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Background: Diabetes mellitus and hypertension are the most prominent conditions causing chronic kidney disease and eventually
end-stage renal disease. Renal replacement therapy, particularly hemodialysis (HD), is the mainstay of treatment. The aim of this study
is to assess the overall survival status of HD patients and potential survival predictors at Saint Paul hospital millennium medical
college (SPHMMC) and Myungsung Christian Medical Center (MCM) in Addis Ababa, Ethiopia.

Methods: A retrospective cohort study was conducted on HD patients at SPHMMC and MCM general hospital from January 1, 2013
to December 30, 2020. Kaplan Meier, Log-rank, and Cox proportional regression models were used for the analysis. Estimated risks
were reported as hazard ratios with 95% confidence intervals and P<0.05 was considered as having a significant association.
Results: A total of 128 patients were included in the study. Median survival time was 65 months. The predominant co-morbid
condition was found to be diabetes mellitus with hypertension (42%). The total risk time for these patients was 143,617 person years.
The overall incidence rate of death was 2.9 per 10,000 person years (95% CI=2.2—4). Patients who developed blood stream infection
were 2.98-times more likely to die than those without infection. Those using an arteriovenous fistula were 66% less likely to die than
those using a central venous catheter. Additionally, patients treated in a government-owned facility were 79% less likely to die.
Conclusion: The study identified that the median survival time of 65 months was comparable with developed nations. Significant
predictors of death were found to be blood stream infection and type of vascular access. Government-owned treatment facilities
showed better patient survival.
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Introduction
Background

Non-communicable diseases (NCD), including chronic kidney disease (CKD), have become a major global health
problem. CKD includes a range of pathophysiological processes associated with abnormal kidney function and
a gradual decrease in the rate of glomerular filtration (GFR). Both the GFR and the amount of albuminuria are closely
linked to the risk of CKD progression. CKD is differentiated from acute kidney disease by the existence of kidney
damage or decreased function of the estimated glomerular filtration rate (eéGFR) of less than 60 mL/min/1.73 mt?,
persisting for 3 months or more irrespective of the cause.’

The most prominent conditions causing CKD are diabetes mellitus and hypertension, followed by glomerulonephritis,
chronic tubulointerstitial nephritis, and hereditary or cystic diseases which all eventually lead to end-stage renal disease
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(ESRD).? Worldwide, over 2 million people undergo dialysis or renal transplantation to remain alive; however, only 20%
are treated in about 100 developing countries that make up over 50% of the world population.?

In most parts of Africa, the extent of CKD is unknown, mainly due to a lack of national registries and a lack of
community-based studies. Few countries like Egypt, Libya, Algeria, Tunisia, Morocco, South Africa, Mauritius, and
Gabon are capable of accommodating dialysis treatment for 100 dialysis patients per million population. In these
countries, dialysis outcomes are very poor, with survival ranging from 20-70%."

In Ethiopia, the first dialysis service was started in 1980 at Tikure Anbessa specialized hospital, but a maintenance
dialysis service started in 2001 at Saint Gabriel Hospital. The expansion of the service was restricted to Addis Ababa
until recently, and the majority of dialysis services were provided by the private sector. Renal replacement therapy (RRT)
in Ethiopia is extremely scarce and available to only a limited number of prosperous city residents.” ESRD is usually
accompanied by complications which significantly lower the survival time of hemodialysis (HD) patients. The opening
and development of dialysis centers in countries such as Ethiopia would undoubtedly narrow the RRT gap and solve the
issue of accessibility reflected in many African countries.®

Dialysis is one of the RRT alternatives that extends longevity, decreases morbidity, and enhances the quality-of-life.
Despite many technical advances, however, the morbidity and mortality of dialysis patients remain unacceptably high,
particularly in developing countries.” High mortality is recorded in the first 3 months after initiation of treatment with
HD. Around one-quarter of HD patients die in high-income countries within 1 year of initiation of treatment, and this
proportion is even higher in low- and middle-income countries.®

While controversial, changes in the risk of mortality among dialysis patients tend to have been faster than in the
general population, indicating that improved care for dialysis treatment patients rather than overall health gains could be
partially responsible for these secular trends.” The factors responsible for these apparent patterns has not been confirmed,
but may include improved co-morbidity management, changes in the prevention or treatment of complications associated
with dialysis such as infection, and better care before initiation of HD.'°

The increasing prevalence of kidney failure, driven by factors such as diabetes and hypertension, is expected to put
further strain on health systems, particularly in developing countries. This will likely lead to an increase in the use of HD,
which poses major economic challenges. The reasons for the high number of patients with kidney failure in some
countries are not well understood. Improving survival outcomes for dialysis patients is a key issue in addressing the
adequacy of treatment for this chronic disease.

