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Background. To explore the related factors of early mortality in patients with severe renal injury treated with continuous
venovenous hemodialysis (CVVHD), this study is of great significance to improve the treatment effect of hemodialysis.Methods.
Clinical data of 83 patients with severe renal injury who underwent CVVHD treatment in Nephrology Department of our hospital
(January 1, 2017, to June 30, 2019) were retrospectively analyzed. Results. Mortality was the highest in the first month of CVVHD
treatment and then decreased obviously. Early mortality was particularly higher in patients aged 60 and above. Age of first
hemodialysis, cardio cerebrovascular diseases, serum phosphorus, urea nitrogen, blood calcium, platelet count, lean body mass
(LBM), and total cholesterol were significant risk factors for early mortality. Conclusion. ,e early mortality of patients with severe
renal injury during CVVHD treatment was higher.

1. Introduction

Severe renal injury refers to a rapid decline in renal function
caused by a variety of factors. ,e latest data survey shows
that there were 1.4 million and 2.9 million hospitalized
patients with severe renal injury in China in 2018, with a
total medical cost of 13 billion US dollars [1, 2]. ,e in-
hospital mortality rate of patients was 12.4%, and about
65.3% of patients died within 3 months after discharge [3].
Continuous venovenous hemodialysis (CVVHD) is a
common treatment for renal diseases, which can slowly and
continuously remove the excess water and toxic substances
from the patients with the main effect of convection and
adsorption, and is more conducive to clearing large and
medium molecules such as cytokines and immune com-
plexes. With the development of hemodialysis treatment

technology, the survival of patients treated with hemodi-
alysis has been improved, but some patients still die from
complications such as cerebral edema, renal hypertension,
and renal osteodystrophy [4–6].,e definition of early death
is that patients die within 90 days after first CVVHD
treatment [7, 8]. Previous studies have found that cardio-
vascular diseases, age, and blood calcium levels are risk
factors of mortality in patients with renal injury, and
temporary conduit for first vascular access and complicated
tumor will also increase the early mortality risk of patients to
some extent [7]. However, Carolyn et al. found that total
cholesterol and diabetes are also risk factors of death [9].
However, there are no studies pointing out the relevant
factors affecting early death of patients undergoing CVVHD.
,erefore, to explore the related risk factors of early mor-
tality in dialysis patients and provide more evident-based

Hindawi
Journal of Healthcare Engineering
Volume 2022, Article ID 7812788, 6 pages
https://doi.org/10.1155/2022/7812788

mailto:liujuan@bjsftzxyjhyy.org.cn
https://orcid.org/0000-0003-3380-063X
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7812788


basis for reducing the early dialysis mortality, clinical data of
83 patients with severe renal injury who underwent CVVHD
treatment in Nephrology Department of our hospital
(January 1, 2017, to June 30, 2019) were retrospectively
analyzed, so as to reduce the early mortality and improve the
treatment effect.

2. Materials and Methods

2.1. General Data. Clinical data of 83 patients with severe
renal injury who underwent CVVHD treatment in Ne-
phrology Department of our hospital (January 1, 2017 to
June 30, 2019) were retrospectively analyzed. Patients were
followed up until June 30, 2020.

2.2. Inclusion and Exclusion Criteria

2.2.1. Inclusion Criteria. (1) Patients met the diagnostic
criteria in KDIGO Clinical Practice Guideline for Acute
Kidney Injury [10], with the clinical manifestations in-
cluding eyelid or bilateral lower extremity edema, oliguria,
elevated blood pressure, and nausea and vomiting. (2) Pa-
tients received regular hemodialysis treatment, to be specific,
weekly dialysis time ≥12 hours, more than 4 hours each time
and 3 times per week, or more than 6 hours each time and 2
times a week. (3) ,e study met the World Medical Asso-
ciation Declaration of Helsinki (2013) [11].

2.2.2. Exclusion Criteria. (1) Patients were registered repeat-
edly. (2) Clinical data of patients weremissing. (3) Patients were
under the age of 18. (4) Patients were treated with peritoneal
dialysis or renal transplantation before CVVHD treatment.

