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Association between initial intravenous ot

fluid volume and the composite outcome
of hemodialysis dependence at discharge
or in-hospital mortality in inpatients

with rhabdomyolysis
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Abstract

Background Although experts recommend intravenous fluid (IVF) for patients with rhabdomyolysis to prevent renal
injury, the optimal IVF volume remains unknown because excessive IVF may lead to organ edema, resulting in organ
injury. This study aimed to investigate the association between IVF volume and the composite outcome of hemodi-
alysis dependence or in-hospital death in patients with rhabdomyolysis.

Methods We retrospectively identified patients with rhabdomyolysis admitted to intensive care units and tertiary-
care hospitals from July 2010 to March 2022 using the Japanese Diagnosis Procedure Combination database. We
divided the patients into those who received at least 3500 mL/day of IVF within 3 days of admission and those who
did not. This threshold was defined based on the findings of previous studies. We compared the composite outcome,
including hemodialysis dependence at discharge and in-hospital death, between the groups using propensity score
overlap weighting.

Results We identified 5392 eligible patients. Of those, 1677 (31.1%) received > 3500 mL/day of IVF, and 3715 (68.9%)
received <3500 mL/day of IVF; the total volumes of IVF within 3 days of admission were 11,039 mL and 4054 mL,
respectively. Propensity-score overlap weighting created balanced cohorts, which did not show significant difference
in primary composite outcome between the groups (3.4% vs. 3.9%; risk difference [RD] —0.4, 95% confidence inter-
val [Cl] = 1.81t0 0.9, P=0.53). The proportion of hemodialysis dependence was lower in the IVF > 3500 mL/day group
than those in the <3500 mL/day group (0.4% vs. 1.3%; RD —0.9,95% Cl — 1.6 to —0.2, P=0.02).

Conclusions This retrospective database study found that IVF > 3500 mL/day for patients with rhabdomyolysis
was not associated with a reduction in the composite outcome but was associated with a reduction in hemodialysis
dependence at discharge. The optimal IVF volume still remains unknown, and further studies are warranted.
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Background

Rhabdomyolysis is characterized by the destruction of
skeletal muscles and the entry of intracellular enzymes
into the blood. Especially, myoglobin causes renal tubu-
lar necrosis through various pathways, leading to acute
kidney injury (AKI) in about 20-50% of patients with
rhabdomyolysis [1]. Mortality in patients with AKI in the
intensive care unit (ICU) was higher than that in those
without AKI (60% vs. 20%) [2, 3]. Rhabdomyolysis is a
potentially fatal syndrome, and it is crucial to prevent
patients from developing AKI. One treatment strategy for
rhabdomyolysis is adequate fluid replacement to increase
the clearance of nephrotoxic substances [4]. To date, no
randomized controlled trials or systematic reviews have
assessed the association between IVF volume and the
incidence of AKI after rhabdomyolysis. Based on previ-
ous observational studies [5—7], more than 6000 mL of
intravenous fluid (IVF) per day was recommended [1, 8].
In contrast, one study found that >3600 mL of IVF per
day for rhabdomyolysis resulted in increased renal injury
[9].

However, clinicians may believe that the recommended
volume of IVF (>6000 mL) is excessive. A previous study
reported that 64% of the patients with rhabdomyolysis
received less than 2000 mL/day [10]. The optimal IVF
volume for rhabdomyolysis remains to be elucidated.

We set a threshold for the amount of IVF at 3500 mL
and hypothesized that IVF >3500 mL per day was exces-
sive and potentially harmful. The reason for setting the
threshold at 3500 mL/day was that many patients actually
receive IVF <2000 mL/day in a real-world clinical setting,
and IVF>3600 mL/day might be harmful, according to
the previous study [10].

The present study investigated the association between
IVF volume of >3500 mL/day and the composite out-
come of hemodialysis dependence at discharge or in-
hospital death in patients with rhabdomyolysis, using a
national inpatient database in Japan.

Methods

Data source

This retrospective cohort study utilized the data from the
Japanese Diagnosis Procedure Combination (DPC) inpa-
tient database [11]. This database includes administrative
claims data and discharge abstracts from more than 1200
acute-care hospitals and covers approximately 90% of all
tertiary-care hospitals in Japan. We could obtain patient
data, such as age, sex, height, weight, consciousness,
ICU admission, and in-hospital mortality. Diagnoses and
comorbidities at admission and complications during
hospital stay were recorded using the International Clas-
sification of Diseases, Tenth Revision (ICD-10) codes and
text data in Japanese. It also provided information related
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to procedures, such as the volume of IVF, vasopressors,
prescriptions, dialysis, oxygenation, and mechanical
ventilation.

