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OBJECTIVE

To evaluate whether telemedicine (TM) follow-up of patients with diabetes-related
foot ulcers (DFUs) in primary health care in collaboration with specialist health care
was noninferior to standard outpatient care (SOC) for ulcer healing time. Further, we
sought to evaluate whether the proportion of amputations, deaths, number of
consultations per month, and patient satisfaction differed between the two groups.

RESEARCH DESIGN AND METHODS

PatientswithDFUswere recruited from three clinical sites inwesternNorway (2012–
2016). The cluster-randomized controlled noninferiority trial included 182 adults
(94/88 in the TM/SOC groups) in 42 municipalities/districts. The intervention group
received TM follow-up care in the community; the control group received SOC. The
primary end point was healing time. Secondary end points were amputation, death,
number of consultations per month, and patient satisfaction.

RESULTS

Using mixed-effects regression analysis, we found that TM was noninferior to SOC
regarding healing time (mean difference –0.43 months, 95% CI 21.50, 0.65). When
competing risk from death and amputation were taken into account, there was no
significant difference in healing time between the groups (subhazard ratio 1.16, 95%
CI 0.85, 1.59). The TM group had a significantly lower proportion of amputations
(mean difference –8.3%, 95% CI –16.3%, –0.5%), and there were no significant dif-
ferences in the proportion of deaths, number of consultations, or patient satisfaction
between groups, although the direction of the effect estimates for these clinical
outcomes favored the TM group.

CONCLUSIONS

The results suggest that use of TM technology can be a relevant alternative and
supplement to usual care, at least for patients with more superficial ulcers.

Treatment of diabetes-related foot ulcers (DFUs) puts great pressure on the health care
system in terms of resource allocation and management strategy (1,2). Telemedicine
(TM) may be an effective approach to wound care management that can meet these
challenges (3). The availability of an interactive platform combined with photographic
devices and electronic transfer of high-quality digital images makes assessment of
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wound status possible. TM can reduce
the number of consultations in specialist
health care by transferring treatment and
follow-uptoprimaryhealthcarewhilemain-
taining high standards of wound care (3,4).
Current evidence favoring use of TM

follow-up of DFU is limited. The available
evidence of TM in wound care is character-
ized by heterogeneity in the study popula-
tions, methods, and interventions applied,
making study results difficult to compare
(5–12). Only one randomized controlled
study, from Denmark, evaluating the ef-
fect of telemedicine (TM) onDFUhas been
conducted, comparing TM follow-up with
standard outpatient care (SOC) related to
healing, amputation, and death (6). The re-
sults from quantitative research on healing
are inconclusiveas towhetherTMfollow-up
care is better or no worse than SOC. Find-
ings fromqualitative studiesofpatientswith
DFUs exploring use of TM and its contribu-
tion to treatment and quality of care show
positive results (13–18).
The rationale for this TM follow-up

care study was to evaluate whether TM
follow-up could deliver the same treat-
ment for patients with DFUs as SOC and
contribute to more convenient treat-
ment and integrated care. Therefore, we
chose a noninferiority trial design based
on the expectation that TM follow-up
care would be no worse than SOC in
terms of ulcer healing time but might be
preferable to SOC given that TM follow-up
may allow more patients to be treated in
their home and can contribute to more
flexible health care services (18).
Our primary aim was therefore to eval-

uate whether TM follow-up of patients
with DFUs in primary health care in col-
laborationwith hospital outpatient care is
noninferior to SOC in terms of ulcer heal-
ing time. Noninferiority was a priori de-
fined as the lower limit of the 95% CI for
the mean difference in healing time,1.5
months.Our secondary aimswereassessed
for superiority: to evaluate whether ampu-
tations, deaths and outpatient consulta-
tions were less frequent in the TM group
compared with SOC. Further, we aimed to
evaluate whether patients receiving TM
follow-up care were more satisfied with the
treatment and follow-up care than patients
receiving SOC.

