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Background: Acute kidney injury with acute renal failure is associated with severe diabetic ketoacidosis. This retrospective
study was conducted at a single center in China and aimed to compare combined hemodialysis and hemoper-
fusion (hemodialysis+hemoperfusion) with hemoperfusion alone in 106 patients with diabetic ketoacidosis
and acute renal failure.

Material/Methods: The 106 patients were divided into 2 groups according to different dialysis programs, with 53 cases in each
group. Hemodialysis was performed using a single-pass 4008S FX8 HelLix-One hollow fiber hemodialyzer
(Fresenius Medical Care, St. Wendel, Germany). Hemoperfusion was performed using HA130 resin adsorbents.
Results: There were no significant differences in terms of sex, age, duration of diabetes, Alc, pH, and admission blood
glucose between the 2 groups (P=0.54, 0.564, 0.53, 0.78, 0.82, 0.51). There were no significant differences in
fasting blood glucose, blood urea nitrogen, osmotic pressure, and creatinine between the 2 groups before treat-
ment (P=0.146, 0.978, 0.786, 0.983). After treatment, blood urea nitrogen and creatinine in the dual-treatment
group were lower than in the control group, and the osmotic pressure was higher than that in the control group
(P=0.000, 0.000, 0.000). The dual-treatment group experienced a lower prevalence of dizziness (5.7%), anemia
(7.5%), bone pain (7.5%), hypertension (3.8%), and pruritus (5.7%) than the control group (P<0.05).

Conclusions: Compared with hemoperfusion alone, hemodialysis+hemoperfusion significantly reduced pruritus and anemia,
improved renal function, and was associated with significantly fewer adverse events in patients with diabetic
ketoacidosis and acute renal failure.
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Background

Diabetic ketoacidosis is a common clinical emergency for di-
abetic patients. It can be caused by multiple factors that lead
to insufficient insulin and an inadequate increase in glucose-
generating hormones, resulting in hyperglycemia, hyperketo-
nemia, ketonuria, dehydration, and electrolyte and metabolic
disorders [1-3]. The exchange of substances through disper-
sion, ultrafiltration, adsorption, and convection removes met-
abolic wastes in the body, maintains electrolyte and acid-
base balance, and simultaneously removes excess water in
the body and returns the purified blood to circulation [4-6].
As the prevalence of diabetes has continued to rise in China,
diabetes has become the primary cause of chronic kidney dis-
ease, surpassing glomerulonepbhritis-related chronic kidney
disease [7]. Acute kidney injury is an important risk factor as-
sociated with increased morbidity and mortality in diabetic
patients with ketoacidosis. Multiple risk factors contribute to
the development of acute kidney injury. Acute kidney injury
and advanced acute kidney injury are associated with rapid
progressive chronic kidney disease and mortality in patients
with diabetic ketoacidosis [8]. The development of acute kid-
ney injury, defined as acute changes in the serum creatinine
level, characterizes hospitalized patients at increased risk of
adverse outcomes [9]. There is no consensus definition of
acute renal failure in critically ill patients. More than 30 dif-
ferent definitions have been used in the literature, creating
much confusion and making comparisons difficult [10]. At pres-
ent, drugs cannot cure uremia, which is usually treated with
hemodialysis to control the progression of the disease [11].
Hemoperfusion is a dialysis treatment that introduces blood
into the perfusion device and removes toxins from the body
by means of dispersion, adsorption, and filtration [12]. It can
effectively remove medium and macromolecular toxins in the
blood [13]. This retrospective study was conducted at a sin-
gle center in China and aimed to compare combined hemodi-
alysis and hemoperfusion (hemodialysis+hemoperfusion) with
hemoperfusion alone in 106 patients with diabetic ketoacido-
sis and acute renal failure.

Material and Methods

Study Participants

From July 2018 to June 2019, 106 patients with diabetic ke-
toacidosis and acute renal failure were enrolled in this study.
They were divided into 2 groups, with 53 individuals in each
group. The control group (hemoperfusion alone) included 33
men and 20 women. Their ages ranged from 40 to 76 years
(average 55.4+4.7 years), and the duration of diabetes was 2
to 8 years (average 3.5+1.3 years). The dual-treatment group
(hemodialysis+hemoperfusion) included 28 men and 25 women
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aged 40-77 years (average 55.5+3.5 years old), with a diabetes
duration of 2 to 9 years (average 5.2+1.8 years). The study was
approved by the Ethics Committee of Linyi Central Hospital.

