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normal renal function by removing toxins and other
waste products in patients with end-stage kidney disease.
This study was aimed at determining the prevalence and
predictors of adequacy of haemodialysis and outcomes in
patients with end-stage kidney disease.

Methods: This longitudinal analytical hospital-based
study was conducted at two dialysis centres in Dodoma
city, Tanzania, between February and July of 2020. Ad-
equacy of haemodialysis was measured with single-pool
(sp) Kt/V and urea reduction rate (URR) formulae. Bi-
nary logistic regression and multivariable analysis were
used to assess the independent predictors of adequacy of
haemodialysis.

Results: The analysis included 100 patients with a mean
age of 50.6 £ 15.0 years. The prevalence of adequacy of
haemodialysis according to URR and sp-Kt/V was 72 %
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and 75 %, respectively. Having <12 months since dialysis
initiation (AOR = 7.3, 95 % CI = 0.11-0.90, p = 0.032),
fewer than three dialysis sessions per week (AOR = 6.9,
95 % CI = 1.52—31.49, p = 0.013) and severe anaemia
(AOR = 2.2, 95 % CI = 0.26—0.93, p = 0.033) were
predictors of inadequate haemodialysis, according to the
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URR formula. Having fewer than three dialysis sessions
per week was significantly associated with inadequate
haemodialysis (AOR = 5.6, 95 % CI = 1.47—19.66,
p = 0.011), according to the sp-Kt/V formula. The
mortality rate was 11.2 %, and cardiovascular disease
and uremic syndrome were responsible for most deaths.

Conclusion: This study indicated a high percentage of
adequacy of haemodialysis among patients with end-
stage kidney disease. Having fewer than three dialysis
sessions per week, late initiation of dialysis after diagnosis
of end-stage kidney disease and severe anaemia were
predictors of inadequate haemodialysis among patients.

Keywords: Adequacy; Chronic kidney disease; Clinical
outcome; Factors associated; Haemodialysis
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Introduction

Chronic kidney disease (CKD) affects approximately
16 % of the population worldwide and is typically under-
recognized by patients and clinicians.' According to the
Centers for Disease Control and Prevention, more than 26
million people in the United States of America have kidney
failure.” CKD affects more young adults 20—50 years of
age in sub-Saharan Africa and is commonly caused by hy-
pertension and glomerular diseases, which progress to end-
stage kidney disease (ESKD).3 Advanced stage ESKD is
associated with gradual loss of renal function.” ESKD
develops as a result of CKD progression, and the kidneys
lose their normal function,’ thus contributing to morbidity
and mortality, and causing major economic effects on
health care systems.(’ By the year 2030, more than 70 % of
all people with ESKD are expected to live in resource
constrained countries, particularly sub-Saharan Africa,
where the availability of haemodialysis services remains a
major challenge.7

Haemodialysis, a major treatment modality for renal
failure, helps remove accumulated waste products and
maintain the internal environment, as well as remove toxins
causing irreversible kidney injury.® Patients receiving
haemodialysis have high mortality and hospitalization
rates, and poorer health than the general population.()
Provision of adequate haemodialysis helps avoid uremic
complications and consequent effects on various organs in
the body.l() Quantification of the haemodialysis dose is
critical in the management of patients with ESKD, because
the adequacy of haemodialysis (AoH) reflects patients’
outcomes.'! Correct and optimal dialysis can prevent
complications, repeated hospital stays and costs, and
provide better quality of life to patients.12

In Tanzania, little is known regarding the assessment of
AoH and associated factors among patients with ESKD,
thus resulting in knowledge gaps among physicians and the
general population, and varying treatment practices.

Consequently, the management of patients with ESKD is
affected, in addition to their morbidity and mortality.
Therefore, this study was aimed at determining the preva-
lence of AoH, and its associated factors and outcomes,
among patients with ESKD.

Material and Methods
Study design and setting

This longitudinal analytical hospital-based study was
conducted between February and July of 2020 at two dialysis
centres; Benjamin Mkapa Hospital and the University of
Dodoma Hospital. Both hospitals are located in the city of
Dodoma, the capital of Tanzania. These hospitals serve as
teaching hospitals for the University of Dodoma, as well as
dialysis centres for the Dodoma region, which has a total
population of 3,086,525, according to the Tanzania Popu-
lation and Housing Census of August 2022."% These centres
also provide dialysis services for patients from
neighbouring regions in the country, including Manyara,
Morogoro, Iringa and Singida.

Patient characteristics and recruitment criteria

Patients with ESKD who were >18 years of age and had
received haemodialysis for at least 3 months were included in
this study. All patients, or their relatives if proxies were
necessary, provided signed informed consent before partici-
pation. The data obtained during the study were kept
anonymous. All patients were sampled from the two dialysis
centres, which used the same haemodialysis strategy to
ensure homogeneity of the study population. Patients who
did not adhere to dialysis, underwent kidney transplantation
or were terminally ill with multiple comorbidities were
excluded from the analysis.