RESEARCH DESIGN AND METHODS

Trial Design
The trial protocol has previously been
reported (19). Briefly, this multicenter

noninferiority parallel cluster clinical trial
(20) involved three clinical sites in west-
ern Norway. This design was selected
because a classical randomized controlled
trial (RCT) could threaten internal validity
because community nurses in the munic-
ipalities would treat patients in both the
intervention and control group (CG). The
recruitment period lasted from Septem-
ber 2012 to June 2016. The intervention
consisted of TM follow-up care in the
community in collaboration with special-
ist health care; the CG (SOC) had outpa-
tient visits every 2 weeks and, if needed,
additional follow-up with the community
nurse. The trial is in accordance with the
CONSORT (CONsolidated Standards Of
Reporting Trials) checklist statement exten-
sion for cluster and noninferiority random-
ized trials (21,22) for transparent reporting
and registered with ClinicalTrials.gov
(NCT01710774). We evaluated the effec-
tiveness of the intervention on patient
health using the Model for Assessment
of Telemedicine criteria (23). The study
was approved by the Western Norway
Regional Committee for Medical and
Health Research Ethics (2011/1609). All
participants gave written consent. One
hundred and eighty-two patients partici-
pated in the trial, with 94 in the TM group
and 88 in the CG.

Participants
We included patients with DFUs from the
endocrinology unit at Stavanger Univer-
sity Hospital, from the orthopedics or en-
docrinology unit at Haukeland University
Hospital, and from the surgical unit at Stord
county hospital. Inclusion criteriawere that
patients have type 1 or type 2 diabetes and
be aged 20 years or older, presenting with
a new DFU to the clinical site. A DFU was
defined as a skin lesion below the ankle.
Exclusion criteria were as follows: 1) an ul-
cer on the same foot treated during the
last 6months in specialist health care, 2) a
diagnosis ofmental disorders or cognitive
impairment (including schizophrenia,
other psychotic disorders, and dementia),
3) inability to complete questionnaires in
Norwegian, or 4) life expectancy,1 year
(19). The difference in inclusion criteria be-
tween our study and the Danish RCT study
(6), which did not show superiority of the
intervention, was that we included only
patients who had not been treated for
any DFU in the last 6 months before in-
clusion, while the Danish RCT had no such
limitation.

Randomization and Blinding
Rogaland and Hordaland counties in
westernNorwaywere divided into 42 clus-
ters based on themunicipalities or districts
within the municipalities. The clusters
were matched in 21 pairs according to
population size and rural/urban charac-
teristics in the municipalities or districts
and randomized to either the TM or SOC
group. A person independent of the study
performed the randomization sequences
using SPSS, version 21, statistical software
(IBM Corporation) (19).

All patients within each cluster were in
the same treatment group. At the initial
visit to the clinic, the study nurse screened
patients for eligibility and informed them
about the study. Patients who consented
to participate were allocated to either
TM follow-up care or SOC based on their
cluster. Patients in both groups were fol-
lowed until ulcer healing, amputation, or
deathdup to a maximum of 12 months
of follow-up. The health care professionals,
patients, and researchers were not blinded
to the patients’ group allocation.

Intervention

TM Follow-up

The TM application consisted of an inter-
active Web-based ulcer record and a
mobile phone, enabling counseling and
communication between the community
nurses and specialist health care. The key
ingredient was the close integration be-
tween the levels of the health care ser-
vices. Patients in the intervention group
received TM follow-up care in the com-
munity with consultations at the outpa-
tient clinic every 6 weeks until an end
point occurred. During follow-up in the
community, the community nurses pro-
vided care under supervision of the spe-
cialist nurses at the outpatient clinics and
communicated at least weekly with the
specialist nurses at the outpatient clinic.
The TMconsultations consisted ofwritten
assessment of the ulcer and images sent
via the mobile phone through the online
Web-based ulcer record for assessment
and feedback and further follow-up pro-
cedures. If the community nurse had
questions regarding the feedback, discus-
sion between the community nurse and
the specialist was conducted by phone
or e-mail. All diabetes specialist nurses
and/or podiatrists and community nurses
received training in the use of the Web-
based ulcer record and mobile phone
after a standardizedprocedure. Individual
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teaching and training of the nursing staff
in primary care were offered at the spe-
cialist clinic or in primary care to ensure
equivalent and competent handling of pa-
tients. In addition, nurses in the commu-
nity were encouraged to visit the hospital
clinic to improve their practical skills (19).