The clinical data of all cases were complete and were consis-
tent with the diagnostic criteria of diabetic nephropathy com-
plicated by ketoacidosis. All patients had a diagnosis of acute
renal failure. Patients with severe heart, liver, or kidney dys-
function; ketosis caused by drinking or starvation; or cancer
were excluded from the study. The diagnostic criteria for acute
renal failure were: (1) the increase of serum creatinine (SCr)
within 48 h of >0.3 mg/dL (26.5 pmol/L); (2) SCr >1.5 times
the basic value, with a clear or inferred indication that it oc-
curred within the previous 7 days; and (3) a urine volume of
<0.5 mL/kg/h for more than 6 h. Acute renal failure was diag-
nosed if at least one of these conditions was met [14]. The di-
agnostic criteria for diabetic ketoacidosis in adults issued by
the American Diabetes Association (ADA) include: (1) hyper-
glycemia (blood glucose >13.9 mmol/L [>250 mg/dL]); (2) ar-
terial pH <7.3; (3) serum bicarbonate <w18 mmol/L; (4) blood
anion gap >10 mmol/L; and (5) positive serum or urine ketone
on a semiquantitative test [15].

The inclusion criteria for the current study were the following:
(1) patients with blood ketone positive or (and) urine ketone
positive; (2) patients with carbon dioxide binding capacity <22
mmol/L, pH <7.35, and blood bicarbonate <22 mmol/L; (3) pa-
tients with short-term increase of creatinine >176 pmol/L and
creatinine clearance >50%; (4) patients with original chronic
renal dysfunction; and (5) patients with increased creatinine
onset >50% or increased creatinine clearance >15%. Exclusion
criteria were: (1) patients with severe dysfunction of other
organs, and (2) patients with ketoacidosis caused by starva-
tion or alcohol.

Methods

Patients in both groups were actively treated for the prima-
ry disease, and sustained insulin therapy was given at a low
dose [0.1 U/kg/h] to control blood glucose levels. At the same
time, the water and electrolyte acid-base disorders, fluid re-
placement, and prevention of complications were actively ad-
dressed. Urinary ketones, blood ketones, and blood glucose
levels were measured at defined time points. Hemodialysis
was performed using a single-pass 4008S FX8 HelLix-One hol-
low fiber hemodialyzer (Fresenius Medical Care, St. Wendel,
Germany). Hemoperfusion was performed using HA130 resin
adsorbents. The control group was treated with hemoperfu-
sion. Bicarbonate was used as the dialysate, and venous fistula
was used as the puncture point. Heparin was given for antico-
agulation at a dosage of 0.5-0.8 mg/kg at a rate of 6-12 mg/h.
The drug was suspended 30 min before hemoperfusion, with
blood flow of 150-200 mL/min and hemoperfusion flow of 500
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mL/min, 4 h for each time, 3 times a week, for 2 months. The
dual-treatment group underwent hemoperfusion as well as an
additional hemodialysis treatment. Bicarbonate was used as
the dialysate. A serial dialyzer tube was connected with the
perfusion device, the tube was repeatedly cleaned with a 0.9%
sodium chloride solution, air was purged from the tube, and
the tube was closed with 3 L of heparin sodium normal sa-
line for 30 min. The heparin saline was removed with 0.5 L of
0.9% sodium chloride solution, heparin was given for antico-
agulation, hemodialysis+hemoperfusion was performed for 2
h, and then hemodialysis for 2 h. This process was repeated
twice a month, for 2 months.

Outcome Measures

The clinical symptoms and related indicators were observed to
evaluate renal function and toxin clearance effects, including
blood urea nitrogen (BUN), SCr, serum 3, microglobulin, para-
thyroid hormone, blood phosphorus, and calcium ion. Fasting
blood glucose, BUN, osmotic pressure, and creatinine were com-
pared between the 2 groups. Patients were monitored for ad-
verse events such as nosocomial infections, sudden coronary
heart disease, and hypotension. Quality of life in both groups
was recorded. The changes in biochemical indicators before
and 1 week after treatment were evaluated. Biochemical indi-
cators included fasting blood glucose, BUN, osmotic pressure,
and creatinine. Survival rates within 6 months were observed
and compared between the 2 groups. The Kidney Disease
Quality of Life (KDQOL-SF) assessment included 43 questions
with 11 dimensions, and a higher total score was associated
with a better quality of life.

Statistical Analysis

SPSS 21.0 software was used to analyze the statistical data. The
measurement data were expressed as mean+standard devia-
tion (mean+SD), and the enumeration data were expressed as
numerical values and percentages. Comparison between the 2
groups used the t test, and the ratio of enumeration data used
the y? test. A significant difference was determined at P<0.05.

