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Abstract

Background: Hypothermia, defined as a core body temperature below 36 °C, is a common postoperative complication associated
with adverse outcomes, including delayed wound healing, infections, and increased bleeding.

Objective: This randomized controlled trial evaluated the efficacy of different forced-air warming system temperature settings
in treating postoperative hypothermia in the postanesthesia care unit.

Methods: A total of 132 patients undergoing elective surgery at Ramathibodi Hospital between April 2023 and May 2024 were
randomized into 3 groups (n=44 per group): group C (warming set to 38 °C), group F1 (warming set to 42 °C), and group F2
(warming set to 42 °C, reduced to 38 °C after achieving 36 °C). Tympanic temperature was recorded at 5-minute intervals during
rewarming and every 10 minutes after normothermia (≥36 °C) was achieved. The primary outcome was rewarming time. Secondary
outcomes included the incidence of temperature drops, hemodynamic parameters, adverse events, and patient comfort scores.

Results: Baseline characteristics and clinical variables, including vital signs, were comparable among groups (P>.05). Group
F2 achieved the shortest mean rewarming time of 33.3 (SD 13.81) min; however, differences between groups were not statistically
significant (P=.460). Group F2 had the lowest incidence of temperature drops below 36 °C after normothermia (1/44, 2.27%;
P=.009). Group C had the highest incidence of rewarming exceeding 1 hour (10/44, 22.73%; P=.017).

Conclusions: While rewarming times were similar across groups, the protocol using an initial setting of 42 °C followed by a
reduction to 38 °C (group F2) effectively minimized temperature drops after normothermia, suggesting its superiority for managing
postoperative hypothermia in the postanesthesia care unit.

Trial Registration: Thaiclinicaltrials.org TCTR20231012004; https://www.thaiclinicaltrials.org/show/TCTR20231012004

(JMIR Perioper Med 2026;9:e85045)   doi:10.2196/85045
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Introduction

Hypothermia, defined as a core body temperature below 36 °C,
is a frequent complication in patients undergoing elective
surgery [1]. Intraoperative hypothermia, if uncorrected, often
leads to postoperative hypothermia, particularly in the recovery
room, where insufficient warming measures can exacerbate the
condition. The prevalence of postoperative hypothermia in the
postanesthesia care unit (PACU) has been reported to range
from 20% to 28% at arrival and from 18.5% to 26% within 30
minutes after arrival [2]. Postoperative hypothermia is clinically
significant, as it has been associated with impaired wound
healing, increased risk of surgical site infection, greater blood
loss, cardiac arrhythmias, and prolonged hospitalization [3,4].
These adverse consequences highlight the importance of
effective temperature management strategies throughout the

perioperative period. Recent guidelines and reviews, including
Enhanced Recovery After Surgery pathways and the clinical
recommendations from the Royal College of Anesthesiologists
of Thailand, emphasize the critical role of maintaining
normothermia as a core component to reduce surgical site
infections and hospital stay [5-8].

Active warming techniques, particularly forced-air warming
(FAW), are widely implemented to reduce the incidence of
perioperative hypothermia. FAW devices deliver warmed air
(32 °C‐47 °C) through a specialized blanket, with built-in
safety mechanisms to prevent overheating [9,10]. Systematic
reviews have demonstrated that FAW is superior to conventional
blankets, reducing the time to restore normothermia by more
than an hour [11]. While these findings confirm its effectiveness
in facilitating rewarming, the literature remains inconclusive
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regarding the optimal temperature setting for postoperative use.
Most previous studies have focused on preoperative or
intraoperative warming [12-18], whereas evidence for
postoperative FAW application remains limited. Xu et al [19]
reported that FAW at 42 °C was more effective than at 38 °C
or conventional blankets in elderly patients undergoing joint
replacement. However, the generalizability of that study was
restricted by the narrow patient population, short operative
times, and limited assessment of adverse events.

At our institution, the prevalence of postoperative hypothermia
has remained notable despite the routine availability of FAW
systems. Pisitsak et al [20] documented hypothermia in 20% of
patients under regional anesthesia and in 16% under general
anesthesia. More recent institutional data from 2019 to 2022
indicate an incidence of 23% among surgical patients recovering
in the PACU. Furthermore, between 2022 and 2024, the
prevalence of hypothermia ranged from 10.8% to 13.8% despite
widespread FAW use across multiple surgical specialties,
including general surgery, orthopedics, otolaryngology,
obstetrics and gynecology, and cardiac surgery (Department of
Anesthesiology, Faculty of Medicine Ramathibodi Hospital,
Mahidol University. Internal statistical data analyzed via Power
BI dashboard, unpublished data, January 2025). These findings
suggest that, in addition to patient- and procedure-related factors,
variability in FAW temperature settings contributes to
inconsistent outcomes.

