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Key Points
� Episodes of hemodialysis (HD) with high ultrafiltration rates (.13 ml/kg per hour) occurred frequently in 1050

incident dialysis patients.
� Younger age, diabetes, heart failure, higher albumin, being a man, shorter treatment time, and lower weight

were associated with high UFR.
� Increasing numbers of dialysis sessions with high ultrafiltration rates were associated with higher all-cause and

cardiovascular mortality.

Abstract
Background Rapid fluid removal during hemodialysis has been associated with increased mortality. The limit of
ultrafiltration rate (UFR) monitored by the Centers for Medicare & Medicaid Services is 13 ml/kg per hour. It is
not clear if the proportion of treatments with high UFR is associated with higher mortality. We examined the
association of proportion of dialysis treatments with high UFR and mortality in end stage kidney failure patients
receiving hemodialysis.

Methods This was a retrospective study of incident patients initiating hemodialysis between January 1, 2010, and
December 31, 2019, at Emory dialysis centers. The proportion of treatments with high UFR (.13 ml/kg per hour)
per patient was calculated using data from the initial 3 months of dialysis therapy. Patients were categorized on
the basis of quartiles of proportion of dialysis sessions with high UFR. Risk of death and survival probabilities
were calculated and compared for all quartiles.

Results Of 1050 patients eligible, the median age was 59 years, 56% were men, and 91% were Black. The median
UFR was 6.5 ml/kg per hour, and the proportion of sessions with high UFR was 5%. Thirty-one percent of
patients never experienced high UFR. Being a man, younger age, shorter duration of hemodialysis sessions,
lower weight, diabetic status, higher albumin, and history of heart failure were associated with a higher
proportion of sessions with high UFR. Patients in the higher quartile (26% dialysis with high UFR, average UFR
9.8 ml/kg per hour, median survival of 5.6 years) had a higher risk of death (adjusted hazard ratio 1.54; 95% CI,
1.13 to 2.10) compared with those in the lower quartile (0% dialysis with high UFR, average UFR 4.7 ml/kg per
hour, median survival 8.8 years).

Conclusions Patients on hemodialysis who did not experience frequent episodes of elevated UFR during the first
3 months of their dialysis tenure had a significantly lower risk of death compared with patients with frequent
episodes of high UFR.
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Introduction
According to United States Renal Data System data,
the adjusted all-cause mortality in prevalent patients
receiving hemodialysis (HD) decreased from 191.5 per
thousand patient-years in 2009 to 156.6 in 2019. The
overall reduction in mortality from 2009 to 2019 was
18% for those receiving maintenance HD, 21% for
those on peritoneal dialysis, and 11% for kidney trans-
plant recipients (1), with the excess risk of death
decreasing by 12%–27% over any 5-year interval
between 1995 and 2013 (2). Despite this continued
improvement in mortality, the rate of cardiovascular

events and mortality remains several times above the
general population, with 50% of deaths attributed to
cardiovascular causes (1). For many years, the
nephrology community and surveillance systems have
focused on urea clearances as the most important met-
ric in determining dialysis adequacy (3). The emer-
gence of nontraditional risk factors (i.e., calcium
metabolism and vascular calcifications, hyperparathy-
roidism, protein carbamylation, chronic inflammatory
state, persistent acidosis, type of vascular access, etc.)
(4) for morbidity and mortality in dialysis patients and
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attempts to control them likely have contributed to the
recent improvements in mortality rates.
The Centers for Medicare & Medicaid Services (CMS)

have recently included target weight achievement and
ultrafiltration rate (UFR) as part of the ESKD quality met-
rics (5–7). Several studies have examined the increased risk
of death as average UFR increases, and an upper limit of
13 ml/kg per hour has been suggested as a quality metric
(8–17). Most studies place the inflection point for increased
risk of death above 13 ml/kg per hour, and this finding is
consistent across all groups of sex, race, dialysis session
duration, and body size. Presumed mechanisms of higher
mortality associated with high UFR are putative and
include myocardial disease, increased risk of arrhythmias,
sudden death, and intradialytic hypotension with associ-
ated consequences, among others (18–25). However, even
patients in whom the average UFR is ,10–13 ml/kg per
hour may have dialysis sessions with high UFR, and the
frequency of these events could also be associated with
increased mortality risk in a prevalent cohort (12).
In this study, we examine the relationship between the

frequency of episodes of HD with high UFR and patient
survival in an incident cohort, predominantly Black, rather
than focusing exclusively on the average UFR.

