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Simulated daylight photodynamic therapy is a rela-
tively new and potentially less painful alternative to
conventional red light photodynamic therapy for ac-
tinic keratosis. Qualitative research exploring patient
experiences of pain and skin reactions during these
treatments is scarce. To address this, semi-structured
interviews were conducted of 10 patients aged 60-81
years with symmetrically distributed actinic kerato-
ses 4 weeks after split-face treatment with conven-
tional red light photodynamic therapy and simulated
daylight photodynamic therapy. The participants were
recruited from an ongoing clinical randomized trial.
Interviews (median length 35 min) were conducted
between June 2022 and January 2023, audio-recor-
ded, transcribed verbatim, and analysed qualitatively
using content analysis, as described by Graneheim and
Lundman. Participants reported that conventional red
light photodynamic therapy was very painful during
illumination and transiently painful in the post-treat-
ment period, while simulated daylight photodynamic
therapy was almost painless during illumination and
led to minor post-treatment pain. Also, skin reactions
were more intense and longer-lasting with conventio-
nal red light photodynamic therapy than with simu-
lated daylight photodynamic therapy. Most partici-
pants expressed a treatment preference for simulated
daylight photodynamic therapy but had reservations
about its unestablished long-term effectiveness. This
study underscores the considerable pain associated
with conventional red light photodynamic therapy,
and the pivotal importance of shared decision-making
when selecting the most appropriate treatment.
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opical photodynamic therapy (PDT) with red visible
light, also called conventional PDT (C-PDT), is an
effective and widely used treatment for actinic keratosis

SIGNIFICANCE

We conducted semi-structured interviews to document the
experiences of patients with actinic keratosis who under-
went split-face treatment with conventional red light pho-
todynamic therapy and simulated daylight photodynamic
therapy. Participants described more intense, almost un-
bearable, pain with red light photodynamic therapy as well
as longer-lasting skin reactions that interfered with daily
life activities. In contrast, simulated daylight photodyna-
mic therapy was described as almost painless, led to fe-
wer, milder skin reactions, and was the preferred treatment
modality over red light photodynamic therapy. Participants
would prefer simulated daylight photodynamic therapy gi-
ven long-term effectivenes. Understanding patient expe-
riences during photodynamic therapy can promote person-
centred care.

(AK) (1). As C-PDT is often very painful for patients,
several methods have been used to reduce pain during
illumination including: cold air (2), nerve blocks (3),
infiltration anesthesia (4), and water spray (5). Daylight
PDT is a potentially less painful alternative to C-PDT
that uses sunlight as a light source; however, it is wea-
ther-dependent (6) and requires the patient to tolerate
treatment outdoors (6). Illumination devices providing
simulated daylight PDT (SDL-PDT) have been develo-
ped to overcome these limitations and avoid exposure
to harmful ultraviolet radiation (7, 8).

Indoor Lux® (Gerdes Medical AG, Meckenheim,
Germany) is a device for SDL-PDT to treat mild to mo-
derate AK. Studies show that this system can be a valid
alternative, but only short-term data on effectiveness (3
months) are available (9, 10). Treatment takes place in a
controlled setting with 8 ceiling lights generating white
light (570—630 nm) directed towards the target skin
area (11). We recently published a technical validation
study on this specific light source, showing that patient
positioning was important to ensure that the targeted skin
received adequate illumination (12).

Previous studies on pain perception during illumina-
tion with PDT have used quantitative measures such as
the numeric rating scale (NRS) (2, 13) and the visual
analogue scale (VAS) (2, 14, 15). However, qualitative
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research on the human experiences during PDT is scarce.
To date, only one qualitative study has reported on patient
perceptions of C-PDT with and without nerve blocks
(16). In the present interview study, we aimed to describe
and explore patient pain experiences, skin reactions, and
patient treatment preferences of C-PDT and SDL-PDT
during illumination and 4 weeks after treatment.

MATERIALS AND METHODS
Study design

This study used qualitative content analysis (17) of semi-structured
interviews and was reported according to the consolidated criteria
for reporting qualitative research (COREQ) guidelines (18).