Current practice in our PACUs uses FAW with adjustable
temperature settings ranging from 38 °C to 42 °C; however, no
standardized protocol exists to guide optimal temperature
selection. This variability reflects broader uncertainty regarding
the most effective strategy for postoperative rewarming and
underscores the need for evidence-based guidance. To our
knowledge, no prior randomized trial has evaluated a step-down
temperature protocol (42 °C to 38 °C) in a mixed adult surgical
population. By addressing this gap, the present study examines
the effectiveness of different FAW temperature settings to
inform a pragmatic and standardized PACU warming approach,
with the goal of improving consistency in clinical practice and
enhancing patient safety.

Methods

Study Design
This study was designed as a prospective randomized controlled
trial.

Patients
A total of 132 patients scheduled for elective surgery across
various specialties, including general surgery, orthopedics,
urology, otolaryngology, obstetrics and gynecology, and cardiac
surgery, were enrolled between April 2023 and May 2024. The
inclusion criteria consisted of patients aged 18 to 80 years,
American Society of Anesthesiologists (ASA) physical status
I to III, who were undergoing elective procedures under either
general or regional anesthesia, with an expected operating time
of at least 2 hours.

Exclusion criteria included patients with a core temperature
exceeding 37.5 °C, evidence of infection (eg, sepsis), conditions

precluding the use of forced-air warming (eg, burns, agitation,
or delirium), those unable to communicate or complete the trial
questionnaire, and patients who declined participation.

Sample Size Calculation
A priori sample size calculation was conducted to ensure
adequate statistical power for the study’s primary outcome: the
duration of forced-air warming required for a patient’s core
temperature to reach ≥36 °C. Based on a previous randomized
controlled trial by Xu et al [19], utilizing a 2-sided significance
level (α=.05), adjusted for multiple comparisons among the 3
groups (α/3=.017), corresponding to a z score of 2.41, a
statistical power of 80% (z for β=0.84), an estimated SD of 6.45
minutes, and a clinically meaningful difference in rewarming
time of 5 minutes, the calculation determined that 36 participants
were required per group. To accommodate an anticipated 20%
participant dropout rate, the sample size was prudently inflated
to 44 participants for each of the 3 intervention groups. This
resulted in a total sample size of 132 participants, ensuring
robust statistical inference for our findings.

Randomization
Randomization was performed using stratified block
randomization with proportional allocation based on the type
of anesthesia (general vs regional) to ensure balanced
distribution of thermoregulatory impairment mechanisms across
groups. A research assistant not involved in patient recruitment
generated the computer-based random sequence using permuted
blocks of variable size. Allocation was concealed using
sequentially numbered, sealed opaque envelopes, which were
opened only after participant enrollment. The study personnel
responsible for enrollment were different from those assigning
participants to groups to ensure the integrity of allocation
concealment.

Rewarming
Intraoperative management followed our institution’s standard
of care, which included the routine use of fluid warmers,
application of forced-air warming blankets, and continuous core
temperature monitoring for all patients. Upon arrival at the
PACUs, patients who met the preliminary criteria were assessed.
Only those with a core temperature lower than 36 °C were
enrolled and randomly allocated into 3 groups (n=44 per group):
group C (forced-air warming set to 38 °C), group F1 (forced-air
warming set to 42 °C), and group F2 (forced-air warming
initially set to 42 °C, then reduced to 38 °C once the core
temperature reached 36 °C).

All participants received identical warming systems and core
temperature monitoring devices at the PACU. Rewarming was
carried out using a forced-air warming system (Bair Hugger)
with a blanket and a core temperature measurement device
(Braun ThermoScan ear thermometer).

The rewarming process was monitored and recorded every 5
minutes during the active warming phase. In groups C and F1,
the forced-air warmer was discontinued once the core
temperature reached ≥36 °C, at which point patients were
covered with a regular blanket and monitored every 10 minutes.
In group F2, the setting was reduced to 38 °C upon reaching a
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core temperature of ≥36 °C, and patients were similarly
monitored every 10 minutes until discharge from the PACU.
Rewarming time was calculated as the time taken for the core
temperature to rise from baseline to ≥36 °C, measured in
minutes.

Outcome Measures
The primary outcome was the rewarming time, defined as the
duration from the initiation of rewarming to the recovery of
normothermia (core temperature ≥36 °C). Additionally, the
incidence of a decrease in core temperature after achieving
normothermia was recorded in each group.