SOC

Patients randomized to SOC followed the
SOC and treatment provided by the out-
patient clinic. The treatment procedures
were evidence based in agreement with
the clinics. Consultations at the outpatient
clinic were normally scheduled to take
place every second week. For some pa-
tients in the SOC group, follow-up by the
community nurse between the consulta-
tions at the outpatient clinics was neces-
sary but without use of TM follow-up.

Outcome Measures

Primary Outcome

“Healing of the ulcer” was defined as
healing (intact skin) of the whole foot
without minor or major amputations. The
maximum follow-up time for each patient
was 12 months. For patients whose ulcers
healedwithin 12months, healing timewas
measured from start of treatment at the
outpatient clinic when the foot ulcer was
diagnosed until the foot ulcer was healed.
“Noninferiority” for the TM intervention
was defined as a difference in mean heal-
ing timeof,1.5months in favor of SOC in
comparison of the TMwith the SOC group;
i.e., the upper limit of the CI for the mean
difference in healing time with SOC as the
reference should not exceed 1.5 months.
We selected the noninferiority margin of
1.5 months a priori as the minimal clini-
cally relevant difference in healing time
between the TM group and the SOC group
based on clinical judgement and statistical
considerations. The TM consultations at
the outpatient clinic were planned to take
place every 6weeks. If the ulcer healed be-
tween two consultations, health care per-
sonnel verified that the ulcer had healed at
the subsequent consultation at the outpa-
tient clinic. Amputation and death were
considered competing events for healing.
Follow-up time in competing risk regres-
sion analysis was calculated as the time
fromthestartof treatment in theoutpatient
clinic until healing, amputation, death, or
end of follow-updwhichever came first.

Secondary Outcomes

“Amputation” was defined as minor or
major amputation before ulcer healing.

Amputation performed below the an-
kle was defined as minor amputation,
whereas amputation above the ankle
was defined as major amputation. Death
was defined as death before ulcer healing.
Number of Consultations. For the TM
group, each consultation at the outpatient
clinic was registered in the Web-based ul-
cer record. Consultations in primary health
care for the TM group were based on the
total number of consultations each patient
received during follow up, documented by
the community nurses in the Web-based
ulcer record. For the SOC group, each con-
sultation at the outpatient clinic was reg-
istered in the Web-based ulcer record. If
the patients received follow-up from the
community nurses, health care personnel
at the outpatient clinic documented the to-
talnumberof consultationsduring followup.

Patients’ experience was measured
with the Generic Short Patient Experiences
Questionnaire (GS-PEQ), a generic ques-
tionnaire onuser experiencewith specialist
health care (24). It consists of 10questions
with a response score on a 5-point Likert
scale ranging from 1 to 5 (1 = not at all,
and 5 = very strong degree) (Supplemen-
tary Table 1). Cronbach a was 0.80. The
last question showed low item-to-total
correlation and was therefore excluded
before the calculation of a mean satisfac-
tion score for each patient. The question-
naire was completed at the end of the
follow-up period.

Statistical Analysis
Sample size calculation based on an SD of
healing time of 3.6 months showed that
92 participants per group would exceed
80% power to detect a difference in mean
healing time larger than the selected non-
inferioritymargin of 1.5months (25,26) be-
tween the TM and SOC groups. Given an
expected dropout rate of 25%, an intra-
class correlation coefficient (ICC) of 0.02,
and an average cluster size of 10participants,
the minimum necessary sample size in-
creased to217participants. Asweexpected
an attrition rate of 5%, our aim was to in-
clude 114 participants in each group (19).