Materials and Methods
Study Area

The study was carried out at Saint Paul hospital millennium medical college (SPHMMC) and Myungsung Christian
medical center (MCM). SPHMMC is one of the tertiary public Hospitals in Ethiopia with more than 350 beds that
provide services for different categories of ambulatory and admitted patients coming from different corners of the
country. The hospital was established in 1968. It has different clinics which provide an out-patient service where patients
with specific chronic disease are referred for follow-up and routine health services for the city community as well as for
different populations who come from regional states of Ethiopia. The renal clinic is one of the specialty clinics that
provide service to CKD patients. Currently, the hospital has 15 dialysis beds working 24 hours. The other study area is
MCM general hospital. It was established in 1993, following the request of the Ethiopian government to improve the
medical environment. The hospital served not only the local community but also dialysis patients from abroad that come
to Ethiopia on vacation. It is one of few private hospitals that have a dialysis center with around 9 beds.

Study Design and Period
A retrospective cohort study was conducted on HD patients who came to SPHMMC and MCM general hospital in Addis
Ababa, Ethiopia from January 1, 2013, to December 30, 2020.

60 https: International Journal of Nephrology and Renovascular Disease 2023:16
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove Betiru et al

Study Population
The study population consists of patients above the age of 18 who were diagnosed with CKD and underwent HD
treatment at SPHMMC and MCM general hospital during the study period from January 1, 2013 to December 30, 2020.

Inclusion Criteria
For this study, all adult patients with CKD who were evaluated for HD and underwent dialysis for more than 30 days
between January 1, 2013 to December 30, 2020 were screened for inclusion.

Exclusions Criteria
Medical records were not included in the study if they contained HD for acute renal cases, had less than 1 month of HD
records or if they were incomplete.

Sample Size Determination
Sample size determination starts by determining d (number of events), in this study the event is time to death.

d == (Za/z +Zﬂ)2w
d

Then, the required total number of patients can be computed as Flevens) - FTOM 2 similar study in Addis Ababa, we took

a survival probability of 60% for our sample size calculation.!  We also know that
A = —log(s(¢)) = —log (0.6) = 0.511. Using the power of 80%.

4
=70

4
d=(Zyn+7Z5)"—(1.96+0.84)° —— =
i+ 2)" 2 )In(.511)2

Adjusting for a loss of 10%, n4y = 1= = 12075

Sampling Techniques

A systematic sampling technique was applied to select 128 samples. It was expected that the number of population (charts) would
be very low. Each chart had a number assigned. Then numbers are selected randomly for the chart to be included in the study.

Study Variables

Dependent Variable

The outcome variable was death measured from dialysis initiation until the event occurs. Patients who were lost to
follow-up, transferred out of the hospital to another center, who underwent kidney transplant, or remained in the study to
the end of the study period were considered right-censored.

Independent Variables
e Socio demographic factors.
¢ Anthropometric measurements.
e Co-morbid conditions.
e Laboratory and diagnostic tests.
e Type of vascular access.
e Type of cardiac disease.
e Blood stream infections.
e Treatment facility.
e Dialysis hour.
¢ Dialysis frequency per week.
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Data Collectors
The data collection was conducted by three nurses and one supervisor. One day training was given to all data collectors
prior to data collection on how to fill the checklist details.

Data Collection Techniques

Since the study design is a retrospective cohort, data was collected from medication chart review. This was done using
a checklist. The checklist contained information on socio-demographic details, anthropometric measures, co-morbid
conditions, laboratory results, and other medical conditions.

