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Abstract

Keywords

Background: End-stage renal disease treated with hemodialysis
(ESRD-HD) is associated with poor outcomes for patients and can
substantially reduce health-related quality of life (HRQL). Alongside
drug development for this patient group, there is a need for a better
understanding of patients’ perceptions of their condition, their
symptoms and the impact ESRD-HD has on their lives. Here, we
report data from qualitative, semi-structured, concept-elicitation
interviews, conducted as part of a phase 2 clinical study of the
sodium-hydrogen exchanger isoform 3 (NHE3) inhibitor tenapanor
for the treatment of fluid overload in patients with ESRD-HD.

Chronic kidney disease, End-stage renal disease, Hemodialysis,
Impact of disease, Patient-reported outcomes, Symptoms,
Treatment

Methods: Patients enrolled in the clinical trial (NCT01764854)
were invited to participate in the interviews, which were structured
to focus on symptoms before moving on to the impact of the
disease on HRQL. Patients’ expressions of ESRD-HD-related
concepts were identified in the interview transcripts and coded to
allow each concept to be classified into sub-domains. Patients’
perceptions of treatment success were also assessed using openended questions.
Results: Overall, 21 patients (12 men) participated in these
interviews (mean age ± standard deviation, 51.4 ± 12.8 years).
Energy-related, digestive and dryness-related symptoms, and pain
and discomfort were the predominant symptom concepts identified
from the patients’ expressions. The necessity of adopting coping
behaviors (with concepts such as reducing water consumption
and dietary restrictions), emotional difficulties (such as irritability,
aggravation and agitation), and social/lifestyle limitations and
restrictions (such as restricted travel activities) were identified
as key sub-domains impacted by the disease. When discussing
treatment success, patients focused on not needing to have so
much fluid removed during hemodialysis, having fewer adverse
effects from hemodialysis and experiencing less fluid retention.
Conclusions: These qualitative interviews in patients with ESRDHD and fluid overload provide valuable information on patients’
perceptions of their disease. The study findings may be useful in
supporting content validity when developing future or modifying
existing patient-reported outcome instruments suitable for this
patient group.
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Abbreviations
ESRD: end-stage renal disease; ESRD-HD: end-stage renal
disease treated with hemodialysis; HRQL: health-related quality of
life; PRO: patient-reported outcome.

Background
End-stage renal disease (ESRD, also known as chronic kidney
disease stage 5) is a major public health burden worldwide. According
to the annual report of the European Renal Association-European
Dialysis and Transplant Association Registry, the prevalence of
ESRD at the end of 2012 was in the range 683-1251 cases per million
population across 17 European countries [1]. The 2013 report of
the US Renal Data System (USRDS) indicated that the prevalence
of ESRD in the USA was 1924 cases per million population at the
end of 2011 [2]. Hemodialysis is the most common treatment for
patients with ESRD, followed by peritoneal dialysis and pre-emptive
kidney transplantation. Patients with ESRD who are treated with
hemodialysis (ESRD-HD) experience poor health-related quality of
life (HRQL) and outcomes [3-5]. There is therefore an ongoing need
for new therapies to improve long-term outcomes and HRQL for
patients with ESRD-HD.
When investigating health outcomes during the development of
new medicines, it is important to gain an understanding of the patients’
perspective. Patient-reported outcomes (PROs) are often used as
endpoints in clinical trials; therefore, their usefulness and relevance
to patients (i.e. the content validity) should be demonstrated [6]. The
symptom burden of chronic kidney disease has been the subject of a
recent review of the literature [7]. One conclusion of this review was
that the instruments used for collecting PROs were varied and often
failed to capture fully those symptoms important to patients. This
highlights a need for an improved understanding of the symptoms
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experienced by patients with chronic kidney disease, which could
assist in developing new or modifying existing PRO instruments and
in identifying avenues for improving patient care. An important step
in developing PRO instruments is ensuring content validity; using
qualitative interviews to gather perceptions directly from patients is
an important part of this process [8].
Tenapanor (AZD1722) is a first-in-class, minimally systemic,
small-molecule inhibitor of the sodium-hydrogen exchanger isoform
3 (NHE3) [9]. Tenapanor is under development for the treatment
of patients with chronic kidney disease. It has been evaluated for
treating fluid overload in individuals with ESRD-HD in a phase 2
studies, which included patient interviews designed to investigate
and identify condition-specific concepts that are relevant to patients
with ESRD-HD and fluid overload. Here, we report data from this
exploratory, qualitative study. The primary aim of the interviews
was to evaluate the experiences of patients regarding symptoms and
the impact their condition has on their daily HRQL, and to identify
participants’ perceptions about the definition of successful treatment.