2.2.3. Methods. Patients’ clinical data of age, gender, age of
first hemodialysis, and basic diseases were recorded. 5ml of
fasting cubital venous blood was collected from the patients
to measure related indexes, including serum phosphorus,
serum albumin, blood calcium, urea nitrogen, platelet count,
total cholesterol, triacylglycerol, C-reactive protein, hemo-
globin, bloodmagnesium, and serum creatinine. Meanwhile,
lean body mass (LBM) of patients was calculated.
LBM� 0.34× serum creatinine (mg/dl, 1mg/d1� 88.4 μmol/
L) + 5.58× gender (1 for women and 0 for
men) + 0.30× body mass (kg) + 0.67× height (inch)−

0.23× urea clearance rate− 5.75 (inch� 0.1254m) [12].
,e mortality within 6 months of hemodialysis treat-

ment was recorded. Mortality� number of deaths within the
time period/number of exposures within the time period.
See Figure 1 for specific flow chart of the research.

2.3. Statistical Methods. All experimental data of the study
were processed by SPSS23.0, and the pictures were graphed by
GraphPad Prism 7 (GraphPad Software, San Diego, USA).
Enumeration data were tested by x2 and expressed by [n (%)].
Measurement data were tested by t expressed by mean± SD.
,e Cox regression model was used to analyze the risk factors

of early mortality in patients treated with hemodialysis. ,e
differences were statistically significant at P< 0.05.

3. Results

3.1. General Data of Patients. See Table 1 for details.

3.2.Analysis of Laboratory Indexes ofPatients. See Table 2 for
details.

3.3. Comparison ofMortality at Different Time Points within 6
MonthsofHemodialysisTreatment. ,emortality of patients
within 6 months of hemodialysis treatment was statistically
analyzed, which was highest within the first month, and then
decreased significantly (see Figure 2).

3.4. Correlation between LBM and Early Mortality. After
follow-up, according to different LBM values (<36.7,
36.7–40.5, 40.6–44.9, 45.0–49.4, and >49.4), patients were
divided into five groups, and the crude mortality of the 5
groups was 35.29%, 31.25%, 26.67%, 17.65%, and 11.11%,
respectively (see Table 3).

3.5. Analysis of Related Factors of Early Mortality. Age,
cardiovascular disease, blood phosphorus, blood calcium,
platelet count, LBM value, total cholesterol, and urea ni-
trogen are independent risk factors of early mortality in
patients treated with hemodialysis (see Table 4).

3.6. CorrelationAnalysis of EarlyMortality of Patients Treated
with Hemodialysis. See Figure 3 for details.

83 patients with severe
renal injury 

Meeting inclusion and
exclusion criteria 

Analysis of patients’ 
general data and laboratory 

indexes

Analysis of Cox
regression model 

Analyzing results and
drawing conclusions

Figure 1: Research process.
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3.7. Comparison of Area of Each Single Index Item, Standard
Error, Asymptotic Significance, and Asymptotic 95% Confi-
dence Interval. ,e age of first hemodialysis was higher than
that of other single tests (see Table 5).

3.8. Comparison of Positive Cases and Sensitivity of Each
Index. Sensitivity of age of first hemodialysis was the highest
(see Table 6).

4. Discussion

Continuous hemodialysis is a common method for the
treatment of severe renal injury at present, which is the
improvement of intermittent dialysis treatment technol-
ogy. ,rough slow flow rate of dialysis fluid and the
principle of convection and dispersion [13, 14], this
treatment method can realize blood highly purification by
removing water molecules and solute exchange. With more
displacement liquid and longer dialysis duration [15], toxic
components in patients’ blood can be effectively removed,
which can achieve ideal treatment effect, and its efficacy has

been confirmed in diseases such as diabetic ketoacidosis
and multiple organ dysfunction syndrome [16]. However,
clinical research shows that some patients die within 90
days of hemodialysis treatment [17], so it is important to
actively explore and prevent the related factors of early
mortality in patients with severe renal injury treated with
hemodialysis.