The database has been well-validated, and the specific-
ity of diagnosis was reported to exceed 96%, with the sen-
sitivity of 50-80%. The sensitivity and specificity of the
procedure were over 90% [12].

Study cohort

We identified patients aged > 18 years whose main diag-
nosis or primary diagnosis at admission was rhabdomyol-
ysis (ICD-10 code: M62.8), drug-induced rhabdomyolysis
(Y57.9), and crush syndrome (T79.5), and admitted to
ICU or tertiary-care hospital from July 2010 to March
2022. We excluded patients diagnosed with other dis-
eases with M62.8, those discharged within 3 days after
admission, and those who depended on dialysis before
admission. Dependence on hemodialysis before admis-
sion was defined as a comorbidity of chronic kidney dis-
ease (CKD) before admission, receipt of dialysis within
2 days after admission.

We divided the eligible patients into two groups: those
who received >3500 mL IVF in a single day within
3 days after admission (the IVF>3500 mL group) and
those who received <3500 mL IVF in a single day (the
IVF <3500 mL group).

Outcomes and covariates

The primary outcome was the composite outcome of
hemodialysis dependence at discharge or in-hospital
death, considering competing risks. Based on previ-
ous studies, we defined hemodialysis dependence at
discharge as the receipt of hemodialysis within 3 days
before discharge [13]. The secondary outcomes were
hemodialysis dependence at discharge, in-hospital death
and 28-day hospital-free days. The duration of 28-day
ventilator-free days or 28-day oxygenation-free days was
assessed in those who received mechanical ventilation or
oxygenation.

Covariates were as follows: (1) patient characteristics,
including age, sex, body mass index, Charlson Comor-
bidity Index, Japan Coma Scale, comorbidity of chronic
renal failure, (2) causes of rhabdomyolysis (trauma, heat
stroke, hypothermia, burn, drug intoxication, alcohol
intoxication, epilepsy, hypothyroidism, diabetic ketoaci-
dosis, severe asthma exacerbation, neuroleptic malig-
nant syndrome, and infection), (3) procedures performed
within 3 days after admission, including crystalloids
(mL), maintenance fluid (mL), red blood cell transfu-
sion (mL), plasma transfusion (mL), platelet transfusion
(mL), and albumin (mL); use of vasopressors (noradrena-
line, dopamine and vasopressin), sodium bicarbonate,
diuretics, and lipid-lowering drugs (statins and fibrates);
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continuous renal replacement therapy; and high flow
nasal cannula, mechanical ventilation and oxygen admin-
istration via cannula or mask. The Japanese Coma Scale
is a widely used measure of impaired consciousness in
Japan and correlated with the Glasgow Coma Scale [14].

Statistical analysis

Continuous variables were described as mean and stand-
ard deviation (SD), in addition to median and interquar-
tile range (IQR). Categorical variables were described as
numbers and percentages.

To adjust for confounders, we conducted a propen-
sity-score overlap weighting [15-17]. We calculated the
propensity score for receiving >3500 mL of IVF within
3 days from admission using a multivariable logistic
regression analysis fitted with a generalized estimating
equation to adjust for within-hospital clustering as well
as the above variables. The patients receiving >3500 mL
of IVF per day were weighted by 1-propensity score,
while those receiving <3500 mL of IVF per day were
weighted by propensity score. Differences between the
two groups were presented as standardized differences.
The absolute standardized difference <0.1 was consid-
ered well-balanced [18, 19].

We conducted subgroup analyses for the compos-
ite outcome, hemodialysis dependence, and in-hospital
death stratified by those aged >65 years or <65 years,
those with and without CKD before admission, those on
vasopressors or mechanical ventilation, and those with
different causes of rhabdomyolysis (trauma or others).