Sample size calculation and sampling method

The sample size was calculated with the Kish Leslie for-
mula for the prevalence of a single population, adapted from
a prior study7:: n=2z"x p(l-p)/e2, where n is the required
sample size, z is the critical value of the normal distribution
at 95 % confidence interval (standard value of 1.96), p is the
prevalence of AoH of 40.6 % based on sp-Kt/V from a
previous study,7 and e is the marginal error of (5 %):
n = [(1.96) x 0.406 (1—0.406)]/(0.05)> = 0.9264556224/
0.0025. The calculated sample size was 370 patients, a
number greater than the possible population size of 130
patients estimated during a simple pilot study. Therefore,
the finite population correction formula n = szp( l-p)Ez/
(N-1) + zzp(l-p) was applied, as previously described. '
Therefore,

. 130 x 3.8416 x 0.406 x 0.594
©0.0025 x 129 4 0.9264556224

The sample size obtained was 100 patients. Given the
small number of patients available, we recruited study par-
ticipants through a convenience sampling method.
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Measurement of variables

Adequacy of haemodialysis

AoH is defined as how well toxins and waste products are
removed from the patient’s blood and symptoms are allevi-
ated.” AoH was assessed with the single-pooled Kt/V (Kt/
Vsp) and Daugirdas formula'’: -In (R-0.008t) + (4—
3.5R) x UF/W was applied, where In is the natural
logarithm, R is the ratio of post-dialytic to pre-dialytic
blood urea nitrogen (BUN), t is the effective dialysis time
in hours, Uf is the ultrafiltration volume in litres, W is the
weight of the patient after dialysis in kg, and Kt/Vsp is the
single pool Kt/V. We additionally assessed the AoH with the
urea reduction ratio (URR), which was calculated as follows:
pre-dialysis BUN — post-dialysis BUN)/(pre-dialysis
BUN) x 100 %.

Pre-dialysis blood samples were collected before the
initiation of each dialysis session. Five-millilitre blood sam-
ples were initially collected through an arterial catheter, and
the syringes were discarded. A second blood sample of 5 ml
was obtained at the end of the same session, after the ultra-
filtration rate was set to zero to decrease the blood pump flow
to <100 ml/min for at least 20 s, and the pump flow was
stopped. The second blood sample was collected for esti-
mation of pre-dialysis BUN to avoid dilution effects of saline
and heparin. BUN analysis was performed with a biochem-
istry analyser (Erba chem XL 600, German). The obtained
values were used to calculate the estimated AoH with Kt/Vsp
and URR. The dialysate flow was stopped for 3 min while the
blood flow was maximal at the end of each dialysis session.
Post-dialysis blood samples were collected 3 min after dial-
ysis from the arterial sampling to avoid recirculation effects.
Both the pre and post blood samples were collected during
the same sitting and session.

Haemoglobin levels

The venous blood samples were collected into ethyl-
enediamine tetraacetic acid vacutainer tubes and used to test
haemoglobin (Hb) levels with a HemoCue 2014 System
(HemoCue AB, Angelholm, Sweden), according to the
manufacturer’s instructions.

Patient follow-up

Patients were followed-up for 4 months after being
enrolled in the study between April and July of 2020. The
patients were evaluated after every 2 weeks of subsequent
hospital visits for dialysis. The evaluation process involved
assessment of blood pressure (BP), dialysis related compli-
cations and general patient performance. Patients who did
not present for their normal scheduled dialysis sessions were
contacted by telephone. Patients who did not answer the
calls, those with unreachable telephone numbers and those
reported to be dead were considered lost to follow-up.

Data collection

We reviewed the medical records of the patients and
extracted the sociodemographic characteristics (age, sex,
marital status, place of residence, occupation and level of

education) clinical data (comorbidities, duration since dialysis
initiation, number of dialysis sessions, pre-and post-dialysis
BP, Hb level, vascular access, risks of ESKD, complications
during dialysis and blood flow). A questionnaire from a pre-
vious study was adapted and modified for data collection.'®
Data collection was performed by two general medical
physicians who had previously been familiarized with the
data collection procedures. For privacy purposes, a screen
was used to prevent interviewed patients from being seen by
other patients and/or people in the dialysis room.

Statistical analysis

Data were analysed in SPSS version 25.0 (IBM Statistics,
Chicago, US). Continuous variables are summarized as
mean + standard deviation, and categorical variables are
summarized as frequencies and percentages. Binary logistic
regression analysis was used to determine the independent
predictors of AoH through both bivariate and multivariable
analyses. All significant variables and those with p < 0.2 in
bivariate analyses were fitted in the multivariable analysis. A
two-tailed p < 0.05 was considered statistically significant.

Results
Flow chart for enrolment of study participants

For 6 months between February and July 2020, 130 pa-
tients receiving haemodialysis at the two dialysis centres were
screened for study eligibility. Among all patients, 76.9 %
(100/130) met the eligibility criteria and were included in the
analysis (Figure 1).

Sociodemographic characteristics of the patients

A total of 100 patients with ESKD receiving haemodial-
ysis during the study period were analysed. Their mean age
was 50.6 + 15.0 years (range: 18—73 years). Most patients
(60 %) were men, and the male to female ratio was 1:0.7.
More than half the patients 55 % were younger than 50
years. In addition, 19 % of patients had various comorbid-
ities (Table 1).

Treatment characteristics of the patients

More than half the patients (58 %) received dialysis for no
more than 12 months, and the mean duration was
21.4 £+ 19.4 months. In addition, most patients (87 %) had
three or more dialysis sessions per week. Anaemia was pre-
sent in most patients (77 %), and severe anaemia was present
in 12 % of all patients. Among risk factors for ESKD, hy-
pertension was present in most patients (68 %) and was
followed by T2DM (in 25 % of all patients) (Table 2).

Prevalence of adequate haemodialysis

Sp-Kt/V was expressed as a score, and 1.2 was used as a
cut-off point (with <1.2 indicating inadequate haemodialysis
and >1.2 indicating adequate haemodialysis). URR is
expressed as a percentage, and >65 % was used as a cut-off
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130 patients who attended
hemodialysis centres between
March and April 2020 were

28 patients were excluded for not
meeting the inclusion criteria:
-5 underwent kidney transplantation

screened for eligibility

!