Context and intervention

This interview study is part of a larger, single-center, randomized
controlled trial (RCT) comparing clinical clearance rates for sym-
metrically distributed mild to moderate non-pigmented AK with C-
PDT and SDL-PDT, conducted at the Department of Dermatology,
Sahlgrenska University Hospital, Gothenburg, Sweden (www.
researchweb.org project number 264721). For illumination during
C-PDT, we used an Actilite® Cl 128 lamp (Galderma Nordic AB,
Uppsala, Sweden) emitting red light at 635 +9 nm and an overall
light dose of 37 J/cm2. SDL-PDT was carried out with the Indoor-
Lux© light system (Gerdes Medical AG, Meckenheim, Germany).
The intervention consisted of split-face treatment comparing C-
PDT with SDL-PDT on opposing anatomical sites (e.g. right and
left cheeks). Both treatments were performed on the same day.
Before treatment, the area was wiped with chlorhexidine alcohol
(5 mg/ml), followed by a light curettage to remove hyperkerato-
sis before the topical gel Ameluz® (Biofrontera Pharma GmbH,
Leverkusen, Germany) containing the prodrug 5-aminolevulinic
acid (ALA) was applied. For C-PDT, a light-blocking dressing
was placed over the treatment area for 2.5-3 h before illumination,
which took approximately 8 minutes. In SDL-PDT, the treatment
area was not occluded, and illumination was started within 30
min after the application of topical medication as per European
guidelines (1). Before the treatment, the nurse gave patients writ-
ten and oral information on the expected pain and how to manage
the treatment site afterwards. Patients were made aware that pain
may persist for up to 10-12 hours after the treatment and were
recommended to take paracetamol as needed.

Ethics

This study was designed, implemented, and reported in accordance
with the principles of the Declaration of Helsinki. It was approved
by the Regional Ethical Review Board in Gothenburg (approval
number 729-17, T544-18) and by the Swedish Ethical Review
Authority (approval numbers 2020-01775, 2022-01836-02). All
participants provided written informed consent prior to inclusion.

Participants

Patients were recruited to the interview study at the time of inclu-
sion in a larger RCT, comparing the effectiveness of C-PDT and
SDL-PDT. We intended to interview up to 20 patients, but after
having consecutively included and single-interviewed 10 patients,
we concluded the enrollment. This decision was based on deeming
the depth and breadth of information gathered from the sample as
sufficiently comprehensive in addressing the research questions
(19). One potential participant faced scheduling issues and was
not included, but all invited patients agreed to participate.
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The participants received information on the study’s aim ver-
bally as well as through the written patient information and the
consent form. Recruitment and treatment were carried out by AS
(a female registered nurse and doctoral student trained in quali-
tative content analysis. AS is experienced in PDT using different
light sources). On completion of treatment, all study participants
received a diary (Appendix S1) to record their experiences and
support recall during the interview, which took place 4 weeks after
treatment. The use of the diaries was voluntary.

Data collection

The individual interviews were semi-structured, following an in-
terview guide developed by authors AS and BH (a female qualified
nurse and expert in qualitative interview studies and qualitative
data analysis). AS tested the interview guide (excluded from the
analysis) with a volunteer. The interview guide comprised the topic
areas described in Appendix S1. No changes were made following
the pilot interview. Between 1 June 2022, and 31 January 2023, AS
interviewed each participant once in Swedish. The interviews were
audio recorded with an Olympus WS-852 voice recorder (Olympus
Corporation, Tokyo, Japan) in a private room at the hospital. No
field notes were taken. AS and the participant were alone during
the interview, except for one interview with a non-native-speaking
participant, who was supported by a relative. The duration of the
interviews ranged from 21 to 38 min (median 35 min). At the
end of each interview, AS summarized salient interview points to
give the participant an opportunity to add details or clarification.

The interviews were transcribed verbatim by AS and a medical
secretary with the f4transkript software tool (dr.dressing & pehl
GmbH, Marburg, Germany) using a transcription guide (20). To
ensure the transcript quality, all audio recordings were compared
with the transcripts and any errors were corrected (AS). Transcripts
were not returned to participants for comments.

