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Rationale & Objective: Patients experience
various symptoms during hemodialysis. We aimed
to assess the frequency and severity of symptoms
during hemodialysis and whether intradialytic
symptoms are associated with recovery time
postdialysis.

Study Design: An online questionnaire was sent to
10,000 patients in a National Kidney Foundation
database.

Setting & Participants: Adult patients receiving in-
center hemodialysis 3 times weekly for 3 or more
months.

Exposure: Online questionnaire.

Analytic Approach: Tabulation of frequency and
severity of events and recovery time as percent of
respondents, construction of a total symptom
score, followed by rank correlation analysis of
symptom characteristics with total recovery time.

Outcomes: Patient-reported intradialytic symp-
toms and recovery time postdialysis.

Results: 359 patients met screening criteria and
completed the questionnaire. Mean age was 62.5
± 13.8 years, 207 (58%) were men, 74 (21%) were
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black/African American, 132 (37%) had diabetes,
252 (70%) had hypertension, and 102 (28%) had a
history of myocardial infarction, heart surgery, or
stent placement. 311 (87%) patients had symp-
toms during dialysis in the previous week, with
mean severity of 2.7 (range for each symptom, 1-
5). The most common symptoms were fatigue/
feeling washed out (62%), cramps (44%), and
symptoms of low blood pressure (42%). Median
time to recovery was 3 (range, 0-24) hours, and
this correlated with the incidence and severity of
intradialytic symptoms (P < 0.0001). 40% of pa-
tients had time to recovery times of 4 hours or
longer. 1 in 3 patients reported having stopped
dialysis early for intradialytic symptoms and 6%
reported skipping dialysis at least once because of
intradialytic symptoms.

Limitations: Recall-based self-reported data with a
relatively low response rate.

Conclusions: A majority of patients receiving in-
center hemodialysis experience symptoms such as
feeling washed out, fatigue, and cramping; these
may be severe and are correlated with longer
recovery time following hemodialysis, as well as
shortened and skipped hemodialysis sessions.
The quality of care of the patient receiving dialysis is
largely defined in current practice by the achievement of

quantifiable laboratory-based test results, including those
related to urea kinetics, anemia, and bone and mineral
metabolism, as well as mortality rates and hospitalizations.1,2
Although reflective of the dialysis procedure and outcomes,
these metrics are generally unrelated or minimally related to
how a patient feels and functions. In recent years, more
interest has focused on patient-centered outcomes, including
data based on direct feedback from patients.3

During hemodialysis, there are important changes in the
concentration of small- and middle-molecular-weight sub-
stances, pH, and electrolytes. Moreover, ultrafiltration is
often rapid, exceeding rates of vascular refilling.4 Given these
rapid changes in biochemistry and volume during dialysis, it
is not surprising that patients experience a number of
symptoms during and in the period immediately after and a
number of hours after hemodialysis.5 Furthermore, treating
teams are frequently not aware of the extent of symptoms
experienced by their patients during treatments.6

Common intradialytic symptoms include muscle cramps,
pruritus, headaches, nausea, and fatigue. Symptomatic hy-
potension occurs in up to 30% of patients during hemodial-
ysis and patients may cut short their dialysis sessions because
of intradialytic symptoms.7-11 Thus, although hemodialysis is
a life-sustaining therapy, adverse effects increase its burden
and can materially reduce health-related quality of life, not
only during but also after hemodialysis. Understanding the
degree to which intradialytic symptoms result in lengthened
time to recovery after dialysis or shortening or even skipping
dialysis, which can increase the risk for hospitalization and
deaths, can clarify the extent of the problem and allow targets
for improvement to be set.