Methods
Participants
Patients with ESRD-HD and fluid overload who had been formally
enrolled in this US-based clinical trial of tenapanor (ClinicalTrials.
gov identifier, NCT01764854) were invited to participate in the
qualitative interviews. Each interested patient was screened briefly by
telephone to confirm their interest in participating and to schedule a
time during the run-in phase to conduct the pre-treatment telephone
interview. Interviews were conducted between March and November
2013. Written informed consent for participation in the study was
obtained from participants.

Data collection
This study was performed in accordance with the ethical principles
of the Declaration of Helsinki and appropriate Institutional Review
Board approval was obtained before the study commenced. All data
collected in this study were strictly confidential in accordance with
local, state and federal law.

Interview design and structure
The concept-elicitation interviews were structured to focus initially
on symptoms of ESRD before moving on to impact of the disease. The

process began with open-ended questions such as “what symptoms
do you have that are related to your kidney disease?” followed by
specific probes designed to explore further the various aspects of each
symptom identified by patients. The interview proceeded to topics about
expectations of additional treatment for their condition, using openended questions such as “can you describe your current thoughts about
what makes treatment successful?”. These were followed by questions
investigating the changes in symptoms and impacts on daily life that
patients would like to experience as a result of treatment.
The interviews lasted approximately 30-45 minutes and were
conducted by three trained interviewers. All interviewers were skilled
in conducting individual patient interviews for PRO measurement
development. Interviews were recorded and the digital audio files of
interviews were sent to a professional transcription company.

Data analysis
Data collection and analysis for this study were carried out
according to the ‘best practice’ recommendations for establishing the
content validity of PRO instruments used in the evaluation of medical
products [8,10,11]. A coding framework was developed at the outset
of the process. Patient expressions of ESRD-HD-related symptoms
and impact of the condition on their HRQL were identified in the
interview transcripts; two coders were used to assign codes to
expressions. ATLAS.ti software (version 7.0; Cleverbridge, Chicago,
IL, USA) was used to group codes arising from similar content into
sub-domains. The coding framework was revised as necessary during
the process to reflect the content identified in the transcript database.
To assess ‘saturation of concept’, transcripts were ordered
chronologically and then divided into quintiles. Codes assigned to
each transcript quintile were compared with the codes recorded for
the previous quintile. Saturation was reached when no new codes were
identified, indicating that all concepts forthcoming from the study
population were captured within the existing transcript database and
data from additional interviews were not likely to contribute further
information.
In order to assess the consistency with which codes were assigned,
an analysis of inter-rater agreement was conducted. Four randomly
selected transcripts were independently coded by both coders and the
coding was then compared. Consistency of coding was characterized
by the percentage of agreement in both the identification of concepts
and the assignment of codes to each identified concept.
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Figure 1: Number of symptom concept expressions in the transcripts for each symptom sub-domain (total number of expressions = 521; 21 patients included in
study)
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Results
Patients
Ninety patients with ESRD-HD who were identified at 12
sites consented to be contacted regarding potential participation
in the interviews. Some of these patients could not subsequently
be interviewed for reasons such as a lack of fluency in the English
language, not meeting the clinical trial inclusion criteria after initial
screening or being unable to be contacted during the run-in phase. In
total, 21 patients from eight sites completed the interview part of the
study and were included in the analysis.

