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Transitions of dialysis status

and outcomes after the unplanned
first dialysis: a nationwide
population-based cohort study
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In Taiwan, most first-time dialysis was started without the creation of an arteriovenous shunt.

Here, we aimed to elucidate the transitions of dialysis status in the unplanned first dialysis patients
and determine factors associated with their outcomes. A total of 50,315 unplanned first dialysis
patients aged more than 18 years were identified from the National Health Insurance Dataset in
Taiwan between 2001 and 2012. All patients were followed for 5 years for the transitions in dialysis
status, including robust (dialysis-free), sporadic dialysis, continued dialysis, and death. Furthermore,
factors associated with the development of continued dialysis and death were examined by the Cox
proportional hazard models. After 5 years after the first dialysis occurrence, there were 5.39% with
robust status, 1.67% with sporadic dialysis, 8.45% with continued dialysis, and 84.48% with death.
Notably, we have identified common risk factors for developing maintenance dialysis and deaths,
including male gender, older age, diabetes, coronary heart disease, stroke, heart failure, sepsis, and
surgery. There was an extremely high mortality rate among the first unplanned dialysis patients in
Taiwan. Less than 10% of these patients underwent continued dialysis during the 5-year follow-up
period. This study highlighted the urgent need for interventions to improve patient outcomes.

Kidney disease is one of the major non-communicable diseases worldwide, leading to ever-increasing health-
care burden'. Kidney replacement therapy (KRT), including dialysis and transplantation, is an essential life-
maintaining strategy to deal with functionally failed kidneys**. In the past, the outcome studies of the dialysis
population have been focused on chronic kidney disease (CKD) stage 5D or end-stage kidney disease (ESKD)
patients receiving maintenance dialysis*>. More recently, observational studies emphasized the outcomes of
the patients with acute kidney injury requiring dialysis (AKI-D)®. Notably, a high mortality rate within the
first few months after dialysis initiation has been noticed in AKI-D patients, with the reported 28-day mortal-
ity rate around 30-70%'%1%. Apart from death, the outcomes of those who have survived the AKI-D could be
further categorized into three groups: ‘nonrecovery’ state with maintenance dialysis, ‘partial recovery’ state
with a sporadic requirement of intermittent dialysis, and ‘recovery’ state without the necessity of dialysis'*">.
The trajectories after AKI-D are diverse, which not only reflect the severity of AKI per se but also indicate the
maladaptive tissue repair process underneath the kidney insults'®-'®. Hence, understanding the determinants
of the fate after AKI-D could provide a basis for implementing preventive and therapeutic measures to halt or
reverse the detrimental outcomes'>*.

Taiwan remains one of the countries with the highest incidence and prevalence rate of ESKD patients in the
world?!. It is estimated that the total expenditure for ESKD patients increased up to around 1.8 billion US dollars
in 2017%2 To reduce the dialysis burden through improving the quality of CKD care, the pre-end-stage renal dis-
ease pay for performance (pre-ESRD P4P) program has been implemented in Taiwan since 2006. Accumulating
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evidence has shown that the multidisciplinary care under this program has significantly improved patient survival
and reduce the total cost for dialysis?***. However, like other countries in the world, the comprehensive post-
AKI care program in Taiwan has not been well addressed until very recently?>-?’. There is still a fundamental
knowledge gap from the epidemiologic perspectives, with an insufficient study investigating the outcomes of
patients with AKI-D at a nationwide scale in Taiwan.

Here, we conducted a retrospective observational study, utilizing National Health Research Dataset, to illus-
trate different outcome trajectories of patients receiving first dialysis in Taiwan, with a particular focus on the
‘unplanned dialysis’ group, which represented AKI-D patients. The transitions of their kidney outcomes in terms
of dialysis requirement (i.e., a nonrecovery state with maintenance dialysis, partial recovery state with sporadic
dialysis and dialysis-free recovery state) would be reported. Finally, we investigated the determinants for the
development of continued dialysis and deaths after the first dialysis in this population.

