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Purpose: The present study aimed at evaluating the survival rate, its associated factors, and the causes of death in elderly patients 
undergoing continuous ambulatory peritoneal dialysis (CAPD) in Vietnam.
Patients and Methods: This is a retrospective, observational study conducted among patients aged ≥65 years who underwent CAPD 
at Thong Nhat Hospital, Ho Chi Minh City, Vietnam, from April 2012 to December 2020. The Kaplan–Meier method was used to 
calculate the cumulative survival rate, and the Log rank test was used to analyze the factors associated with the survival rate of 
patients.
Results: This study enrolled a total of 68 patients with a mean age of 71.93 ± 7.44 years at the initiation of CAPD. The most 
common complication among kidney failure patients was diabetic nephropathy (39.71%). The rate of concomitant cardiovas-
cular diseases was 58.82%. The average survival rate was 45.59 ± 4.01 months. Peritonitis was the most common factor 
causing death (31.25%), followed by cardiovascular diseases (28.12%) and malnutrition (25%). The factors that impacted the 
survival rate included concomitant cardiovascular diseases, low serum albumin (<35 g/dL), and an indication of CAPD due to 
exhausted vascular access for hemodialysis at baseline. The main factor associated with a shorter survival time was 
concomitant cardiovascular diseases.
Conclusion: It is necessary to improve the survival time beyond 5 years for elderly patients undergoing CAPD, especially for those 
with concomitant cardiovascular diseases. Besides the prevention of peritonitis, adequate measures to protect from cardiovascular 
diseases and malnutrition will reduce the mortality rate in patients on CAPD.
Keywords: CAPD, elderly, Vietnamese, concomitant diseases, cardiovascular diseases

Introduction
Kidney failure is a global burden, and elderly individuals are observed to be the most rapidly expanding population 
affected by it due to a spike in life expectancies globally.1 In Vietnam, the incidence of kidney failure has been increasing 
continuously, and nearly 90,000 cases need dialysis.2 Moreover, the hospital systems of Vietnam are overloaded due to 
the availability of only 400 dialysis facilities and approximately 5000 dialysis machines in the country.3,4 Therefore, 
many patients choose continuous ambulatory peritoneal dialysis (CAPD). Elderly patients especially prefer CAPD 
because it has always been perceived to be easier than hemodialysis (HD), with a smaller burden on patients and 
providing an augmented quality of life (QoL).5 Therefore, the management of elderly patients on CAPD has received 
increasing attention in recent years because this population has burgeoning numbers and a unique profile of medical and 
social needs.

There are some specific challenges faced by Vietnamese patients on CAPD, which are different from other 
countries. Firstly, renal replacement therapies (RRTs) are always delayed in patients from Vietnam.6 There is 
a tendency to postpone the initiation of dialysis as much as possible. Secondly, HD is still the first choice of RRT 
for kidney failure patients in Vietnam. The economic situation also plays a role in choosing HD over CAPD.6 The 
cost of one session of HD is only 20 USD, which allows reusing a dialyzer six times, which is cost-effective 
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compared to CAPD.6 Moreover, physicians are skeptical about the performance of CAPD and concerned about the 
associated high risk of peritonitis due to inadequate patient training, low living conditions, and environmental 
pollution. Finally, elderly patients on CAPD always require assistance and care from family members. However, 
a study by Brown et al7 demonstrated that both elderly and younger patients have similar rates of peritonitis and 
technique failure. Moreover, no significant difference was observed in the QoL of elderly patients who were 
maintained on CAPD in comparison to those on HD.7

There is a lack of national data on the survival rate and cause of death in patients on CAPD in Vietnam, especially in 
elderly patients. Therefore, this study aimed at evaluating the survival rate and identifying the factors influencing the 
survival rate in elderly patients undergoing CAPD. This retrospective, observational study is designed to provide insight 
into the clinical outcomes of elderly Vietnamese patients on CAPD.