The purpose of this study was to assess recovery time
postdialysis and the frequency and severity of intradialytic
symptoms and determine the association between the
presence and severity of intradialytic symptoms with re-
covery time and the shortening or skipping of
hemodialysis.
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METHODS

An online questionnaire was sent by e-mail to 10,000
patients in a National Kidney Foundation database of pa-
tients who have agreed to participate in surveys. The
questionnaire was re-sent once to any patients who did not
open their e-mails in the first wave. No personal identi-
fying information was collected. The study used the Tonic
web-based platform, which is compliant with the Health
Insurance Portability and Accountability Act of 1996
(HIPAA).

The questionnaire screened for patients who were 18
years or older, were prescribed in-center hemodialysis 3
days a week, and who had been receiving dialysis for 3
months or more. Self-reported demographic and basic
clinical data were collected, including age, sex, race/
ethnicity, presence of diabetes, hypertension, and
whether taking antihypertensive medication. Dialysis-
related data collected included the number of hemodial-
ysis sessions attended in the past week, the prescribed
length of the hemodialysis session, hemodialysis vintage
or time on dialysis therapy, and the geographic location
of the dialysis center. Only patients who reported that
they had attended 3 dialysis sessions in the last week and
who completed the entire questionnaire were included in
the analysis.

A 12-item symptom questionnaire, modified from the
Kidney Disease Quality of Life Symptoms and Problems
With Kidney Disease scale, addressed the type and severity
of symptoms during hemodialysis sessions in the previous
week. The symptoms included were fatigue/feeling
washed out or drained, low blood pressure/hypotension,
cramps, faintness or dizziness, headache, itchy skin, nausea
or upset stomach, vomiting, shortness of breath, irregular
or “fast/racing” heartbeat, chest pain, and difficulty
concentrating/“foggy in the head”.

The number of dialysis sessions with symptoms was
calculated. If the patient experienced a symptom during
dialysis in the past week, the patient was asked to rate the
severity of each of those symptoms during dialysis on a 5-
point Likert scale, from 1 being “not severe” to 5 being
“very severe.” Respondents who did not report experi-
encing a particular symptom during dialysis were assigned
a symptom level of 0.

A total symptom score was calculated for each patient as
the number of symptoms multiplied by the average of the
severity of those reported symptoms, meaning that higher
scores indicate that the patient had more frequent and/or
more severe symptoms than those with a low total symp-
tom score. The presence and severity of symptoms were
also cross-classified and analyzed based on 3 dialysis vin-
tage groups: 3 months to 1 year, 1 to 3 years, and longer
than 3 years. Chi-square tests were applied to assess the
relationship between these variables and dialysis vintage.

In addition, the following questions were asked. (1)
“Over the last week, how long did it take you on average
to recover from your dialysis sessions and resume your
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normal, usual activities?” The answer to this question was
open ended, meaning that the patient could answer any
number of hours up to 24 hours. (2) “Have you ever
stopped dialysis early because of symptoms DURING your
treatment?” This question offered a yes or no option for
the answer. (3) “Please check all symptoms that have
caused you to stop dialysis early.” This was followed by
the 12 symptoms from the first part of the questionnaire,
and the patient ticked off each that had caused him or her
to stop dialysis early.

Two hundred fifty patients included in the study
responded to the following questions. “Have you ever
skipped a dialysis treatment because of symptoms you felt
during previous treatments?” This question offered a yes
or no option for the answer. “Which symptoms have
caused you to skip a dialysis treatment?” This was followed
by the 12 symptoms from the first part of the question-
naire and the patient ticked off each that had caused him or
her to stop dialysis early.

We used Kendall tau-b coefficient to describe correla-
tions. We conducted all analyses using SAS software, version
9.4, of the SAS system for Windows (SAS Institute, Inc).

RESULTS

Four hundred sixty-four patients responded to the ques-
tionnaire. Of those, 393 (85%) patients met the screening
inclusion criteria to complete the questionnaire. There
were 9 partial responses and 25 patients who were not
dialyzed 3 times in the previous week, leaving 359 (77%)
completed questionnaires to be included in the analysis.