The mean (± standard deviation) age of the interviewees was 51.4
(± 12.8) years (range, 28-79 years) and there were more men (n = 12)
than women. Patients had been undergoing hemodialysis for a mean
(± standard deviation) of 7.1 (± 4.2) years (range, 1-18 years). Causes
of ESRD in these patients included hypertensive nephrosclerosis (n =
5), diabetic nephropathy (n = 3) and polycystic kidney disease (n = 2).

Saturation and agreement
Saturation of concepts was achieved after the third quintile, except
for one concept in the fourth quintile (‘fever’), which was described
by a single patient and was not thought to be related to ESRD. Inter-

Table 1: Summary of symptom concept expression frequencies
Symptom concepts, grouped by sub-domain

Number (%) of concept expressions in
transcripts

Number (%) of transcriptsa containing
concept

(N = 521)

(N = 21)

Energy-related symptoms

110 (21)

General tiredness

68 (13)

15 (71)

Physical fatigue or tiredness

30 (6)

13 (62)

Weakness

9 (2)

4 (19)

Mental fatigue or tiredness

3 (1)

2 (10)

Digestive symptoms

92 (18)

Decreased appetite

18 (3)

6 (29)

Constipation

16 (3)

6 (29)

Vomiting

11 (2)

4 (19)

Restricted ability to urinate

10 (2)

4 (19)

Bloating and fluid retention

9 (2)

4 (19)

Nausea

9 (2)

5 (24)

Diarrhea

7 (1)

6 (29)

Change in urine

4 (1)

2 (10)

Other digestive symptoms

4 (1)

3 (14)

Weight change

4 (1)

2 (10)

Dryness-related symptoms

78 (15)

Thirst

41 (8)

13 (62)

Dry skin

22 (4)

9 (43)

Dry mouth

8 (2)

6 (29)

Itching

7 (1)

4 (19)

Other dryness-related symptoms

0

0

Pain and discomfort

76 (15)

Muscle cramping

38 (7)

14 (67)

Headache

15 (3)

8 (38)

General pain and discomfort

9 (2)

5 (24)

Muscle soreness

7 (1)

5 (24)

Bone and joint pain

4 (1)

2 (10)

Chest pain

3 (1)

3 (14)

Cognitive symptoms

46 (9)

Dizziness

15 (3)

8 (38)

Light-headedness

13 (2)

7 (33)

Impaired concentration

11 (2)

6 (29)

Impaired memory

7 (1)

4 (19)

Neuropathic symptoms

42 (8)

Swelling

23 (4)

9 (43)

Tingling

10 (2)

5 (24)

Restless legs

5 (1)

2 (10)

Numbness

4 (1)

3 (14)

Other neuropathic symptoms

0

0

Sleep disruptions

42 (8)

Difficulty falling asleep

19 (4)

10 (48)

Impaired sleep quality

15 (3)

8 (38)

Difficulty staying asleep

8 (2)

5 (24)

Additional symptoms

19 (4)

Impaired vision

10 (2)

3 (14)

Blood pressure change

7 (1)

5 (24)

Fever

2 (< 0.5)

1 (5)

Respiratory symptoms

16 (3)

Cough

7 (1)

4 (19)

Difficulty breathing and shortness of breath

7 (1)

6 (29)

Other respiratory-related symptoms

2 (< 0.5)

2 (10)

Sub-domains (bold type) and component symptom concepts are shown in order of descending frequency.
a

One transcript represents one patient (21 patients included in study)
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rater agreement was high: 82-91% for the identification of expressed
concepts and 97-100% for the assignment of codes.

Expressions relating to symptoms
A total of 521 expressions describing symptoms were identified
in the transcripts. Symptom concepts most commonly fell within
the sub-domains of ‘energy-related’, ‘digestive’ and ‘dryness-related’
symptoms and ‘pain and discomfort’ (Figure 1). Table 1 shows
the frequency of symptom concepts (i.e. the number of patient
expressions coded for each concept) within the transcripts. The

number of patients (or transcripts) contributing to each concept is
also shown. The predominant symptom concepts expressed were
general tiredness, thirst, muscle cramping and physical fatigue or
tiredness, which were reported 68 (13%), 41 (8%), 38 (7%) and 30
(6%) times, respectively; 62-71% of patients contributed to these
concepts.