Patients and Methods
Study Design and Setting
A retrospective, observational study was conducted on patients diagnosed with kidney failure (International 
Classification of Diseases, Tenth Revision [ICD-10]; code: N18) who were on CAPD at the Thong Nhat Hospital, 
South Vietnam, from April 2012 to December 2020. The inclusion criteria were as follows: (1) patients aged ≥65 years 
and who underwent CAPD for more than 3 months at the Thong Nhat Hospital, (2) patients who received the appropriate 
CAPD prescription and used conventional dialysis fluids (Dianeal® 1.5% and 2.5%, or 4.25% dextrose; Baxter 
Healthcare) with a Y-set and twin-bag system and 2-L exchanges four times daily, 7 days a week, and (3) patients for 
whom all data were available. Patients who could have a risk of acute-on-chronic kidney disease or could have 
withdrawn from CAPD therapy were excluded. The standard criteria for introducing CAPD therapy to patients was 
a creatinine clearance of <10 mL/min for nondiabetic patients and <15 mL/min for diabetic patients, respectively. 
Anemia treatment was continued until a target hemoglobin level of ≥10 g/dL was achieved. Patients who had anemia 
were subcutaneously administered with long-acting erythropoietin agents (methoxy polyethylene glycol-epoetin beta) at 
a dose of 100 µg per month, adjusted according to the hemoglobin level. Insulin and antihypertensive drugs were used to 
control the high blood sugar and high blood pressure of patients, respectively. Calcium, vitamin D, and iron supplements 
were also prescribed to patients when required. In the present study, due to a shortage of peritoneal dialysis (PD) nurses, 
Kt/V data were not routinely calculated for all patients. However, Kt/V was measured only in some cases that showed 
signs of inadequate dialysis. Most of the patients were prescribed dialysis fluids (Dianeal® 1.5% and 2.5%, or 4.25% 
dextrose), 2-L exchanges four times daily, 7 days a week.

The demographic characteristics and medical history of the enrolled patients were collected from the medical records. 
The demographic characteristics included age at the initiation of CAPD, sex, dry weight, primary causes of kidney 
failure, concomitant cardiovascular diseases, peritonitis, the indication or selection of CAPD, the initiation of CAPD with 
acute HD, CAPD exchange with assistance, and survival time (months). The concomitant cardiovascular diseases 
included history of congestive heart failure, cerebrovascular accident, myocardial infarction (MI), atherosclerosis, 
thoracic or abdominal artery aneurysm, and cardiac arrhythmia. The criteria for patients diagnosed with peritonitis 
(ICD-10; code: K65.9) included: (1) clinical features of abdominal pain, fever, nausea, vomiting, and cloudy fluid on 
drainage, (2) the number of white blood cells (WBCs) found on microscopy alone: either >50 or >100 WBC/mm3 and 
neutrophil count >50%, and (3) detection of bacteria in the peritoneal effluent by culture or Gram’s stain.8 Data on 
baseline laboratory variables included measurements of hemoglobin, total cholesterol, fasting glucose, low- and high- 
density lipoprotein cholesterol, hyperlipidemia, triglyceride, serum albumin, calcium, parathyroid hormone, and phos-
phate. Hyperlipidemia was defined as the presence of hypercholesterolemia (total cholesterol exceeding 5.2 mmol/L) or 
hypertriglyceridemia (triglycerides exceeding 1.7 mmol/L), or both.

Causes of Death in Elderly Patients on CAPD
The causes of death were categorized as: (1) peritonitis, (2) cardiovascular diseases (MI, heart failure, stroke), (3) 
malnutrition, and (4) other causes (malignancy, tuberculosis, unknown). Disease-related mortality was defined as 
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death with active diseases or within 4 weeks of a disease episode or any death during hospitalization for diseases. 
The standard criteria for diagnosing malnutrition in the study hospital were based on Subjective Global 
Assessment.9

Statistical Analysis
Data analyses were performed using SPSS version 23.0 (IBM, Armonk, New York). Continuous variables with a normal 
distribution are presented as mean ± standard deviation, and percentages are reported to describe the categorical variable. 
The Kaplan–Meier method was used to calculate the cumulative survival rate. The Log rank test was used to analyze the 
factors that impacted the survival rate. In addition, the Cox proportional hazards model or regression analysis was used to 
calculate the hazard rate. For univariate analysis, a cross-tabulation was created for one factor/variable and a chi-square 
test was performed. Any factor that was determined to be significant in the univariate analysis was used in the 
multivariate analysis. In the two-tailed test, p-values <0.05 were considered statistically significant.