102 patients were eligible

> -15 received dialysis for <3 months
-8 were <18 years old

2 patients refused consent and were

l

100 patients were eligible for the study and
were analyzed

excluded

A 4

Figure 1: Flow chart indicating the recruitment process for the patients in the study.

point (with <65 % indicating inadequate haemodialysis and
>65 % indicating adequate haemodialysis), as previously
described.!” The mean scores for URR and sp-Kt/V were
70.1 & 21.5 % and 1.6 £ 0.6, respectively. The prevalence of
AoH, on the basis of the URR and sp-Kt/V formulae, was
72 % and 75 %, respectively. The remaining 28 % and 25 %
of patients had inadequate haemodialysis, according to the
URR and sp-Kt/V formulae, respectively.

Binary logistic regression analysis of predictors of adequacy
of haemodialysis

Table 3 presents the binary logistic regression analysis of
predictors of AoH, on the basis of the URR formula. After

Table 1: Sociodemographic characteristics of the patients
(N = 100).

Variables Frequency (n) Percentage (%)
Age group (years)

<50 55 55.0

>50 45 45.0
Sex

Male 60 60.0

Female 40 40.0
Marital status

Single 16 16.0

Married/cohabiting 64 64.0

Divorced/separated 9 9.0

Widow/widower 11 11.0
Place of residence

Urban 86 86.0

Rural 14 14.0
Occupation

Employed 45 45.0

Self-employed 35 35.0

Unemployed 20 20.0
Level of education

Informal 8 8.0

Primary 19 19.0

Secondary 25 25.0

Tertiary 48 48.0
Comorbidities

Yes 19 19.0

No 81 81.0

adjustments were made for the duration since dialysis
initiation, number of dialysis sessions per week, Hb level and
pre-dialysis BP in multivariable analysis, having <12 months
of dialysis after initiation of haemodialysis (AOR = 7.3, 95 %
CI =0.11-0.90, p = 0.032), fewer than three dialysis sessions

Table 2: Treatment characteristics of the patients (N = 100).

Variables Frequency Percentage
(n) (Y0)

Duration since dialysis initiation

(months)

<12 58 58.0

>12 42 42.0
No. dialysis sessions per week

<3 13 13.0

>3 87 87.0
Pre-dialysis blood pressure

Normotensive 8 8.0

Pre-hypertensive 34 34.0

Hypertensive stage 1 30 30.0

Hypertensive stage 2 28 28.0
Post-dialysis blood pressure

Normotensive 2 2.0

Pre-hypertensive 34 34.0

Hypertensive stage 1 44 44.0

Hypertensive stage 2 20 20.0
Haemoglobin level (g/dl)

Normal 23 23.0

Mild 25 25.0

Moderate 40 40.0

Severe 12 12.0
Vascular access

Arteriovenous fistula 60 60.0

Central venous catheter 37 37.0

Subclavian 3 3.0
Risk factors for ESKD

Hypertension 68 68.0

Diabetic mellitus 25 25.0

Others 7 7.0
Complications during dialysis

No 55 55.0

Yes 45 45.0
Blood flow (ml/min)

<200 7 7.0

>200 93 93.0
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Table 3: Binary logistic regression analysis of predictors of adequacy of haemodialysis, according to the URR formula.
Variables Univariate analysis Multivariate analysis
UOR (95 % CI) p AOR (95 % CI) p
Duration since dialysis initiation (months)
>12 Reference Reference
<12 4.4 (0.17—1.03) 0.059 7.3 (0.11-0.90) 0.032
No. of dialysis sessions per week (days)
>3 Reference Reference
<3 10.7 (2.64—43.63) 0.001 6.9 (1.52—31.49) 0.013
Haemoglobin level (g/dl)
Normal Reference Reference
Mild 0.8 (0.19—3.62) 0.817 = =
Moderate 0.5 (0.14—1.75) 0.077 0.6 (0.14—2.28) 0.429
Severe 2.3 (0.03—0.73) 0.018 2.2 (0.26—0.93) 0.033
Table 4: Binary logistic regression analysis of predictors of adequacy of haemodialysis, according to the sp-Kt/V formula.
Univariate analysis Multivariate analysis
UOR (95 % CI) p AOR (95 % CI) p
Duration since dialysis initiation (months)
>12 Reference Reference
<12 4.4 (0.15—0.95) 0.039 3.7 (0.15—1.01) 0.052
No. of dialysis sessions per week
>3 Reference Reference
<3 5.4 (1.52—18.91) 0.009 5.6 (1.47—19.66) 0.011
Pre-dialysis BP
Normotensive Reference Reference
Pre-hypertensive 1.8 (0.90—23.87) 0.113 0.3 (0.66—11.88) 0.204
Hypertensive stage 1 1.5 (0.21—12.03) 0.532 = =
Hypertensive stage 2 2.9 (0.36—0.73) 0.026 3.3 (0.90—4.80) 0.481

per week (AOR = 6.9, 95 % CI = 1.52—31.49, p = 0.013) or
severe anaemia (AOR =3.2,95 % CI =0.26—0.93, p = 0.033)
were found to be independent predictors of inadequate hae-
modialysis, according to the URR formula.

For the sp-Kt/V formula, having fewer than three dialysis
sessions per week remained an independent predictor of
inadequate haemodialysis (AOR = 5.6, 95 % CI = 1.47—
19.66, p = 0.011) (Table 4).