Methods

Study population. In Taiwan, the National Health Insurance is a single-payer program that has operated
since 1995, covering 98% of the population. The database includes patient demographics, diagnosis, and pre-
scriptions in the hospital and in outpatient claims. Currently, the access and application of the National Health
Insurance Research Database (NHIRD) was authorized by the Center for Welfare and Health Data Sciences
(contact via the Center for Welfare and Health Data Sciences, https://dep.mohw.gov.tw/dos/np-2497-113.html)
for researchers who meet the criteria for access to confidential data. The NHIRD is one of the largest nationwide
population-based databases in the world. All insured persons’ medical records from 2000 to 2017 were included
in the dataset for this study. For research purposes, the information for all persons was managed with a double
scrambling protocol. The original identification number was encrypted to protect privacy while maintaining
consistency. Therefore, it was possible to follow up patients by linking claims belonging to the same patient
within the NHIRD datasets. This study was approved by the ethics committee of National Health Research Insti-
tute (NHR], Institutional Review Board, EC1090308-E) and was carried out in accordance with the principles of
the 2013 version of the Declaration of Helsinki 1975. The requirement that patients give informed consent was
waived according to the regulation approved by the NHRI.

Study design. We designed a cohort aged more than 18 years old and without dialysis from all members
of the National Health Insurance Dataset. This cohort was followed from Ist January 2001 until 31st December
2017 to identify new dialysis for estimate the annual dialysis incidence, specific age groups and genders. The
annual dialysis incidence was calculated with the numbers of adults with first dialysis divided by the numbers of
adults in the middle of the year.

We further designed a 5-year-followed and fixed cohort which enrolled 158,880 unplanned first dialysis for
describing the transitions of dialysis status between January 2001 and December 2012.

The recruited criteria of first dialysis patients occurred between 2001 and 2012 were as follows. Those who
initiated their first dialysis after January 1st, 2013 (n=153,997) were excluded, due to being unable to be followed
for up to 5 years. Further exclusions included those with (1) peritoneal dialysis (n=12,812), (2) renal transplant
(n=1955) during 2013 and 2017, and (3) death date error (n=671).

We then classified all first dialysis patients (n=208,662) into (1) planned dialysis (n=23,785), (2) unplanned
dialysis (n=158,880) and unclassified group (n=25,997). Those with either AV fistula (medical orders: 690324,
69032B, 69032C) or AV grafts (medical orders: 69034C, 69038C) created before first dialysis without using
permanent catheter (medical order: 69039B) or temporary (double lumen) catheter (medical order: 69006C)
were classified into planned dialysis (n=23,785). Unclassified dialysis was defined by those without AV fistula
or AV grafts plus without permanent or temporary catheter. Those unclassified first dialysis patients (n=25,997)
had no recorders with procedure codes of catheter plus with AV fistula or AV grafts. The unplanned dialysis
(n=158,880) met with the presence of either permanent or double lumen catheter at the time of first dialysis
(with or without AV shunt creation before first dialysis).

The transition model in the unplanned dialysis was described the transited stages of (1) temporary dialysis-
free status (robust), (2) sporadic dialysis, (3) continued dialysis, and (4) final terminal death. Those patients met
the exclusion criteria (a) arteriovenous shunt created before first dialysis but use of vascular catheter at the time
of first dialysis (n=234,563), (b) death in 7 days after first dialysis (n=68,955), (c) free from dialysis after first
dialysis (n=5047), were not included for the transition cohort (n=50,315) (Fig. 1).

Definition of variables.  All comorbidities were defined according to the diagnosis before the index date of
the first dialysis by the medial recorders from the NHIRD in Taiwan.

Hypertension was defined as two outpatient claims with ICD-9-CM code 401-405. Dyslipidemia was defined
as two outpatient claims with ICD-9-CM code 272. Diabetes was defined as two outpatient claims with ICD-
9-CM code 250. Renal disease was defined as two outpatient visits with ICD-9-CM codes 580. Gout was defined
as two outpatient visits with ICD-9-CM codes 274.9.

Cancer, stroke, coronary heart disease (CHD), and cardiovascular disease (CVD) also were identified from
the hospital claim dataset. CHD was defined by ICD-9-CM codes 410-414. Stroke was defined by ICD-9CM
codes 430-438. Heart failure (HF) was defined by ICD-9-CM codes 428. COPD was identified by 491.2. Sepsis
was defined by ICD-9-CM codes with 038, 995, and 785.52. Surgery was defined by the medical recorders with
surgical procedures. Death status was ascertained according to the National Death Registry system.