Expressions relating to impact of disease
A total of 217 expressions describing the aspects of life most
affected by ESRD-HD were recorded in the transcripts. The sub-
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Figure 2: Number of impact concept expressions in the transcripts for each impact sub-domain (total number of expressions = 217; 21 patients included in study)
Table 2: Summary of impact concept expression frequencies.
Impact concepts, grouped by sub-domain

Number (%) of concept expressions in transcripts

Number (%) of transcriptsa containing concept

(N = 217)

(N = 21)

Coping behaviors

116 (53)

Reducing water consumption

28 (13)

10 (48)

Dietary restrictions

25 (12)

9 (43)

Maintaining a positive outlook

18 (8)

5 (24)

Lotion and oil application

10 (5)

4 (19)

Medication use

10 (5)

5 (24)

Rest

9 (4)

6 (29)

Living assistance provider

8 (4)

5 (24)

Spirituality

4 (2)

2 (10)

Other coping behaviors

3 (1)

1 (5)

Distraction

1 (< 0.5)

1 (5)

Emotional difficulties

33 (15)

Irritability, aggravation and agitation

17 (8)

5 (24)

Anxiety

9 (4)

4 (19)

Sadness and depression

3 (1)

1 (5)

Low body image

2 (1)

1 (5)

Worry and fear

2 (1)

2 (10)

Other emotional difficulties

0

0

Difficulty carrying out daily activities

28 (13)

General daily activity limitations

9 (4)

6 (29)

Difficulty with household responsibilities

8 (4)

6 (29)

Difficulty with professional responsibilities

6 (3)

4 (19)

Difficulty with personal care

5 (2)

4 (19)

Physical activity limitations and restrictions

21 (10)

Restricted to bed/chair

9 (4)

7 (33)

Difficulty walking

5 (2)

3 (14)

Physical limitations in general

5 (2)

3 (14)

Exercise restrictions

2 (1)

2 (10)

Social/lifestyle limitations and restrictions

19 (9)

Travel activities restricted

12 (6)

7 (33)

Leisure activities restricted

6 (3)

5 (24)

Social activities restricted

1 (< 0.5)

1 (5)

Sub-domains (bold type) and component impact concepts are shown in order of descending frequency.
a

One transcript represents one patient (21 patients included in study).
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domain ‘coping behaviors’ captured most of the impact expressions
(116 expressions; Figure 2). The most frequently expressed types of
coping behavior were ‘reducing water consumption’ (28 expressions,
13% of all impact expressions), ‘dietary restrictions’ (25 expressions,
12%) and ‘maintaining a positive outlook’ (18 expressions, 8%) (Table
2). Other areas that patients often reported as being affected by ESRDHD fell into the sub-domains of ‘emotional difficulties’ or ‘social/
lifestyle limitations and restrictions’, with ‘irritability, aggravation
and agitation’ (17 expressions, 8%) and ‘restricted travel activities’ (12
expressions, 6%), respectively, being the most commonly mentioned
concepts.

Patient definitions of treatment success
During their interview, patients were asked how they would
define successful treatment for ESRD-HD. The most common themes
are shown in table 3 with examples of patient quotes. Reductions
in the amount of fluid being removed during hemodialysis,
experiencing fewer side effects from hemodialysis and less fluid
retention were key themes. When asked how their symptoms would
have to change in response to treatment for them to describe it as
successful, improvements in symptoms related to fluid retention,
constipation, energy and thirst were themes expressed by patients.
Most individuals were unable to provide a response when asked
what change in the impact of their condition would need to occur in
order for a treatment to be described as successful; of those who did
respond, increased activity level was the emergent theme.