Secondary outcomes included the incidence of adverse
events—such as hypotension, hypertension, arrhythmias, nausea
or vomiting, pain, and shivering—and patient satisfaction.
Patient satisfaction was evaluated using 2 validated instruments:
the 5-point Patient Comfort Scale, which measures overall
comfort and satisfaction, and the 7-point Thermal Comfort
Scale, which assesses subjective thermal sensation ranging from
–3 (cold) to +3 (hot), with 0 representing thermal neutrality.

Data Collection
Preoperative and intraoperative data were collected, including
patient demographics, surgical procedure, operative time,
anesthetic technique, blood loss, and fluid and blood product
administration. Upon PACU admission, core temperature was
recorded every 5 minutes during the rewarming phase by trained
PACU nurses. To ensure consistency, the same nurse performed
all assessments for a given patient using the same device and
the same ipsilateral ear. Blinding of these nurses was not feasible
because the FAW device displayed temperature settings during
operation; consequently, the nurses were aware of group
allocation, although patients remained blinded. Once the core
temperature reached ≥36 °C, measurements continued every 10
minutes until discharge based on the Modified Aldrete scoring
system. Throughout the PACU stay, adverse events were
monitored continuously, and patient comfort and thermal
comfort scores were assessed by the nurses at the time of
discharge.

Statistical Analysis
Data were analyzed using SPSS software version 27 (IBM
Corp.). Continuous variables were expressed as mean (SD) or
median (IQR), depending on the distribution, which was
assessed using the Shapiro-Wilk test. Categorical variables were
presented as counts and percentages.

For comparisons between groups, one-way ANOVA was used
for normally distributed continuous variables, while the
Kruskal-Wallis test was applied to non-normally distributed
data. Post hoc analyses were performed using Tukey honest
significant difference test for ANOVA and Dunn test for the
Kruskal-Wallis test, as appropriate. Categorical variables were
compared using the chi-square test or Fisher exact test, as
required.

Monte Carlo simulation was utilized for the Fisher exact test
extension in contingency tables larger than 2×2 where cell
counts were sparse (expected count <5), ensuring robust P value
estimation without violating asymptotic assumptions. Relative
risks with 95% CI were reported for significant categorical
outcomes. For continuous variables, effect sizes were expressed
as Cohen d to ensure consistency and enhance clinical
interpretability. This was an intention-to-treat analysis, and all
randomized patients were analyzed in their assigned groups. A
P value of <.05 was considered statistically significant.

Ethical Considerations
This study was approved by the Human Research Ethics
Committees of Ramathibodi Hospital, Mahidol University
(approval number MURA2023/202) and registered at
Thaiclinicaltrials.org on March 14, 2023 (approval number
TCTR20231012004). Written informed consent was obtained
from all participants before enrollment. Participants’ privacy
and confidentiality were strictly protected, and all data were
deidentified before analysis. No financial compensation was
provided to participants for their participation in the study.

Results

Baseline Characteristics
A total of 165 patients were assessed for eligibility between
April 2023 and May 2024. Thirty-three patients were excluded
(2 with ASA physical status >III and 31 normothermic at PACU
admission). Finally, 132 patients were included and equally
divided into 3 groups (Figure 1): group C (rewarming set to 38
°C, n=44), group F1 (rewarming set to 42 °C, n=44), and group
F2 (rewarming set to 42 °C until reaching a core temperature
of 36 °C, then reduced to 38 °C, n=44). The baseline
characteristics, including age, gender, ASA physical status,
BMI, and underlying diseases, were comparable across all
groups, as detailed in Table 1.
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Figure 1. Flow diagram of patient enrollment. This diagram shows the screening and allocation process for all patients. ASA: American Society of
Anesthesiologists; PACU: postanesthesia care unit.
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Table . Baseline characteristics of patients in the 3 groups.

P valueGroup F2 (n=44)Group F1 (n=44)Group C (n=44)Characteristic

.265Age, n (%)

17 (38.64)13 (29.55)10 (22.73)    Elderly (age ≥65 y)

27 (61.36)31 (70.45)34 (77.27)    Nonelderly (age <65 y)

.083Gender (male/female)

91817    Male

352627    Female

.965ASAa Physical status, n (%)

14 (31.82)13 (29.55)13 (29.55)    >2

30 (68.18)31 (70.45)31 (70.45)≤2

.73823.67 (21.05‐27)24 (22.43‐26.3)23.85 (22‐26.95)BMI (kg/m2), median (IQR)

Underlying diseases, n (%)