Data were analyzed according to the
initial group allocation (intention to treat).
Continuous variables are presented as
mean6 SD, and categorical variables are
presented as proportions. ICC was calcu-
lated for healing time among those whose
ulcer healed. To account for clustering in
treatment groups, we used linear mixed-
effects regression to investigate differences

in mean healing time among those whose
ulcers healed, mean number of consulta-
tions per month, and mean sum score for
patient experience. Differences in healing
time were also analyzed with the Fine and
Gray competing risk regression (27) treat-
ing death and amputation as compet-
ing events, with robust SEs to account
for clustering. Results are reported as sub-
hazard ratios (SHRs) with 95% CIs. Cumu-
lative incidence curves for ulcer healing
time were constructed using the stcompet
command in Stata, with amputation and
death treated as competing events. A gen-
eralized linear model with binomial distri-
bution, identity link function, and robust
SEs to account for clustering was used to
test for differences in the proportions of
amputations and deaths.

Additional Analyses
To test whether distance to the outpa-
tient clinic affected the difference in con-
sultations per month between the TM
and SOC groups, we conducted a sub-
group analysis with a linear mixed model,
including only patients who lived.25 km
from the outpatient clinic. We also per-
formed additional analyses using a linear
mixed model to test whether there was
an association between severity of ulcer
(grade and stage) and number of consul-
tations per month and whether there
was a difference in the number of consul-
tations between the three hospitals within
the TM group. All analyses were also re-
peated excluding 13 patients originally as-
signed to the TM group who did not
receive TM follow-up (per protocol analy-
ses). A greater percentageof participants in
the intervention group with ulcers on the
toes than in the CG suggested possible dif-
ferential selection. We therefore repeated
the linear mixed-effects regression analy-
ses and competing risk analyses and ad-
justed for localization of ulcer.

Statistical significance was defined as
P , 0.025 for the primary outcome and
P , 0.05 for secondary outcomes. SPSS,
version 22, was used for the description of
baseline data, and Stata, version 14, was
used for competing risk regression and to
construct cumulative incidence function
curves in competing risk analyses.

RESULTS

Study Population
In total, 345 patients were assessed for
eligibility between September 2012 and
June 2016; of these patients, 163 did not
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meet the inclusion criteria. Thus, the final
analysis set comprised 182 patients: 94 in
the TM group and 88 in the SOC group
(Fig. 1). Overall, baseline characteristics
were well matched between the two
groups (Table 1). However, there was a
significant difference between the two
groups in type of diabetes (P = 0.016)
and localization of ulcer (P = 0.009). A
higher proportion of patients in the TM
group had type 2 diabetes comparedwith
the SOC group: 86.2% vs. 71.6%, respec-
tively. A higher proportion of patients in
the TM group had ulcers in the toe area
compared with the CG: 60.6% vs. 38.6%,
respectively.Most participantsweremale
(74.2%), the mean6 SD HbA1c was 7.86
1.7%, and the majority used insulin
(64.4%). A history of cardiovascular dis-
ease and neuropathy was present in
31.6% and 71.4% of patients, respectively
(Table 1). Furthermore, most ulcers were
classified as grade 1 and stage A or B at
baseline (Supplementary Table 2).

Primary Outcome

Ulcer Healing Time

Of the 182 patients, 142 (78.9%) experi-
enced complete ulcer healing. Of these,
75 (79.8%) healed in the TM group and

67 (76.1%) in the SOC group. Mean healing
timewas 3.4 and 3.8months in the TMand
SOC groups, respectively. The mean differ-
ence in healing time between TM and SOC
(including only those who healed) was
–0.43 months with 95% CI from –1.50 to
0.65 (Table 2). The upper confidence limit
did not include 1.5, and TM was thus
deemednoninferior to SOC in termsof heal-
ing time. ICC for healing time was 0.0014
with 95% CI. Competing risk regression
showed no statistical differences between
TM and SOC in healing time (SHR 1.16,
95% CI 0.85, 1.59) (Table 2). Of 182 pa-
tients, 11 (6.0%) did not experience ulcer
healing within 12 months: 8 (8.5%) in the
TM group and 3 (3.4%) in the SOC group.

Cumulative Incidence Curve

Cumulative incidence curves for healing
stratified by group are shown in Fig. 2.
Throughout the follow-up period, the
TM group showed higher cumulative in-
cidence of healing compared with the
SOC group, but the 95% CIs overlapped.