Data analysis

The transcripts were analysed in a manifest qualitative content
analysis according to Graneheim and Lundman (17, 21). Data were
managed and processed with the software program Atlas.ti (Scien-
tific Software Development GmbH, Berlin, Germany) and Excel
spreadsheets (Microsoft Corp, Redmond, WA, USA). To ensure
methodological rigor, AS received training in qualitative content
analysis before collaborating with BH, MC, and JP to collectively
design the study and the interview guide. AS and BH used the pilot
interview to develop a coding scheme, a common understanding of
the code definitions. AS and BH used deductive (structural) coding
using the interview guide to identify all text units that were relevant
to answering the research questions. Then, AS and BH conducted
iterative cycles of comparing codes and identifying subcategories
and categories of manifest content, through the following steps:
(7)) reading and re-reading the text to become familiar with it (AS,
BH); (ii) identifying meaning units (AS); (iif) condensing meaning
units (AS); and (iv) coding: abstraction of meaning units (AS, BH).
During the coding phase, AS and BH met regularly to discuss the
analysis and to solve any discrepancies. The meetings were also
used to critically reflect on the potential bias and ethical conside-
rations associated with AS’s dual role as a healthcare professional
and researcher. BH has no experience in dermatology and could
thus provide a neutral perspective and act as sounding board and
challenge preconceived assumptions. Participants did not provide
feedback on the findings after the analysis.

Rigor

Demonstrating trustworthiness according to the criteria credibility,
transferability, dependability, and confirmability is a hallmark of
rigor in qualitative research (22). The authors ensured credibility
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through all phases of this study by choosing an appropriate study
design using interviews to gather in-depth information regarding
patient experiences with PDT. Moreover, the team comprised
members with extensive clinical and research experience. The
sampling of the participants was consecutive, but the partici-
pants had been recruited randomly to the intervention group
of the overarching RCT. The study benefits from investigator
triangulation, i.e. the team consisted of multiple researchers with
various professional backgrounds who discussed the findings
and their interpretation through their specific lenses, at regular
meetings. The participants used diaries to log their experience,
which ensured that recall bias concerning their experience was
reduced. Finally, the authors provided quotes and detailed (thick)
descriptions of the participants’ experiences. While transferability
of qualitative research can be problematic, the authors consider the
transferability of this study as high because the results regarding
the pain experience with the two light sources are unambiguous.
However, the authors appreciate that recommendations in favour
of SDL-PDT cannot be made because this method is costly and
may not be affordable in every setting and context. The authors’
systematic approach to the data analysis, as described by Grane-
heim and Lundman, ensure the dependability (17, 21). Finally,
the results are based on the participants’ narrative, which ensures
confirmability of the results. The authors stayed close to the data
without deep interpretation (23). AS reflected on the pre-existing
relationship with the participants during the interview process. To
enable participants to share their experiences openly, she consci-
ously tried to create a safe atmosphere. As a researcher, AS had
to be curious about the patient experience and aware of the need
to remain open-minded. Through observations during treatment,
AS gained detailed insights into the patients’ pain experiences,
allowing her to ask targeted questions and explore the treatment
journey from the patients’ perspective.

RESULTS

Ten participants (7 men, 3 women) aged 60-81 years
were interviewed 4 weeks after treatment with C-PDT
and SDL-PDT. The treated locations varied: forehead
(n=06), cheeks (n=4), temples (n=4), nose (n=3), scalp
(n=2), forearms (n=1), and dorsum of the hand (n=1),
with some participants receiving treatment on multiple
sites. In the content analysis of the interviews, we iden-
tified 4 main categories and 4 subcategories (Fig. 1), as
detailed below.

Pain experience

All participants stated that being cared for, and to be seen,
listened to, and well treated were important irrespective
of the treatment modality (C-PDT or SDL-PDT). Howe-
ver, depending on the type of illumination administered,
participants experienced different pain levels during and
after treatment.

Pain experience during illumination

Fewer participants reported a need for healthcare profes-
sionals to be physically present in the room during illumi-
nation with SDL-PDT relative to C-PDT. Nevertheless,
it was important for participants to have staff available
nearby to answer potential questions. Some participants
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Pain
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Skin reactions
after treatment
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Fig. 1. Main categories and subcategories identified in the content
analysis of the interviews.

expressed no expectations of pain prior to treatment
despite having previously received oral and written
information. Most participants expected C-PDT to be
painful, given that they had experienced prior treatment
with C-PDT or cryosurgery. Some participants searched
online for further information about PDT.

