-
ma as a result of damaged skeletal muscle fibers [2]. During
the course of this disease, severe complications can occur, in-
cluding acute kidney injury (AKI), hypovolemic shock, and ar-
rhythmias [3]. The major causes of rhabdomyolysis include
trauma, chronic alcoholism, seizures, electrolyte disorders,
muscular dystrophies, infections, drug abuse, and exposure
to toxins. Infection is the cause of rhabdomyolysis in approx-
imately 5% of cases [4]. Infection-associated rhabdomyoly-
sis is generally caused by viral diseases, including influenza
and HIV infection, as well as fungal and protozoal infections.
Rhabdomyolysis is relatively rarely caused by bacterial in-
fections, such as Legionella, Streptococcus, Francisella, and
Salmonella infections [5]. In particular, cases involving both
rhabdomyolysis and AKI following Salmonella infection have
been sporadically reported since the first case in 1977 [6,7].
We report 2 cases of Salmonella-induced gastroenteritis com-
plicated by rhabdomyolysis and myoglobinuric AKI.

Case Reports

Case 1

A 69-year-old man presented to the Emergency Department
(ED) with high fever and chills that had persisted for 2 days.
He had consumed beef sashimi 5 days before admission and
developed diffuse abdominal pain and watery diarrhea the
following day. He had been taking an angiotensin convert-
ing enzyme inhibitor (olmesartan 40 mg/day) for hyperten-
sion that was diagnosed 10 years prior. Two months earlier,
his serum creatinine (Cr) level had been 1.1 mg/dL. He had
no other chronic diseases such as diabetes mellitus or liver
cirrhosis. At the time of admission, his vital signs were blood
pressure, 110/70 mmHg; pulse, 117 beats/min; respiratory
rate, 20 breaths/min; and body temperature, 37.7°C. Physical
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examination revealed a rigid abdomen without rebound ten-
derness. In addition to azotemia, the laboratory findings at
the time of admission showed elevated serum levels of muscle
enzymes, namely CK, lactate dehydrogenase (LDH), aspartate
aminotransferase (AST), and alanine aminotransferase, as well
as an elevated C-reactive protein (CRP) level (Table 1). The pa-
tient’s urine was dark-brown, and routine urinalysis showed a
pH of 5.5, protein+, and occult blood 3+, and microscopic uri-
nalysis showed 1-4 white blood cells (WBCs) per high power
field (HPF) and 3-9 red blood cells (RBCs) per HPF. The urine
was also positive for myoglobin. Serologic test results were
negative for hepatitis B surface antigen (HBs Ag), anti-hep-
atitis A virus (anti-HAV) IgM, anti-hepatitis C virus antibody
(anti-HCV Ab), anti-HIV Ab, and influenza A, B. Abdominal ul-
trasonography revealed normal echogenicity in both kidneys,
with no findings suggestive of chronic kidney disease or ob-
structive uropathy.

Following patient admission, we began intravenous (i.v.) ad-
ministration of isotonic saline (200-300 mL/hour) and a vaso-
pressor. Empirical antibiotic therapy was initiated with cefo-
taxime (2 g daily) and metronidazole (500 mg 4 times daily).
On hospitalization day 2, i.v. fluids and diuretics were admin-
istered to maintain urine output (>100 mL/h, 1.5 mL/kg/h).
However, the laboratory findings worsened, with the serum
Cr level reaching 5.4 mg/dL, CK 33 697 U/L, and AST 801 U/L.
On hospitalization day 4, the patient’s stool culture was nega-
tive for pathogenic bacteria; however, growth of Salmonella B
was confirmed on blood culture (Table 2). Technetium-99m hy-
droxymethylene diphosphonate (**"Tc-HDP) bone scintigraphy
obtained on hospitalization day 10 revealed diffusely increased
isotope uptake in both shoulders, upper arms, and hip areas
(Figure 1). On hospitalization day 14, the serum Cr concentra-
tion, estimated glomerular filtration rate (eGFR), and CK level
had returned to normal (0.7 mg/dL, 96 mL/min/1.73 m?, and
65 U/L, respectively), and repeated blood and feces cultures
were negative; thus, the patient was discharged. At 3 months
after hospital discharge, the patient showed serum blood urea
nitrogen (BUN) of 19.4 mg/dL and serum Cr of 1.0 mg/dL.