Average age of the respondents included was 62.5 ±
13.8 years, with a range of 20 to 90 years. Two hundred
seven (58%) were men, 238 (66%) were white, and 74
(21%) were black/African American. One hundred thirty-
two (37%) reported that they had diabetes, 252 (70%)
had hypertension, and 102 (28%) had a history of
myocardial infarction, heart surgery, or percutaneous
coronary intervention with stent placement. Additional
demographic data are shown in Table 1. Overall, the pa-
tient population was broadly representative of the US
dialysis patient population as reported in the US Renal Data
System. The subgroup of 250 patients who answered the
additional questions and the groups divided based on re-
covery time are similar to the overall group.

Three hundred eleven (87%) patients had symptoms
during hemodialysis in the previous week. Figure 1 shows
the frequency of occurrence and severity for each of the 12
symptoms included in the questionnaire. The most com-
mon symptoms are fatigue/washed out or drained (62%),
cramps (44%), and low blood pressure (42%). The overall
average severity of reported symptoms was rated as 2.7 ±
2.0. Chi-square tests showed no relationship between these
variables and dialysis vintage.

Thirty-three percent of patients reported stopping
dialysis at some time because of symptoms they experi-
enced during treatment. Cramps (19%) and low blood
Kidney Med Vol 2 | Iss 2 | March/April 2020



Table 1. Patient Demographics and Characteristics

Full
Response
Group

Respondents
to Additional
Questions

Recovery
Time 0-3 h

Recovery
Time 3-6 h

Recovery
Time 6-12 h

Recovery
Time 12+ h

Age, y (mean ± SD)
[range]

62.5 ± 13.8
[20-90]

62.3 ± 13.8
[22-90]

61.8 ± 14.2
[22-90]

63.9 ± 13.6
[20-89]

60.9 ± 12.8
[34-89]

63.8 ± 13.0
[27-88]

Count (%) Count (%) Count (%) Count (%) Count (%) Count (%)
Sex (women) 152 (42.3%) 112 (44.8%) 83 (42.8%) 30 (40.0%) 21 (42.9%) 18 (43.9%)
Diabetic 132 (36.8%) 84 (33.6%) 76 (39.2%) 23 (30.7%) 13 (26.5%) 20 (48.8%)
Heart attack surgery
or stent

102 (28.4%) 65 (26.0%) 59 (30.4%) 17 (22.7%) 14 (28.6%) 12 (29.3%)

HBP 252 (70.2%) 158 (63.2%) 141 (72.7%) 48 (64.0%) 32 (65.3%) 31 (75.6%)
If yes, % on HBP
medication

247 (98.0%) 153 (96.8%) 140 (99.3%) 47 (97.9%) 30 (93.8%) 30 (96.8%)

Time on dialysis
3 mo-1 y 62 (17.3%) 35 (14.0%) 39 (20.1%) 7 (9.3%) 7 (14.3%) 9 (22.0%)
1-3 y 153 (42.6%) 105 (42.0%) 87 (44.8%) 33 (44.0%) 21 (42.9%) 12 (29.3%)
>3 y 144 (40.1%) 110 (44.0%) 68 (35.1%) 35 (46.7%) 21 (42.9%) 20 (48.8%)

Racea

Black/African
American

77 (21.5%) 48 (19.2%) 46 (23.7%) 12 (16.0%) 8 (16.3%) 11 (26.8%)

White 244 (68.0%) 172 (68.8%) 129 (66.5%) 53 (70.7%) 34 (69.4%) 28 (68.3%)
Other 49 (13.7%) 40 (16.0%) 23 (11.9%) 14 (18.7%) 9 (18.4%) 3 (7.3%)

Machine
Fresenius 203 (56.6%) 142 (56.8%) 117 (60.3%) 42 (56.0%) 30 (61.2%) 14 (34.1%)
Phoenix 1 (0.3%) 1 (0.4%) 0 (0.0%) 0 (0.0%) 1 (2.0%) 0 (0.0%)
I do not know 136 (37.9%) 94 (37.6%) 69 (35.6%) 29 (38.7%) 15 (30.6%) 23 (56.1%)
Other 19 (5.3%) 13 (5.2%) 8 (4.1%) 4 (5.3%) 3 (6.1%) 4 (9.8%)

