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Hemodialysis dose is quanti-
fied by the parameter Kt/V, a
measure of urea removal dur-

ing treatment. A single-pool Kt/V of
1.20 (which corresponds roughly to
a 65% reduction in blood urea nitro-
gen levels) is considered an adequate
dose. Kt/V corresponds strongly
with survival and is estimated to be
inadequate in one-sixth of American
hemodialysis patients.1,2 Inadequate
dialysis is also associated with
increased hospitalizations and high
inpatient costs.3

Kt/V may be optimized by
increasing the dialysis prescription,
changing from catheters to fistulas
or grafts, and improving compli-
ance.4 However, it is possible that
Medicare’s reimbursement system
acts as an impediment to providing
an adequate dialysis dose. Outpa-
tient hemodialysis facilities are paid

a fixed amount of about $187 per
treatment and report an average
profit of $13 per treatment.5,6 These
figures include separately billable
drugs such as erythropoietin, which
are an important source of revenue.7

The per-treatment reimbursement,
after adjustment for inflation, has
declined by more than 50% over the
last 25 years. This has forced dialysis
facilities to take cost-cutting steps
such as employing fewer and less-
skilled staff, shortening treatment
times, and reusing dialyzers.8 While
the prevalence of inadequate dialysis
has decreased somewhat in recent
years as a result of quality improve-
ment efforts, it remains possible that
the reimbursement method acts as a
disincentive to providing longer treat-
ments or using more expensive dia-
lyzers.2,9,10 Previous work has shown
that facility payment levels do affect

adequacy-related parameters such as
length of treatment.11

Knowing the incremental cost of
providing adequate dialysis may
help providers to allocate resources
and help policy-makers to develop
reimbursement methods that pro-
mote adequate dialysis.12,13 We
therefore sought to quantitate the
incremental cost to facilities of pro-
viding adequate hemodialysis to
patients currently receiving an
inadequate dose. We did this by
examining changes in dialysis dose
and in two components of facility
costs (supplies and labor) among
patients in a clinical trial designed
to improve hemodialysis adequacy.4

Because facilities don’t track costs
on a per-patient basis, it is difficult to
determine actual changes in costs.
Moreover, because the clinical trial
was restricted to a few randomly

Background. One-sixth of American hemodialysis patients receive an inadequate dialysis dose (Kt/V). Kt/V may be increased by
increasing the dialysis prescription or by changing from catheters to fistulas or grafts. However, the fixed reimbursement that facil-
ities receive per treatment may act as a disincentive to providing longer treatments or using more expensive dialyzers. We sought
to quantitate the incremental cost to facilities of providing adequate hemodialysis to patients currently receiving an inadequate
dose—the first such study to do so.
Methods. From a clinical trial, we identified 78 patients who were receiving an inadequate dialysis dose and who subsequently
had an increased dialysis prescription or a change from a catheter to a fistula/graft. We obtained detailed labor and supply cost
data from the 21 facilities caring for these patients. For each patient, we then determined any changes in Kt/V and in facility costs.
Results. The incremental cost per 0.10 increase in Kt/V was $1.70 per treatment, with a range of $0.93 to $2.89 on sensitivity
analysis. Because patients began the trial an average of 0.19 below their facility Kt/V goal, the incremental cost required to achieve
adequate dialysis for an average patient was $3.23 per treatment, which represents about one-fourth of typical facility per-treat-
ment profit. Most of the incremental cost resulted from increased labor costs associated with longer treatment duration.
Conclusion. Providing an increased hemodialysis dose has a modest adverse impact on facility profitability. Whether this acts as
a barrier to adequate dialysis deserves further examination.



selected patients at each facility,
any lengthening of patient treat-
ments could be handled by slight-
ly increasing the responsibilities
of pre-existing staff rather than by
increasing staff hours or hiring
additional personnel. However,
additional personnel and/or staff
hours may be required if all
patients receiving inadequate
dialysis were targeted. Thus, we
chose to estimate the incremental
cost of providing adequate dialy-
sis assuming no increase in staff
productivity.