Discussion
In this qualitative exploratory study of individuals with ESRDHD with fluid overload, a thorough interview technique was used to
elicit patient concepts of condition-specific symptoms and impact
of disease, as well as identifying patient perceptions of successful
treatment. The results showed that general tiredness, thirst, muscle
cramping and physical fatigue were the symptoms most often
expressed by patients. Patients identified the necessity to adopt coping
behaviors (e.g. restrictions to diet and water consumption, and to

maintain a positive outlook) as the main impact their condition had
on HRQL. Other predominant impacts were irritability, aggravation
and agitation, and restricted travel activities. Patients considered
that a successful treatment would be one that reduced the amount
of fluid being removed during hemodialysis, reduced the number of
side effects from hemodialysis and reduced fluid retention between
dialysis sessions.
The symptoms reported by patients in our study are broadly
consistent with those previously described by patients with ESRD
as being common, such as fatigue/lack of energy and pain [12]. The
results help to illustrate the impact of ESRD, fluid overload and
hemodialysis treatment on HRQL. The need to assess and implement
measures for improving HRQL in patients with ESRD has been
recognized [4]; depression has been reported to occur in 25-30%
of patients [4], with symptoms of depression being independently
associated with increased mortality in patients who have received
long-term dialysis [3-5].
The results of this study could potentially provide a useful basis
for initial development of a new PRO instrument, or modification
of an existing instrument, for use in patients with ESRD-HD and
fluid overload. PROs have an important role to play in evaluating
medicines. Traditionally, physical, physiological and biochemical
measures of disease activity have been employed to evaluate the
pharmacological effects of drug therapy. However, they do not
reflect patients’ perceptions of function and well-being. Yet, these
perceptions are largely responsible for whether a patient considers
they are benefiting from a treatment [13]. Studies show only modest
correlations of physiological measures and symptoms with functional
capacity and well-being [13].
Previously, PRO instruments have been developed via
multidisciplinary collaboration among healthcare providers,
followed by psychometric evaluation of draft instruments. Little or
no input from the patient has been sought and instruments have
often been complicated, poorly understood or not entirely relevant

Table 3: Patient responses to interview questions about successful treatment.
Emergent themes for patient responses

Example of patient quotes

Interviewer question: what makes treatment successful?
Amount of fluid removed during hemodialysis

Fewer side effects following hemodialysis

Reduced fluid retention

•
•
•
•
•
•
•
•
•

Can feel the difference when the fluid is coming off of me
Could tell the difference when the fluids come off
I'm not having to have so much fluid drawn out
Feeling good after the treatment, not having any light-headedness or cramping
It’s not taking so much fluid that I'm pretty much incapacitated for that day
Treatment allows doing normal activities without having to crash in bed for hours to recuperate
Get under my weight and my water down
I don't put on a lot of water weight in-between treatments
If I can take off 5 kilos, that's a good treatment

Interviewer question: how would your symptoms have to change for treatment to be considered successful?
Lessening of fluid retention

•

Relief from constipation

•
•
•
•
•

Increased energy

Relief from thirst

•
•
•

It probably would make me more active to not have as much fluid on me, it's about a good 5 pounds of
water
A short treatment, just to take fluid off
It’s kind of visual, you'll see like less fluid, less puffiness
Getting the treatment, I go a little better [constipation]
The treatment loosens me up, it makes more liquid after I have my treatment [constipation]
More energy, help me to better measure my lifestyle, give me more control of my lifestyle, I think the
treatment is worth it
My energy level
I wouldn't be as thirsty, it would be draining the sodium out of my body to stop me from being thirsty
If my thirst would be relieved, that would be great

Interviewer question: how would the impact of your condition have to change for treatment to be considered successful?
Improved activity level

•
•
•

I'd be able to go home and do some activities instead of lying down
It would be a great thing if I could do more
About 50% [improvement in activity level]