Three sensitivity analyses were performed. First,
the eligible patients were divided into three groups:
IVF<3500 mL, 3500-5999 mL and >6000 mL. Sub-
sequently, propensity score matching weight analysis
was conducted, which allowed us to compare outcomes
among the three groups [20]. We calculated three pro-
pensity scores for each patient that predicted prob-
abilities of receiving every defined exposure—namely
IVF <3500 mL, 3500-5999 mL, and >6000 mL—using
a multinomial logistic regression. Matching weight was
defined as the minimum of the three propensity scores
divided by each propensity score that predicted the
probabilities of receiving the actual amount of IVE. The
IVF <3500 mL group was set as the reference, and multi-
nomial regression was conducted to compare the groups.
Second, the exposure was changed from the amount of
IVF (mL) to the amount of IVF per body weight (mL/
kg). Considering the standard body weight as 60 kg, the
patients were divided into two groups: IVF<60 mL/
kg (IVF <3600 mL/day equivalent) and IVF >60 mL/kg
(IVF >3600 mL/day equivalent). Third, considering that
normal saline can cause AKI induced by hyperchloremia
[21], we conducted a propensity-score overlap weighting
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analysis, using whether the patients were receiving more
than 1500 mL of normal saline per day within 3 days of
admission when calculating propensity score.

The two-sided significance level was defined as P <0.05.
All the analyses were performed using Stata versionl8
(StataCorp, College Station, TX, USA).

Results

Of the 55,689 patients diagnosed with rhabdomyoly-
sis upon admission during the study period, 6184 were
adults admitted to the ICU or tertiary hospitals. We
finally identified 5397 eligible patients. The number of
patients receiving >3500 mL per day of IVF was 1679
(31.1%) and that of patients receiving <3500 mL per day
of IVF was 3718 (68.9%) (Fig. 1).

Table 1 presents the baseline patient characteris-
tics. The total volume of IVF within 3 days from admis-
sion was 11,039 mL and 4054 mL in the IVF>3500 mL
and <3500 mL groups, respectively. Patients in the
IVF>3500 mL group were younger than those in the
IVF<3500 mL group. The proportions of male, ICU
admissions, receipt of mechanical ventilation, continuous
renal replacement therapy, vasopressors, sodium bicar-
bonate, and diuretics in the IVF>3500 mL group were
higher than those in the IVF <3500 mL group. The pro-
portions of tertiary hospital admission and use of lipid-
lowering drugs in the IVF >3500 mL group were lower
than those in the IVF <3500 mL group. There were signif-
icant differences in body mass index, consciousness, and
Charlson Comorbidity Index between the groups.

Table 2 presents the results of the crude outcomes.
In the IVF>3500 mL and IVF<3500 mL groups, the
proportions of primary composite outcome were 5.1%
(86/1677) and 2.7% (100/3715), respectively; hemodialy-
sis dependence was 0.8% (14/1677) and 0.5% (18/3715),
and in-hospital mortality were 4.3% (72/1677) and 2.2%
(82/3715), respectively. The mean (SD) length of 28-day
hospital-free days was 10.2 (9.3) and 12.5 (8.8) days in the
IVF>3500 mL and IVF <3500 mL groups, respectively.
Among the patients receiving mechanical ventilation, the
length of mechanical ventilation was 19.1 (8.4) and 20.3
(7.9) days, respectively. Among those who received oxy-
genation, the length of 28-day oxygenation free days were
20.0 (8.3) and 21.5 (7.4) days in the IVF>3500 mL group
and the IVF <3500 mL group, respectively.

Table 2 also presents the results of the propensity
score-adjusted outcomes. There was no significant differ-
ence in the primary composite outcome (3.4% vs. 3.9%;
risk difference, —0.4; 95% confidence interval [CI] —1.8
to 0.9). However, IVF>3500 mL was associated with
reduced hemodialysis dependence at discharge (0.4%
vs. 1.3%; risk difference, —0.9; 95%CI —1.6 to —0.2).
The IVF>3500 mL was not associated with reduced
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55,689 patients diagnosed as having rhabdomyolysis
between July 2010 and March 2022

6,184 adult patients admitted to ICU or tertiary hospitals
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We excluded

(1) 211 whose diagnosis was other diseases coded by M62.8,T57.9 and T79.5
(2) 544 who died or were discharged within 3days
(3) 37 who was HD dependent before admission

5,392 eligible patients

3500 or more ml/day IVF
1,677 (31.1%)

Less than 3500 ml/day IVF
3,715 (68.9%)

Fig. 1 Flowchart of patient selection. ICU intensive care unit, /VF intravenous fluid, HD hemodialysis

in-hospital mortality (3.0% vs. 2.5%; risk difference, 0.5;
95% CI, — 0.7 to 1.6). IVF > 3500 mL was associated with
a shorter length of 28-day hospital-free days (11.2 days
vs. 12.5 days; difference, — 1.3 days; 95% CI —2.0 to —0.7).