METHODS
Subjects
One hundred sixty-nine patients
from 31 hemodialysis facilities in
northeast Ohio participated in a 6-
month-long randomized, con-
trolled trial to improve adequacy of
hemodialysis.4 Randomly selected
patients were eligible for the trial if
their most recent Kt/V and mean
Kt/V for the prior 3 months were
both less than their facility Kt/V
goal. This ensured that only
patients with persistently low Kt/V
values were selected. Additional
patient eligibility criteria were an
age of 18 years or older, English
speaking, mentally competent,
and having been on dialysis for at
least 6 months.

Intervention patients and
their nephrologists received spe-
cific recommendations on how
to optimize dialysis prescription,
expedite conversion of catheters
to fistulas or grafts, and limit
shortening of treatment time.

Control patients continued to
receive usual care from their
nephrologists. Neither control pa-
tients nor their nephrologists
received any recommendations.
After 6 months, intervention pa-
tients had twofold larger increases
in Kt/V compared to control
patients, and were more likely to
achieve their facility Kt/V goal
(62% vs. 42%, p = 0.01).

From participants in this clin-
ical trial, we selected interven-
tion and control subjects who
had an increased dialysis pre-
scription or a change from a
catheter to a fistula or graft. An
increased dialysis prescription
may result from a longer treat-
ment duration, increased blood
or dialysate flow, or a higher effi-
ciency dialyzer.4

Facility Labor and Supply Costs
The administrator of each facility
was asked to report the following:
" The number (in full-time equiv-

alents) of employed registered
nurses, licensed practical nurs-
es, and patient care techni-
cians, including both perma-
nent and temporary employees.
" The salary and benefits for

each type of employee.
" The names and costs of all dia-

lyzers utilized by the facility.
" The average number of reuses

for each type of dialyzer.
" The supply costs associated with

catheter, graft, and fistula use.
" The supply costs associated

with each additional hour of
treatment time.
" The number of treatment hours

per week.

Statistical Analysis
We outline below our approach
for calculating the incremental (or
marginal) cost associated with
increases in dialysis prescription

or changes from a catheter to a fis-
tula or graft. Note that we ignored
facility costs that are unlikely to be
associated with changes in these
treatment parameters (e.g., dieti-
tian salaries).

For each facility, we calculated
total nurse/technician salary and
benefits per hour of treatment
time. We also calculated cost per
reuse for each dialyzer and

applied these figures to patients
who switched dialyzers in order
to estimate the supply costs of
changing to a higher efficiency
dialyzer. We used descriptive sta-
tistics (mean, range) to examine
each component of facility labor
and supply costs.

We used a standard formula to
calculate single-pool Kt/V at the
beginning and end of the trial.14

We then aggregated the changes
in facility costs and changes in
Kt/V across all patients. In our
base analysis, we calculated the
ratio of changes in cost over
changes in Kt/V. In sensitivity
analyses, we varied cost compo-
nents across the entire range of
facilities. For example, we varied
labor costs from those at the
facility with the lowest staff
salaries to those at the facility
with the highest staff salaries.

Note that facilities generally
schedule patients into three or
four shifts per day (e.g., early
morning, late morning, and mid-

This is the first study to quantitate the incremental

cost of providing adequate hemodialysis to patients

currently receiving an inadequate dose. 
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afternoon). This can make it difficult
to accommodate patients with very
long treatment durations. For exam-
ple, lengthening a treatment to the
point that it no longer fits entirely
into the early-morning shift will pre-
vent the late-morning shift from
being used for another patient. At a
busy facility, this could result in the
loss of the profit that would have
accrued from using the late-morning
shift for another patient. At a less
busy facility, no profit loss would
occur if the late-morning shift were
not full. Alternatively, a facility
could place two patients with long
treatments into three shifts. Thus,
the profit loss associated with
lengthening a treatment to the point
that it no longer fits into one shift
may vary from none to one treat-
ment’s profit. We used this range for
our sensitivity analyses and used the
midpoint (loss of one-half of a treat-
ment’s profit) for our base analysis.