Case 2

A 62-year-old man was transferred to our ED with fever and
oliguria that had persisted for 2 days. The patient had eaten
raw beef liver 5 days earlier and had diffuse abdominal pain
and watery diarrhea (5 to 6 episodes per day) starting 3 days
earlier. He was given medical treatment, including fluid ther-
apy and i.v. antibiotics, at a secondary care facility; howev-
er, the oliguria persisted (urine output <100 mL/day). He had
been taking calcium channel blockers (nifedipine, 60 mg/day)
since hypertension had been diagnosed 15 years earlier. The
patient’s vital signs at admission included a blood pressure
of 100/70 mmHg, pulse rate of 88 beats/min, respiratory rate
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Table 1. Laboratory findings on admission and clinical courses of patients.

Variable

Age (years)/Gender

Reference range

Case 2
62/Male

Case 1
69/Male

Clinical outcome

Survived Survived

* Calculated by Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation; ** corrected for serum albumin.
ESR — erythrocyte sedimentation rate; eGFR — estimated glomerular filtration rate; AST — aspartate aminotransferase;
ALT - alanine aminotransferase; CK — creatine kinase; LDH — lactate dehydrogenase; FE, — fractional excretion of sodium.

of 20 breaths/min, and body temperature of 38.3°C. The pe-
ripheral blood examination and biochemical test results upon
admission are presented in Table 1. Viral serology tests were
negative for HBs Ag, anti-HAV IgM, anti-HCV Ab, anti-HIV Ab,
and influenza A, B. The patient’s urine was reddish brown, and
routine urinalysis showed a pH of 5.5, protein 2+, and occult
blood 3+. Microscopic examination of urine sediments showed
10-29 WBCs per HPF and 3-9 RBCs per HPF.
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Upon arrival at the ED, the patient was immediately admin-
istered i.v. isotonic saline (0.9% NacCl, 300-500 mL/h) and i.v.
ciprofloxacin (400 mg/day). Because of persistent oliguria and
exacerbation of pulmonary edema and metabolic acidosis (ar-
terial blood pH 7.02), even after continuous i.v. administration
of loop diuretics (furosemide 20 mg/h), emergent hemodialysis
(2 h) was performed 8 h after admission. On hospitalization
day 2, clinical anuria (urine output <100 mL/24 h) persisted
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Table 2. Microbiologic characteristics of Salmonella species.
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MIC — minimal inhibitory concentration (ug/mL); R — resistant; S — susceptible; | — intermediate susceptible.

even with i.v. diuretics; therefore, a second session of hemo-
dialysis (4 h) was implemented. The patient was maintained
on fluid therapy with isotonic NaCl plus 5% glucose solution
(150 mL/h). On hospitalization day 4, the blood culture result
was positive for Salmonella C (Table 2). A third hemodialysis
(4 h) was performed on the same day. On hospitalization day
7, daily urine output increased to 1 L or more, and serum CK
and myoglobin levels decreased to 4455 U/L and 391 ng/mlL,
respectively. A ®"Tc-HDP bone scan performed on the same
day showed increased isotope uptake in the soft tissue of the
both arms and legs (Figure 2). On hospitalization day 12, the
patient’s renal function had returned to normal (serum Cr,
0.8 mg/dL; eGFR 95 mL/min/1.73 m?). Serum levels of muscle
enzyme were within the reference ranges, and the gastroin-
testinal discomfort was markedly resolved; therefore, the pa-
tient was discharged.

At 3 months after hospital discharge, his renal function was
normal, with a serum Cr level of 0.8 mg/dL.

Discussion

The clinical manifestations of rhabdomyolysis vary widely de-
pending on degree and severity of muscle injury, from asymp-
tomatic serum elevations of muscle enzymes (CK, LDH, or AST)
to severe muscle pain, swelling, weakness, and reddish-brown
urine. Furthermore, patients can show reduced intravascular
fluid volume, metabolic acidosis, and various electrolyte imbal-
ances (eg, hyperkalemia, hyperphosphatemia, and hypocalce-
mia). Rhabdomyolysis is diagnosed based on musculoskeletal
symptoms, with an increase of serum CK to >1000 U/L or 5 to
10 times higher than the upper reference limit and laboratory
findings including significant myoglobinuria [3]. The mechanism

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

€936407-4

by which Salmonella infection leads to rhabdomyolysis is un-
clear. However, several possibilities have been proposed, includ-
ing sepsis-induced hypoxia, direct muscle injury from bacterial
invasion, reduced activity of glycolytic and oxidative enzymes
in the skeletal muscles, activation of lysosomal enzymes, and
endotoxin-induced metabolic myopathies. Ultimately, exces-
sive intracellular accumulation of calcium ions affects actin
and myosin, leading to muscle necrosis [8]. The risk of rhab-
domyolysis is significantly elevated in the presence of comor-
bidities, such as chronic obstructive pulmonary disease, end-
stage renal failure, chronic alcoholism, and hypertension [9,10].