.2597 (15.91)8 (18.18)3 (6.82)    Diabetes mellitus

.51119 (43.18)18 (40.91)14 (31.82)    Hypertension

.7984 (9.08)6 (13.64)5 (11.36)    Obesity

.49015 (34.09)12 (27.27)10 (22.73)    Extreme age

.9275 (11.36)4 (9.09)3 (6.82)    Heart disease

.2951 (2.27)5 (11.36)3 (6.82)    Cerebrovascular disease

.6222 (4.55)5 (11.36)4 (9.09)    Chronic kidney disease

.25311 (25)8 (18.18)5 (11.36)    Cancer

>.9992 (4.55)3 (6.82)2 (4.55)    Respiratory disease

.2177 (15.91)14 (31.82)11 (25)    Others

aASA: American Society of Anesthesiologists.

Intraoperative Data
No significant differences were observed among the 3 groups
regarding operative time, type of operation, anesthetic technique,

estimated blood loss, total fluid administration, total blood
components used, or recorded temperatures, as summarized in
Table 2.
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Table . Intraoperative parameters of patients in the 3 groups.

P valueGroup F2 (n=44)Group F1 (n=44)Group C (n=44)Parameter

.153195 (137.5‐233.75)180 (123.75‐223.75)165 (120‐221.25)Operative time (min), medi-
an (IQR)

.926Anesthetic technique, n (%)

14 (31.82)14 (31.82)15 (34.09)    Regional

24 (54.55)21 (47.73)22 (50)    General

6 (13.64)9 (20.45)7 (15.91)    Combined

.731Operation, n (%)

17 (38.64)18 (40.91)18 (40.91)    Open orthopedic surgery

11 (25)7 (15.91)8 (18.18)    Arthroscopic/laparoscopic
orthopedic surgery

4 (9.09)4 (9.09)3 (6.82)    Open gynecologic surgery

8 (18.18)3 (6.82)6 (13.64)    Laparoscopic gynecologic
surgery

2 (4.55)0 (0)3 (6.82)    Breast surgery

1 (2.27)2 (4.55)2 (4.55)    Open general surgery

0 (0)1 (2.27)1 (2.27)    Urological surgery

0 (0)1 (2.27)1 (2.27)    Thoracic surgery

0 (0)1 (2.27)18 (40.91)    Plastic surgery

0 (0)2 (4.55)0 (0)    Vascular surgery

1 (2.27)4 (9.09)2 (4.55)    Laparoscopic general
surgery

0 (0)1 (2.27)0 (0)    Otolaryngologic surgery

Intraoperative period

.4351 (2.27)3 (6.82)1 (2.27)    Large estimated blood
loss (≥500 ml), n (%)

.8081000 (712.5‐1487.5)900 (612.5‐1387.5)975 (762.5‐1425)    Total fluid administered
(ml), median (IQR)

.1730 (0)0 (0)0 (0)    Total blood component
(ml), median (IQR)

.13936.1 (0.32)35.93 (0.37)36.07 (0.43)    Temperature recorded
(°C), mean (SD)

Postoperative Data
Postoperative outcomes recorded in the PACU are summarized
in Table 3. No significant differences were observed among the
3 groups regarding tympanic temperature upon arrival or
hemodynamic parameters, including blood pressure, heart rate,
respiratory rate, and SpO2 (P>.05). However, a statistically

significant difference was observed in the duration of PACU
stay (P=.015). Post hoc comparisons revealed significant
differences between group C versus group F2 and group F1
versus group F2, indicating a more favorable distribution of
discharge times in group F2. Regarding electrocardiogram
findings, adverse events were rare, with only 1 patient exhibiting
bradycardia.
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Table . Postoperative outcomes of patients in the 3 groups.

P valueGroup F2 (n=44)Group F1 (n=44)Group C (n=44)Parameter

.01560 (60‐60)60 (60‐60)60 (60‐65)Duration in PACUa (min),c

median (IQR)

.165Tympanic temperature <36
°C upon arrival in the
PACU, n (%)

3 (6.82)1 (2.27)0 (0)    <35 °C

41 (93.18)43 (97.73)44 (100)    ≥35 °C

.910135.95 (21.86)134.53 (18.21)134.07 (22.57)Systolic blood pressure
(mmHg), mean (SD)

.34194.45 (106.34)79.09 (12.5)76.32 (31.85)Diastolic blood pressure
(mmHg), mean (SD)

.29017.95 (3.43)18.09 (3.2)17.07 (3.25)Respiratory rate (per min),
mean (SD)

.08174.75 (13.31)72.55 (13.15)68.61 (12.12)Heart rate (per min), mean
(SD)

.688100 (99‐100)100 (99‐100)100 (99‐100)SpO2
b (%), median (IQR)

aPACU: postanesthesia care unit.
bSpO2: peripheral capillary oxygen saturation.
cA statistically significant difference was observed only in the duration of stay in PACU (P=.015; post hoc comparisons revealed significant differences
for group C vs group F2 [Cohen d=6.29] and group F1 vs group F2 [Cohen d=8.55]).