In a subsidiary analysis, we
addressed the fact that patients gen-
erally require one-to-one care from
nurses or technicians during the
beginning (“initiation”) and end
(“termination”) of treatment. At
other times (“middle of treatment”),
a single staff member can be respon-
sible for several patients because
less care is required. Because length-
ening treatment duration will affect
the middle of the treatment but not
initiation or termination time, we
separated labor costs into these
three components. This analysis
resulted in a small (10%) decrease
in our incremental cost estimate and
is not presented in the results.

RESULTS
Subject and Facility Characteristics
Seventy-eight patients had an
increase in dialysis prescription or
a change from a catheter to a fistu-
la or graft. Fifty-three (68%) were
from the intervention group, and
25 (32%) were from the control
group. The mean age of the sub-
jects was 56 years, about three-

fourths were male, and about two-
thirds were black (Table I). Sub-
jects began the trial an average of
0.19 below their facility Kt/V goal.

Of 31 hemodialysis facilities in
northeast Ohio, two declined to
participate in the clinical trial, and
eight participated but did not have
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Table I. Subject characteristics (n = 78).

Mean age (yr) 56

Gender (%)

male 77

female 23

Race (%)

black 64

white 33

Hispanic 3

Cause of renal failure (%)

diabetes 40

hypertension 33

glomerulonephritis 5

other 22

Mean dialysis duration (yr) 3.1

Baseline Kt/V (mean) 1.13

Facility Kt/V goal (% of facilities)

1.20 23

1.30 37

1.40 40

Facility Kt/V goal
minus baseline Kt/V (mean) 0.19

Table II. Costs associated with changes in dialysis
prescription or vascular access (n = 21 facilities).

Mean ($) Range ($)
Labor Costs
Staff salary and benefits +11.37 +6.21 to +19.44

(per additional hour of treatment time)

Supply Costs
Change to higher efficiency dialyzer -0.13 -0.49 to +0.49

(per reuse)

Change from catheter to fistula or graft -6.21 -9.96 to -2.38
(per treatment)

Other supply costs +1.16 +0.60 to +2.25
(per additional hour of treatment time)

Lost Profits
Treatment too long to fit into one shift +6.58 0.00 to +13.16

(per treatment)



any patients with an increase in
dialysis prescription or change in
vascular access. Of the 21 facilities
that contributed subjects to this
cost analysis, 86% were freestand-
ing (vs. hospital-based) and 81%
were for-profit.

Changes in Dialysis Prescription
and Access
Among all 78 patients, the average
change in Kt/V was +0.20. Fifty-
nine patients had an increase in
treatment time of, on average, 23.5
minutes (range = 4.8–60 minutes).
Six of these patients had a new treat-
ment time that no longer fit into a
single shift. In addition, 20 patients
switched to a higher efficiency dia-
lyzer, and 10 patients switched from
a catheter to a fistula or graft.

Facility Costs
Among the 21 facilities, staff salaries
and benefits averaged $11.37 per
hour of treatment time, with a range
of $6.21 to $19.44 (Table II). Chang-
ing to a higher efficiency dialyzer
had a minimal impact on facility
supply costs. Fistula/graft use was
associated with $6.21 lower supply
costs than catheters. Catheter-associ-
ated supplies included drapes, con-
centrated heparin in each port, caps
on each port, and dressing material.
Other supplies such as dialysate and
heparin infusion averaged $1.16 per
hour of treatment time. Lost profits
from lengthening a treatment to the
point that it no longer fit entirely into
one shift ranged from $0 (when the
next shift was not full) to $13.16
(when the next shift was full).