Statistical methods. The continuous and categorical variables were presented by mean (+ standard devia-
tion) and proportions (numbers).
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Figure 1. Flow chart of the study population and the protocol of selection strategy.
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We used the Markov chain model to estimate the transit probabilities and the duration among stages. The
Markov chain model has a feature that the predictive probability is only affected by the probability of current
events and was not related to prior events. Therefore, the probability distribution at time ¢+ 1 was only related
to the events at time #, was no relation to the prior events and per sec values. The analysis of the Markov chain
model was used the software R with the msm package (Fig. 1). In this transition model, we only recruited
those patients with follow-up information about the transitions of dialysis stages or death. The determinants of
transited to continued dialysis were explored and evaluated by the multivariate cox proportional hazard model.
The independent determinants of death among those with unplanned dialysis were also identified by the cox
multivariate regression model (Table 4) The survival analysis was conducted by the statistical software SAS 9.4.

Results

Trends of annual incidence of first dialysis in Taiwan. The incidence risk of first dialysis continu-
ally increased in men from 2001 (9.36/10,000) to 2017 (13.53/10,000). However, the incidence of first dialysis
increased from 2001 (8.61/10,000) until 2010 (9.38/10,000) in women and then the risk was relatively stable
(Fig. 2a). The incidence rate of first dialysis among those aged > 65 years increased from 2001 until 2010, then
a decline trend until 2017, whilst the declining trend presented among those aged less than 65 years (Fig. 2b).
Among men, the increased trends were found among those aged between 35 and 44 years and between 45 and
54 years (Fig. 2c). Among women, the decreasing trends were found among women aged less than 65 years
(Fig. 2d). Both men and women with aged>65 years had an increased trend of first dialysis incidence before
2010, then a continually decline trend thereafter (Fig. 2¢,d).

Clinical characteristics of the planned and unplanned first dialysis. Within 397,601.18 person-
years [PYs], 9985 planned dialysis patients and 115,994 unplanned dialysis patients died respectively. The
unplanned dialysis patients had a higher mortality rate (377.67 vs. 110.37 per 1000 PYs, p <0.0001) and 5-year
death risk (73.01% vs. 41.98%, p <0.0001) than the planned dialysis patients (Supplementary Table 1). Those
patients with the planned dialysis had higher proportions of comorbidities, including hypertension, diabetes,
dyslipidemia, but low prevalence rates of stroke, CHD, heart failure, COPD, sepsis, and surgery, compared to
those with the unplanned dialysis (Supplementary Table 1). Among unplanned dialysis, the average age was
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Figure 2. Trends of annual incidence of adult patients undergoing first dialysis in Taiwan, 2001-2017. (a)
Stratified by sex, (b) stratified by age, (c) stratified by age in male adult patients, and (d) stratified by age in
female adult patients.

66.78% and the prevalence rates of renal disease, hypertension, diabetes, coronary heart disease, stroke and heart
failure were 57.81%, 83.52%, 60.66%, 53.29%, 41.52% and 39.77%, respectively.

Among the unplanned dialysis patients, 67,024 had no prior history of kidney disease, and 91,856 had pre-
existing kidney disease. Those without kidney history had a higher mortality rate (598.28 vs. 285.86 per 1000 PYs,
p<0.0001) and 5-year death risk (80.56% vs. 67.50%, p <0.0001) than those with kidney disease (Supplementary
Table 2). Those without prior kidney disease had a lower prevalence in hypertension, diabetes, dyslipidemia,
CHD, stroke, heart failure, COPD, and gout than those with pre-existing kidney disease (Supplementary Table 2).

Transitions of the unplanned first dialysis. We further conducted a transition model to describe the
transit pathways among the unplanned dialysis patients (n=50,315). The mean age was 68.6 years old. The
prevalence of comorbidities, including renal disease, hypertension, diabetes, dyslipidemia, CHD, stroke, heart
failure, COPD, gout, sepsis, and surgery were presented in Table 1. Four stages after first dialysis included stage
0—robust (without further dialysis), stage 1—sporadic dialysis, stage 2—continued dialysis, and stage 3—death.
Stage 2 (continued dialysis) had the longest sojourn time with an average of 4.21 years for men and 5.89 years for
women. Stage 1 (sporadic dialysis) had the shortest sojourn time among all groups.