Materials and Methods
This study was a retrospective analysis approved by the

Emory University Institutional Board Review. All incident
patients on HD admitted to academic affiliated dialysis cen-
ters from January 1, 2010, to December 31, 2019, were iden-
tified. Only patients that remained on HD for at least
3 months were included. Nocturnal HD and home dialysis
patients or patients receiving more than three HD sessions
per week were not included. HD sessions with missing or
inaccurate data or with a duration of ,1 hour were
excluded from further analysis. Patients were followed
until death, transfer to another dialysis center, transplant,
or censoring on December 31, 2020. Demographic, labora-
tory, and dialysis data were extracted from the electronical
medical record. Deaths related to congestive heart failure
(CHF), valvular disease, cerebrovascular accident, mesen-
teric ischemia, and coronary artery disease or acute myocar-
dial infarction were categorized as cardiovascular deaths.
On the basis of values reported in the literature, a UFR

.13 ml/kg per hour was considered high (7–12). All HD
sessions performed during the first 3 months of the dialysis
tenure were analyzed, and the percentage of dialysis ses-
sions with high UFR was recorded. Delivered UFR was cal-
culated from electronic HD data and presented as milliliters
per kilogram per hour using change in patient weight (pre-
HD weight minus post-HD weight) as the measure of ultra-
filtration. HD sessions with implausible values of pre- and
post-HDweight, BP, or session duration were also excluded
from analysis. Laboratory and HD data were averaged for
the first 3 months of dialysis. Data are presented as the
median (interquartile range) or mean6SD. All laboratory
tests were analyzed via a single laboratory facility.
Factors associated with mortality were explored using a

univariate model, and the most significant and clinically rel-
evant factors were used for adjustments in a multivariate

model that included age, presence of diabetes, BP post dialy-
sis, type of vascular access, dialysis adequacy (adequate ver-
sus inadequate on the basis of average Kt/V $1.2), serum
albumin, and history of CHF at dialysis initiation. Logistic
regression models were used to examine factors associated
with high UFR. To explore the association of high UFR fre-
quency and mortality, patients were categorized on the basis
of the quartiles of proportion of HD sessions with UFR .13
ml/kg per hour. Relative risk and Cox proportional hazard
ratios were estimated for quartiles of proportions of HD ses-
sions with high UFR. Restricted cubic splines models were
constructed using a previously described methodology
(26,27) to explore the association of proportion of dialyses
with UFR .13 ml/kg per hour as a continuous variable
with mortality. All data manipulation, statistical analyses,
and graphs were performed using R statistical software (28).
A P value of 0.05 was considered significant.

Results
Patient Characteristics

All patients who initiated HD between January 1, 2010,
and December 31, 2019, and who remained on HD for at
least 3 months were identified and followed until censored
(lost to follow-up, death, transplant, or transfer to another
dialysis facility) or up to December 31, 2020. A total of
1050 patients received 39,068 dialysis sessions during our
analyses, with an average of 34.4 dialysis sessions/patient.
The median follow-up time was 2.4 years (range 0.25–10.9
years; interquartile range 1.1–4.7).

Eight percent of dialysis sessions were considered to
have missing, inaccurate, or implausible data or sessions
were less than 1 hour long and were discarded from fur-
ther analysis.

The median age of the cohort was 59 years, 92% were
Black, 56% were men, and 80% were able to dialyze using a
permanent vascular access at some point during their dialy-
sis tenure. Fifty percent were diabetic, and 32% had a docu-
mented history of cardiovascular disease (CHF, coronary
artery disease, peripheral vascular disease, atrial fibrillation,
valvular heart disease, and/or cerebrovascular accident)
before initiation of dialysis. Dialysis treatment parameters
and laboratory values averaged during the first 3 months of
dialysis are presented in Table 1.