Results

There were no significant differences in terms of sex, age,
duration of diabetes, Alc, pH, or blood glucose at admis-
sion between the 2 groups (P=0.54, 0.564, 0.53, 0.78, 0.82,
0.51, Table 1). There were no significant differences in fasting
blood glucose, BUN, osmotic pressure, or creatinine between
the 2 groups before treatment (P=0.146, 0.978, 0.786, 0.983,
Table 2). After treatment, the BUN and creatinine in the dual-
treatment group were lower than those in the control group,
and the osmotic pressure was higher than that in the control
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group (P=0.000, 0.000, 0.000, Table 2). There was no signifi-
cant difference in fasting blood glucose between the 2 groups
after treatment (P=0.078, Table 2). The incidence of patients
with dizziness, anemia, bone pain, hypertension, or pruritus in
the dual-treatment group was lower than that in the control
group (P<0.05, Table 3). The KDQOL-SF score (467.65+36.18)
in the dual-treatment group was higher than that in the con-
trol group (346.81+32.71, P=0.011, Table 3). The survival rate
was 84.9% in the dual-treatment group and 66.1% in the
control group (P=0.035, Table 3). The causes of death in the
2 groups were hyperkalemia, uremic encephalopathy, cere-
bral infarction, gastrointestinal bleeding, and cardiac arrest
(Table 4). The incidence of adverse events in the control group
was 3.8%, and 2 patients died due to hypotension. In the du-
al-treatment group, the incidence of adverse effects was 1.8%,
and 1 patient experienced infection caused by dialysis. The re-
sults suggested that the hemodialysis+hemoperfusion treat-
ment could reduce mortality in patients with diabetic ketoac-
idosis and acute renal failure.

Discussion

Diabetic ketoacidosis combined with acute renal failure is a
serious disease that endangers the lives of patients [16]. It is
mainly characterized by hyperglycemia, hyperkalemia, dehy-
dration, electrolyte imbalance, and acidosis. Diabetic ketoac-
idosis can induce tissue ischemic injury as the disease pro-
gresses, and the mortality rate is high [17].

In this study, hemodialysis+hemoperfusion was performed in
patients with diabetic ketoacidosis and acute renal failure.
The results showed no significant differences in fasting blood
glucose, BUN, osmotic pressure, and creatinine between the 2
groups before treatment. After treatment, BUN and creatinine
in the dual-treatment group were lower than those in the con-
trol group, and the osmotic pressure was higher than that in
the control group. The dual-treatment group had a lower in-
cidence of dizziness (5.7%), anemia (7.5%), bone pain (7.5%),
hypertension (3.8%), and pruritus (5.7%) compared with the
control group, suggesting that hemodialysis+hemoperfusion
is effective in the treatment of diabetic ketoacidosis and acute
renal failure. This protocol could alleviate clinical symptoms,
improve toxin removal, and improve the quality of life, and the
results were consistent with previous findings [18]. The rea-
son for the effectiveness may be that the blood perfusion de-
vice contains a solid adsorbent [19]. After the patient’s blood
is introduced, the endogenous and exogenous drugs, toxins,
and metabolic wastes that cannot be removed by hemodial-
ysis can be removed through an adsorption effect, effective-
ly purifying the blood [20]. However, hemoperfusion can also
remove medium-size molecular substances and macromolec-
ular substances such as uric acid and creatine. The removal
of urea is not beneficial, and hemoperfusion cannot balance
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Table 1. Comparison of baseline characteristics.

Gender Age Duration of Admission blood

crolip (Male/Female) (year) diabetes (year) Gl PH sugar (mmol/L)

(C::;;()" group 33/20 55.4+4.7 3.5+1.3 3.4%+1.1 7.1:0.12 5.2+0.27
CObsevation . oo o

group (n=53) 28/25 55.5£3.5 5.2+1.8 3.7%+0.8 7.2+0.08 5.8+0.38

P 0.54 0.564 0.53 0.78 0.82 0.51
Table 2. Comparison of changes in biochemical parameters before and 1 week after treatment (x+sd).

Item Control group Observation group t P

FBG (mmol/L)
"""" Before treatment 16440  162¢37 0867 0146
"""" At1week after treatment ~ 64s19  62+¢15 1246 0078
CBUN(mmoV)
"""" Before treatment  364s120 358151 005 0978
"""" At1week after treatment ~ 234s48  134s32 8795 0000
COP(mmoll)
"""" Before treatment 2264341 2367:314 0235 078
"""" At1week after treatment 34644560  2558+465 11245 0000
CCreatinine (mmol/)
"""" Before treatment  6425:1455  6565:1356 0067 0983
"""" At1week after treatment 34751122 2725¢1058 6365 0000

FBG — fasting blood glucose; BUN — blood urea nitrogen; OP — osmotic pressure.

Table 3. Comarison of clinical symptoms (n, %).