Despite previous treatment sessions, some participants
stated that the pain of C-PDT was surprisingly intense.
During illumination with C-PDT, all participants expe-
rienced transient pain, and the majority reported having
strong pain. The participants described the sensation
as “stinging”, “burning”, or “piercing”. Participant 7
declared: “It burned and stung. You could ... have heat-
ed a small stick, an iron bar, and then driven it into my
forehead.... That’s what I felt. It hurt that much. / / It
hurt terribly. // It just can’t be described, it.... Torture.”

The quality of the pain was described with quotes like
“surprisingly strong”, “nasty”, “terrible”, “worst ever”,
and “shocking”. Some felt that the pain was so intense
that they were “on the verge of not making it [through
the illumination]”. In contrast, participants did not expe-
rience any pain during illumination with SDL-PDT and
generally expressed that the 2-hour illumination period
was comfortable and relaxing. Participant 3 described
the illumination period as tedious: “And there were big
differences. [ mean sitting in a sunroom where you could
even sit and read.... It was nothing. Sitting there for 2
hours was just nice”.

Pain experience after treatment

Most participants experienced pain during the first 24 h
following treatment and the pain sensation of stinging
and itching lasted throughout the first week independent
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of the illumination method. However, the pain sensa-
tion in the area treated with C-PDT remained during the
first week while it diminished in the area treated with
SDL-PDT. The quality of the pain perceived in the skin
areas treated with C-PDT and SDL-PDT is summarized
in Table I.

Pain management

C-PDT required the participants to employ active pain
management strategies during illumination, while SDL-
PDT did not. Nonetheless, both treatment modalities
resulted in skin reactions that warranted some degree of
pain management post-treatment.

Managing pain during illumination

During illumination with C-PDT, the majority used
mental distraction to try to endure the pain throughout
illumination and then to try and move on from the ex-
perience. One respondent required short illumination
pauses during the treatment. Eight participants accepted
water spray provided by the nurse during illumination,
which relieved the pain for 5 of them. One respondent
(Participant 5) prematurely interrupted illumination
with C-PDT after one short pause, explaining: “I tried to
concentrate and count and see how long I could endure
it, but in the end it hurt so much.”

In contrast, the absence of pain during the SDL-PDT
illumination allowed the participants to try and focus on
something pleasant as they waited 2 hours, for example
by reading, relaxing, talking to another patient, or having
a coffee. Participant 10 said: “Then I sat there reading
and had a good time. // Mm (affirmative) // (laughs). No,
it went very smoothly.”

Managing pain after treatment

Irrespective of treatment modality, the majority of
participants adhered to the recommendations to take

paracetamol as needed to alleviate pain after treatment.
Some participants reported various other strategies to
manage pain after treatment including cold air, wet cold
towels applied to the treatment area, rinsing with cold
water, and even mentally enduring the pain and “simply
trusting the medical professionals”.

Skin reactions after treatment

Participants described experiencing skin reactions af-
ter C-PDT, which were more intense and had a longer
duration of crusting, redness, and swelling compared
with those caused by SDL-PDT. Moreover, participants
reported that their skin surface without visible AK was
also more scaly and red in the area treated with C-PDT
as compared with SDL-PDT. Participants also expressed
that it took longer for all crusts to disappear from the C-
PDT-treated areas. Several participants were retired and
had reduced social contact, but most participants reported
some influence of skin reactions on their daily social
lives. It was common for participants to avoid social
contacts for a few days after treatment due to soreness,
scaling, and redness. Nevertheless, one respondent at-
tended social dancing and had dinner with friends the
day after the treatment.

Choice of illumination method

Almost all (9 of 10) participants preferred illumination
with SDL-PDT over C-PDT. However, participants had
reservations regarding their preference given that the
long-term effectiveness of SDL-PDT versus C-PDT has
not been established. Five participants expressed that
they would prefer 2 treatments with SDL-PDT rather
than 1 treatment with C-PDT, if SDL-PDT was found
to be less effective than C-PDT but could be repeated to
achieve similar effectiveness. One participant stated their
preference might change depending on which anatomical
location was being treated.