Secondary Outcomes

Amputation

Of 182 patients, 19 (10.6%) had an ampu-
tation: 6 (6.4%) patients in the TM group

and 13 (14.8%) in the SOC group. The dif-
ference in proportions was significantly dif-
ferent fromzero (–8.3%with 95%CI–16.3,
–0.5) (Table 2). In total, 73.7%wereminor
amputations (n = 5 in TMandn = 9 in SOC).
Four of the five major amputations were
in the SOC group.

Mortality

Of 182 patients, 10 (5.5%) died: 5 (5.3%)
in the TM group and 5 (5.7%) in the SOC
group. Therewas no significant difference
in the proportion of deaths between the
two groups (difference in proportion
–0.4% with 95% CI –6.5, 5.7) (Table 2).

Consultations

The number of consultations per month
at the outpatient clinic was not signifi-
cantly different between the two groups,
but the direction of the observed differ-
ences favored the TM group. The mean
difference was20.48 fewer consultations
at theoutpatient clinic permonthwith95%
CIs from –1.46 to 0.49 (Table 2). Patients
receiving SOC had fewer visits with com-
munity nurses compared with those in the
TM group, but the difference was not
significant, with a mean difference of 0.92
visits per month and 95% CI –0.70, 2.53
(Table 2).

Patient Satisfaction

In total, 67 (71.3%) patients in the TM
group and 57 (64.8%) in the SOC group
answered the GS-PEQ questionnaire at
follow-up. The majority of patients in
both groups reported high satisfaction
with the treatment and follow-up, with a
mean6 SD score of 4.460.5 (range 1–5);
no significant difference was observed
between the two groups (mean differ-
ence 0.07, 95% CI –0.10, 0.24) (Table 2).

Additional Analysis
Within the TM group, the mean number
of consultations per month at the outpa-
tient clinic was significantly lower among
patientswho lived.25 km from the clinic
compared with those who lived #25 km
from the clinic (mean difference –1.0with
95% CI –1.9, –0.1. When the analysis was
restricted to patients who lived .25 km
from the outpatient clinic, there were sig-
nificantly fewer consultations per month
in the TM group compared with the
SOC group (mean difference –1.2, 95%
CI –2.4, –0.03).

The analyses of the association be-
tween severity of ulcer according to
grade and stage and number of consulta-
tions per month at the outpatient clinic

Figure 1—CONSORT flow diagram.
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showed no statistically significant asso-
ciations in the total study population or
in the two treatment groups separately
(results not shown).
Analyses comparing the number of con-

sultations per month at the outpatient
clinics between the three hospitals within
the TMgroup showed a significantly lower
number of consultations permonth at the
hospital that was included first in the in-
tervention compared with the hospital
that was included last (mean difference
–1.1, 95% CI –2.2, –0.1). However, exclu-
sion of the hospital thatwas recruited last
did not result in any significant difference
in consultations per month between the
TM group and the SOC group, although
the difference favored the TM group and

was larger than the main result in Table 2
(mean difference –0.56, 95% CI –1.7, 0.6).

When we repeated the main analyses,
excluding 13 patients in the TM group
who did not receive TM follow-up (per
protocol analyses), results were approxi-
mately the same (results not shown).

A significantly greater percentage of
participants in the intervention group
than in the SOC group had ulcers in the
toe area. We therefore repeated the lin-
ear mixed-effects regression analyses ad-
justing for ulcer localization. This did not
change the results markedly. Similarly, in
the competing risk analyses, with ulcer
heling as the end point taking localization
of ulcer into account, SHR did not change
much (SHR 1.13, 95% CI 0.83, 1.57).

CONCLUSIONS

We found that TM follow-up in patients
with DFUs in primary health care was
noninferior to SOC regarding healing
time among those who experienced heal-
ing. When competing risk of death and
amputationwas taken into account, there
wasno significant difference in healing time
between the twogroups. Therewere signif-
icantly fewer amputations in the TMgroup.
The direction of the effect estimates for
healing, death, and consultations all fa-
vored TM follow-up. Patients in both treat-
ment groups were satisfied with the
treatment and follow-up they received.