Effect of Different Rewarming Methods
Rewarming outcomes across all dimensions are summarized in
Table 4. The time to achieve normothermia is illustrated in
Figure 2. Figure 3 shows the number of patients who
experienced a drop in core temperature below 36 °C after
achieving normothermia, and those who required rewarming
for more than 1 hour.

No significant differences were observed among the 3 groups
in hemodynamic parameters recorded in the PACU, including
systolic and diastolic blood pressure, respiratory rate, heart rate,
peripheral capillary oxygen saturation, and electrocardiogram
findings (P>.05).

While the rewarming time did not differ significantly among
the groups, the incidence of patients experiencing a drop in core
temperature below 36 °C after achieving normothermia was
significantly lower in group F2 compared to groups C and F1
(P=.009, Table 4). Patients exhibiting temperature decline
required extended thermal support to restore or maintain
normothermia. Consequently, a significantly higher proportion
of patients in groups C and F1 required active warming for more
than 1 hour compared to group F2 (P=.017). However, this
prolonged warming requirement did not lead to a clinically
relevant delay in discharge, as the median duration of PACU
stay remained 60 minutes across all groups (Table 3).

Table . Rewarming outcomes of patients in the 3 groups.

P valueGroup F2 (n=44)Group F1 (n=44)Group C (n=44)Parameter

.46033.30 (13.81)35.11 (15.64)37.39 (16.58)Mean rewarming timea

(min), mean (SD)

.0091 (2.27)11 (25)7 (15.91)Decrease temperature below
36 °C after achieving nor-
mothermia, n (%)

.0171 (2.27)7 (15.91)10 (22.73)Warming more than 1 h, n
(%)

aFor the mean rewarming time, no significant differences were observed among groups; the mean differences (95% CI) compared to group C were
−2.28 (−9.03 to 4.47) for group F1 and −4.09 (−10.46 to 2.28) for group F2. However, a statistically significant difference was observed in the proportion
of patients with temperature decrease below 36 °C (P=.009; significant pairwise differences were observed for group F1 vs group F2 [relative risk
(RR)=11.00; 95% CI 1.48‐81.61]) and those requiring warming for more than 1 h (P=.017; significant pairwise differences were observed for group
C vs group F2 [RR=10.00; 95% CI 1.34‐74.84]).
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Figure 2. Comparison of rewarming outcomes among the 3 study groups. Box plot showing the distribution of time to achieve normothermia. The
horizontal line within each box represents the median rewarming time. The top and bottom boundaries of the boxes indicate the IQR, and the whiskers
extend to the minimum and maximum values. No statistically significant differences were observed (P=.460). Control group (group C): forced-air
warming at 38 °C; group F1: forced-air warming at 42 °C; group F2: forced-air warming initially set at 42 °C, then reduced to 38 °C upon reaching 36
°C.
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Figure 3. Comparison of rewarming outcomes among the 3 study groups. Clustered bar chart illustrating the incidence of recurrent hypothermia (core
temperature dropping <36 °C after achieving normothermia) and the proportion of patients requiring active warming for more than 1 h. Group F2
demonstrated significantly lower rates for both outcomes compared to groups C and F1 (P=.009 and P=.017, respectively). Control group (group C):
forced-air warming at 38 °C; group F1: forced-air warming at 42 °C; group F2: forced-air warming initially set at 42 °C, then reduced to 38 °C upon
reaching 36 °C.

Adverse Events
In terms of postoperative adverse events, no significant
differences were observed among the 3 groups. Pain was the
most frequently reported complication, affecting 22.7% (10/44)
of patients in group C and 18.2% (8/44) in both group F1 and
group F2 (P=.826). Nausea and vomiting occurred infrequently,
with an incidence ranging from 2.3%(1/44) to 4.6%(2/44) across
the groups (P>.999). Shivering was reported in 4.6% (2/44) of
patients in group C, 6.8% (3/44) in group F1, and 2.3% (1/44)
in group F2 (P=.871). Hemodynamic events were rare,
comprising 1 case of hypertension in group C, no events in
group F1, and 1 case each of hypotension and hypertension in

group F2 (all P>.999). No patients experienced arrhythmia or
other adverse effects. Overall, the incidence of postoperative
complications was low and comparable among the groups,
supporting the safety of forced-air warming across different
temperature settings.