,rough retrospective analysis, this study found that
the highest overall mortality rate of patients was observed
in the first month of hemodialysis treatment, reaching
51.36%, which was similar to the conclusion of a foreign
study [18]. ,e foreign study confirmed that the mortality
rate in the first month of hemodialysis was the highest, with
41.28%, 43.28%, and 45.19% in Germany, Britain, and
Canada, respectively, within 30 days, which may be related
to comorbidities, primary diseases, health policies, and
cultures of patients in different countries. Cox regression
model analysis found that the age of the first hemodialysis
was closely related to the early mortality which was par-
ticularly higher in patients aged 60 and above. It is spec-
ulated that this is due to the complicated complications of
elderly patients and decreased willpower and cognitive
function, so the quality of life is usually affected and the
mortality increases during hemodialysis treatment [19–21].
Platelet factors play an important role in the smooth
progress of dialysis, and studies have confirmed that an
increased number of platelets can increase the patients’
blood viscosity, which can lead to thrombosis and increase
the risk of death. Abnormalities in serum calcium can lead
to disorders in calcium phosphate metabolism and accel-
erate the progression of vascular calcification, thereby
greatly increasing the occurrence of cardiovascular disease
and, to a greater extent, the risk of death in dialysis patients.
In addition, the increase in urea nitrogen in patients
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Figure 2: Mortality at different time points within 6 months of
hemodialysis treatment. Note. ,e abscissa indicates months and
the ordinate indicates mortality (%).

Table 1: General data of patients [n (%)].

Item Number of cases Percentage (%)
Gender
Male 47 56.63
Female 36 43.37
Age
18–26 years old 16 19.28
27–46 years old 29 34.94
47–60 years old 25 30.12
Over 60 years old 13 15.66
Basic diseases
Hypertension 61 73.49
Diabetes 35 42.17
Hyperuricemia 19 22.89
Hypotension 13 30.12
Residence
Urban 35 42.17
Rural 48 57.83
Educational degree
University degree 14 16.87
Middle school 53 63.86
Primary school 16 19.28

Table 2: Analysis of laboratory indexes of patients (mean± SD).

Item Value
Serum phosphorus (mmol/L) 1.74± 0.48
Serum albumin (g/L) 34.19± 5.87
Blood calcium (mmol/L) 2.41± 0.41
Urea nitrogen (mmol/L) 15.67± 2.36
Platelet count (109/L) 281± 83.27
Total cholesterol (mmol/L) 9.24± 1.35
Triacylglycerols (mmol/L) 1.42± 0.36
C-reactive protein (mg/L) 47.24± 0.45
Hemoglobin (g/L) 85.48± 13.28
Blood magnesium (mmol/L) 0.42± 0.14
Serum creatinine (μmol/L) 131.22± 18.35
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Table 4: Analysis of related factors of early mortality.

Item HR 95% CI P
Age (≥60 years old) 1.865 1.253–2.845 <0.001
Gender (male) 1.024 0.683–1.473 0.746
Complicated with cardiovascular disease 1.572 0.732–2.414 0.041
Serum phosphorus (mmol/L) 1.437 0.836–2.364 0.013
Blood calcium (mmol/L) 1.527 0.735–2.176 0.023
Platelet count (109/L) 1.367 0.826–2.073 0.031
Lean body mass (LBM) (kg) 1.462 0.738–1.957 0.024
Total cholesterol (mmol/L) 1.637 0.983–2.167 0.034
C-reactive protein (mg/L) 1.243 0.625–1.834 0.856
Triacylglycerols (mmol/L) 1.352 0.753–1.736 0.753
Serum albumin (g/L) 1.263 0.746–1.538 0.653
Urea nitrogen (mmol/L) 0.945 0.537–1.254 0.036
Hemoglobin (g/L) 1.036 0.638–1.574 0.326
Blood magnesium (mmol/L) 0.835 0.537–1.352 0.825
Serum creatinine (μmol/L) 1.162 0.627–1.568 0.479

Table 3: Comparison of survival rate of 83 patients treated by CVVHD and grouped according to LBM values [n (%), mean± SD].