Region
Northeast 56 (15.6%) 45 (18.0%) 23 (11.9%) 16 (21.3%) 7 (14.3%) 10 (24.4%)
Midwest 122 (34.0%) 90 (36.0%) 66 (34.0%) 27 (36.0%) 17 (34.7%) 12 (29.3%)
South 103 (28.7%) 63 (25.2%) 64 (33.0%) 15 (20.0%) 15 (30.6%) 9 (22.0%)
West 78 (21.7%) 52 (20.8%) 41 (21.1%) 17 (22.7%) 10 (20.4%) 10 (24.4%)
Note: Full response group, n = 359; respondents to additional questions, n = 250; recovery time 0-3 hours, n = 194; recovery time 3-6 hours, n = 75; recovery time 6-
12 hours, n = 49; recovery time 12+ hours, n = 41. Values given as number (percent) unless otherwise noted.
Abbreviations: HBP, high blood pressure; SD, standard deviation.
aSurvey allowed more than 1 selection.
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pressure (14%) were the 2 most common reasons for
terminating dialysis early.

The number of symptoms reported by patients is
shown in Figure 2. Almost 30% reported having 4 or
more symptoms during dialysis. Of those reporting
symptoms, 73% had symptoms on 2 or more treatment
days in the week and 53% had symptoms on all 3
treatment days.

Figure 3 shows the distribution of time to recovery.
Median recovery time was 3 hours, with a range of 0 to 24
hours. Recovery time was 4 hours or longer in 40% of
patients. Figure 4 shows the association of recovery time to
the number of intradialytic symptoms, and Figure 5 shows
the association of time to recovery to the total symptom
score. There were moderate correlations between recovery
time and number of symptoms during dialysis. The 95%
confidence interval (CI) is 0.26 to 0.41 for recovery time
versus number of symptoms, and the 95% CI range is 0.25
to 0.41 for the recovery time versus total symptom score.
No symptom exhibited a statistically stronger relationship
to recovery time.
Kidney Med Vol 2 | Iss 2 | March/April 2020
Two hundred fifty respondents also answered the
question “Have you ever skipped a dialysis treatment
because of symptoms you felt during previous treatments?”
Sixteen patients (6%) reported having skipped dialysis at
some point because of symptoms during dialysis.
DISCUSSION

A majority of patients receiving in-center hemodialysis
experience symptoms such as feeling washed out, fatigue,
and cramping. These may be severe and are correlated with
longer recovery time following hemodialysis, as well as
shortened and skipped hemodialysis sessions. This study
details the frequency and severity of self-reported symp-
toms during hemodialysis in a current broad-based group
of patients in the United States. In the same patients, we
report recovery time postdialysis and the association of
frequency and severity of symptoms with recovery time.

The high frequency of symptoms during hemodialysis is
not surprising given the rapid flux of solutes and rapid ul-
trafiltration that take place during the therapy. The results
127



Figure 1. Prevalence and severity of reported symptoms. (Left panel) Percent of patientswho report having each of the 12 symptoms in the
questionnaire during their 3 dialysis sessions in the previous week. (Right panel) Mean severity reported for each of the 12 symptoms.

Original Research
highlight some of the challenges faced by this patient
population. The literature on dialysis outcomes is domi-
nated by mortality and hospitalization rates, vascular access
issues, infectious complications, and cardiovascular events.1

This study highlights that the burden of symptoms during
dialysis itself should be considered an important outcome to
measure and should be a target for further innovation. As
improvements in dialysis technology are introduced, a
measurement of success can reasonably be expected to
include an improvement in intradialytic syndrome.