Ethical Approval
The protocol of this study was approved by the Institutional Review Board of Thong Nhat Hospital, Ho Chi Minh 
City, Vietnam. Informed consent was obtained from the study participants before the study commencement. All 
the personal information of patients was kept confidential. The ethical standards of the institutional and/or 
national research committee were followed for all procedures and amendments, which were comparable to the 
ethical standards of the 1964 Helsinki Declaration.

Results
Demographic and Other Baseline Characteristics
The baseline clinical and laboratory characteristics of the enrolled patients (n=68) are presented in Table 1 and Table 2. 
The average age at the initiation of CAPD was 71.93 ± 7.44 years, and in 36 patients (52.945%), CAPD was started at the 
age of ≥70 years. The most common primary disease associated with kidney failure was diabetic nephropathy (39.71%), 
followed by hypertension (30.88%). The introduction of CAPD with acute HD occurred in 80.88% of patients. The most 
common coexisting condition was cardiovascular disease, which was reported in 58.82% of patients. The average 
survival time was 45.59 ± 4.01 months. Low serum albumin (<35 g/dL) and hyperlipidemia at baseline were reported 
in 49 (72.06%) and 55 (80.88%) patients, respectively.

Table 1 Baseline Clinical Characteristics of Elderly Patients on CAPD 
(N=68)

Baseline Clinical Characteristics of Patients Number of Patients (%)

Age at initiation of CAPD (mean ± SD, years) 71.93 ± 7.44

Age ≥70 years 36 (52.94)

Male 30 (44.12)

Dry weight (mean ± SD, kg) 51.07 ± 8.05

Primary causes of kidney failure

Diabetic nephropathy 27 (39.71)

Hypertension 21 (30.88)

Chronic glomerulonephritis 6 (8.82)

Unknown 14 (20.59)

Concomitant cardiovascular diseases* 40 (58.82)

Peritonitis 26 (38.24)

Initiation of CAPD with acute HD 55 (80.88)

(Continued)
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Survival Rates in Elderly Patients on CAPD
The cumulative survival rate of the enrolled patients is presented in Figure 1. The survival rates of patients at 12, 24, and 60 
months were 85%, 75%, and 45%, respectively. The cumulative survival rate using the Kaplan–Meier method was shown for 
each factor, and the Log rank test was utilized to compare those factors. Initially, patients were compared by dividing them into 
two groups as per the age at the initiation of CAPD—under 70 and 70 years or older (Table 3). There was no significant decrease 
in the survival rate for patients aged ≥70 years (Table 3). The nondiabetic patient group showed a higher survival time than the 
diabetic group; however, there was no statistical significance (Table 3). Moreover, there was a significant difference observed 
even between patients grouped as with or without concomitant cardiovascular diseases. The average survival time for patients 
with and without concomitant cardiovascular diseases was 37.55 ± 4.83 and 60.30 ± 6.00 months, respectively (Figure 2). The 
patient group with the indication of CAPD due to exhausted vascular access for HD had a significantly lower survival time than 
the patient group without such indication (Figure 3). In addition, there was a major difference seen even with the different 
baseline levels of serum albumin. Compared to the patient group with high baseline serum albumin (≥35 g/dL), the patient group 
with low baseline serum albumin (<35 g/dL) had a significantly lower survival time (Figure 4).

Table 2 Baseline Laboratory Characteristics of Elderly Patients 
on CAPD (N=68)

Laboratory Characteristics of Patients Value (Mean ± SD)

Fast glucose (mmoL/L) 6.73 ± 2.53

Hemoglobin ≥10 g/dL, n (%) 46 (70.59)
Hemoglobin (g/dL) 10.37 ± 1.19

Serum albumin <35 g/dL, n (%) 49 (72.06)
Serum albumin (g/dL) 31.75 ± 5.28

Total cholesterol (mmoL/L) 5.08 ± 1.78

HDL cholesterol (mmoL/L) 1.09 ± 0.34

LDL cholesterol (mmoL/L) 2.94 ± 1.12
Triglyceride (mmoL/L) 2.57 ± 1.75

Hyperlipidemia, n (%) 55 (80.88)

Calcium (mmoL/L) 1.77 ± 0.58

Phosphate (mmoL/L) 1.42 ± 0.44

PTH (pg/mL) 356.44 ± 388.59

Abbreviations: CAPD, Continuous ambulatory peritoneal dialysis; HDL, High-density 
lipoprotein; LDL, Low-density lipoprotein; PTH, Parathyroid hormone; SD, Standard 
deviation.