Variables Proportion (n)/mean + standard deviation

Age, years

68.58 +£13.34

Male gender, %

47.29% (23,794

Kidney disease, %

65.45% (32,931

Hypertension, %

88.28% (44,418

Diabetes, %

Dyslipidemia, %

52.78% (26,556

CHD, %

58.08% (29,223

Stroke, %

Heart failure, %

)
)
)
67.26% (33,842)
)
)
)
)

44.46% (22,370

COPD, % 13.49% (6787)
Gout, % 27.32% (13,746)
Sepsis, % 32.49% (16,347)

Surgery, %

(
(
(
(
(
45.82% (23,054
(
(
(
(
(

85.30% (42,919)

Table 1. Clinical characteristics of the unplanned first dialysis patients entered the transition model
(n=50,315). CHD coronary heart disease, COPD chronic obstructive pulmonary disease.
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After 6 months of first dialysis occurrence, there was 74.67% for robust, 3.10% for sporadic, 3.70% into
the continued dialysis, and 18.52% died. After 1 year, there was 55.76% for robust, 4.48% for sporadic, 6.34%
into the continued dialysis, and 33.42% died. After 3 years, only 17.34% of patients were robust and 3.66% for
sporadic, 9.90% into the continued dialysis, and 69.10% died. However, after 5 years of first dialysis occurrence,
only 5.39% remained to stay free from dialysis, 1.67% for sporadic stage, 8.45% was into continued dialysis, and
84.48% died (Table 2).

The transition rates of multiple stages of dialysis status stratified by genders and age groups presented in
Table 2. Male patients had higher risk for death than women (18.77% vs. 10.65%) after 6 months and during all
periods of follow-up. On the contrary, higher proportion of women entered continued dialysis than men during
all periods of follow-up.

Determinants for the development of continued dialysis and death after the first unplanned
dialysis. We conducted a Cox proportional model to identify the determinants of developed to continued
dialysis after the first unplanned dialysis and follow-up for 5 years or until the end of the study. The median time
of follow up was 1.27 years and the total follow time was 732,458.34 PYs. Male gender, older age, diabetes, kid-
ney disease, CHD, stroke, HEF, sepsis and surgery were positively associated with the development of continued
dialysis, and hypertension, dyslipidemia, gout, and COPD were negatively associated with the development of
continued dialysis (Table 3).

Similarly, we performed another Cox proportional model to determine factors associated with the deaths after
the first unplanned dialysis. Notably, we found that Male gender, older age, diabetes, CHD, stroke, HE, COPD,
sepsis, and surgery were positively associated with the mortality after first dialysis, whilst kidney disease, hyper-
tension, and dyslipidemia were negatively associated with the mortality after first dialysis (Table 4).

Finally, we noticed that those patients who remained free from dialysis after first unplanned dialysis were
younger, female predominance, fewer comorbid illness, and particularly very low proportion of surgery (Sup-
plementary Table 3).

Stage 0 (no dialysis) (%) | Stage 1 (sporadic) (%) | Stage 2 (continued) (%) | Stage 3 (death) (%)
After 6 months 74.67 3.10 3.70 18.52
After 1 year 55.76 4.48 6.34 33.42
After 3 years 17.34 3.66 9.90 69.10
After 5 years 5.39 1.67 8.45 84.48
Male
After 6 months | 74.43 3.15 3.65 18.77
After 1 year 55.39 4.55 6.23 33.82
After 3 years 17.00 3.71 9.70 69.60
After 5 years 5.22 1.69 8.24 84.86
Female
After 6 months | 82.82 2.00 4.53 10.65
After 1 year 68.59 3.04 8.19 20.17
After 3 years 3227 3.12 15.82 48.79
After 5 years 15.19 1.85 16.47 66.50
Age: 18-45
After 6 months 74.45 3.16 3.61 18.78
After 1 year 55.43 4.56 6.18 33.83
After 3 years 17.03 3.72 9.61 69.64
After 5 years 5.23 1.70 8.15 84.92
Age: 45-64
After 6 months | 79.24 2.45 4.37 13.94
After 1 year 62.78 3.63 7.71 25.88
After 3 years 24.75 3.32 13.49 58.44
After 5 years 9.76 1.73 12.76 75.75
Age: 65+
After 6 months | 71.24 3.57 3.30 21.89
After 1 year 50.75 5.04 5.51 38.70
After 3 years 13.07 3.74 791 75.28
After 5 years 3.37 1.54 6.25 88.84