UFRs
Figure 1 presents the association of average UFR per

patient and percent of dialysis sessions with a UFR
.13 ml/kg per hour (P,0.001). The median UFR of the
entire cohort was 6.5 ml/kg per hour, and the proportion
of HD sessions with a UFR .13 ml/kg per hour was 5%.
In total, 321 (31%) patients never experienced a UFR
.13 ml/kg per hour.

Not surprisingly, the first dialysis session of the week was
associated with a higher number of episodes of high UFR,
with 12% of sessions with a UFR .13 ml/kg per hour on
the first, 9% on the second, and 8% on the third session of
the week (P,0.001). The average UFR for the first HD ses-
sion of the week was also higher at 7.464.9 ml/kg per hour
compared with 6.764.8 and 6.564.7 ml/kg per hour for the
second and third sessions of the week, respectively.
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To evaluate clinical factors associated with episodes of
high UFR and taking into consideration that 31% of
patients never experienced episodes of high UFR, a zero-
inflated regression model was constructed. Being a man,
younger age, shorter duration of HD, lower weight, dia-
betic status, higher albumin, and a history of CHF were
associated with higher proportion of HD sessions with ele-
vated UFR (Table 2).

UFR and BP
When all dialysis sessions were analyzed, there was a

weak correlation, albeit statistically significant, between BP
drop (pre-dialysis systolic BP minus lowest systolic arterial
BP) during dialysis and the intensity of fluid removal as
judged by UFR (R5–0.08, P,0.001). Using a definition
of dialysis-associated hypotension suggested elsewhere
(29) of a pre-HD systolic BP $160 mm Hg and drop to
,100 mmHg for systolic BP or a drop to,90 mmHg at any
time during the dialysis session as an indicator of severe
hypotension, 8.2% HD sessions with a UFR .13 ml/kg per
hour were complicated by dialysis-associated hypotension
compared with 7.8% of HD sessions with a UFR #13 ml/kg
per hour (P50.3).

Table 1. Baseline demographics, comorbidities, and laboratory
data

Characteristic N51050

Age, yr 59 (49–68)
Sex
Women 470 (45)
Men 580 (55)

Race
Black 958 (91)
White 70 (7%)
Asian 19 (2%)
Native Hawaiian or other

Pacific Islander
3 (0.3%)

Initial vascular access
Fistula or graft 438 (42%)
Catheter 612 (58%)

Best vascular access achieved during
follow-up
Fistula or graft 915 (87%)
Catheter 135 (13%)

Diabetes 584 (56%)
Chronic viral diseasea 138 (13%)
Congestive heart failureb 297 (28%)
Coronary artery diseasec 125 (12%)
Cerebrovascular accidentd 69 (7%)
Peripheral vascular diseasee 74 (7%)
Arrythmiaf 62 (6%)
Valvular diseaseg 10 (1%)
Malignancy 24 (2%)
Chronic lung disease 24 (2%)
Chronic liver disease 9 (0.9%)
Weight, kg 77 (65–92)
Dialysis time, min 209 (202–217)
Ultrafiltration, L/dialysis 1.7 (1.3–2.3)
UFR, ml/kg per hour 6.5 (4.9–8.5)
Percent of dialysis with

UFR .13 ml/kg per hour
5 (0–13)

Kt/V 1.4 (1.2–1.6)
Mean arterial pressure pre

dialysis, mm Hg
105 (96–114)

Mean arterial pressure post
dialysis, mm Hg

102 (94–109)

Normalized protein catabolic rate 0.9 (0.8–1.1)
Serum albumin, g/dl 3.8 (3.5–4.1)
Hemoglobin, g/dl 10.0 (9.1–10.9)
Phosphorus, mg/dl 4.9 (4.2–5.6)
Calcium, mg/dl 8.9 (8.4–9.2)
Parathyroid hormone, pg/ml 387 (249–582)
Cholesterol, mg/dl 146 (122–172)
Potassium, mEq/L 4.2 (3.9–4.5)

Data shown as median (interquartile range) or n (%). UFR,
ultrafiltration rate.
aHepatitis B, hepatitis C, or HIV.
bSystolic or diastolic.
cHistory of coronary artery surgery, myocardial infarction, or
coronary angina.
dIschemic or hemorrhagic stroke.
eClaudication, documented arterial insufficiency, and/or leg
amputation.
fAtrial or ventricular arrythmias, bradycardia, and/or
pacemaker presence.
gSignificant valvular abnormality or history of valvular
surgery and/or replacement.
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Figure 1. | Association of average ultrafiltration rate (UFR) with
percent of hemodialysis (HD) sessions with a UFR >13 ml/kg per
hour (P<0.001).