Data Processing and Analysis

After data was checked for completeness, it was edited, coded, and entered into Epi Info software version 7.1.4 and was
analyzed using STATA version 16.0. Kaplan Meier (KM) was used for preliminary descriptive analysis. The null
hypothesis was tested using Log rank test to determine if there was a difference in the survival of various groups.
Cox proportional regression was used to model how the risk of death depends on several predictors or variables.
Estimated risks were reported as hazard ratios (HR) with 95% confidence intervals and P<0.05 was considered as having
a significant association.

Results

Baseline Patient Characteristics

A total of 128 patients were followed during the study period. Males account for 81 (63%) of the overall HD patients and
females were 47 (37%). Most of the patients belong to the 1547 age groups (67; 52%). The predominant co-morbid
condition was found to be diabetes with hypertension which accounts for 42%. Hypertension alone contributes 35% and
diabetes is 10%. In all three co-morbid categories, males account for higher percentages than females. In terms of
vascular access, most patients start with central venous catheter (CVC) but the most widely used vascular access in most
patients at the time of the study was arteriovenous fistula (AVF) (82; 64%). Arteriovenous graft (AVQ) is the least used
vascular access in both study areas (4; 3%). Most patients had a 3-hour dialysis session thrice weekly (80% and 86%,
respectively) (Table 1).

Mortality and Survival of Hemodialysis Patients

A total of 42 (33%) HD patients died during this study period and 86 (67%) were censored. Among these censored
patients, two were lost to follow-up, three of them had a kidney transplant, one patient transferred out, and for the rest of
the patients the study ended. The total risk time for these patients was 143,617 person years. Forty-two deaths occurred
within this time period, which gives an overall incidence rate of death as 2.9 per 10,000 person years (95% CI=2.2-4).
The mortality rate for males was 2.8 per 10,000 person years, which was lower than females, 3.13 per 10,000 person
years. Mortality increases with increasing age with the age group 1547 years having lower mortality, 1.75 per
10,000 person years (95% CI=1.03-2.9) compared with the >64 age group, 6.5 per 10,000 person years (95% Cl=4—
11). Mortality was also higher in those who developed blood stream infection. Those patients with hypertension, diabetes
mellitus, and both hypertension with diabetes had increasing incidence of risk (Table 2).

Probability of Survival Functions
Kaplan Meier (K-M) survival function shows median survival times were to be 1,955 days. That means at least 50% of
patients survived for 1,955 days or 65 months (Figure 1).

Log Rank Test for Equality of Survivor Functions

Log rank test shows a significant difference in the survival for age group, type of vascular access used, whether the
patient developed infection and type of treatment facility. The Log rank test of equality of survival curves by age groups
according to the results displayed in Table 3 indicated that, out of 42 deaths observed within the study period, 14 are
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Table | Baseline Characteristics of Hemodialysis Patients
Admitted to St. Paul's Hospital Millennium Medical College
and Myungsung Christian Medical Center, Addis Ababa,

Ethiopia

Variable Category | Frequency | Percent

Sex Male 8l 63
Female 47 37

Age 1847 67 52
48-63 32 25
264 29 23

Hypertension Male 28 35
Female 17

Diabetes mellitus Male 9 10
Female 4

Hypertension + diabetes | Male 35 42
Female 19

Cardiovascular access CcvC 42 33
AVF 82 64
AVG 4 3

Dialysis hour 3 hour 103 80
3.5 hour 8 6
4 hour 17 14

Dialysis frequency per 2 times 18 14

week 3 times 110 86

observed from the age group 1547 against 22.17 expected as compared to 16 observed against 7.09 expected from the
age group >64. A Chi-square statistic value of 14.40 with 1 degree of freedom and a P-value of 0.0007 are recorded in
the results. There is significant difference between the survival curves of the age groups. Hence, the Kaplan Meier
estimate of survival curves provided in Figure 2 is significant and, thus, showed that the older age group has a lower
survival time than the younger age group at both hospitals (Figure 2).

Results shown in Table 3 for type of vascular access indicated that out of 42 deaths observed within the study period,
19 are observed from the CVC against 9.69 expected as compared to 21 observed against 30.10 expected from the AVF.
A Chi-square statistic value of 12.08 with 1 degree of freedom and a probability value of 0.0024 recorded in the results
show a significant difference between the survival curves of the type of vascular access used. Hence, the K-M estimate of
survival curves provided by Figure 3 is significant and, thus, showed that those using AVF has a higher survival time than
those who use CVC at both health facilities (Figure 3).