This study confirmed our hypothesis
that TM is noninferior to SOC regarding
healing time. The noninferior healing time
and the direction of the effect estimates
favoring TM suggested that providing ex-
pert advice through TM intervention in
wound care is promising and thus can be
an alternative in treatment and follow-up
care compared with SOC for patients with
DFU. Results of the recent Danish study (6)
mentioned above correspond with these
results. However, in contrast to the Danish
study,we foundnodifferences inmortality
between the two groups. The Danish au-
thors (6) reported excessmortality for TM
follow-up care compared with standard
care but could not identify any obvious
reasons for the increased mortality rate in
the TM group. In our study, we excluded
patientswithpreviousulcerswithin the last
6 months before inclusion. Such patients
may be particularly vulnerable to adverse
outcomes.A similar restrictionwasnotpart
of the Danish study (6). Differences in in-
clusion criteria should be clearly specified
in future studies to identify subgroups for
whom TM follow-up caremight be partic-
ularly beneficial.

In this study, the TM intervention re-
sulted inno significantdifferencesbetween
the two groups in number of consultations
per month at the outpatient clinic. This re-
sultwasunexpected, aswith useof TMone
might expect a change in the treatment
routines resulting ina lowernumberofout-
patient visits. Similar findings have been
reported in a qualitative study in Denmark
where the staff did not experience a de-
crease in the number of consultations at
outpatient clinics (15). In our study, pa-
tients in the TM group had outpatient
consultations, on average, every second
week compared with the scheduled con-
sultations (every 6 weeks). The higher

Table 1—Baseline characteristics: the Diabetic Foot and Telemedical Images Project
(DiaFOTo), western Norway

Total TM SOC

n 182 94 88

Demographic variables
Male sex 135 (74.2) 70 (74.5) 65 (73.9)
Age (years) 66.4 6 16.6 67.2 6 16.7 65.5 6 16.5
Married or cohabitant 93 (60.0) 43 (56.6) 50 (63.3)
Education levela

Primary 38 (26.6) 23 (33.3) 15 (20.3)
Secondary 73 (51.0) 34 (49.3) 39 (52.7)
Tertiary 32 (22.4) 12 (17.4) 20 (27.0)

Employed 35 (22.0) 18 (22.8) 17 (21.3)
Travel distance.25 km to hospital 50 (27.8) 29 (31.2) 21 (24.1)

Lifestyle characteristics
Smoking (yes) 28 (18.2) 14 (18.4) 14 (18.0)

Subgroups of diabetes
Type 1 diabetes 38 (20.9) 13 (13.8) 25 (28.4)
Type 2 diabetes 144 (79.1) 81 (86.2) 63 (71.6)

Diabetes-related variables
Diabetes duration (years) 20.7 6 15.0 19.9 6 14.4 21.5 6 15.6
Insulin treatment 116 (64.4) 63 (67.0) 53 (61.6)
HbA1c (mmol/mol)b 62 6 18.6 62 6 18.6 63 6 18.6
HbA1c (%)

b 7.8 6 1.7 7.8 6 1.7 7.9 6 1.7

Ulcer characteristics
Localization of ulcer
Toe 91 (50.0) 57 (60.6) 34 (38.6)
Metatarsal 27 (14.8) 12 (12.8) 15 (17.0)
Heel 16 (8.8) 9 (9.6) 7 (8.0)
Other 48 (26.4) 16 (17.0) 32 (36.4)

Comorbidities
Cardiovascular diseasec 56 (31.6) 27 (29.7) 29 (33.7)
Neuropathyd 120 (71.4) 63 (72.4) 57 (70.4)
Renal disease: GFR,60 mL/min/1.73 m2 70 (38.5) 37 (39.4) 33 (37.5)
Retinopathy 59 (36.2) 27 (32.1) 32 (40.5)