Table 2. Factors associated with treatments with high UFR

Characteristic IRR 95% CI P Value

Age, every 5 yr 0.9 0.89 to 0.91 ,0.001
Men 1.13 1.08 to 1.18 ,0.001
Time of dialysis, every 15 min 0.94 0.92 to 0.95 ,0.001
Weight, for every 5 kg 0.89 0.88 to 0.9 ,0.001
Diabetes 1.12 1.07 to 1.17 ,0.001
Albumin, g/dl 1.08 1.04 to 1.12 ,0.01
Congestive heart failure 1.05 1 to 1.11 0.05

UFR, ultrafiltration rate; IRR, incidence rate ratio; CI,
confidence interval.
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Mortality
The all-cause mortality risk for the entire cohort was 9.4

deaths/100 patient-years.
To study the association of episodes of HD with high

UFR with mortality, patients were categorized in four
groups on the basis of quartiles of frequency of HD with

high UFR. Clinical differences between these groups are
presented in Table 3.

The all-cause mortality risk was 7.2, 9.8, 10.2, and 11.4
deaths/100 patient-years for the first, second, third, and
fourth quartiles, respectively. Compared with the first
quartile of proportion of HD sessions with high UFR, the

Table 3. Clinical characteristics on the basis of quartiles of proportion of dialysis with high UFR

Characteristic Q1, N5321 Q2, N5207 Q3, N5261 Q4, N5261

Age, yr 59 (49–67) 60 (49–67) 60 (50–71) 58 (44–66)
Sex
Women 146 (45) 99 (48) 107 (41) 118 (45)
Men 175 (55) 108 (52) 154 (59) 143 (55)

Race
Black 289 (90) 196 (95) 237 (91) 236 (90)
White 28 (9) 11 (5) 16 (6.1) 15 (6)
Native Hawaiian 0 (0) 0 (0) 1 (0.4) 2 (0.8)
Asian 4 (1) 0 (0) 7 (3) 8 (3)

Access at 3 months
Fistula or graft 146 (45) 86 (42) 112 (43) 94 (36)
Catheter 175 (55) 121 (58) 149 (57) 167 (64)

Best access
Fistula or graft 291 (91) 181 (87) 224 (86) 219 (84)
Catheter 30 (9) 26 (13) 37 (14) 42 (16)