Table 1 (Continued). 

Baseline Clinical Characteristics of Patients Number of Patients (%)

CAPD exchange with assistance 54 (79.41)

Indication or selection of CAPD

Due to exhausted vascular access for HD 15 (22.06)

Severe heart failure 12 (17.65)

Patient’s choice 38 (55.88)

Uncontrolled hypertension 3 (4.41)

Survival time (mean ± SD, months) 45.59 ± 4.01

Notes: *Cardiovascular diseases (myocardial infarction, congestive heart failure, cerebrovascular acci-
dent, arrhythmia, thoracic or abdominal artery aneurysm, and severe coronary artery diseases). 
Abbreviations: CAPD, Continuous ambulatory peritoneal dialysis; HD, Hemodialysis; SD, 
Standard deviation.
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Figure 1 Kaplan–Meier survival curves of elderly patients on continuous ambulatory peritoneal dialysis.

Figure 2 Factor (concomitant cardiovascular diseases at baseline) added to Kaplan–Meier and Log rank test.
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Figure 3 Factor (indication of continuous ambulatory peritoneal dialysis due to exhausted vascular access for hemodialysis at baseline) added to Kaplan–Meier and Log rank test. 
Abbreviations: CAPD, Continuous ambulatory peritoneal dialysis; HD, Hemodialysis; VA, Vascular access.

Figure 4 Factor (baseline serum albumin) added to Kaplan–Meier and Log rank test.
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Factors Affecting the Survival Rate
In a multivariate analysis using the Cox proportional hazards model, a univariate chi-square test was performed on the 
three factors (concomitant cardiovascular diseases, indication of CAPD due to exhausted vascular access for HD, and 
low serum albumin) with a hazard rate of less than 1. There was no significant difference in the group indicated for 
CAPD due to exhausted vascular access for HD and serum albumin. However, the presence of concomitant cardiovas-
cular diseases significantly impacted the survival time (Table 4).

Table 3 Factors at Baseline Affecting the Survival Time

Factors Survival Time, 
(Mean ± SD, Months)

χ2* p

Age-group at initiation of CAPD

≥70 40.48 ± 5.64 1.556 0.212
<70 51.34 ± 5.53

Kidney failure caused by diabetic nephropathy
Yes 45.61 ± 5.82 0.072 0.788
No 47.97 ± 6.02

Sex

Male 54.33 ± 6.59 3.179 0.075
Female 39.66 ± 4.78

Concomitant cardiovascular diseases
Yes 37.55 ± 4.83 6.320 0.012
No 60.30 ± 6.00

Indication of CAPD

Due to exhausted vascular access for HD 28.37 ± 7.43 7.425 0.006
Others 50.56 ± 4.54

Serum albumin (g/dL)
≥35 63.36 ± 7.59 5.627 0.018
<35 39.73 ± 4.47

Peritonitis

Yes 40.54 ± 6.69 1.423 0.233
No 48.99 ± 5.02

Note: *Log rank test. 
Abbreviations: CAPD, Continuous ambulatory peritoneal dialysis; HD, Hemodialysis; SD, Standard deviation.

Table 4 Multivariate Analysis: Cox Proportional Hazards Model Including Factors Predicting 
Mortality

Factors at Baseline B SE χ2 p HR 95% CI for HR

Concomitant  

cardiovascular diseases

−1.000 0.463 4.653 0.031 0.368 0.148–0.913

Indication of CAPD due to  

exhausted vascular access for HD

−0.383 0.764 0.251 0.617 0.682 0.152–3.051

Serum albumin <35 g/dL −0.954 0.502 3.616 0.057 0.385 0.144–1.030

Abbreviations: B, Coefficient; χ2, Chi-square; CAPD, Continuous ambulatory peritoneal dialysis; CI, Confidence interval; HD, 
Hemodialysis; HR, Hazard ratio; SE, Standard error.
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Causes of Death in Elderly Patients on CAPD
In the analysis of causes of death, peritonitis was demonstrated to be the most common risk factor (31.25%), followed by 
cardiovascular diseases (28.12%). Deaths from malnutrition accounted for 25% (Table 5).