Incremental Cost
The increase in treatment time
among 59 subjects was associated
with a combined increase of $263 in
labor costs and $27 in supply costs
(Figure 1). Use of fistulas/grafts was
associated with a combined decrease
of $62 in supply costs.

The total change in costs among
all 78 patients was $265, while the

total change in Kt/V was 15.6,
thereby giving an incremental cost
of $1.70 per 0.10 increase in Kt/V.
Because patients began the trial an
average of 0.19 below their facility
Kt/V goal, the incremental cost
required to achieve adequate dialy-
sis for an average patient was $3.23
per treatment.

Sensitivity Analysis
By varying staff salaries and bene-
fits from the lowest to the highest
values reported by the 21 facilities
(Table II), the incremental cost per
0.10 increase in Kt/V ranged from
$0.93 to $2.89 (Figure 2). Varying
other facility costs had a smaller
impact on incremental cost.

DISCUSSION
This is the first study to quantitate the
incremental cost of providing ade-
quate hemodialysis to patients cur-
rently receiving an inadequate dose.

The incremental cost of $3.23 per
treatment was largely due to in-
creased labor costs associated with
longer treatment duration. Lengthen-

ing treatments to the point that they
no longer fit entirely into one slot
had a much smaller impact on incre-
mental cost, since this applied to
only 6 patients in this sample.
Changing from catheters to fistulas
or grafts had the dual benefit of
increasing Kt/V while decreasing
facility costs. Changing dialyzers had
little impact on supply costs because
the dialyzer cost per reuse is rela-
tively small.

Because the total incremental cost
is about one-fourth of the $13 that
outpatient hemodialysis facilities typ-
ically make in profit per treatment,
providing an increased dialysis dose
would have a modest adverse impact
on facility profitability. It is worth
pointing out that our incremental
cost estimate of $3.23 per treatment
applies only to patients receiving
inadequate dialysis (or one-sixth of
patients at an average facility). If this
amount were distributed across all
patients, the cost per treatment
would decrease to $0.54.

Although our study was not de-
signed to determine whether cost

Figure 1. Fifty-nine patients had an increase in treatment time of, on average,
23.5 minutes, or 0.392 hours. Among all 78 patients, the average change in Kt/V was

+0.20. Values represent costs for one treatment provided to the stated number of
patients. (Values in parentheses represent negative numbers.)

Baseline Analysis of Incremental Cost

Increased Treatment Time
59 patients x $11.37 labor costs/hr x 0.392 hr = $262.97
59 patients x $1.16 supply costs/hr x 0.392 hr = $26.83

Higher Efficiency Dialyzer
20 patients x ($0.13 supply costs) = ($2.60)

Change from Catheter to Fistula/Graft
10 patients x ($6.21 supply costs) = ($62.10)

Treatment Too Long to Fit into One Slot
6 patients x $6.58 lost profits = $39.48

Total Change in Costs = $264.58

Total Change in Kt/V
78 patients x 0.20 = +15.6

Incremental Cost per Patient
per 0.10 Increase in Kt/V

$264.58/156 = $1.70
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considerations actually act as a barrier
to adequate dialysis, our findings sug-
gest that this issue deserves further
examination. In particular, it would be
important to understand the relative
importance of cost considerations vs.
previously identified barriers such as
medical limitations, patient noncom-
pliance, and physician preferences.4

By engaging the participation of
virtually all dialysis facilities and
nephrologists in a large geographic
area, we enhanced the generalizabil-
ity of our findings. With the excep-
tion of sex and race (Table I), patient
characteristics and facility character-
istics were comparable to national
figures.15 As expected, males and
blacks are over-represented among
patients receiving inadequate hemo-
dialysis.16 This appears to be due to
a larger body size and more frequent
shortening of treatment time by
males and blacks.17-20 Our sensitivity
and subsidiary analyses provide fur-
ther evidence of the robustness of
our findings.