Diabetes 193 (60) 118 (57) 141 (54) 132 (51)
Viral diseasea 33 (10) 27 (13) 35 (13) 43 (16)
Malignancy 6 (2) 4 (2) 7 (3) 7 (3)
Lung disease 8 (3) 5 (2) 5 (2) 6 (2)
Liver disease 4 (1) 1 (0.5) 3 (1) 1 (0.4)
Cerebrovascular accidentb 20 (6) 18 (9) 16 (6) 15 (6)
Peripheral vascular diseasec 21 (7) 10 (4.8%) 21 (8) 22 (8)
Coronary artery diseased 45 (14) 24 (12) 28 (11) 28 (11)
Congestive heart failuree 99 (31) 58 (28) 83 (32) 57 (22)
Arrhythmiaf 21 (7) 13 (6) 18 (7) 10 (4)
Valvular diseaseg 4 (1%) 2 (1) 3 (1) 1 (0.4)
Dialysis count, % 11,208 (31) 7212 (20) 8988 (25) 8764 (24)
UFR, ml/kg per hour 4.7 (3.7–5.6) 5.8 (4.6–6.9) 7.1 (6.1–0.2) 9.8 (8.7–11.3)
Ultrafiltration, L/dialysis 1.5 (1.2–2) 1.6 (1.1–2.2) 1.8 (1.4–2.2) 2.2 (1.7–2.6)
% HD with high UFR 0 (0–0) 3 (3–3) 8 (6–10) 26 (18–36)
% Patients with high UFR 0 0 0 10
Weight, kg 92 (79–111) 82 (67–96) 72 (64–83) 66 (57–74)
Dialysis time, min 210 (206–225) 209 (203–224) 209 (202–214) 206 (196–210)
KtV 1.3 (1.2–1.5) 1.3 (1.2–1.6) 1.4 (1.23–1.53) 1.4 (1.25–1.64)
Mean arterial pressure pre 105 (96–113) 106 (96–113) 105 (95–113) 107 (98–117)
Mean arterial pressure post 101 (94–108) 100 (94–108) 101 (93–109) 105 (96–112)
% HD with hypotensionh 3 3 5 3
Albumin, g/dl 3.9 (3.6–4.1) 3.8 (3.5–4.1) 3.8 (3.5–4) 3.8 (3.5–4.1)
Normalized protein catabolic rate 0.9 (0.8–1.1) 0.9 (0.8–1) 0.9 (0.8–1.1) 1 (0.8–1.2)
Calcium, mg/dl 9 (8.5–9.3) 8.9 (8.5–9.3) 8.9 (8.4–9.2) 8.8 (8.3–9.1)
Phosphorus, mg/dl 4.9 (4.2–5.5) 4.8(4.1–5.7) 4.8 (4.2–5.5) 5.2 (4.4–5)
Parathyroid hormone, pg/ml 408 (259–618) 394 (263–594) 377 (239–542) 366 (233–597)
Hemoglobin, g/dl 10.1 (9.3–11) 10.1 (9.2–10.9) 9.9 (8.9–10.7) 9.8 (8.8–10.9)
Cholesterol, mg/dl 148 (126–174) 148 (124–174) 141 (117–172) 146 (124–171)
Potassium, mEq/L 4.2 (3.9–4.5) 4.2 (3.8–4.5) 4.2 (4–4.5) 4.3 (4–4.6)

Data shown as median (interquartile range) or n (%). UFR, ultrafiltration rate; HD, hemodialysis.
aHepatitis B, hepatitis C, or HIV.
bIschemic or hemorrhagic stroke.
cClaudication, documented arterial insufficiency, and/or leg amputation.
dHistory of coronary artery surgery, myocardial infarction, or coronary angina.
eSystolic or diastolic.
fAtrial or ventricular arrythmias, bradycardia, and/or pacemaker presence.
gSignificant valvular abnormality or history of valvular surgery and/or replacement.
hDrop from pre-HD systolic BP $160 to ,100 mm Hg or any drop to ,90 mm Hg during dialysis session.
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relative risks for all-cause mortality were 1.36 (95% confi-
dence interval [CI], 0.96 to 1.92), 1.42 (95% CI, 1.03 to 1.96),
and 1.58 (95% CI, 1.16 to 2.17) for the second, third, and
fourth quartiles, respectively. Meanwhile, the cardiovascu-
lar mortality risks were 4.38, 6.6, 7.32, and 7.11 cardiovascu-
lar deaths/100 patient-years, with resulting relative risks of
1.51 (95% CI, 0.97 to 2.32), 1.67 (95% CI, 1.12 to 2.50), and
1.62 (95% CI, 1.08 to 2.44) for the second, third, and fourth
quartiles, respectively, compared with the first quartile of
proportion of HD sessions with high UFR. In a model
adjusted for patient age, best type vascular access during
the HD tenure (catheter versus no catheter), diabetes, his-
tory of CHF at start of HD, dialysis Kt/V (adequate versus
inadequate), mean arterial pressure post dialysis, and
serum albumin, the upper quartile was associated with a
higher hazard ratio of all-cause (1.56; 95% CI, 1.13 to 2.10)
and cardiovascular mortality (1.71; 95% CI, 1.15 to 2.54;
Figure 2).
Survival rate differences between quartiles was analyzed

using a Kaplan–Meier estimate. The median survival time
for patients in the lowest quartile was significantly longer
than patients in the upper quartile (8.8 years versus 5.6
years; P,0.001). The difference persisted after adjusting for
age, best type of vascular access during the dialysis tenure
(catheter versus no catheter), dialysis Kt/V, history of
CHF, serum albumin, and mean arterial pressure post dial-
ysis. Compared with the first quartile, patients in the
higher quartile had a 56% higher risk of death (Figure 3).
Additionally, cubic splines models were constructed

using a previously described methodology (27) to explore
the proportion of HD sessions with a UFR .13 ml/kg per
hour and their associated all-cause and cardiovascular mor-
tality. Adjusting for the same variables described previ-
ously, a higher proportion of dialysis sessions with high
UFR were associated with increased mortality (Figure 4).