Patient comfort, as measured by satisfaction levels, showed a
significant difference among the groups (P=.049), along with
the average comfort scores (P=.039). The proportion of patients
reporting being “very much satisfied” was 27.27% (12/44) in
group C, 43.18% (19/44) in group F1, and 52.27% (23/44) in
group F2 (Table 5). However, there was no significant difference
in the thermal comfort scale among the groups (P=.131).
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Table . Patient satisfaction in the 3 groups.

P valueGroup F2 (n=44)Group F1 (n=44)Group C (n=44)Parameter

.049Patient’s comfort, n (%)

23 (52.27)19 (43.18)12 (27.27)    Very much satisfied

21 (47.73)21 (47.73)29 (65.91)    Somewhat satisfied

0 (0)4 (9.09)2 (4.55)    Undecided

0 (0)0 (0)0 (0)    Not really satisfied

0 (0)0 (0)1 (2.27)    Not at all satisfied

.0395 (5-5)4 (4-5)4 (4-5)Patient’s comfort (average
score), median (IQR)

.131Thermal comfort scale, n
(%)

2 (4.55)4 (9.09)1 (2.27)    Hot

31 (70.45)32 (72.73)34 (77.27)    Warm

9 (20.45)2 (4.55)6 (13.64)    Slightly warm

2 (4.55)6 (13.64)2 (4.55)    Neutral

0 (0)0 (0)1 (2.27)    Slightly cold

0 (0)0 (0)0 (0)    Cool

0 (0)0 (0)0 (0)    Cold

.6762.00 (1.25‐2)2.00(2-2)2.00(2-2)Thermal comfort scale (aver-
age score), median (IQR)

Discussion

Principal Findings
Postoperative hypothermia is a frequent complication of both
general and regional anesthesia, primarily resulting from
thermoregulatory impairment and internal heat redistribution
[21]. While previous research identified FAW at 42 °C as
effective for elderly patients [19], evidence regarding the optimal
temperature setting for the general surgical population remains
limited. Consequently, this trial aimed to evaluate the most
effective and efficient rewarming protocol for patients
undergoing various surgical procedures.

In this study, hypothermia was defined as a core temperature
<36 °C upon PACU admission. Tympanic thermometry was
selected over invasive nasopharyngeal or rectal probes, as used
in previous studies [19,22], to prioritize patient comfort during
the awake recovery phase.

The principal finding of this study is that increasing the FAW
setting from 38 to 42 °C did not yield a statistically significant
reduction in the overall rewarming time to normothermia. While
group F2 achieved the target temperature approximately 3 to 4
minutes faster than the control group, the precision estimates
provided by the 95% CI suggest that this difference is negligible.
Given that all groups achieved normothermia within a
comparable timeframe, the variation in rewarming speed appears
to lack clinical relevance for PACU throughput.

Several physiological factors may explain why higher settings
did not produce faster rewarming, a finding that contrasts with
some previous studies [19]. Peripheral vasoconstriction can

limit the rate of convective heat transfer from the skin to the
core, creating a “plateau effect” regardless of the external heat
gradient provided by higher FAW settings. Moreover, as the
core temperature approaches the normal thermoregulatory
threshold, the body initiates vasodilation to redistribute heat,
preventing a linear increase in core temperature [21,23].
Device-specific factors, such as automatic safety regulation at
higher settings or variability in blanket positioning, may have
further minimized the actual difference in heat delivery.

Although rewarming rates were comparable, the group F2
protocol demonstrated superior thermal stability. Unlike group
C, which exhibited a significantly higher incidence of prolonged
rewarming, the step-down protocol (group F2) effectively
minimized the number of “outliers”—patients requiring
extended care due to thermal instability. The prolonged
rewarming observed in group C is likely due to several
physiological and thermodynamic factors. At a lower
temperature (38 °C), the gradient between the patient’s core
temperature and the surrounding warming environment is
reduced, leading to a slower rate of heat transfer [24].
Additionally, peripheral vasoconstriction limits blood flow to
the skin and extremities, impeding the transport of externally
applied heat to the core [25]. Furthermore, the reduced metabolic
rate associated with hypothermia decreases endogenous heat
generation, collectively contributing to the extended recovery
time [21]. Consequently, the requirement for prolonged active
warming in groups C and F1 likely contributed to the statistical
difference observed in the total duration of PACU stay (P=.015).
Although the median stay was consistent at 60 minutes across
all groups, the distribution of discharge times suggests that while
group F2 may not shorten the mandatory minimum recovery
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time, it optimizes unit throughput by reducing the incidence of
prolonged stays.