Discussion
This retrospective study is the first statistical presentation of the survival rate of patients on CAPD in Vietnam. It was 
aimed at analyzing the data collected in Thong Nhat Hospital, South Vietnam, from April 2012 to December 2020 to 
retrospect the clinical outcome of CAPD in elderly patients and the role played by comorbid conditions in the clinical 
prognosis of these patients. The present study reported the average survival time for the enrolled elderly patients on 
CAPD to be 45.59 ± 4.01 months. This result is similar to that of another single-center retrospective study conducted in 
China, where the 1-, 2-, 3-, and 5-year patient survival rates were reported to be 81%, 71%, 59%, and 39%, respectively, 
in the group aged 65–74 years. The mean survival time of the group aged 65–74 years was 43.1 months.10 Similarly, 
a study by Steenkamp et al11 conducted in the United Kingdom showed that the average survival time in elderly patients 
on CAPD (>75 years) was 3 years. In the present study, survival rates of patients were 85%, 75%, and 45% after 12, 24, 
and 60 months, respectively (Figure 1). The survival rate reached 85% in elderly patients on CAPD after 12 months in 
the present study, which is similar to that of previously reported studies.11,12 Steenkamp et al11 reported the 1-year 
survival rate in patients aged ≥60 years to be 88.1% in 2001, which increased to 89.8% in 2010. This study also reported 
the 1-year survival rate in patients with diabetes to be 82.1% and 84.7% in 2002 and 2010, respectively. Otawa et al12 

showed that in patients >80 years of age, the survival rate after 12 months was 83%.
In the present study, the survival rate reported after 2 years was 75%, which is lower than the rate reported by Lo et al13 (84.9% 

among the enrolled patients [n=320]) in the study conducted in 2003. In the present study, the survival rate after 5 years was only 
45%, and this rate is lower than the rates reported by Wei et al14 who enrolled Canadian (n=256) and Chinese (n=240) patients 
from 2000 to 2004 in their study. The survival rates reported by Wei et al14 after 1, 2, 3, and 5 years in Canadian patients were 90%, 
79%, 72%, and 61%, respectively, whereas in Chinese patients, the survival rates were 90%, 79%, 71%, and 64%, respectively. 
Meanwhile, in Japan, a study by Hiramatsu et al15 reported only a 16.3% (n=27) survival rate at >5 years among the enrolled 
patients (≥65 years) who underwent CAPD from 1991 to 2006 and had started dialysis at an average age of 66.2 years. A study 
conducted in China on 148 patients (>65 years) with a mean age of 71.3 ± 4.3 years showed that the survival rates for 1, 2, 3, and 5 
years were 79%, 67%, 56%, and 30%, respectively.10

The results of the present study can be compared to those of a few previous studies conducted in different countries for the 
1-year and 2-year survival rates, but the 5-year survival rate was lower in the present study. Improvisations should be made for the 
prognosis of patients undergoing CAPD based on long-term care. It can be hypothesized that due to four main reasons, the 
enrolled study population demonstrated a lower survival rate in comparison to other studies. Firstly, the population enrolled in the 
present study had a higher age in comparison to the patients included in other studies. Moreover, patients in the present study had 
a high age at the onset of CAPD (71.93 ± 7.44), which was comparatively higher than the population enrolled in the studies by 
Lo et al and Wei et al13,14 Secondly, patients in the present study had many medical comorbidities at baseline, which is a feature of 
the elderly population. Common diseases affecting patients’ survival time were severe heart failure and severe coronary artery 
disease. Thirdly, some of the patients had a late indication of CAPD. In Vietnam, in almost all cases, CAPD is conducted in an 

Table 5 Causes of Death (N=32)

Causes of Death Number of Patients Percentage (%)

Peritonitis 10 31.25

Cardiovascular diseases 9 28.12

Malnutrition 8 25.00

Other causes* 5 15.63

Note: *Malignancy, tuberculosis, unknown.
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emergency department. Acute HD introduction was very difficult for elderly patients. Even with a better-planned CAPD initiation, 
acute HD introduction has been impossible in Vietnam due to poor chronic kidney disease management, patient compliance, and 
socioeconomic problems. Lastly, the criteria for selecting elderly patients on CAPD in this study were peripheral vascular 
exhaustion for vascular access surgery for HD (22.06%) and heart failure (17.65%) as presented in Table 1. The study by 
Hiramatsu et al15 reported that severe cardiovascular disease and peripheral vascular exhaustion for HD accounted for 13% and 
8%, respectively; therefore, they demonstrated a low 5-year survival rate. In the present study, the rates of both peripheral 
exhaustion of vascular access for HD and cardiovascular diseases are higher in comparison to those of the study by Hiramatsu 
et al,15 thereby suggesting that this might have led to a lower 5-year survival rate among patients.