Discussion
Our data show that in the group of patients with high

numbers of HD sessions with a UFR .13 ml/kg per hour,
there was a mortality risk, as others have shown (12); how-
ever, the average UFR of this group was only 9.8 ml/kg
per hour, and thus most of these individuals likely would
not have been flagged as high risk according to CMS
guidelines. The unadjusted all-cause mortality hazard ratio
for patients in the upper quartile of episodes of HD with
UFR.13 ml/kg per hour was 1.58 (95% CI, 1.16 to 2.17)
and persisted after adjustments for age, history of CHF,
adequacy of HD, serum albumin, type of vascular access,
and BP levels post-HD treatment (1.54; 95% CI, 1.13 to 2.10;
Figure 2). The median survival of patients in the lower
quartile was 8.8 years compared with 5.6 years for those in
the upper quartile (P,0.001; Figure 3).
CMS measures use only one measurement of UFR done

on the day of Kt/V assessments, which may vary across
dialysis facilities and limit utility, particularly if day-of-
week collection standards are not specified. Mean-based
UFR measures, as proposed by the Kidney Care Quality
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Alliance (30–33), may best capture facility practices because
they use the mean UFR for an entire week of HD sessions
and thus account for variability of UFR across interdialytic
intervals. Our study is unique in that it highlights the
importance of careful fluid removal over the entirety of HD
sessions in incident patients and in a predominantly vul-
nerable Black population. These data show that even in the
first 3 months of the dialysis tenure, the frequency of dialy-
sis sessions with high UFR affects mortality, and thus care-
ful fluid management and consideration for longer dialysis
times are important.
Similar findings were described by Assimon et al. (12) in

a prevalent cohort where a higher percentage of dialysis
treatments with a UFR .13 ml/kg per hour were associ-
ated with higher all-cause mortality. Compared with ,25%
of treatments above the threshold, greater proportions of
treatments with a UFR .13 ml/kg per hour were associ-
ated with greater mortality. The more robust sampling of
HD sessions in our study allowed a greater degree of gran-
ularity of the data, suggesting that an increasing number of
HD sessions with high UFR are also associated with higher
mortality, below the 25% reported by Assimon et al. (12).
The relationship between a patient’s average UFR and

frequencies of dialysis sessions with high UFR is worth
commenting on. As shown in Figure 1, patients with a UFR
within a range considered “normal,” for example 5–10 ml/
kg per hour, can experience a significant number of epi-
sodes of dialysis with high UFR, ranging from 0% to 38%.
Compared with other studies (8–12,14,15), the UFR noted

in this cohort are lower than previously reported. The
median UFR for the entire cohort was 6.5 ml/kg per hour
(IQR 4.9–8.5 ml/kg per hour), and only 3% of patients had
an average UFR .13 ml/kg per hour compared with 18%
of patients in Assimon et al.’s study (12). The lower UFR in
our study could be explained by it being an incident
cohort, which is consistent with findings by Kim et al. (14).
The higher UFR observed in prevalent cohorts could be
explained by the loss of residual renal function and
increased nutrient and fluid intake over time. Additionally,
our patient population is predominantly Black (93%) as
opposed to only 32% in Assimon et al.’s study (12). Similar
to Kim et al. (14), we used delivered UFR to calculate the
frequencies of dialysis sessions with high UFR. Sex, preva-
lence of CHF, and diabetic status were similar in our cohort
compared with the studies by Assimon et al. (12) and Kim
et al. (14). These studies were carried out with cohorts stud-
ied in early periods. Our more contemporary data may
reflect changes in patterns on medical care aimed at limit-
ing UFR. Despite the low overall UFR in this study, we
show a linear and continuous increased risk of all-cause
and cardiovascular mortality as the proportion of HD ses-
sions with high UFR increases (Figure 4), with the lowest
risk in patients who did not experience episodes of
high UFR.
The risk of death on the basis of HD day of the week has