There was no significant difference in the duration of
28-day ventilator-free days (19.5 days vs. 20.1 days; dif-
ference, —0.6 days; 95%CI —2.5 to 1.4) and duration of
28-day oxygenation-free days (21.1 days vs. 21.1 days;
difference, —0.1 days; 95%CI —0.7 to 0.7) between the
groups.

The results of the subgroup analyses are presented in
Fig. 2 and Additional files 1 and 2. There was no inter-
action of the composite outcome, hemodialysis depend-
ence, and in-hospital death within all subgroups.
Additional file 3 presents the results of propensity
matching weight analysis. The numbers (percentages)
of patients receiving IVF <3500 mL, 3500-5999 mL and
>6000 mL were 3715 (68.9%), 1164 (21.6%) and 513
(9.5%), respectively. Compared with the IVF <3500 mL
group, the IVF 3500-5999 mL group showed a sig-
nificantly higher proportion of the primary outcome
(4.2% vs. 7.0%; RD, —2.8; 95% CI —5.7 to <—0.01), and
no significant difference with the IVF>6000 mL group
was observed (5.5% vs. 7.0%; RD, —1.6; 95% CI —4.8 to
1.7). Compared with the IVF<3500 mL group, both
the IVF 3500-5999 mL and IVF >6000 mL groups had

significantly lower proportions of hemodialysis depend-
ence at discharge (0.3% vs. 3.4%; RD, —3.0; 95% CI —4.9
to —1.2 and 1.1% vs. 3.4%; RD, —2.3; 95% CI —4.3 to
—0.2, respectively). No significant difference in in-hospi-
tal mortality was observed among the three groups. The
results of other sensitivity analyses were shown in Addi-
tional files 4 and 5. The results were similar to those of
the main analysis.

Discussion

This study investigated the association between
>3500 mL/day of IVF and the composite outcome of
hemodialysis dependence at discharge or in-hospital
death in patients with rhabdomyolysis. IVF>3500 mL
was not associated with decreased composite outcome
and in-hospital death. However, IVF > 3500 mL was asso-
ciated with reduced hemodialysis dependence at dis-
charge and a longer hospital stay.

To the best of our knowledge, this is the first study
to focus on the association between IVF volume and
hemodialysis dependence upon discharge. The sample
size was large, and we adjusted for many confounding
factors. Initial IVF resuscitation was associated with
renal protection, which was consistent with previous
observational studies [5, 6]. The number needed to
treat to prevent one case of hemodialysis dependence at
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Table 2 Crude outcomes and propensity score-adjusted outcomes between the >3500 mL IVF group and the <3500 mL group

Crude analysis

Propensity score analysis

>3500 mL/day <3500 mL/day >3500 mL/day <3500 mL/day RD 95%Cl P value
Primary composite outcome, n (%) 86 (5.1) 100 (2.7) (34) (3.9) -04 (=18t009) 0.53
HD dependance at discharge, n (%) 14 (0.8) 18 (0.5) (04) (1.3) -09 (-16t0-0.2) 0.02
In-hospital mortality, n (%) 72 (43) 82(2.2) (2.5) (0.5) 0.5 (=0.7t0 1.6) 043
Coefficients (95% Cl)
28-day hospital free days, days (SD)  10.2 (9.3) 12.5(8.8) 11.2(9.2) 12.5(8.9) —-13 (=20to-07) <001

IVF intravenous fluid, Cl confidence interval, SD standard deviation

discharge was 111.1 (95% CI, 66.7 to 500.0). AKI due to
rhabdomyolysis accounted for 10% of all AKI cases [1].
Generally, the quality of life in patients with hemodi-
alysis is relatively low and the costs of hemodialysis are
high. Although the estimate of treatment effect in this
study was small, initial IVF > 3500 mL can be a feasible
option for reducing hemodialysis dependence. Similar
to previous studies, there was no significant difference
in mortality due to fluid infusion [9].

In the present study, IVF>3500 mL was associ-
ated with shorter 28-day hospital-free days. In the
IVF >3500 mL group, more IVF was administered and
diuretics were used more frequently. Hospital discharge
may have been delayed until total fluid balance normal-
ized and tissue edema improved, resulting in a longer
hospital stay.