Patient outcomes

After a follow-up period of 4 months (April through July
of 2020), 2 % of the 100 patients were lost to follow-up (did
not present for dialysis in subsequent weeks); thus, a total of
98 % of patients were available until the end of the study
period. A total of 82.3 % of patients had good outcomes; the
remaining 17.3 % had poor outcomes, among whom 11.2 %
died, and 6.1 % had recurrent hospitalization for uremic
syndrome or severe anaemia. The most common causes of
death were cardiovascular complications, which accounted
for more than half of the deaths (54.5 %, 6/11). Other causes
included uremic syndrome (27.3 %, 3/11) and severe anaemia
(18.2 %, 2/11).

Discussion

This study was aimed at assessing the prevalence and
factors associated with AoH among patients with ESKD.

Additionally, the patients’ clinical outcomes were deter-
mined. Assessment of AoH in patients with ESKD is critical
to ascertain clinical outcomes. Several factors aid in deter-
mining the chances of adequate or inadequate haemodialysis,
and the success of dialysis, among patients with ESKD.

In this study, most patients achieved adequate haemo-
dialysis (more than 70 %), on the basis of either the URR or
sp-Kt/V formula. These findings are similar to those from an
Iranian study in which the prevalence of AoH among pa-
tients with ESKD was 83.3 % and 78.9 % according to sp-
Kt/V and URR, respectively.lx In addition, similar findings
have been reported in a study in the United Kingdom, in
which the prevalence of AoH among patients with ESKD,
according to sp-Kt/V, was 73.8 %.'” Furthermore, other
studies in Rwanda” and Kenya’' have reported high
prevalence of AoH (62 % and 83 %, respectively).
However, additional studies in Tanzania,’ Egypt22 and
Nigeria”® have reported substantially lower prevalence of
AoH (40.6 %, 34.3 % and 45.3 %, respectively, on the
basis of the sp-Kt/V and URR formulae).

The discrepancy in the prevalence of AoH across studies
in different countries might be due to various reasons. For
example, differences in the clinical characteristics of patients
with ESKD at study enrolment might have contributed to
the difference in the prevalence of AoH. Among patients
with ESKD, those with comorbidities have been found to be
more likely than those without comorbidities to have chal-
lenges in achieving adequate haemodialysis.24’25 In addition,
differences in the number of dialysis sessions per week might
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have contributed to the differences in achieving adequate
haemodialysis among patients.”> For example, patients
with ESKD who start haemodialysis earlier are more likely
to achieve adequate haemodialysis. These factors together
have been found to contribute to the low prevalence of
AoH among patients with ESKD.>*’

Factors determining the ability of patients with ESKD to
achieve adequate haemodialysis vary considerably. Despite
evidence that early initiation of dialysis among patients with
advanced CKD helps improve patient outcomes, no
consensus exists regarding the optimal time for the initiation
of renal replacement therapy, particularly haemodialysis.2x
Contradictory findings have been reported. In this study,
early initiation of haemodialysis was statistically
significantly associated with AoH. Patients undergoing
dialysis for >12 months were more likely to achieve
adequate haemodialysis than those undergoing dialysis for
<12 months. A review article by Maffei et al. has also
indicated that early initiation of dialysis among patients
with ESKD helps prevent disease progression to renal
failure and mortality.29 In another large observational
study in 10,290 patients with advanced CKD, modestly
lower mortality rates and higher chances of achieving
adequate haemodialysis was observed with early rather
than late dialysis initiation; however, the difference did not
reach statistical difference.’”

Some studies have reported no association between early
and late initiation of dialysis in achieving adequate haemo-
dialysis. For example, in a large randomized controlled
clinical trial in 828 patients, conducted between 2000 and
2008, no significant difference in prognosis (early and late
initiation of dialysis) has been observed between arms.’! In
addition, a study in Tanzania has indicated low prevalence
of AoH among patients with longer rather than shorter
times since the initiation of dialysis (30.5 % vs 36.9 %),
although the difference was insignificant (p = 0.428).7

Some studies have reported a lack of association between
early initiation of dialysis and adequate dialysis; nonetheless,
clear benefits have been associated with early initiation of
dialysis among patients with ESKD.?'**? Furthermore, early
dialysis initiation is associated with low levels of dialytic and
endogenous renal clearance, as well as improvements in
morbidity, mortality and nutrition, among patients with
ESKD.?? The reason for these contradictory findings might
be explained by the lack of consensus regarding the
optimal time of dialysis initiation and the lack of universal
criteria for selecting patients to start dialysis.

Another predictor of AoH in this study was the number
of dialysis sessions per week, in agreement with findings
from a study in Egypt indicating a strong association be-
tween higher clearance rates and increased dialysis dura-
tion in each session, with a frequency of 3 times dialysis per
week.®? In another study in Iran, Aghighi et al. have
reported that, patients receiving three or more sessions of
dialysis weekly are more likely to achieve adequate
haemodialysis than patients receiving fewer than three
dialysis sessions per week.’* Furthermore, a study in
Palestine has reported that having fewer than three
dialysis sessions per week, with a duration of less than
8 h per week, is associated with an elevated risk of
mortality.35 Although three sessions per week for

haemodialysis are recommended by the kidney disease
outcomes quality initiative (KDOQI) guidelines®® as the
standard of care for achieving AoH in patients with
ESKD, dialysis sessions twice per week are widely used
as an initial treatment in some countries, such as China,
India and many other resource constrained countries, for
a range of clinical and financial reasons.’’