Table 2. Transition rates of multiple stages of dialysis status among the unplanned first dialysis patients
entered the transition model (n=50,315).
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Model-1 Model-2

Hazard rate | 95% CI p-value | Hazard rate | 95% CI p-value
Male vs. Female 1.207 (1.201, 1.214) | <0.0001 | 1.207 (1.201, 1.213) | <0.0001
Age
45-64 vs. 18-44, years 1.401 (1.384,1.418) | <0.0001 |1.580 (1.563, 1.598) | <0.0001
65+vs. 18-44, years 2.280 (2.253,2.308) | <0.0001 |2.489 (2.462,2.516) | <0.0001
Hypertension 0.582 (0.579, 0.585) | <0.0001 | 0.650 (0.647,0.654) | <0.0001
Dyslipidemia 0.670 (0.665, 0.676) | <0.0001 |0.742 (0.736,0.748) | <0.0001
Diabetes 1.062 (1.056, 1.069) | <0.0001 |1.148 (1.142, 1.155) | <0.0001
Gout 0.910 (0.905,0.916) | <0.0001 |0.947 (0.942,0.952) | <0.0001
Kidney disease 1.081 (1.075,1.088) | <0.0001 |1.078 (1.072, 1.084) | <0.0001
CHD 1.143 (1.137,1.15) <0.0001 |1.121 (1.115, 1.127) | <0.0001
Heart failure 1.113 (1.107, 1.12) <0.0001 | 1.104 (1.099, 1.11) <0.0001
Stroke 1.101 (1.093, 1.11) <0.0001 |1.080 (1.073, 1.088) | <0.0001
COPD 0.991 (0.985, 0.997) 0.0182 | 0.988 (0.983, 0.994) 0.0024
Sepsis 1.660 (1.651, 1.669) | <0.0001 |1.531 (1.523,1.539) | <0.0001
Surgery 1.626 (1.612,1.64) | <0.0001 |1.433 (1.423,1.443) | <0.0001

Table 3. The determinants of developed into continued dialysis after the first dialysis among the unplanned
dialysis patients entered the transition model (n=50,315). CHD coronary heart disease, COPD chronic
obstructive pulmonary disease. Model-1: All patients were followed 5 years. Model-2: All patients were
followed until the end of the study. The median time of follow up was 1.27 years, and the total follow person-
years was 732,458.34.

Hazard ratio | Low 0of 95% CI | Up 0of 95% CI | p-value
Male vs. female 1.178 1.164 1.192 <0.0001
Age
45-64 vs. 18-44, years 1.416 1.378 1.455 <0.0001
65+vs. 18-44, years 2.226 2.168 2.286 <0.0001
Kidney disease 0.631 0.624 0.639 <0.0001
Hypertension 0.679 0.667 0.691 <0.0001
Diabetes 1.025 1.011 1.038 0.0003
Dyslipidemia 0.921 0.909 0.933 <0.0001
CHD 1.068 1.054 1.083 <0.0001
Stroke 1.108 1.094 1.122 <0.0001
Heart failure 1.077 1.063 1.09 <0.0001
COPD 1.08 1.062 1.098 <0.0001
Gout 1.001 0.987 1.015 0.8842
Sepsis 1.609 1.59 1.629 <0.0001
Surgery 1.268 1.239 1.298 <0.0001

Table 4. The determinants of the deaths after the first unplanned dialysis (n =158,880). CHD coronary heart
disease, COPD chronic obstructive pulmonary disease.

Discussion

In this study, we illustrated the increasing trend of the annual incidence of adult patients receiving first dialysis
treatment in Taiwan between 2001 and 2017 and demonstrated gender- and age-specific differences with the
trends, respectively. Further comparisons between patients with the ‘planned dialysis’ and the ‘unplanned dialysis’
have revealed that the latter has a higher death risk and mortality rate. Notably, the death risk and mortality rate
are higher in the ‘unplanned dialysis’ group without previous kidney disease than those with previous kidney
disease. Additionally, we have characterized the transition pathways of the ‘unplanned first dialysis, which has
disclosed that only 5.39% retained a dialysis-free status by the end of the 5-year follow-up period. Finally, we
have identified common risk factors for developing maintenance dialysis and death, including male gender, older
age, diabetics, CHD, stroke, HF, and sepsis.