Clinical Implications
Regarding safety and comfort, the incidence of adverse
events—including pain, nausea, vomiting, hemodynamic
changes, and shivering—did not differ significantly among the
groups, and no severe adverse events were observed. These
results align with the safety profile reported by Xu et al [19]
However, regarding patient experience, group F2 reported higher
satisfaction scores related to comfort during rewarming
compared to groups C and F1. This suggests that an initial
high-temperature setting effectively enhances thermal comfort,
while the subsequent reduction prevents the discomfort
associated with overheating.

Intraoperative factors—including ambient cooling, fluid
administration, and anesthesia-induced thermoregulatory
impairment—are known to significantly impact rewarming. In
this study, potential confounding was minimized through a
standardized intraoperative care protocol that included routine
fluid and forced-air warming. Furthermore, randomization
successfully balanced these physiological stressors across study
arms; as shown in Table 2, there were no significant differences
in operative duration, total fluid volume, or anesthetic technique.
Consequently, the observed differences in PACU outcomes can
be primarily attributed to the specific postoperative warming
protocols rather than intraoperative disparities.

Strengths and Limitations
This study has notable strengths and limitations. A key strength
is the rigorous randomization and standardized intraoperative
care, which successfully balanced potential confounders such
as operative duration and fluid volume across study arms.
However, several limitations exist. First, strict environmental
control of the PACU was challenging due to the open-plan

nature of the unit. The ambient temperature fluctuated between
22 and 24 °C, which serves as a potential environmental
confounder influencing convective heat loss. Nevertheless, this
variation reflects real-world clinical conditions, potentially
enhancing the ecological validity of our results. Second,
regarding measurement, reliance on tympanic thermometry
introduces inherent variability compared to the gold standard
of invasive core monitoring. We acknowledge that readings can
be affected by factors such as probe positioning, cerumen
obstruction, and post-anesthetic peripheral vasoconstriction. To
mitigate these inaccuracies, we strictly standardized the
technique by using the same device and assessing the ipsilateral
ear throughout the study, aiming to balance measurement
precision with patient comfort in the awake state. Third, data
collection involved intermittent recordings at 5-minute intervals
rather than continuous electronic monitoring. While this
frequency is clinically practical, it may lack the temporal
resolution to capture rapid, transient temperature fluctuations
during the active rewarming phase, potentially masking the true
extent of thermal variability. Finally, we did not perform a
formal cost-effectiveness analysis. Although the step-down
protocol (group F2) showed potential for optimizing PACU
throughput, future studies including economic evaluations are
needed to confirm the financial implications of these warming
strategies.

Conclusions
In summary, although varying temperature settings of forced-air
warming systems produced comparable rewarming times, the
protocol involving an initial setting of 42 °C followed by a
reduction to 38 °C (group F2) was associated with superior
maintenance of normothermia and a significantly lower
incidence of postoperative hypothermia recurrence. These
findings underscore the potential benefits of implementing
optimized warming protocols to enhance patient outcomes in
the PACU.
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Abstract

Background: Perioperative patient-reported outcomes (PROs) allow patients to share their experiences of surgical procedures
with their health care teams using standardized measures. Despite increasing recognition of their value, PROs are not routinely
used in clinical practice, partly due to limited evidence of their impact on traditional clinical outcomes and uncertainty among
clinicians about their use. Digital health tools offer a promising way to integrate PROs into clinical workflows and enhance
patient-clinician interaction, but their success depends on person-centered design to ensure usability and relevance. Safe Surgery
South Africa, a nonprofit organization, developed the Perioperative Shared Health Record (PSHR), a secure web-based tool that
enables patients to share personal health information and PROs with their anesthetist and surgeon before and after surgery. Initial
implementation revealed significant user experience challenges, which contributed to poor uptake.

Objective: This study aimed to explore factors influencing the PSHR user experience in a low- and middle-income country
(LMIC) using human-centered design principles.

Methods: This observational qualitative user experience study followed the 5 design thinking stages: empathize, define, ideate,
prototype, and test. Semistructured interviews were conducted with postoperative patients from both the public and private health
care sectors, including those with and with no prior experience using the PSHR. Thematic analysis followed the 6-phase framework
described by Braun and Clarke and was structured using Karagianni’s Optimized Honeycomb user experience model. A problem
statement was developed, followed by ideation to explore solutions. Paper prototypes were created, refined, and tested through
observation, interviews, and validated usability questionnaires.