Clinical practice guidelines usually recommend not hav-
ing fewer or more than three dialysis sessions per week.*®
This approach of three dialysis sessions per week has been
used since haemodialysis was introduced as a kidney
replacement therapy modality. However, over time, the use
of two sessions or more than three sessions per week has
been assessed. Short durations of fewer than three times
per week (i.e., two sessions weekly), compared with three
times per week, have been associated with longer treatment
times and lower likelihood of achieving adequate dialysis
among patients with advanced CKD, although the survival
difference was not signiﬁcant.3  Therefore, patients
undergoing haemodialysis must have a minimum of three
sessions of dialysis per week for potential timely
achievement of adequate dialysis.

The effect of anaemia on AoH was also assessed in the
present study. Patients with severe anaemia were notably less
likely to achieve adequate haemodialysis than patients with
normal Hb levels, but the difference did not reach statistical
significance. Similarly, Somji et al. have reported that pa-
tients with Hb levels <10 g/dl are significantly more likely to
have inadequate haemodialysis than patients with Hb levels
>10 g/dl (7). Vinhas et al. have reported an association with
elevated mortality among patients with advanced CKD
receiving haemodialysis with Hb < 103 g/L.40 However,
other studies in Iran*' and India*’ have reported that low
Hb levels do not predict inadequate haemodialysis. In
another randomized controlled clinical trial, treatment of
patients with advanced CKD with erythropoietin-inducing
agents has not been associated with improvement in
survival.*

The association between low Hb levels and failure to
achieve adequate haemodialysis among patients with ESKD,
as observed in most observational studies including the
present study, might potentially be due to chance rather than
being a true association, because observational studies
cannot establish causality. In addition, although the primary
cause of anaemia in patients with advanced CKD is impaired
erythropoiesis due to diminished kidney function, patients
may have other underlying causes of anaemia that contribute
to the heterogeneous effects among patients. This heteroge-
neity might have led to the discrepancies among the results
observed.

Most patients in this study had good outcomes, whereas
only 17.3 % patients had adverse outcomes. Among the
latter, 11.2 % died, primarily because of cardiovascular
disease or uremic syndrome. This mortality rate was close to
the 17.9 % reported in a study by Meremo et al. in Tanzania
among patients with ESKD, in which cardiovascular disease
was also the main cause of death.** Other studies have shown
markedly higher mortality rates than observed in the present
study. For example, in studies in Cameroon,*’ Canada®® and
Nigeria,47 mortality rates of 44.9 %, 28 % and 66.7 %,
respectively, have been reported.
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Although patients in this study had better outcomes than
reported in other studies, most patients with ESKD under-
going haemodialysis, particularly those in most developing
countries, have poor outcomes because of the high cost of
haemodialysis, challenges associated with availability of such
services and late presentation for treatment.*® Other factors
contributing to poor outcomes include uremic bleeding;
septicaemia; repeated blood transfusions; and fewer dialysis
sessions per week, possibly because of financial
constraints.** Furthermore, a lack of reliable health
insurance to cover haemodialysis costs for most patients
widely contributes to poor outcomes among patients with
ESKD, because of discontinuation of dialysis.

Limitations of the study

This study had financial constraints that prevented the
investigation of other parameters such as albumin, inflam-
matory biomarkers and residual renal function. In addition,
the relatively short follow-up duration might have influenced
the low mortality rate. Future prospective studies with larger
sample sizes and longer follow-up durations would provide
more comprehensive information regarding the prevalence
and predictors of AoH among patients with ESKD.

Conclusion

This study suggested that early initiation of dialysis and
having at least three dialysis sessions per week may help
patients with ESKD achieve adequate haemolysis and hence
improve their clinical outcomes. In addition, prevention of
anaemia among patients with ESKD may improve patient
prognosis through achieving adequate haemodialysis.
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Recommendations

The importance of early haemodialysis initiation among
patients with ESKD should be emphasized to increase the
chances of achieving adequate dialysis and improve patient
outcomes. Additionally, controlling anaemia, particularly
severe anaemia, is also important to help patients achieve
adequate haemodialysis.

Authors contributions

AIB, JJY and ZSA: conception, design, data curation,
statistical analysis and writing the first manuscript draft.
BMM and BM: organizing, supervision and methods. All
authors reviewed the final version of the manuscript. All
authors have critically reviewed and approved the final draft,
and are responsible for the content and similarity index of the
manuscript.

Acknowledgements

We are grateful to the teams of physicians and nurses,
particularly those working in the dialysis units at both
Benjamin Mkapa Hospital and the University of Dodoma
Hospital, for their invaluable support.

References

1. Jha V, Garcia-Garcia G, Iseki K, Li Z, Naicker S, Plattner B,
et al. Chronic kidney disease: global dimension and perspec-
tives. Lancet 2013; 382(9888): 260—272. https://doi.org/10.1016/
S0140-6736(13)60687-X.

2. Murphy D, McCulloch CE, Lin F, Banerjee T, Bragg-
Gresham JL, Eberhardt MS, et al. Trends in prevalence of
chronic kidney disease in the United States. Ann Intern Med
2016; 165(7): 473—481. https://doi.org/10.7326/M16-0273.

3. Naicker S. End-stage renal disease in sub-saharan Africa. Ethn
Dis 2009 Spring; 19(1 Suppl 1): S1—S13-5.

4. Nakhoul GN, Huang H, Arrigain S, Jolly SE, Schold JD,
Nally JV, et al. Serum potassium, end-stage renal disease and
mortality in chronic kidney disease. Am J Nephrol 2015; 41:
456—463. https://doi.org/10.1159/000437151.

5. Lee S, Oh HJ, Lee EK, Lee O, Ha E, Kim SJ, et al. Blood
pressure control during chronic kidney disease progression. Am
J Hypertens 2017; 30(6): 610—616. https://doi.org/10.1093/ajh/
hpx017.