Our data has shown that patients aged more than 65 years experienced the highest incidence rate of receiving
first dialysis treatment. Interestingly, there is a slight downturn after 2010 in the elderly of both genders. One
possible explanation is that the amount of acute dialysis initiation in critically ill patients with grave prognoses
has been reduced. Thus the “futility dialysis’ was limited®. Of note, there is still an increasing incidence rate of
ESKD during the same period, especially among men aged more than 65 years and women aged more than
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75 years®?. Taken together, it is suggested that the proportion of the elderly receiving maintenance dialysis therapy
is continuedly increasing, which could be attributable to the increasing aged population. In addition, the imple-
mentation of pre-ESRD care would delay the timing of the first dialysis treatment and prolong their lifespan?.

When we stratified the first dialysis cohort into the ‘planned’ (AV shunt creation before the first dialysis) and
the ‘unplanned’ dialysis, we found that they have distinctive clinical characteristics at baseline. Briefly, those with
the ‘planned dialysis’ had more chronic medical conditions such as hypertension, diabetics, dyslipidemia, while
those with the ‘unplanned dialysis’ more likely had acute medical illnesses such as stroke, CHD, HF, and sepsis.
Hence, the ‘unplanned dialysis’ group could be considered as AKI-D, which primarily came from pre-existing
CKD patients with acute renal dysfunction (Acute on CKD) and new-onset severe AKI patients without previous
kidney disease (de novo AKI). Our results revealed that those with ‘unplanned dialysis’ but no history of kidney
disease had a significantly higher mortality rate than those with a history of kidney disease. Notably, the former
had more surgical procedures and sepsis before their first dialysis compared to the latter, suggesting that these
two factors are the key determinants of the survival chances within the de novo AKI-D.

In contrast to the ‘planned dialysis’ with either entering continued dialysis or deaths onwards, those with the
‘unplanned dialysis’ could be separated into four transition stages (survived without dialysis, sporadic dialysis,
continued dialysis, and death) during the follow-up period. Our results showed that there is a high mortality rate
(43.4%, n=68,955, Fig. 1) within the 7-day period after the first dialysis in patients with the ‘unplanned dialysis’
This finding is consistent with the previously reported high mortality rate in AKI-D patients worldwide, sug-
gesting more considerations should be taken while dealing with acute critically ill patients, especially the elderly
with multiple comorbid conditions, where a conservative approach should be encouraged to avoid the futility
dialysis®. Notably, after surviving the first 7-day period, around three-fourths of those with the ‘unplanned
dialysis’ survived without further dialysis at 6-month follow-up, but the proportion declined to 55% at 1 year,
about 17% at 3 years, and around 5% at 5 years. The transitions from dialysis-free status to continued dialysis and
to death were obvious, with more than 80% death by the end of the 5-year period. Hence, there is an urgent need
for strengthening the post-AKI care in Taiwan, to improve the AKI outcomes?. However, due to the complexity
of the post-AKI scenario, it is believed that more evidence-based risk prediction, stratification, and validation
will be needed to achieve high-quality post-AKI care in the future®. Finally, we have identified the potential
risk factors for developing continued dialysis and death in patients with ‘unplanned dialysis. It is shown that
male gender, older age, diabetes, CHD, stroke, HF, and sepsis are strong risk factors for both continued dialysis
and death. On the contrary, patients who recovered and remained dialysis-free after the first dialysis were more
likely younger, female, and less likely to have pre-existing kidney disease, other major comorbidities, and sepsis.

The main strength of this study is using nationwide population-based data to longitudinally follow up the
patients receiving the first dialysis in Taiwan. However, this study was constrained by the retrospective nature
of the design. Therefore, our observations might have been affected by confounding factors and not be gen-
eralizable to patients elsewhere. Besides, the lack of relevant biochemistry tests such as serum creatinine has
hampered the rigorous definition of kidney disease status (de novo AKI, AKI on CKD, late-stage CKD) at the
time of receiving the first dialysis. Additionally, utilization of “procedure-based” approach to stratify the planned
dialysis and unplanned dialysis groups would have overlapping issues. For example, those patients who had AV
shunt creation before first dialysis but used vascular catheters for their first dialysis had difficulty justifying the
unexpected/unplanned nature due to lack of detailed clinical information. Finally, lack of detailed medications,
which might affect patients’ outcome as well.