Importance of the Results
Our findings have important implica-
tions for dialysis providers and health
policy-makers. Dialysis providers face
the challenge of allocating increased
supply and staff costs while remain-
ing financially viable. Even nonprofit
facilities must make a profit in order
to pay for future expansion, charity
care, and unforeseen expenses. To
some extent, the decrease in short-
term profits associated with efforts to
increase Kt/V may be offset by im-
proved patient survival and in-
creased long-term revenue.12

Health policy-makers should con-
sider alternative reimbursement
methods that promote adequate
dialysis.21-23 If providing adequate
dialysis decreases hospitalization
rates, then any increased funding for
outpatient dialysis treatment may be
offset by decreased inpatient expen-
ditures.24 In a previous investigation,
we estimated that increasing Kt/V
by 0.19 (the average amount needed
to achieve an adequate Kt/V in the

present sample) was independently
associated with an 18% decrease in
odds of hospitalization and a $3,600
decrease in annual Medicare inpa-
tient expenditures.3

Study Limitations
Several limitations must be consid-
ered when interpreting our results.
First, we focused on facilities in a
single geographic area. Labor and
supply costs may be different in
other regions. In addition, a larger
number of patients than encountered
in this study may need an increased
treatment time or a treatment that
won’t fit into one shift at some facil-
ities. While we did not have data on
facility occupancy rates, it is likely
that full facilities will incur higher
costs if a treatment won’t fit into one
shift compared to facilities that are
not full. We also dealt with labor
costs in a linear fashion, i.e., we
assumed no increase in productivity.
However, up to a certain point, any
lengthening of patient treatments

COST OF PROVIDING ADEQUATE HEMODIALYSIS

Figure 2. Sensitivity analysis of incremental cost per 0.10 increase in Kt/V. The points (solid dots) represent the base analysis,
while the upper and lower bars represent the range of results across all facilities.
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may be handled by slightly increas-
ing the responsibility of pre-existing
staff rather than increasing staff
hours (possibly involving overtime)
or hiring additional personnel.

Second, our results should not be
interpreted as indicating that it is
possible to purchase a Kt/V increase
of 0.10 by spending $1.70. In fact, it
is generally only possible to pur-
chase an entire package of interven-
tions (in this case, a higher prescrip-
tion or better vascular access) to
achieve a set of outcomes (in this
case, increased Kt/V among a group
of patients). Individual patients may
have incremental costs that are
higher or lower. For example, a large
patient who needs to lengthen treat-
ment time in order to increase Kt/V
will have a higher incremental cost
than would a patient who only
needs a higher efficiency dialyzer.

Third, we estimated patient-spe-
cific costs from facility-specific data
rather than track actual costs on a
per-patient basis. Given our modest
sample size, we also did not examine
interactions between various cost
components. For example, changing
from a catheter to a fistula/graft may
not only result in decreased supply
costs, but also decreased labor costs,
since the higher blood flow achiev-
able with a fistula/graft may allow
for decreased treatment duration.

Fourth, we ignored overhead costs
(such as rent) because they are
unlikely to be affected by changes in
treatment parameters. We also
ignored increases in prescribed blood
flow because they do not incur addi-
tional costs to the facility. However,
they can contribute to increased Kt/V.

Fifth, we did not include the
impact of missed treatments in our
analyses because it is not possible to
measure Kt/V for a missed treatment.
Facilities are not reimbursed for
missed treatments, but still incur cer-
tain fixed costs, such as staff salaries
and benefits. While improving treat-

ment attendance may not affect Kt/V,
it will increase facility reimbursement
and profits.

Sixth, the results of the HEMO
Study suggest that having a Kt/V goal
>1.20 (as did some of the facilities in
our sample) may not be necessary.1

The author is grateful to the facili-
ties that participated in this project,
which was supported by grant num-
bers DK51472 and DK54178 from
the National Institute of Diabetes
and Digestive and Kidney Diseases,
Bethesda, Maryland.
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