Control group (n=53)

Observation group (n=53)

Dizziness 9 (16.9%) 3 (5.7%)* <0.05

CAnemia 12 (26%) P «©0s
Bomepain 14 (264% P «©0s
Hypertension 11 (08% 2 Gs®* «©0s
CPruritus 11 (08%) 3 6T 005
 KDQOL-SFscore 46765:3618 346813271 o011
Csuvive 35 (66.1%) 45 (849%)
Death 18 (33.9%) 8 (151%) o7 00

Compared with control group, * P<0.05. KDQOL-SF — Kidney Disease Quality of Life.

water and electrolytes [21]. Therefore, hemoperfusion alone
is not ideal for treating diabetic ketoacidosis and acute renal
failure. Hemodialysis and hemoperfusion can complement each
other, however, by removing molecules ranging from small to
large size, as well as inflammatory substances. Because the
biocompatibility of the 2 techniques is good, it can promote
the stability of the body’s water and electrolytes and reduce

adverse reactions during dialysis [22]. The results of this study
showed that the KDQOL-SF score (467.65+36.18) in the du-
al-treatment group was higher than that in the control group
(346.81+32.71). The survival rate was 84.9% in the dual-treat-
ment group and 66.0% in the control group, indicating that
hemodialysis+hemoperfusion therapy has a high safety level
and improves prognosis.
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Table 4. Analysis of the causes of death.

Control group (n=18)
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Observation group (n=8)

Hyperkalemia 3 (16.7%) 1(12.5%)
 Uremicencephalopathy  s@w 2050%
""""" Cerebralinfarction  4@2%) 1025
""""" Gastrointestinal bleeding ~ 4@22%  1(25%
""""" Cardiacarest  20q11%) 30759

At present, diabetic ketoacidosis combined with acute renal
failure is believed to be mainly related to the following factors:
(1) infection: when the body is seriously infected, it can cause
microcirculation disturbance, reduce blood flow, and then re-
duce the glomerular filtration rate; (2) hyperglycemia: after the
onset of diabetic ketoacidosis, the patient’s blood glucose in-
dex is significantly increased, and the osmotic pressure is in-
creased under the action of hyperglycemia, resulting in dehy-
dration and electrolyte imbalance, combined with symptoms
such as nausea and vomiting, that further reduce the circu-
lating blood volume; (3) multiple organ failure: diabetic keto-
acidosis patients are prone to multiple organ failure, and mul-
tiple organ failure and renal failure are mutually causal and
can exacerbate the degree of renal function damage; and (4)
acidosis: after acidosis, the myocardial contractile function of
the patient is significantly decreased, resulting in peripheral
vasodilation, which reduces the circulating blood volume and
blood pressure [23,24]. Under the combined effect of these
factors, the symptoms of poisoning in patients with diabet-
ic ketoacidosis can be aggravated and the incidence of acute
renal failure can be increased [25]. At present, diabetic keto-
acidosis and acute renal failure are mainly treated by fluid re-
placement, low-dose insulin, and hemodialysis [26]. However,
due to the unstable hemodynamic status of patients with di-
abetic ketoacidosis and acute renal failure, combined with the
effects of metabolic acidosis and electrolyte imbalance, con-
ventional symptomatic treatment and traditional intermittent
dialysis treatment cannot achieve satisfactory results [27,28].

Hemodialysis is an effective method for the treatment of ure-
mia [5]. Dialysis is based on the use of a dialyzer composed
of myriad hollow fibers through which blood circulates out-
side the body, so that the blood and a similar concentration
of dialysate are adsorbed and dispersed. Under the action of
ultrafiltration and convection, the material exchange occurs

through one hollow fiber, and the metabolic waste in the body
is removed to correct and maintain balanced levels of water,
electrolyte, and acid-base [4,29]. Hemodialysis is the corner-
stone therapy for patients with end-stage renal disease (ESRD).
However, highly protein bound or large molecular weight ure-
mic toxins (such as phenolic and indolic compounds and ho-
mocysteine) associated with adverse outcomes (such as cardio-
vascular disease of patients with ESRD) are difficult to remove
through hemodialysis; these toxins can be effectively eliminat-
ed by hemoperfusion [30]. At the same time, the excess water
in the body is removed, and the purified blood is returned to
the body. However, the biofilm holes of the hemodialysis dia-
lyzer are limited, and although they have a good scavenging
effect on small molecular metabolic waste, and removal of in-
flammatory substances and medium-size and macromolecu-
lar substances is difficult [31]. The use of hemodialysis alone
can prolong survival, but there are many complications, such
as infection, anemia, and secondary hyperparathyroidism [6].

This study also has certain limitations. First, the sample size
was small; second, the study was retrospective and relied on
the accuracy of medical records; and third, the study was per-
formed at a single center. We will expand the sample size and
conduct multi-center research in the future.

Conclusions

This retrospective real-world study from the experience at a
single center showed that in comparison with hemoperfusion
alone, hemodialysis+hemoperfusion significantly reduced pru-
ritus and anemia, improved renal function, and was associat-
ed with significantly fewer adverse events in patients with di-
abetic ketoacidosis and acute renal failure.
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