In conclusion, this is the first time a study has addressed the incidence and transitional outcomes of all
patients initiating the first dialysis at a nationwide scale in Taiwan. In agreement with other studies, those with
AKI-D had a higher mortality rate than those with late-stage CKD (the ‘planned dialysis’). Up to nearly 95% of
all patients who survived after first dialysis without further dialysis eventually developed to continued dialysis
and death at the end of 5-year follow-up, indicating more efforts on post-AKI care at a national scale is warranted
to improve the renal and overall survivals.

Data availability

Data from the National Health Insurance Dataset in Taiwan and from the National Death Registry cannot be shared
publicly because of the Law of Personal Information Protection in Taiwan. Data are available from the Center for
Welfare and Health Data Sciences (contact via the Center for Welfare and Health Data Sciences, https://dep.mohw.
gov.tw/dos/np-2497-113.html) for researchers who meet the criteria for access to confidential data.

Received: 5 April 2023; Accepted: 2 August 2023
Published online: 08 August 2023

References

1. Couser, W. G. et al. The contribution of chronic kidney disease to the global burden of major non-communicable diseases. Kidney
Int. 80, 1258-1270 (2011).

2. Chan, C. T. et al. Dialysis initiation, modality choice, access, and prescription: conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 96, 37-47 (2019).

3. Levey, A. S. et al. Nomenclature for kidney function and disease: Report of a Kidney Disease: Improving Global Outcomes (KDIGO)
Consensus Conference. Kidney Int. 97, 1117-1129 (2020).

4. Port, E. K. et al. Improving outcomes for dialysis patients in the international Dialysis Outcomes and Practice Patterns Study. Clin.
J. Am. Soc. Nephrol. 1, 246-255 (2006).

5. Robinson, B. M. et al. Dialysis Outcomes and Practice Patterns Study (DOPPS): Its strengths, limitations, and role in informing
practices and policies. Clin. J. Am. Soc. Nephrol. 7, 1897-1905 (2012).

6. Wald, R. et al. Chronic dialysis and death among survivors of acute kidney injury requiring dialysis. JAMA 302, 1179-1185 (2009).

Scientific Reports |

(2023) 13:12867 | https://doi.org/10.1038/s41598-023-39913-w nature portfolio


https://dep.mohw.gov.tw/dos/np-2497-113.html
https://dep.mohw.gov.tw/dos/np-2497-113.html