Group n Crude mortality
Uncorrected model Case correction model Case correction and MICS

model
P HR (95% CI) P HR (95% CI) P HR (95% CI)

<36.7 17 6 (35.29%) 0.021a 1.32 (1.02, 1.56) 0.039a 1.49 (1.32, 1.67) 0.041a 1.32 (1.07, 1.48)
36.7–40.5 16 5 (31.25%) 0.058 1.06 (0.96, 1.35) 0.064 1.24 (1.05, 1.32) 0.054 1.19 (1.06, 1.43)
40.6–44.9 15 4 (26.67%)
45.0–49.4 17 3 (17.65%) 0.052 0.96 (0.68, 1.15) 0.059 0.92 (0.73, 1.24) 0.052 0.82 (0.72, 0.93)
>49.4 18 2 (11.11%) 0.057 0.92 (0.73, 1.25) 0.036a 0.75 (0.63, 0.89) 0.035a 0.83 (0.74, 0.96)
Note. ‘a’ indicates P< 0.05.
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Figure 3: Correlation analysis of early mortality of patients treated with hemodialysis.
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indicates a serious decline in renal function [22], which
leads to a relatively serious condition and even an increase
in early mortality. Another study found that the incidence
of protein energy consumption (PEW) and reflex sympa-
thetic dystrophy syndrome (RSDS) in patients treated with
hemodialysis was higher [23]. Compared with the healthy
people, LBM values in hemodialysis patients significantly
decreased. Some scholars believe that PEW is an inde-
pendent and significant factor to predict the death of he-
modialysis patients [24], so a higher LBM value represents a
better nutritional level and reflects a higher survival rate of
patients. ,is study found that the mortality rate of the
group (LBM> 49.4) was 11.11%, which is lower than that of
the other groups.

,ere are some defects in this study. First, all the cases
selected in this study were patients from local hospitals, so
the source of cases was single. Second, the study only
included some relevant indexes before hemodialysis,
without the analysis of clinical data during hemodialysis
treatment. Finally, the study included a small sample size
and lacked comprehensiveness, so the conclusions ob-
tained in this study remain to be improved by further
studies.

To sum up, the early mortality of patients with severe
renal injury during CVVHD treatment was higher. Age of
first hemodialysis, comorbid cardio cerebrovascular dis-
eases, serum phosphorus, urea nitrogen, blood calcium,
platelet count, lean body mass (LBM), and total cholesterol
were significant risk factors for early mortality. ,erefore,
the above risk factors should be actively prevented to im-
prove clinical prognosis.

Data Availability

,e data used to support the findings of this study are
available upon reasonable request from the corresponding
author.

Conflicts of Interest

,e authors declare that they have no conflicts of interest.

Authors’ Contributions

Qingyun Wang and Jia Liu contributed equally to this
article.

References

[1] M. Hara, S. Tanaka, M. Fujisaki et al., “,e association be-
tween dialysis dose and risk of cancer death in patients un-
dergoing hemodialysis: the Q-cohort study,” Internal
Medicine, vol. 59, no. 9, pp. 1141–1148, 2020.

[2] J. G. Raimann, F. I. Chu, H. Zhang, F. Maddux, Y. Wang, and
P. Kotanko, “Delayed conversion from central venous cath-
eter to non-catheter hemodialysis access associates with an
increased risk of death: a retrospective cohort study based on
data from a large dialysis provider,” Hemodialysis Interna-
tional, vol. 24, no. 3, pp. 299–308, 2020.

[3] A. M. Califano, L. Bitker, I. Baldwin, N Fealy, and R Bellomo,
“Circuit Survival during continuous venovenous hemodial-
ysis versus continuous venovenous hemofiltration,” Blood
Purification, vol. 49, pp. 281–288, 2020.

[4] C. Gokalp, A. F. Dogan, G. Kurultak, and S Ustundag,
“Continuous venovenous hemodialysis may be effective in
digoxin removal in digoxin toxicity: a case report,” Hemo-
dialysis international. International Symposium on Home
Hemodialysis, vol. 24, pp. E58–E60, 2020.

[5] G. Niewinski, J. Raszeja-Wyszomirska, A Rozga,
P Malkowski, and J Rozga, “Intermittent high-flux albumin
dialysis with continuous venovenous hemodialysis for acute-
on-chronic liver failure and acute kidney injury,” Artificial
Organs, vol. 44, pp. 91–99, 2020.

[6] J. J. Taliercio, G. Nakhoul, T. J. Vachharajani et al., “,e
production, efficacy, and safety of machine-generated bicar-
bonate solution for continuous venovenous hemodialysis
(CVVHD): the cleveland clinic method,” Kidney Medicine,
vol. 3, no. 3, pp. 353–359, 2021.

Table 5: Area under curve.