The log rank test in Table 3 indicated that, out of 42 deaths observed within the study period, 23 are observed from
those who developed blood stream infection against 15.33 expected as compared to 19 observed against 26.67 expected
from those who has no infection. A Chi-square statistic value of 6.08 with 1 degree of freedom and a probability value of

0.0137 show a significant difference in survival between these two groups. Hence, the K-M estimates proved to be
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Table 2 Incidence Rate of Hemodialysis Patients Admitted to St. Paul's Hospital
Millennium Medical College and Myungsung Christian Medical Center Addis Ababa,

Ethiopia

Variable Category Person Year | Event (Death) | Rate (95% CI)

Outcome Death 37,132 42 0.0011 (0.00084- 0.0015)
Censored 106,485 0 0

Total 143,617 42 0.00029 (0.00022—- 0.0004)

Sex Male 92,536 26 0.00028 (0.00019— 0.00041)
Female 51,081 16 0.00031 (0.00019- 0.00051)

Age group | 1547 80,193 14 0.00017 (0.0001- 0.00029)
48-63 38,693 12 0.00031 (0.00017—- 0.00054)
>64 24,461 16 0.00065 (0.0004—0.0011)

Infection No 92,575 19 0.00021 (0.00013- 0.00032)
Yes 51,042 23 0.00045 (0.00029— 0.00068)

Co-morbid | Hypertension | 56,974 10 0.00018 (0.00094— 0.00033)
Diabetes 16,241 3 0.00019 (0.000059- 0.00057)
HTN+DM 55,095 20 0.00036 (0.00023— 0.00056)

significant. Therefore, patients who did not develop blood stream infection tend to survive longer than their counterparts
(Figure 4).

The KM estimates shown in Figure 5 for the treatment facility also proved to be significant as the log rank test
indicated that out of 42 deaths observed within the study period, 29 are observed from the private hospital (MCM)

Kaplan-Meier survival estimate
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Figure | Kaplan Meier (K-M) survival function.
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Table 3 Log Rank Test of Equality of Survival Function Among HD Patients Admitted to St. Paul’s Hospital
Millennium Medical College and Myungsung Christian Medical Center Addis Ababa, Ethiopia

Variable Category Events Observed | Events Expected Chi? Value p-value
Sex Male 26 27.15 0.14 0.7110
Female 16 14.85
Age 1547 14 22.17 14.40 0.0007
48-63 12 12.74
264 16 7.09
Type of vascular access CvC 19 9.69 12.08 0.0024
AVF 21 30.10

GRAFT 2 221

Blood stream infection Yes 23 15.33 6.08 0.0137
No 19 26.67

Dialysis frequency per week Two 9 5.84 2.07 0.1505
Three 33 36.16

Treatment facility Private 29 15.5 20.43 0.0000
Government 13 26.5

Dialysis hour 3 hr 32 34.61 1.72 0.4225
3.5 hr 2 2.14
4 hr 8 5.25

against 15.5 expected as compared to 13 observed against 26.5 expected from the government hospital (SPHMMC) with
a chi statistic value of 20.43, with 1 degree of freedom and a probability value of 0.0000. It can be concluded that those
HD patients treated in SPHMMC survive longer (Figure 5).

Cox Proportional Hazard Regression

Predictors for Time to death were identified with Cox regression. Nine variables were selected that fulfilled the
assumption of independent observation. The selected nine variables were again checked for proportional hazard (PH)
assumption. Goodness of fit (GOF) test revealed all nine predictors except one (inter-dialysis weight gain) met the
PH assumption. Lastly, time varying covariate tests showed only seven predictor variables were found to be fit to be
included in the Cox regression model. The final multivariable (adjusted) Cox regression model is presented in Table 4.

Among the seven variables entered into the final model, only three variables (indicated by *) remained statistically
significant at the 0.05 level of significance. Significant predictors of death were blood stream infection, type of vascular
access, and treatment facility.

Accordingly, patients who developed blood stream infection at any time point during the study period were 2.98-
times more likely to die than those patients who did not develop blood stream infections holding other predictors constant
(HR=2.98; 95% CI=1.36-6.49).