www.nature.com/scientificreports/

7. Wald, R. et al. Changing incidence and outcomes following dialysis-requiring acute kidney injury among critically ill adults: A
population-based cohort study. Am. J. Kidney Dis. 65, 870-877 (2015).
8. Heung, M. et al. Acute kidney injury recovery pattern and subsequent risk of CKD: An analysis of veterans health administration
data. Am. J. Kidney Dis. 67, 742-752 (2016).
9. Shah, S. et al. Mortality and recovery associated with kidney failure due to acute kidney injury. Clin. J. Am. Soc. Nephrol. 15,
995-1006 (2020).
10. Karvellas, C. J. et al. A comparison of early versus late initiation of renal replacement therapy in critically ill patients with acute
kidney injury: A systematic review and meta-analysis. Crit. Care 15, R72 (2011).
11. Gaudry, S. et al. Delayed versus early initiation of renal replacement therapy for severe acute kidney injury: A systematic review
and individual patient data meta-analysis of randomised clinical trials. Lancet 395, 1506-1515 (2020).
12. Robinson, B. M. et al. Worldwide, mortality risk is high soon after initiation of hemodialysis. Kidney Int. 85, 158-165 (2014).
13. Noordzij, M. & Jager, K. J. Increased mortality early after dialysis initiation: A universal phenomenon. Kidney Int. 85, 12-14 (2014).
14. Bhandari, S. & Turney, J. H. Survivors of acute renal failure who do not recover renal function. Q/M 89, 415-421 (1996).
15. Bagshaw, S. M. Epidemiology of renal recovery after acute renal failure. Curr. Opin. Crit. Care 12, 544-550 (2006).
16. Chawla, L. S. et al. Acute kidney injury and chronic kidney disease as interconnected syndromes. N. Engl. J. Med. 371, 58-66
(2014).
17. Venkatachalam, M. A. et al. Failed tubule recovery, AKI-CKD transition, and kidney disease progression. J. Am. Soc. Nephrol. 26,
1765-1776 (2015).
18. He, L. et al. AKI on CKD: Heightened injury, suppressed repair, and the underlying mechanisms. Kidney Int. 92, 1071-1083 (2017).
19. Hickson, L. J. et al. Predictors of outpatient kidney function recovery among patients who initiate hemodialysis in the hospital.
Am. J. Kidney Dis. 65, 592-602 (2015).
20. Santos, M. et al. Predictors of kidney function recovery among incident ESRD patients. BMC Nephrol. 22, 142 (2021).
21. Muller, M. et al. Brain atrophy and cognition: Interaction with cerebrovascular pathology?. Neurobiol. Aging 32, 885-893 (2011).
22. Hsu, C. C. et al. Summary report of the 2019 annual report on kidney disease in Taiwan. Acta Nephrol. 35, 3-14 (2021).
23. Hsieh, H. M. et al. Economic evaluation of a pre-ESRD pay-for-performance programme in advanced chronic kidney disease
patients. Nephrol. Dial. Transplant. 32, 1184-1194 (2017).
24. Lin, M. Y. et al. Effect of national pre-ESRD care program on expenditures and mortality in incident dialysis patients: A population-
based study. PLoS ONE 13, e0198387 (2018).
25. Goldstein, S. L. et al. AKI transition of care: A potential opportunity to detect and prevent CKD. Clin. J. Am. Soc. Nephrol. 8,
476-483 (2013).
26. Shiao, C. C. et al. Nationwide epidemiology and prognosis of dialysis-requiring acute kidney injury (NEP-AKI-D) study: Design
and methods. Nephrology (Carlton) 21, 758-764 (2016).
27. Liu, K. D. et al. Quality of care for acute kidney disease: Current knowledge gaps and future directions. Kidney Int. Rep. 5,
1634-1642 (2020).
28. Rinehart, A. et al. Beyond the futility argument: The fair process approach and time-limited trials for managing dialysis conflict.
Clin. J. Am. Soc. Nephrol. 8,2000-2006 (2013).
29. Kalantar-Zadeh, K., Wightman, A. & Liao, S. Ensuring choice for people with kidney failure—Dialysis, supportive care, and hope.
N. Engl. ]. Med. 383, 99 (2020).
30. Sawhney, S. et al. Validation of risk prediction models to inform clinical decisions after acute kidney injury. Am. J. Kidney Dis. 78,
28-37 (2021).

Acknowledgements
This work was supported by grants from Taipei Medical University-Shuang Ho Hospital (109YSR-01).

Author contributions

Conceived and designed the experiments: C.T.L., M.S.W., S.Y.C. Performed the experiments: C.T.L., J H.L.,
Y.W.C,, S.Y.C. Analyzed the data: C.T.L,, ].H.L,, S.Y.C. Contributed reagents/materials/analysis tools: M.Y.W.,
C.M.Z., Y.H.H., C.C.H., M.S.W. Wrote the paper: C.T.L., S.Y.C. All authors reviewed the manuscript.

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/
10.1038/541598-023-39913-w.

Correspondence and requests for materials should be addressed to S.-Y.C.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International

License, which permits use, sharing, adaptation, distribution and reproduction in any medium or
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the
Creative Commons licence, and indicate if changes were made. The images or other third party material in this
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from
the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2023

Scientific Reports |

(2023) 13:12867 | https://doi.org/10.1038/s41598-023-39913-w nature portfolio


https://doi.org/10.1038/s41598-023-39913-w
https://doi.org/10.1038/s41598-023-39913-w
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Transitions of dialysis status and outcomes after the unplanned first dialysis: a nationwide population-based cohort study
	Methods
	Study population. 
	Study design. 
	Definition of variables. 
	Statistical methods. 

	Results
	Trends of annual incidence of first dialysis in Taiwan. 
	Clinical characteristics of the planned and unplanned first dialysis. 
	Transitions of the unplanned first dialysis. 
	Determinants for the development of continued dialysis and death after the first unplanned dialysis. 

	Discussion
	References
	Acknowledgements