In the present study, peritonitis is reported to be the major cause of death among elderly Vietnamese patients on CAPD. In 
the present study, the patients had risk factors for peritonitis due to poor sanitary conditions, diabetes, severe malnutrition, 
and not strictly adhering to aseptic CAPD exchange. A study in elderly patients on CAPD with peritonitis as a complication 
reported that gram-negative organisms were primarily responsible for the episodes of peritonitis. Among the gram-negative 
organisms, Escherichia coli and Klebsiella pneumoniae were overwhelmingly dominant organisms. In the present study, the 
rates of death due to peritonitis were higher in comparison to the rates of other studies. However, a study by Wu et al16 also 
showed a high percentage (58.6%) of peritonitis-related deaths in elderly patients aged >65 years, which is even higher than 
that reported in the present study (31.25%), whereas in another study by Hiramatsu et al,15 death due to peritonitis was 
accounted to be only 7.6%.To minimize peritonitis episodes, it is important to improve the training for patients on CAPD, 
extend family support, and provide assistance to at-risk patients, thereby avoiding withdrawal of PD.

Patients undergoing CAPD with coexisting cardiovascular diseases often die at their homes suddenly, and due to a lack of 
autopsy, the exact cause of death is often not recorded. However, through the medical records and observation of their disease 
progression, from the present study it could suggested that acute MI and stroke are the crucial underlying risk factors causing 
death. The results of the present study are similar to those of the study by Hiramatsu et al,15 which reported that the cause of 
death due to MI was 15.2%. Furthermore, a study by Abraham et al17 in patients on CAPD (n=309) of various ages showed 
that the main cause of death was cardiovascular disease (59%). It can be noted that another possible cause of death in elderly 
patients on CAPD was severe physical exhaustion. In the present study, 25% of patients died due to severe malnutrition 
(Subjective Global Assessment-C). Table 2 shows that 72.06% of patients on CAPD had baseline serum albumin <35 g/dL. 
Malnutrition is also a frequently encountered complication in elderly patients on CAPD and can lead to a poor prognosis. 
Steenkamp et al11 investigated the survival rate of patients who were on dialysis in the United Kingdom from 1997 to 2010 
and reported that the rate of contribution of treatment withdrawal to cause of death was 18% for prevalent dialysis patients.

Limitations
Firstly, this was an observational study; therefore, it is uncertain whether a causal relationship exists between survival time and 
independent variables. Secondly, this was a single-center study that enrolled a low number of patients. However, there was little 
variation in the CAPD technique and prescription, and the therapy regimen followed, thereby increasing the reliability. Finally, 
there was a lack of longitudinal data focusing on risk factors such as serum lipid, phosphate, calcium, and glucose levels and 
factors attributing to death, especially in patients who were on dialysis and had died at home. However, to the best of our 
knowledge, this study is the first statistic focusing on the survival rate of Vietnamese patients on CAPD. Factors were analyzed 
specifically; therefore, confounding factors were limited. Future studies enrolling a larger number of patients and higher data 
inputs are required for providing conclusive evidence.

Conclusion
This is the first report presenting the survival rate of elderly patients on CAPD in Vietnam; however, it included data from only one 
hospital. The survival time results of the present study can be compared to the survival rates usually observed among elderly 
patients on CAPD. Concomitant cardiovascular diseases reduce the survival rate of elderly patients on CAPD. This study also 
showed that the leading cause of death in this vulnerable population is peritonitis, followed by severe cardiovascular disease. 
Future long-term studies can be conducted in Vietnam to overcome the challenges faced by elderly patients on CAPD and to 
improvise their long-term rate of survival.
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Abbreviations
CAPD, Continuous ambulatory peritoneal dialysis; HD, Hemodialysis; QoL, Quality of life; RRT, Renal replacement therapy; 
WBC, White blood cells.
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