Type of vascular access also remained statistically significant in which patients who were using AVF at any time point
during the study period were 66% less likely to die than patients who were using CVC as an option for long-term use in
hemodialysis patients while holding other predictors constant (HR=0.34; 95% CI=0.16-0.73).
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Kaplan-Meier survival estimates P = 0.0007
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Figure 2 Survival function by age group. P-value=0.0007.
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Figure 3 Survival functions by type of vascular access used. P-value=0.0024.

The other statistically significant predictor of death was the treatment facility, in which patients treated in the
government hospital (SPHMMC) at any time point during the study period were 79% less likely to die compared with
those in the private hospital (MCM) (HR=0.21; 95% CI=0.08-0.54) (Table 4).
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Kaplan-Meier survival estimates P =0.0137
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Figure 4 Survival function by blood stream infection. P-value=0.0137.

Kaplan-Meier survival estimates P =0.0000
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Figure 5 Survival function by treatment facility. P-value=0.0000.

Discussion

The general aim of the study was to determine the overall survival status of hemodialysis patients and to find significant
predictors of death in St Paul hospital millennium medical college and Myungsung Christian Medical center. The study
presents the results of a 7 year retrospective study for a total number of 128 patients. The study revealed the incidence of
death as 2.9 per 10,000 person years and median survival times of 1,955 days. Using AVF was associated with longer
survival times than using CVC while the presence of blood stream infection was associated with lower survival times.

Additionally, patients in the government-owned treatment facility had longer survival times.
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Table 4 Multivariable Cox Proportional Hazard Regression Output Among Hemodialysis Patients in St. Paul’s
Hospital Millennium Medical College, and Myungsung Medical Center Addis Ababa, Ethiopia

Variable Category Frequency HR (95%, CI) p-value
Death Censored
Sex Male 26 55 0 (base)
Female 16 31 1.17 (0.56-2.49) | 0.674
Dialysis hour 3 hr 32 71 0 (base)
3:30 hr 2 6 0.52 (0.11-2.54) | 0.422
4 hr 17 9 0.76 (0.24-2.34) | 0.629
Age group 1547 14 53 0 (base)
48-63 12 20 0.78 (0.33-1.87) | 0.58
264 16 13 1.69 (0.62-4.58) | 0.304
Infection Yes 23 23 2.98 (1.36-6.49) | 0.006 *
No 19 63 0 (base)
Dialysis frequency per week | 2 times 9 9 0 (base)
3 times 33 77 1.26 (0.53-2.97) | 0.601
Type of vascular access CcvC 19 23 0 (base)
AVF 21 6l 0.34 (0.16-0.73) | 0.006 *
Graft 2 2 1.26 (0.26-6.18) | 0.778
Facility Private 29 35 0 (base)
Government 13 51 0.21 0.08-0.54) | 0.001 *

Note: Significance level: * p<0.05.

The incidence of death of 2.9 per 10,000 person years was lower than a study conducted in Ayder hospital in Tigray
region which puts the incidence rate as 1.4 per 1,000 person years.'? Differences in incidence could be attributed to those
reasons formulated by Donabedian in his conceptual model of dimensions of care. According to the model the structure
of the health care which includes equipment, human resources, and organizational characteristics such as staff training
and payment methods and the processes in the facility which includes diagnosis, treatment, preventive care, and patient
education all affect the outcome in HD patients."?

The Median survival times were found to be 1,955 days or 65 months. In contrast, a study conducted in Canada
showed a median survival times of 39.8 months.'* This variation in survival time raises a question of how patients in
a developing country have better survival times compared to a developed nation like Canada. One possible explanation to
this question could be survival times highly differ across age groups. It is evident that most dialysis patients in Canada or
any other developed nations are mostly older.'> But in this study most patients are 15-47 years of age, which is
considered young. An additional study in one of the private hospitals in Addis Ababa shows a median survival time of
only 263 days. This low number might be attributed to no pre-ESKD treatment care at the time. Also the study in Ayder
hospital in Tigray region shows a median survival time of only 378 days. These studies are similar in that they contain
mostly older age groups and the study in Ayder hospital was conducted for only 3 years.'""'? So it is not a surprise that
younger age groups survive more since they are free from those conditions which the elderly face like frailty, concurrent
co-morbid conditions, deteriorating physical and psychological conditions and the likes.'®
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One of the major predictors of death in the study was type of vascular access used. In this study, use of AVF is
associated with lower mortality than using CVC. This result is supported by many studies including those conducted
solely on vascular access type on HD patients.'” A recent study in Palestine also showed HD patients who were using
CVC for HD were at approximately 50% higher risk for mortality compared with those patients with an AVF for HD
access.'® Similarly, a large cohort of study in United States revealed CVC use was associated with 1.73-times higher risk
for mortality when compared with AVF access.'” Disruption of dermal barriers to gain access for vascular access is the
main reason for the occurrence of infection and subsequent death.”®