Recovery time postdialysis has been found to be a
simple health-related quality-of-life question that is reli-
able and valid.12 It is also a measure of overall quality of
life in dialysis patients that is associated with mortality
rates.13 In this study, there is a direct correlation between
the number of symptoms during hemodialysis and total
symptom score and recovery time. Improving the dialysis
experience for patients should be targeted at reducing
these symptoms, which could be expected to also reduce
recovery time postdialysis.

Observational and randomized trial data have shown
that longer session length or more frequent or nocturnal
20%
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Figure 2. Percent of patients by number of symptoms per patient.
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hemodialysis prescriptions are associated with shortened
recovery time and fewer symptoms during treatments.14-16

Strategies to reduce the incidence of intradialytic symp-
toms and reduce recovery time need to be developed for
conventional thrice-weekly hemodialysis. These strategies
might include modest extension of dialysis time, limits on
ultrafiltration rates, alterations in dialysate composition or
flow rates, slower blood flow rates, changes in dialysate
temperature, and changes in diet or medications. Further
studies to assess such interventions should be undertaken.
The effect of these modifications on other important end
points such as hospitalization and other health events
should also be assessed.

Notably, patients indicate that symptoms experienced
during hemodialysis can lead to shortened and skipped
therapies, which can lead to many adverse consequences
and events. Nonadherence among dialysis patients has
been documented in dialysis17 and previous studies
indicate that shortened and skipped therapies are associ-
ated with higher mortality and hospitalization rates.18,19

The reasons for skipped dialysis include transportation
issues, concurrent illness, and conflicting social events.
15%
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0%
0 1 2 3 4 5 6 7 8 9

Time to Recovery (Hours)
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Figure 3. Recovery time postdialysis.
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Although dialysis symptoms are reported to account for a
relatively modest 6% of skipped dialysis sessions, when
added to the other causes, the effect of dialysis symptoms
on adherence is important. Therefore, if improving the
dialysis experience could reduce skipped or shortened
dialysis treatments, it has the potential to improve out-
comes. Overall in this group of patients, the rate of
skipping or shortening dialysis is low. This may reflect
that they are generally more motivated to be adherent and
also accounts for their willingness to participate in studies
such as this one. The data do not allow one to draw
conclusions in this regard.

There are several important limitations to this study.
The low response rate to the e-mail request to complete
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Figure 5. Relationship of recovery time versus total symptom
score. Total symptom score for each patient was calculated by
number of symptoms multiplied by the average severity of the
symptoms. The correlation coefficient of recovery time as a func-
tion of the total symptom score is 0.279 (P < 0.0001). Abbrevi-
ation: CI, confidence interval.

Kidney Med Vol 2 | Iss 2 | March/April 2020
the questionnaire, together with the need to eliminate a
number of respondents because of screening criteria and
incomplete answers, resulted in an overall rate of survey
completion <5%. It is possible that respondents were more
likely to have symptoms they wished to report and
emphasize. That noted, the sample included a broad range
of patients by age, sex, race/ethnicity, and comorbid
conditions, consistent with the general US in-center he-
modialysis population. This study may not be generaliz-
able to the populations treated with in-center hemodialysis
more or less frequently than thrice weekly or to those
treated with home hemodialysis. Although the question-
naire certainly has face validity, neither the questionnaire
itself nor the method of administration (web-based) has
been formally validated. However, it is noteworthy that
the frequency with which the symptoms are reported in
this study is consistent with previously reported data,6

which gives additional credibility to these results.
In summary, conventional thrice-weekly in-center

hemodialysis is associated with a number of adverse
intradialytic symptoms in a vast majority of patients.
Recovery time postdialysis can be prolonged and is
directly correlated with the incidence and severity of
intradialytic symptoms. Intradialytic symptoms can be
associated with shortened or skipped dialysis sessions.
Adequacy of dialysis could be expanded to include the
severity of intradialytic symptoms, and improvement in
intradialytic symptoms should be a target of innovation
in hemodialysis care.
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