Twenty-one patients included in study.
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to the target patient population. Obtaining qualitative data, collected
via interviews such as those used in our study, is now considered an
important step in the process of establishing the content validity of
a PRO instrument, according to ‘best practice’ recommendations
for developing PRO instruments used in the evaluation of medical
products [8,10,11]. We have designed our study based on these
principles, and have addressed concepts which are relevant to
patients, as well as saturation of concept and inter-rater agreement.
Content validity requires multiple forms of evidence, including that
the concepts selected for a measure are supported by the literature,
are important to clinicians in assessing the condition, and are relevant
and important to patients [8]. In this paper, we have provided support
for concepts that are relevant and important to patients.
The need for PRO instruments that best serve the needs of
patients with advanced chronic kidney disease (stages 4 or 5) has been
documented in a systematic review by Almutary et al. in 2013 [7].
The review showed considerable variation in the PRO instruments
used across the studies identified. The two most commonly used PRO
instruments among patients with advanced chronic kidney disease
were the Dialysis Symptom Index (DSI) [14] and the Memorial
Symptom Assessment Scale (MSAS) short form (MSAS-SF) [15].
The MSAS was originally developed by Portenoy et al. [16] for use in
patients with advanced cancer. The MSAS consists of 32 symptoms;
patients record the presence of each symptom, as well as the frequency
and distress caused by each symptom (i.e. the ‘symptom dimensions’).
This facilitates the detailed capture of the overall symptom experiences
of the patients. Chang et al. [15] subsequently developed the MSASSF to reduce patient burden by removing most of the symptom
dimension parameters. The MSAS-SF has been further modified for
use in patients with chronic kidney disease by the addition of several
renal symptoms [17-19]. The DSI [14], which measures 30 symptoms,
was derived from the MSAS-SF. Hence, not only is the DSI based on
an instrument designed for patients with a different disease, it also
does not capture symptom dimension adequately. This was illustrated
by a modification of the DSI by Danquah et al. [20] who added two
symptom dimension parameters (frequency and intensity). The
importance of fully capturing the frequency, intensity and distress of
symptoms to characterize the overall symptom experience of patients
adequately has been highlighted by Armstrong [21].
Patients with ESRD are likely to have several comorbidities and
may therefore experience additional symptoms that are not present in
those with less advanced chronic kidney disease. These differences in
symptom burden present challenges for a ‘one size fits all’ approach
regarding PRO instruments for patients with chronic kidney disease
and support the case for selection of the most relevant symptoms,
impacts and treatment expectations for the target population when
developing a PRO instrument. The latter approach, which we have
used in our study, should facilitate the crafting of a PRO instrument
that is content valid with respect to the intended target patient
population since more research needs to be done on methods to
alleviate the identified symptoms in this patient population.
The 21 patients enrolled in our study had broadly similar disease
characteristics to the general ESRD population described in the 2013
report of the USRDS [2], although they were slightly younger (mean
age in our study was 51.4 years versus 61.2 years for the USRDS
population [2]). It is important to note, however, that the results of our
study are not intended to be representative of the general population
of patients with ESRD-HD, but instead are intended to mirror those
of patients with ESRD-HD with fluid overload participating in future
clinical trials. Since our study targeted individuals with ESRD-HD
and fluid overload, it may be expected that they would focus on fluidrelated symptoms with regard to concepts of treatment success. Any
bias that might occur from self-selection or patient willingness to
participate can be expected to be no different than that found in any
clinical trial or observational study.

Conclusions
This study describes the experiences, condition-specific symptoms
Rydén et al. J Clin Nephrol Ren Care 2016, 2:005

and impact of disease on HRQL in patients with ESRD-HD and fluid
overload. It also identifies patient-perceived concepts of treatment
success. Energy-related, digestive and dryness-related symptoms,
and pain and discomfort were the predominant symptom concepts
expressed by patients. The need to adopt coping behaviors was the
biggest impact of disease on HRQL. Patients felt that key elements of
successful treatment should be reducing the amount of fluid removed
during hemodialysis, reducing the number of side effects from
hemodialysis and reduced fluid retention between dialysis sessions.
Our study was conducted in accordance with the best practice
guidelines for establishing content validity in PRO instruments
[8,10,11]. Our findings provide guidance for the development of
future PRO instruments suitable for patients with ESRD-HD and
fluid overload and help to identify avenues for improving their care
and HRQL.
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