Approximately 10% to 40% of rhabdomyolysis cases are com-
plicated by AKI, which increases morbidity and mortality rates.
The reported etiologies of AKI include reduced blood flow, acute
tubular necrosis and obstruction caused by myoglobin, renal
vasoconstriction, and free radical production [11]. In a study
that analyzed 60 cases of infection-associated rhabdomyoly-
sis, the proportion of Salmonella infection (6 cases, 10%) was
lower than those of Legionella (14 cases), Francisella (9 cas-
es), and Streptococcus (8 cases); 4 cases of Salmonella infec-
tion (67%, 4/6) were accompanied by AKI - which was high-
er than the overall incidence of AKI (57%, 34/60) — however,
there were no deaths [5]. The 2 cases described in this report
were male patients aged 69 years and 62 years at the time of
disease onset. At the time of admission, their serum Cr levels
were 4.8 mg/dL and 8.8 mg/dL, respectively, indicating stage
3 AKI [12]. However, with medical intervention, the AKI im-
proved, and the rhabdomyolysis resolved within 2 weeks of
onset, showing clinical courses similar to those of the previ-
ously reported cases [13]. The serogroups of Salmonella spe-
cies identified in blood culture were B (Case 1) and C (Case 2).
The serum CK level peaked on hospitalization days 2 and 3 and
then began to decline, similar to previous cases.
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Figure 1. Technetium-99m hydroxymethylene diphosphonate (*>"Tc-HDP) bone scintigraphy on hospitalization day 10 revealed
increased soft tissue uptake of radiotracer in both shoulders, upper arms, and gluteal areas. RT — right; LT — left.
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Figure 2. Bone scintigraphy with *"Tc-HDP on hospitalization day 7 showed increased isotope uptake in the both arms and legs.
RT —right; LT — left.
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In both cases, *"Tc-HDP bone scintigraphy was performed dur-
ing hospitalization. Although bone scintigraphy has lower spa-
tial resolution compared to magnetic resonance imaging in pa-
tients with rhabdomyolysis, it is useful for evaluating the site
and extent of muscle injury through systemic survey [14,15].
Moreover, it has been reported that bone scintigraphy can be
helpful in estimating the cause of rhabdomyolysis according
to the intensity and distribution pattern of soft tissue involve-
ment [16]. Disruption of myocyte membrane and subsequent
mitochondrial chelation has been suggested as a potential
mechanism for the accumulation of phosphate-containing ra-
diotracers in the damaged muscles [15]. The diffuse and sym-
metric pattern of increased radioisotope uptake in the bone
scans of our 2 patients can be regarded as radiologic findings
suggestive of non-traumatic rhabdomyolysis (such as infection-
associated) rather than post-traumatic rhabdomyolysis [16].

Fractional excretion of sodium (FE,) is a useful urinary in-
dex for determining the functional integrity of renal tubules.
Patients with rhabdomyolysis and myoglobinuric AKI have a
low FE,, (<1%) due to factors such as volume depletion, pre-
glomerular vasoconstriction, and tubular occlusion [11]. Our 2
patients had no history of chronic kidney disease or prior use
of diuretics; however, their FE was elevated by more than
2% at the time of admission (8.09% and 7.24%, Table 1). In
retrospect, these elevations in FE,_ are speculated to be at-
tributable to increased sodium excretion due to intensive i.v.
fluid therapy begun immediately after admission, as opposed
to progression to acute tubular necrosis [17].