In the sensitivity analyses, IVF 3500-5999 mL was
associated with a significant reduction in primary out-
come compared with IVF <3500 mL. This results in the
IVF 3500-5999 mL group may have demonstrated the
proper balance between the renal protection of IVF
and organ injury caused by excessive IVFE. However, it
was also possible that the severity of diseases was not
adequately adjusted and critically ill patients localized
in the IVF > 6000 mL group, resulting in high mortality.
The reduction in hemodialysis dependence at discharge
was consistent with sensitivity analyses results in the
IVF >3500 mL group.

This study has some limitations. First, data on CK
levels, urine output, and the complication of AKI were
not obtained. CK levels, urine output and the compli-
cation of AKI were confounding factors related to the
diagnosis and treatment of rhabdomyolysis, which may

T T

Subgroup Composite outcome (%) Risk Difference (95% CI)
>3,500ml/day <3,500mVday percentage points RD 95%CI RR 95%C1
Age
<63 years 12 32 ———t ; (19 (36t0-03) 04 (0.2t00.8)
265 years 52 44 '—}—0—« 09 (-12w03.0) 12 (0.8t 1.8)
CKD :
with 4.0 53 : -13 (-1141087) 07 (0.1t107.5)
without 34 38 s——o~|[—< 04 (-18w010) 09 (06t013)
Trauma :
with 4.2 30 : 13 (-241049) 1.7 (0.6t04.5)
without 32 38 b—ojl—l 06 (-201009) 08 (0.5t01.2)
Mechanical ventilation :
yes 15.0 127 : 24 (8210130) 12 (0.51026)
no 2.6 33 '—0+ 0.7 (-1.9t100.5) 08 (0.5t01.2)
Vasopressors :
yes 132 11.9 : 13 (-831010.8) 1.1 (0.5t024)
no 28 33 —et— 06 (191007 08 (0.5t013)
T
0

-10 5

5 10 15

IVF > 3,500ml/day Better

IVF < 3,500ml/day Better

Fig. 2 Forest plots of RDs of IVF = 3500 mL/day for primary composite outcome in subgroups. RD risk difference, RR risk ratio, C/ confidence interval,
CKD chronic kidney disease. We conducted a propensity-score overlap weights for the overall population, and then we compared the risk difference

within each subgroup



Yajima et al. Journal of Intensive Care (2025) 13:22

have resulted in a lack of adjustment for disease sever-
ity and patient characteristics. We adjusted for the use
of diuretics, vasopressors, mechanical ventilation, CKD
on admission, and causes of rhabdomyolysis. It remains
controversial whether levels of CK at admission are
associated with the development of AKI [9, 22-24].
Second, severity scores, such as APACHE II and SOFA,
were not available in our study. Although we adjusted
for the severity of illness as much as possible through
the use of diuretics, vasopressors, mechanical ventila-
tion, CKD on admission, and causes of rhabdomyoly-
sis, there was a possibility of unmeasured confounders.
Third, the mortality in the present study was lower than
that in previous studies [10, 25]. This may be because
the diagnostic criteria for rhabdomyolysis were not
standardized, and misclassification of the disease may
have occurred in the present study, resulting in selec-
tion bias. Fourth, we could not evaluate any long-term
improvements in renal impairment. We followed the
patients only during hospitalization and were not able
to determine their status after discharge. Patients may
have been weaned from hemodialysis. Fifth, there are
limitations due to the use of administrative claims data-
base. For example, the sensitivity of diagnosis was not
high, and it was difficult to identify hemodialysis before
admission. Patients with CKD who were not dependent
on hemodialysis before hospitalization may have been
excluded. Moreover, patients with trauma from traf-
fic accidents were not included in the DPC database
because payment for most traffic accidents was not
covered by the public health insurance system in Japan.
Sixth, although we adjusted for many confounding fac-
tors by using the propensity score overlap weighting
method, the influence of unmeasured confounding fac-
tors could not be fully excluded.

Although the optimal fluid volume remains unclear,
our study showed that IVF>3500 mL can reduce
hemodialysis dependence in patients with rhabdomy-
olysis. IVF>3500 mL may offer the potential for renal
protection without increasing respiratory and renal
complications. Future studies should investigate the
improvement of the quality of life in patients receiving
initial IVF>3500 mL and cost-effectiveness of initial
IVF>3500 mL.

Conclusions
Our study suggests that initial IVF >3500 mL/day may
decrease dialysis dependence but did not decrease in-
hospital death for patients with rhabdomyolysis. The
optimal volume remains unknown, and further studies
are warranted.
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