Unless otherwise indicated data are shown as n (%) (% of patients with valid values) for categorical
variables and mean6 SD for continuous variables. GFR, glomerular filtration rate. aEducation
level: primary, up to 10 years of compulsory education; secondary, high school or vocational school;
and tertiary, college/university. bHbA1c measurements were reported using the International
Federation of Clinical Chemistry units (mmol/mol) in addition to the derived NGSP units (%) upon
attendance at the outpatient clinic. cCardiovascular disease was defined as a history of angina
pectoris, myocardial infarction, or stroke. dNeuropathy was defined as an abnormal pressure
sensation evaluated with the 10-g monofilament and/or presence of symptoms and/or signs of
peripheral nerve dysfunction.
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number of consultations in the TM group
was not explained by ulcer severity: one
might expect that more severe ulcers re-
quired more frequent consultations at
the outpatient clinic. Interestingly, the
subgroup analysis showed that within
the TM group, patients who lived .25 km
from the outpatient clinics had significantly
fewer consultations per month compared
with patients who lived closer to the out-
patient clinic. This associationwas not seen
in the SOC group. In addition, between the
groups, there were significantly fewer con-
sultations in the TM group compared with
the SOC group for patients who livedmore
than .25 km from the outpatient clinic.
This result suggests that distance is an

important factor in the implementation
of TM. The subgroup analysis within the
TM group also showed that the outpa-
tient clinics with the most experience
with TM had fewer consultations per
month compared with the other two out-
patient clinics. This result correspondswith
research showing that adaption to new
technology requires maturity and time to
organizational adoption (15,17,18,23,28).
During the trial, we evaluated whether
the intervention was working as intended.
In qualitative studieswe exploredmore in-
depth how this complex intervention was
working from a provider perspective. We
found that health care personnel were
enthusiastic and conscientious regarding

the intervention even though in somemu-
nicipalities the intervention was not opti-
mally implemented. The overall findings
point to important factors and conditions
to consider for further use and implemen-
tation of TM technology (17,18). Applying
new technology leads to changes in de-
livery of health care as well as changes in
the organization of daily work routines
(23,28). Strategic use of TM may help us
deliver integrated services across differ-
ent levels of health care and reduce the
burden on specialist clinics. Our study
shows that TM follow-up is feasible and
noninferior with regard to ulcer healing
time.

Both TM and SOC led to positive expe-
riences for the patients. Although we hy-
pothesized that patients receiving TM
would have more positive experiences
than patients receiving SOC, we found
no statistical differences in patient expe-
rience between the two groups. This may
reflect that patients in both groups felt
secure about and had confidence in the
ulcer treatment and follow-up they re-
ceived. This is consistentwith supplemen-
tary qualitative studies conducted during
this trial (16,17) indicating that health
professionals had positive experiences
based on knowledge and skills they
gained in wound management (16). In
addition, type of service (TM or SOC)
seemed less important, as they both un-
derscored continuity of care, confidence,
and competence among the health pro-
fessionals as key factors contributing to
secure wound care treatment (16). These
findings are in line with results from a
study among patients with long-termFigure 2—Cumulative incidence curve: healing time from start of treatment in specialist health care.

Table 2—Summary of primary and secondary outcomes by TM and SOC within 12 months of recruitment

TM SOC Mean difference (95% CI)a SHRb

n 94 88

Primary outcome
Patients whose ulcer healed 75 (79.8) 67 (76.1)
Time to healing within 12 months (months) 3.4 6 3.2 3.8 6 3.4 20.43 (–1.50, 0.65) 1.16 (0.85, 1.59)

Secondary outcomes
Amputations before ulcer healing 6 (6.4) 13 (14.8) 28.3% (–16.3, –0.5)
Deaths before ulcer healing 5 (5.3) 5 (5.7) 20.4% (–6.5, 5.7)

Secondary outcomes
Consultations at the outpatient clinic (per month) 2.0 6 1.9 2.5 6 3.0 20.48 (–1.46, 0.49)
Consultations by community nurse (per month) 6.7 6 3.4 5.9 6 4.6 0.92 (–0.70, 2.53)

Secondary outcomes
GS-PEQc 4.4 6 0.5 4.4 6 0.5 0.07 (–0.10, 0.24)