Test result variables Area Standard error Asymptotic significance
Asymptotic 95% confidence

interval
Lower limit Upper limit

Age of first hemodialysis 0.882 0.038 0.000 0.808 0.957
Cardiovascular and cerebrovascular diseases 0.833 0.044 0.000 0.747 0.920
Blood phosphorus 0.784 0.049 0.000 0.688 0.881
Urea nitrogen 0.804 0.047 0.000 0.711 0.897
Blood calcium 0.775 0.050 0.000 0.676 0.873
Platelet count 0.804 0.047 0.000 0.711 0.897
Lean body mass (LBM) 0.745 0.053 0.000 0.642 0.848
Total cholesterol 0.775 0.050 0.000 0.676 0.873

Table 6: Diagnostic results of each index.

Index Age of first
hemodialysis

Cardiovascular and
cerebrovascular diseases

Blood
phosphorus

Urea
nitrogen

Blood
calcium

Platelet
count

Lean body
mass (LBM)

Total
cholesterol

Positive
(cases) 39 34 29 31 28 31 25 28

Sensitivity 80.95 75.00 69.86 71.83 68.92 71.83 66.23 68.92

Journal of Healthcare Engineering 5



[7] T. Tenorio-Cañamás, S. Grau, L. Sonia, J. Fortún, F. Liaño,
and J. A. Roberts, “Pharmacokinetics of micafungin in crit-
ically ill patients receiving continuous venovenous hemodi-
alysis with high cutoff membranes,” Aerapeutic Drug
Monitoring, vol. 41, pp. 376–382, 2019.

[8] M. Oualha, J. M. Tréluyer, D. Bougnoux et al., “Fluconazole
exposure in plasma and bile during continuous venovenous
hemodialysis,” Aerapeutic Drug Monitoring, vol. 41,
pp. 544–546, 2019.

[9] C. D. Philpott, C. A. Droege, M. E. Droege et al., “Pharma-
cokinetics and pharmacodynamics of extended-infusion
cefepime in critically ill patients receiving continuous renal
replacement therapy: a prospective, open-label study,”
Pharmacotherapy: Ae Journal of Human Pharmacology and
Drug Aerapy, vol. 39, no. 11, pp. 1066–1076, 2019.

[10] M. Bossola, C. Marino, A. Di Napoli, N Agabiti, L Tazza, and
M Davoli, “Functional impairment and risk of mortality in
patients on chronic hemodialysis: results of the Lazio Dialysis
Registry,” Journal of Nephrology, vol. 31, pp. 593–602, 2018.

[11] World Medical Association, “World medical association
declaration of helsinki: ethical principles for medical research
involving human subjects,” JAMA, vol. 310, no. 20,
pp. 2191–2194, 2013.

[12] E. Toussirot, H. Marotte, D. Cormier et al., “Increased high
molecular weight adiponectin and lean mass during tocili-
zumab treatment in patients with rheumatoid arthritis: a 12-
month multicentre study,” Arthritis Research and Aerapy,
vol. 22, no. 1, 224 pages, 2020.

[13] L. Zhang, Y. Guo, and H. Ming, “Effects of hemodialysis,
peritoneal dialysis, and renal transplantation on the quality of life
of patients with end-stage renal disease,” Revista da Associação
Médica Brasileira, vol. 66, no. 9, pp. 1229–1234, 2020.

[14] E. K. Hoogeveen, K. J. Rothman, P. W. M. Voskamp,
R. de Mutsert, N. Halbesma, and F. W Dekker, “Obesity and
risk of death or dialysis in younger and older patients on
specialized pre-dialysis care,” PLoS One, vol. 12, Article ID
e0184007, 2017.

[15] D. C. Zhou, X. H. Yang, X. L. Zhan, Y. H. Gu, L. L. Guo, and
H. M. Jin, “Association of lean body mass with nutritional
parameters and mortality in hemodialysis patients: a long-
term follow-up clinical study,” Ae International Journal of
Artificial Organs, vol. 41, no. 6, pp. 297–305, 2018.

[16] H. Singh, R. S. Krishna, A. Jain, and N. Sharma, “Peritoneal
dialysis for the rescue in critical refractory metabolic acidosis
in diabetic ketoacidosis,” Journal of Family Medicine and
Primary Care, vol. 8, no. 5, pp. 1792-1793, 2019.
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