6. Rajapurkar M, Dabhi M. Burden of disease — prevalence and
incidence of renal disease in India. Clin Nephrol 2010; 74: 9—12.
https://doi.org/10.5414/cnp74s009.

7. Somji SS, Ruggajo P, Moledina S. Adequacy of hemodialysis and
its associated factors among patients undergoing chronic hemo-
dialysis in dar es Salaam, Tanzania. Internet J Nephrol 2020 Feb
10; 2020:9863065. https://doi.org/10.1155/2020/9863065.

8. Dehvan F, Monjazebi F, Khanghahi ME, Mohammadi H,
Ghanei R, Kurdi A. Adequacy of dialysis in Iranian patients
undergoing hemodialysis : a systematic review and meta-anal-
ysis. Nephro-Urol Mon 2018; 10(5):e82235. https://doi.org/
10.5812/numonthly.82235.

9. Hall YN, Jolly SE, Xu P, Abrass CK, Buchwald D,
Himmelfarb J. Regional differences in dialysis care and mor-
tality among American Indians and Alaska natives. J Am Soc
Nephrol 2011 Dec; 22(12): 2287—2295. https://doi.org/10.1681/
ASN.2011010054.

10. Vadakedath S, Kandi V. Dialysis: a review of the mechanisms
underlying complications in the management of chronic renal
failure. Cureus 2017 Aug 23; 9(8):e1603. https://doi.org/10.7759/
cureus.1603.

11. Kemp HJ, Parnham A, Tomson CR. Urea kinetic
modelling: a measure of dialysis adequacy. Ann Clin
Biochem 2001 Jan; 38(Pt 1): 20—27. https://doi.org/10.1258/
0004563011900245.

12. Esmaili H, Majlessi F, Montazeri A, Sadeghi R, Nedjat S,
Zeinali J. Dialysis adequacy and necessity of implement health



https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.1016/S0140-6736(13)60687-X
https://doi.org/10.7326/M16-0273
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref3
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref3
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref3
https://doi.org/10.1159/000437151
https://doi.org/10.1093/ajh/hpx017
https://doi.org/10.1093/ajh/hpx017
https://doi.org/10.5414/cnp74s009
https://doi.org/10.1155/2020/9863065
https://doi.org/10.5812/numonthly.82235
https://doi.org/10.5812/numonthly.82235
https://doi.org/10.1681/ASN.2011010054
https://doi.org/10.1681/ASN.2011010054
https://doi.org/10.7759/cureus.1603
https://doi.org/10.7759/cureus.1603
https://doi.org/10.1258/0004563011900245
https://doi.org/10.1258/0004563011900245
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref12
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref12

294

A.I. Bakari et al.

13.

14.

15.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

education models to its promotion in Iran. Int J Med Res
Health Sci 2016; 5(10): 116—121.

National Bureau of Statistics Environment Statistics. www.nbs.
go.1z. [Accessed 23 May 2023].

Daniel WW. Biostatistics: a foundation for analysis in the health
sciences. 5" ed. New York: Wiley & Sons; 1991.
Fazl-E-mateen, Ahmad S, Elahi I, Anees M. Comparison be-
tween different methods of calculating kt/v as the marker of
adequacy of dialysis. Pakistan J Med Sci 2022; 38(1): 167—171.

. Aghsaeifard Z, Zendehdel A, Alizadeh R, Salehnasab A.

Chronic hemodialysis: evaluation of dialysis adequacy and
mortality. Ann Med Surg 2022; 76(2022):103541. https://
doi.org/10.1016/j.amsu.2022.103541.

. Daugirdas JT, Blake PG, Todd S, Ing TS. Handbook of dialysis

therapy. 5t ed. Philadelphia: Walters Kluwer; 2014.

. Rostamipour HA, Dost ER, Ranjbar AH, Rahmanian Z,

Kalani N, Rahmanian E. A study of hemodialysis adequacy of
patients visiting Ostad Motahari hospital of Jahrom, Iran in
2015: a descriptive, cross- sectional study. J Biochem Technol
2018; (2): 112—116.

Moist LM, Hemmelgarn BR, Lok CE. Relationship between
blood flow in central venous catheters and hemodialysis ade-
quacy. Clin J Am Soc Nephrol 2006 Sep; 1(5): 965—971. https://
doi.org/10.2215/CIN.01090306.

Ndahayo D, Bimenyimana Gapira E, Mbabazi T, Chironda G.
Factors associated with hemodialysis adequacy among end
stage renal disease patients on maintenance hemodialysis in
Rwanda. Int J Adv Nurs Stud 2021; 10(1): 9—18. https://doi.org/
10.14419/ijans.v10i1.31454.

Odhiambo JO, Otieno FA, Twahir A. Dialysis outcomes and
practice patterns among chronic kidney disease patients
receiving hemodialysis at a private dialysis centre in Nairobi,
Kenya between May 2016 and July 2016. East Afr Med J 2018;
95(5): 1570—1578.

El-sheikh M, Al-ghazaly G. Assessment of hemodialysis ade-
quacy in patients with chronic kidney disease in the hemodialysis
unit at Tanta University Hospital in Egypt. Indian J Nephrol
2016; 26(6): 398—404. https://doi.org/10.4103/0971-4065.168141.
Abene E, Gimba Z, Bello R, Maga A, Agaba E. Practice of
hemodialysis in a resource-poor setting in Nigeria: a 2-year
experience. Niger Med J 2017; 58(5): 156—159. https://
doi.org/10.4103/nmj.NMJ 236 _16.