Data are n (%) or mean6 SD unless otherwise indicated. aMean difference adjusted for clustering using linear mixed models for continuous outcomes
and difference in proportions estimated using generalized linear models with robust SEs for dichotomous outcomes. bEstimated using competing risk
regression with robust SEs to adjust for clustering. The SOC group is the reference group. cTotal score for each patient calculated as the mean of
the responses (range 1–5).
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conditions in the U.K., which concluded
that concerns about potentially deleteri-
ous effects of TM care are unfounded for
most patients (29).
Strengths of this cluster RCT study were

the real-life context of specialist and pri-
mary health care. Only participants with
a DFU were included, and participants
had a long maximum follow-up period of
12months. This studyhas limitations. First,
the a priori sample size was not achieved.
Despite this, we observed a CI for the pri-
mary outcome that did not include the
noninferiority margin and were thus able
to conclude that there was noninferiority.
For the secondary outcomes, the smaller
sample size may have limited us from de-
tecting significant differences between the
groups. However, all effect estimates for
the secondary outcomes favored the TM
group, indicating that a larger sample size
would not have resulted in differences fa-
voring SOC. Second, the proportion of pa-
tients with ulcers in the toe area was
higher in the intervention group than in
the SOC group. However, this is likely
due to chance. The randomization took
place on the level of municipality (cluster),
whichmight causemore random variation
than individual randomization, and it
seems unlikely that municipalities have
true differences in rates of ulcers in the
toe area. Adjustment for ulcer localization
did not change the results. Third, we ex-
cluded patients who had an ulcer on the
samefoot treatedduring the last6months.
This was decided because chronic ulcers
could have interfered with the primary
outcome in the study. We also excluded
patients with a life expectancy of,1 year
or with a mental illness, which calls into
question the representativeness of the
study sample. However, such patients
are expected to benefit more from the
intervention, as they havemore problems
traveling to the hospital. The estimates
for the primary and secondary outcomes
in the current study might therefore have
been underestimated. Fourth, owing to
the exclusion criteria, our cohort does
not fully reflect the total population
with DFUs attending the participating
clinics and may limit the external validity
of the findings. Even though the meta-
bolic control of the patients in this study
appears very good, we believe that our
population is representative of other pa-
tients meeting the inclusion criteria for
our study. Furthermore, there is little rea-
son to believe that our intervention

would be less effective for those with
less metabolic control. Fifth, three outpa-
tient clinics and nurses in many different
municipalities and municipality districts
provided the intervention. The treatment
procedures were evidence based, but it is
possible that therewereminor differences
in the use of bandages and/or off-loading
between home care and the outpatient
clinic, as there were different purchasing
routines. This may have affected whether
the intervention worked in the same way
in all communities and within the com-
munities (19). Training in use of the TM
equipment offeredby the specialist clinics
was standardized, and the health care
personnel using the same guidelines con-
tributed to increasing the external validity
and generalizability of the results, which
thus made them more applicable to a re-
alistic clinical setting. Sixth, even though
our trial was not powered to detect sig-
nificantdifferences for the secondaryout-
comes, it was unexpected that we did not
observe differences in number of consul-
tations between the TM and usual care
group. It is possible that the overall fre-
quency of follow-up in specialist clinics in
the TM group affected the primary out-
come. Seventh, there were fewer minor
amputations and more ulcers not healed
at 12 months in the TM group. Therefore,
it is possible that thereweremore chronic
ulcers in the TM group. Finally, the health
care professionals at the outpatient clin-
icswere not blinded in the study. This was
not possible to avoid, as the TM and SOC
groups were treated by the same health
care professionals when the patients at-
tended the clinic.

Clinical and Research Implications
This TM trial took place in a novel setting,
and the findings of no differences regard-
ing time to healing, death, and patient
satisfaction as well as significant fewer
amputations in the TM group suggest
that use of TM technology can be an al-
ternative and supplement to usual care.
Owing to the low proportion of patients
with severe ulcers in the current sample,
the conclusions are most relevant for pa-
tients with more superficial ulcers. The
findings suggest that TM is particularly
useful for patients who live far from an
outpatient clinic. Thus, use of TM can re-
duce the burden that long travel distance
entails but maintain high-quality wound
care. The findings also indicate that the
number of consultations at the outpatient

clinics were lower when health profes-
sionals gained more experience using the
TM equipment. However, the overall lack
of significant differences in consultations
per month between the two groups at
the outpatient clinics highlights the need
to focus on organizational aspects to facil-
itate use of TM solutions.
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