Another predictor of death in this study was blood stream infection. The study revealed that those patients developing
blood stream infection had 2.98-times higher death risk. This result corresponds to the findings of several studies which
reported blood stream infection as the second leading cause of death among dialysis patients and the first cause of
hospitalization.”'** A similar study conducted in India reported that out of 113 patients, deaths due to vascular access
related infections and catheter-related infection were about 36%.% This huge proportion of death due to blood stream
infection is attributed to various predisposing factors. For example, the presence of uremia, malnourishment, and diabetes
mellitus, which are very common in HD patients, interact with each other to easily impair the immune system and, thus,
lead to infection.?*

Another finding in this study was survival difference in public and private hospitals. Although the main objective of
this study was not survival comparison between public and private facilities, this study shows better patient survival in
the government (SPHMMOC) facility. This contradicts studies in Romania where patients enrolled in a private (for-profit)
hospital generally had a better outcome than those in a government (non-profit) hospital.>> Although different factors
play a role for this difference, it majorly comes down to economic factors. For example, the fact that the Addis Ababa
city administration sponsored all HD patients in SPHMMC for the past 2 years favors HD patients to put their money on
other necessities that increase their quality-of-life. Also, the standard three times per week HD sessions were not skipped
due to financial problems, which furthers their survival probabilities. Since there is a difference in patient characteristics
and clinical practices between facilities, studies which take into account this effects would potentially reveal a better
conclusion.

Strength and Limitation of the Study

One of the strengths of the study is that it took the data from both private and public health facilities which make the
findings more generalizable. But the study has limitations inherent to the study design. Some important variables such as
single pool kt/v and BMI were not included in the study because of insufficient information in patient charts. Exclusion
of these potential factors could affect the association of predictors and outcomes, especially when modeling in Cox
regression. Different record keeping practices between facilities force the study to concentrate on only those factors
recorded in both facilities. Additionally this study overlooks those patients who need hemodialysis but cannot afford
treatment due to financial problems or shortages of dialysis machines.

Recommendations

Appropriate guidelines should be formulated and implemented by the Ministry of Health (MOH) to decrease the
prevalence of end stage renal disease. Since younger age groups are being diagnosed with ESRD, the MOH should
focus on prevention and conduct research on this area to limit ESRD. Physicians should keep an eye on hypertensive and
diabetes patients on potential kidney failures and help to prevent the prognosis to ESRD. Further research is needed to
limit mortality due to vascular access and related infections.

Conclusion

Survival times were comparable to those in developed nations which show treatment was more or less similar with the
exception of individual life style. More people within the range of 1547 years old are on HD treatment, unlike
developed countries with older patients on dialysis. Co-morbid conditions, mainly hypertension and diabetes, were
prevalent in HD patients. Types of vascular access used highly affect the survival outcome in HD patients. Blood stream
infection contributes to increased mortality in HD patients in both SPHMMC and MCM hospitals. Cost of dialysis plays
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a significant role in any health care system. Most people (roughly 99%) did not have either private or public health
insurance until the end of 2019. After this year the government attempted to start community-based health insurance and
it is still at the beginning stage so for the study we undertook, insurance plays no role at all. The average per capita
income of Ethiopians is around $936. The cost of single dialysis secession at the government facility is about $18, while
in the private it is about $57. Those people who got the chance to secure a bed at the government hospital prolong their
life with the minimum amount of money. This could be the reason why there was a better patient survival time in
SPHMMC.
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