Table I. Pain experience after conventional illumination vs. simulated daylight in photodynamic therapy

Time after treatment

Pain quality as described by participants 0Oh-12h

Pounding
Boiling

Burning

Skin tightness
Stinging
Itching
Sensation of having been in a fight
Irritation

Mild pain
Painless
Transient pain
Increasing pain
Soreness

12h-24h Day 2-7

C-PDT: conventional photodynamic therapy; SDL-PDT: simulated daylight photodynamic therapy.
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DISCUSSION

This study explores patient pain experiences in C-PDT
and SDL-PDT treatments for mild to moderate non-
pigmented AK. Our findings show that C-PDT’s illumi-
nation phase is very painful, lasting days post-treatment.
Consequently, participants employed distraction techni-
ques and other pain relief methods to cope with the
discomfort. SDL-PDT illumination, on the other hand, is
almost pain-free with milder skin reactions and quicker
healing. Most participants preferred SDL-PDT, though
some were concerned about its long-term effectiveness.

The majority of participants were treated in the head
and neck region, where C-PDT is most painful (24). In
line with other research, participants experienced that
cold water spray and pauses during illumination could
reduce pain during C-PDT (5) and they reported that
mental distraction was important for pain management.
Previous research has shown that mental distraction, for
example listening to music, can reduce pain intensity
(25). Participants also used pain management strategies
in the hours and days after treatment, including painkil-
lers and wet cold facecloths. Such strategies have also
been described elsewhere (26). Pain during SDL-PDT
was barely an issue for the interviewed participants as
observed in an earlier prospective study on SDL-PDT
for AK (9). We are not aware of studies describing skin
reactions after SDL-PDT, but intense skin reactions to
C-PDT were consistent with previous findings (16, 26).

The majority of study participants preferred SDL-PDT
to C-PDT. Half of them would have preferred 2 sessions
with SDL-PDT if needed to achieve similar effectiveness
to C-PDT. A previous discrete choice experiment to elicit
patient preferences on topical treatments for AK showed
that patients may reject a treatment if the negative expe-
riences outweigh the expected therapeutic benefits (27).

Strength and limitations

This study explored patient experiences, which is im-
portant but rarely investigated. Furthermore, interviews
had standardized timing after 4 weeks and participants
used treatment diaries to ensure recall. The diaries also
enabled participants to describe complex issues that
cannot be captured on a simple numerical pain severity
scale like VAS. However, the diaries were not analysed,
something that could be regarded as a limitation. We
abstained from including these as data sources because
participants might have withheld writing entries they
desired to keep concealed. Another limitation is that
the interviewer was the same person who treated the
participants. Moreover, both C-PDT and SDL-PDT were
performed on the same day, always starting with SDL-
PDT, which may have made it difficult for participants
to differentiate between the pain perceived during and
after illumination. As the interview study was part of a
larger prospective RCT, the study protocol did not allow
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for treatments to be performed on separate occasions. To
validate our results, patient interviews could be replica-
ted with new participants ensuring a time gap between
the two PDT sessions. The participants were also of
a relatively small age range (60—81 years), which is,
however, typical for patients receiving PDT for AK (9,
28, 29). Finally, we did not seek participants’ feedback
on the results. However, the main focus of this enquiry
was on the patients’ experience of pain, and those results
were unambiguous.

The clinical implications from this study underscore
the importance of deciding together with the patient
which PDT treatment, the painful C-PDT or the pain-free
SDL-PDT, is suitable for a particular person, provided
both options are available. A recent consensus statement
recommended that “patient perspective on effectiveness”
and “patient-reported future treatment preference” should
be reported in all AK treatment studies, but did not in-
dicate guidance on how to standardize measurement or
handle the outcomes (30). Qualitative research is one
way to report the patient’s perspective on C-PDT and
SDL-PDT. Finally, nurses may play an important role in
the treatment decision-making process as they are cen-
trally involved in treatment implementation evaluation
and safety (26). However, to date, there are no national
or international guidelines for advising patients on post-
treatment self-care after PDT.
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