Management of rhabdomyolysis includes correction of underly-
ing causes, volume resuscitation, AKI prevention, and treatment
of metabolic complications [3]. Aggressive fluid replacement with
isotonic saline is first recommended to minimize the occurrence
of renal failure. Mannitol may be protective owing to the associ-
ated diuresis that represses intratubular heme pigment deposi-
tion. Furthermore, alkalinization of the urine with administration
of i.v. bicarbonate has been suggested to alleviate further renal
injury by inhibiting myoglobin casts formation in the tubule. The
administration of mannitol and/or sodium bicarbonate has been
accepted as a standard therapy for the prevention of rhabdo-
myolysis-associated AKI; however, clinical evidence supporting
the effectiveness of these medications is lacking [11]. Initiation
of renal replacement therapy should be considered if exacerba-
tion of metabolic acidosis (pH <7.1), resistant hyperkalemia (6.5
mEq/L), volume overload, or prolonged anuria (>12 h) has oc-
curred despite optimal supportive therapy [11,18]. Conventional
hemodialysis or continuous renal replacement therapy may be
preferred in correcting fluid, electrolyte and acid-base abnor-
malities. Peritoneal dialysis is not an efficient renal replace-
ment therapy for the removal of large solute loads in patients
with rhabdomyolysis-associated AKI. The removal of myoglobin
by plasmapheresis did not show any significant benefit [11,18].
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At the onset of rhabdomyolysis, the risk factors for AKI and
death include preexisting sepsis, dehydration, marked elevation
of serum CK level, hyperkalemia, hyperphosphatemia, and hy-
poalbuminemia [19]. A study of 202 patients with rhabdomy-
olysis identified old age, reddish urine, trauma, and increased
serum BUN, Cr, potassium, CK, and myoglobin levels as pre-
dictors of AKI. In particular, peak serum CK levels (>5000 U/L)
and elevated serum myoglobin levels (>600 ng/mL) were iden-
tified as independent risk factors for AKI [20]. In the present
report, hypovolemia, erythruria, and marked elevation of se-
rum CK and myoglobin levels observed in our 2 patients were
likely significant risk factors for AKI associated with rhabdo-
myolysis. The McMahon risk score, which is calculated based
on clinical parameters at the time of admission, is a validat-
ed tool for predicting mortality or renal failure requiring re-
nal replacement therapy in patients with rhabdomyolysis [21].
A McMahon score of 6 or higher had a higher sensitivity and
specificity for predicting adverse clinical outcomes, including
the need for renal replacement therapy, than did increased se-
rum CK concentration (>5000 U/L) (86% vs 83% and 68% vs
55%, respectively) [21,22]. Both our patients had McMahon
risk scores higher than 10 (11 and 12.5) at the time of admis-
sion (Table 1); therefore, their risk of death or need of dialysis
was estimated to be 52% to 61.2% [21]. However, the patient
in Case 1 showed improvements in rhabdomyolysis and azo-
temia with only antibiotic and fluid therapies, without imple-
menting hemodialysis. On the contrary, the patient in Case 2
showed a rapid resolution of severe AKl-related complications,
including acute pulmonary edema and metabolic acidosis, fol-
lowing 3 sessions of intermittent hemodialysis. Further stud-
ies on a larger number of patients will be required to identify
the clinical predictors of disease severity, including the inci-
dence of AKI, need for renal replacement therapy, and in-hos-
pital mortality, in patients with rhabdomyolysis induced by
Salmonella infection.

The first-line therapy for nontyphoidal Salmonella enteritis is
fluid therapy to correct fluid deficit and electrolyte disturbanc-
es. Administration of antimicrobial agents is not recommended
as they are not effective in relieving symptoms and can poten-
tially lead to bacterial persistence or recurrence of salmonello-
sis. However, antibiotic therapy is needed if an extraintestinal
infection is suspected or in patients with high-risk factors for
sepsis, such as older age, organ transplant, malignancy, and
immunosuppression. In such cases, third-generation cephalo-
sporins and fluoroquinolones are generally used [1]. We empir-
ically chose cefotaxime and ciprofloxacin for Cases 1 and 2, re-
spectively. These drugs were administered i.v. for 14 days and
12 days, respectively, based on the antibiotic susceptibility re-
sults and clinical response, after which we transitioned to oral
medications. The total duration of antibiotic therapy in our pa-
tients was 17 days in Case 1 and 19 days in Case 2 (Table 1).
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Conclusions

We described 2 patients with Salmonella enteritis who pre-
sented with fever and gastrointestinal symptoms, including
abdominal pain and diarrhea, and later developed rhabdomy-
olysis and AKI. Patients with Salmonella gastroenteritis can
develop rhabdomyolysis and AKI in rare cases. Timely initia-
tion of supportive therapy, namely i.v. administration of anti-
biotics and fluids, can produce favorable outcomes. However,
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renal replacement therapy might be required in certain cas-
es, and early hemodialysis would be particularly beneficial for
patients with oliguric AKI.
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