Prichard SS. Comorbidities and their impact on outcome in pa-
tients with end-stage renal disease. Kidney Int Suppl 2000; 57(74):
100—104. https://doi.org/10.1046/j.1523-1755.2000.07417 .x.
MacRae C, Mercer SW, Guthrie B, Henderson D. Co-
morbidity in chronic kidney disease: a large cross-sectional
study of prevalence in Scottish primary care. Br J Gen
Pract 2021; 71(704): e243—e249. https://doi.org/10.3399/
bjgp20X714125.

Fernandez P, Nuifez S, De Arteaga J, Chiurchiu C, Douthat W,
De La Fuente J. Inadequate doses of hemodialysis. Predisposing
factors, causes and prevention. Medicina 2017; 77(2): 111—116.
Jia X, Tang X, Li Y, Xu D, Moreira P. Update of dialysis
initiation timing in end stage kidney disease patients: is it a
resolved question? A systematic literature review. BMC Nephrol
2023; 24: 162. https://doi.org/10.1186/s12882-023-03184-4.
Ortega LM, Nayer A. Repercussions of early versus late initi-
ation of dialysis. Nefrologia 2011; 31(4): 392—396. https://
doi.org/10.3265/Nefrologia.pre2011.Mar.10795.

Maffei S, Savoldi S, Triolo G. When should commence dialysis:
focusing on the predialysis condition. Nephro-Urol Mon 2013;
5(2): 723—727. https://doi.org/10.5812/numonthly.5435.

Fu EL, Evans M, Carrero JJ, Putter H, Clase CM, Caskey FJ,
et al. Timing of dialysis initiation to reduce mortality and car-
diovascular events in advanced chronic kidney disease:

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

nationwide cohort study. BMJ 2021 Nov 29; 375:¢066306.
https://doi.org/10.1136/bmj-2021-066306.

Rivara MB, Mehrotra R. Timing of dialysis initiation: what has
changed since IDEAL? Semin Nephrol 2017; 37(2): 181—193.
https://doi.org/10.1016/j.semnephrol.2016.12.008.

Rosansky S, Glassock RJ, Clark WF. Early start of dialysis: a
critical review. Clin J Am Soc Nephrol 2011; 6(5): 1222—1228.
https://doi.org/10.2215/CJN.09301010.

Sheikh M El, Ghazaly G El. Assessment of hemodialysis ade-
quacy in patients with chronic kidney disease in the hemodialysis
unit at Tanta University Hospital in Egypt. Indian J Nephrol
2016; 26(6): 398—404. https://doi.org/10.4103/0971-4065.168141.
Aghighi M, Rouchi AH, Zamyadi M, Mahdavi-mazdeh M,
Norouzi S, Rajolani H, et al. Dialysis in Iran. Iran J Kidney Dis
2008; 2(1): 11—15.

Adas H, Al-ramahi R, Jaradat N, Badran R. Of kidney diseases
and transplantation renal data from the Arab world assessment
of adequacy of hemodialysis dose at a Palestinian hospital.
Saudi Journal of Kidney Diseases and Transplantation 2014,
25(2): 438—442. https://doi.org/10.4103/1319-2442.128615.
Savla D, Chertow GM, Meyer T, Anand S. Can twice weekly
hemodialysis expand patient access under resource constraints?
Hemodial Int 2017 Oct; 21(4): 445—452. https://doi.org/10.1111/
hdi.12501.

Chauhan R, Mendonca S. Adequacy of twice weekly hemodi-
alysis in end stage renal disease patients at a tertiary care
dialysis centre. Indian J Nephrol 2015; 25(6): 329—333. https://
doi.org/10.4103/0971-4065.151762.

Kalantar-Zadeh K, Casino FG. Let us give twice-weekly he-
modialysis a chance: revisiting the taboo. Nephrol Dial Trans-
plant 2014 Sep; 29(9): 1618—1620. https://doi.org/10.1093/ndt/
gfu096.

Bieber B, Qian J, Anand S, Yan Y, Chen N, Wang M, et al.
Two-times weekly hemodialysis in China: frequency, associated
patient and treatment characteristics and quality of life in the
China dialysis outcomes and practice patterns study. Nephrol
https://doi.org/

Dial Transplant 2014; 29(9): 1770—1777.
10.1093/ndt/gft472.

Vinhas J, Barreto C, Assungdo J, Parreira L, Vaz A. Treatment
of anaemia with erythropoiesis-stimulating agents in patients
with chronic kidney disease does not lower mortality and may
increase cardiovascular risk: a meta-analysis. Nephron Clin
Pract 2012; 121(4): 95—101. https://doi.org/10.1159/000345158.
Hasanzamani B, Ghorban Sabbagh M. The relationship be-
tween anemia and Kt/V index in patients undergoing contin-
uous ambulatory peritoneal dialysis and hemodialysis. J Ren Inj
Prev 2020; 9(1): 1—4. https://doi.org/10.15171/jrip.2020.06.
Chauhan R, Mendonca S. Adequacy of twice weekly hemodi-
alysis in end stage renal disease patients at a tertiary care
dialysis centre. Indian J Nephrol 2015; 25(6): 329—333. https://
doi.org/10.4103/0971-4065.151762.