been previously documented in ESKD patients (34,35),
with risk for all-cause mortality, mortality from cardiac
arrest, myocardial infarction, and dysrhythmia being
higher during the first HD of the week, after the longer
interdialytic interval. In our study, the first dialysis of the
week resulted in a higher proportion of dialysis sessions

with high UFR. Thus, adjustments in prescribed time or
targeting a higher dry weight for the first dialysis session
of the week could be a reasonable strategy to limit the fre-
quency of episodes of dialysis with high UFR as long as
volume status is not significantly compromised. In addi-
tion, other strategies to reduce UFR would be to emphasize
the importance of dietary salt and fluid restriction to avoid
excessive interdialytic weight gain and ultrafiltration, par-
ticularly in high-risk individuals, and for dialysis units to
provide a more flexible schedule to allow longer session
times or additional treatments for isolated ultrafiltration.
Furthermore, adopting the practice of prescribing longer
HD sessions, i.e., 3.5–4 hours at initiation of HD, instead of
shorter times often prescribed due to perceived residual
function may be prudent. This study identifies factors asso-
ciated with episodes of high UFR, including being a man,
younger age, shorter duration of dialysis sessions, lower
weight, diabetic status, and a history of CHF. Thus, these
higher risk individuals could be specifically targeted for
the mitigation measures to avoid excessive ultrafiltration.

Dialysis time and weight directly influence the UFR,
whereas the association with history of CHF is likely
related to volume excess requiring higher UFR. Better
nutritional status has been associated with higher UFR in
previous studies (6,10,13) and likely related to higher food
and fluid intake in patients with good appetites. We did
not find a clear association between UFR and risk of severe
hypotension during dialysis, with 8.2% of dialysis with a
UFR .13 ml/kg per hour complicated by severe hypoten-
sion versus 7.8% of dialysis with a UFR #13 ml/kg per
hour.

There are several limitations to our study, including the
retrospective and observational nature of our analyses,
which may not completely assess residual confounding,
despite our robust comorbidity and laboratory covariate
adjustments. Also, the lack of diverse patient populations
may lessen the generalizability to the broader HD popula-
tion, and the lack of standardization of BP measurements
across dialysis facilities that may not accurately reflect BP
changes, although it is consistent with real-world dialysis
practices. We lack data on residual renal function that may
affect the values of ultrafiltration presented and confound
the outcomes. The major strengths of our study include the
long-term follow-up of incident HD patients, a greater UFR
sampling period, including the frequency of high UFR,
detailed clinical and laboratory data for multivariate analy-
ses, and uniform laboratory measurements from a single
laboratory facility.

The current CMS measures inventory tool monitors the
number of adult ESKD patients at a dialysis facility with a
UFR .13 ml/kg per hour, calculated on the basis of a sin-
gle session per month—a tool that does not allow determi-
nation of frequency of episodes of high UFR per patient.
We believe that the results of our study have important
implications for the implementation of dialysis treatments
in outpatient HD centers, where the emphasis and monitor-
ing strategies are currently placed on average UFRs for the
entire population of patients rather than on proportion of
episodes of high UFR for individual patients. Our retro-
spective and observational study shows that higher propor-
tions of HD treatments with a UFR .13 ml/kg per hour
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among incident dialysis patients are associated with
increased all-cause and cardiovascular mortality irrespec-
tive of age, best vascular access during dialysis tenure, dial-
ysis adequacy, history of CHF, serum albumin, and mean
arterial pressure post dialysis. Future directions and appli-
cations of our findings are for clinical guidelines to take
into account the number of HD sessions with high UFR
and not just one session per month on laboratory day
because it may not accurately reflect one’s absolute mortal-
ity risk. Frequency-based definitions of UFRs may better
capture risk than single treatment or mean-based UFR defi-
nitions. More investigations into UFRs in HD patients and
the associated predictors and outcomes are warranted and
should include the proportion of HD sessions with
high UFR.
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