Karaboyas A, Morgenstern H, Waechter S, Fleischer NL,
Vanholder R, Jacobson SH, et al. Low hemoglobin at hemo-
dialysis initiation: an international study of anemia manage-
ment and mortality in the early dialysis period. Clin Kidney J
2019; 13(3): 425—433. https://doi.org/10.1093/ckj/sfz065.
Meremo AJ, Ngilangwa DP, Mwashambwa MY, Masalu MB,
Kapinga J, Tagalile R, et al. Challenges and outcomes of hae-
modialysis among patients presenting with kidney diseases in
Dodoma, Tanzania. BMC Nephrol 2017; 18(1): 212. https://
doi.org/10.1186/s12882-017-0634-2.

Halle MP, Ashuntantang G, Kaze FF, Takongue C,
Kengne AP. Fatal outcomes among patients on maintenance
haemodialysis in sub-Saharan Africa: a 10-year audit from the
Douala General Hospital in Cameroon. BMC Nephrol 2016
Nov 3; 17(1): 165. https://doi.org/10.1186/s12882-016-0377-5.



http://refhub.elsevier.com/S1658-3612(23)00273-1/sref12
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref12
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref12
http://www.nbs.go.tz
http://www.nbs.go.tz
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref14
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref14
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref14
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref15
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref15
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref15
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref15
https://doi.org/10.1016/j.amsu.2022.103541
https://doi.org/10.1016/j.amsu.2022.103541
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref17
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref17
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref17
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref18
https://doi.org/10.2215/CJN.01090306
https://doi.org/10.2215/CJN.01090306
https://doi.org/10.14419/ijans.v10i1.31454
https://doi.org/10.14419/ijans.v10i1.31454
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref21
https://doi.org/10.4103/0971-4065.168141
https://doi.org/10.4103/nmj.NMJ_236_16
https://doi.org/10.4103/nmj.NMJ_236_16
https://doi.org/10.1046/j.1523-1755.2000.07417.x
https://doi.org/10.3399/bjgp20X714125
https://doi.org/10.3399/bjgp20X714125
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref26
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref26
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref26
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref26
https://doi.org/10.1186/s12882-023-03184-4
https://doi.org/10.3265/Nefrologia.pre2011.Mar.10795
https://doi.org/10.3265/Nefrologia.pre2011.Mar.10795
https://doi.org/10.5812/numonthly.5435
https://doi.org/10.1136/bmj-2021-066306
https://doi.org/10.1016/j.semnephrol.2016.12.008
https://doi.org/10.2215/CJN.09301010
https://doi.org/10.4103/0971-4065.168141
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref34
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref34
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref34
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref34
https://doi.org/10.4103/1319-2442.128615
https://doi.org/10.1111/hdi.12501
https://doi.org/10.1111/hdi.12501
https://doi.org/10.4103/0971-4065.151762
https://doi.org/10.4103/0971-4065.151762
https://doi.org/10.1093/ndt/gfu096
https://doi.org/10.1093/ndt/gfu096
https://doi.org/10.1093/ndt/gft472
https://doi.org/10.1093/ndt/gft472
https://doi.org/10.1159/000345158
https://doi.org/10.15171/jrip.2020.06
https://doi.org/10.4103/0971-4065.151762
https://doi.org/10.4103/0971-4065.151762
https://doi.org/10.1093/ckj/sfz065
https://doi.org/10.1186/s12882-017-0634-2
https://doi.org/10.1186/s12882-017-0634-2
https://doi.org/10.1186/s12882-016-0377-5

Adequacy of haemodialysis and associated factors 295

46.

47.

48.

Perl J, Dember LM, Bargman JM, Browne T,
Charytan DM, Flythe JE, et al. The use of a multidi-
mensional measure of dialysis adequacy-moving beyond.
Small Solute Kinetics 2017; (4): 839—847. https://doi.org/
10.2215/CIN.08460816.

Chijioke A, Aderibigbe A, Rafiu M, Olanrewaju TO,
Makusidi AM. The assessment of hemodialysis adequacy
among ESRD patients in ilorin using urea reduction ratio. Trop
J Nephrol 2009; 4(2): 115—119.

Oluyombo R, Okunola OO, Olanrewaju TO, Soje MO,
Obajolowo OO, Ayorinde MA. Challenges of hemodialysis in a

new renal care center: call for sustainability and improved
outcome. Int J Nephrol Renovascular Dis 2014; 7: 347—352.
https://doi.org/10.2147/IINRD.S65835.

How to cite this article: Bakari Al, Yahaya JJ, Matobo-
golo BM, Abraham ZS, Mpondo B. Adequacy of hae-
modialysis and associated factors among patients with
end-stage kidney disease in Tanzania. J Taibah Univ
Med Sc 2024;19(2):287—295.



https://doi.org/10.2215/CJN.08460816
https://doi.org/10.2215/CJN.08460816
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref47
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref47
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref47
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref47
http://refhub.elsevier.com/S1658-3612(23)00273-1/sref47
https://doi.org/10.2147/IJNRD.S65835

	Adequacy of haemodialysis and associated factors among patients with end-stage kidney disease in Tanzania
	Introduction
	Material and Methods
	Study design and setting
	Patient characteristics and recruitment criteria
	Sample size calculation and sampling method
	Measurement of variables
	Adequacy of haemodialysis

	Haemoglobin levels
	Patient follow-up
	Data collection
	Statistical analysis

	Results
	Flow chart for enrolment of study participants
	Sociodemographic characteristics of the patients
	Treatment characteristics of the patients
	Prevalence of adequate haemodialysis
	Binary logistic regression analysis of predictors of adequacy of haemodialysis
	Patient outcomes

	Discussion
	Limitations of the study

	Conclusion
	Source of funding
	Conflict of interest
	Ethical approval and consent to participate
	Recommendations
	Authors contributions
	Acknowledgements
	References