Results: In the empathize stage, 22 interviews were conducted in the private and public health care sectors in South Africa; 7
participants had previous experience using the PSHR. In the define stage, participants emphasized the need for connection,
feedback, information, and support through their surgical journey. Contrary to expectations, patients were not discouraged by
the length of questionnaires if they perceived them as purposeful. In the ideate stage, the team considered user expectations and
PSHR integration into care processes. In the prototype stage, low-fidelity mock-ups were created and refined into paper prototypes.
In the test stage, testing with 5 participants highlighted the importance of trust, communication, and user-friendly interfaces.
Feedback loops and clinician engagement were identified as key motivators for sustained use. The mean usability questionnaire
scores indicated excellent usability and high levels of user satisfaction across most domains.

Conclusions: This study is one of the first to apply human-centered design principles to a perioperative digital health tool in
an LMIC setting, addressing usability challenges and patient engagement. Key user experience factors influencing patient
engagement included communication, feedback, and access to information throughout the surgical journey. Digital health tools
such as the PSHR can strengthen communication and support person-centered perioperative care by integrating PROs into clinical
workflows and care processes.

(JMIR Perioper Med 2026;9:e79349)   doi:10.2196/79349
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Introduction

Patients presenting for surgical procedures often feel vulnerable
and may become overwhelmed by information that lies outside
their usual frame of reference. Many also experience significant
physical and emotional symptoms before and after their
operation [1,2]. Time constraints and brief interactions during
busy ward rounds can limit opportunities for patients to voice
concerns or seek clarification [1,3]. In this context, there is a
risk that patients feel depersonalized: reduced to passive
participants in a system rather than active participants in their
own treatment [1]. Furthermore, perioperative clinicians such
as surgeons and anesthesiologists often prioritize traditional
problem-focused postoperative outcomes such as morbidity and
mortality rates, which do not necessarily reflect the outcomes
that matter most to individual patients [4-6].

Person-centered care addresses these challenges by recognizing
the individual behind the patient: a human being with values,
emotions, and goals, and by fostering a partnership that supports
patient autonomy and active participation in care decisions [7,8].
Evidence suggests that patients who are empowered and engaged
in their own health care may have better outcomes [3,9-11].
Perioperative patient-reported outcomes (PROs) provide one
means of achieving this by allowing patients to communicate
their experiences of surgical procedures using standardized
questionnaires, known as patient-reported outcome and
experience measures (PROMs and PREMs) [2,4,12-14]. Various
PROs have been defined in the perioperative sphere, including
patient satisfaction, quality of recovery (a short-term outcome
after surgery), and quality of life (a longer-term outcome after
surgery) [14]. Perioperative PROMs and PREMs give individual
patients a means to communicate how they are recovering after
surgery in such a way that it can be compared between patient
groups and procedure types [5,14]. The data can be used to track
quality of care over time [6].

Consensus guidelines recommend the use of PROMs and
PREMs in clinical research, and their implementation in
perioperative care is increasingly studied [2,6,15-18]. In daily
practice, however, the routine use of PROs is hampered by their
time-intensive nature, limited evidence linking them to
traditional outcomes such as complications or mortality, and
uncertainty among clinicians and patients regarding their value
[2,6,12,16,17]. These challenges may reflect insufficient
person-centeredness in the application of PROs and a lack of
responsiveness of health care teams to the information provided
by patients [2,19].

Digital health tools offer a promising way to integrate PROs
into clinical workflows and to enhance communication between
patients and clinicians [17,18,20]. Achieving this, however,
requires a human-centered design approach to ensure that digital

tools are responsive to diverse user needs and care contexts
[21]. Human-centered design forms part of the broader design
thinking framework: an empathetic, iterative process that
involves end users throughout development to create tools that
are understandable, useful, and enjoyable to use [22-25].
Applying these principles through user experience research,
which uses interviews, surveys, and usability testing to explore
how people interact with digital systems, helps developers create
tools that are more intuitive, engaging, and relevant to real-world
care [21,26]. Learning from established digital health platforms
and implementation of electronic medical record systems can
help create digital health tools that support care across the
patient journey [27-31].

Perioperative digital health tools have shown promise in
high-income countries (HICs) [17,18], but their implementation
and use remain underexplored in low- and middle-income
countries (LMICs). In South Africa, barriers to large-scale
adoption of digital health solutions include limited digital
literacy and unequal access to technology and internet across
social, economic, and geographic groups [32,33]. These
disparities reflect broader inequalities within the health system,
where a tax-funded public sector provides care for most of the
population but is underresourced, while a private sector funded
through medical schemes and out-of-pocket payments serves a
minority yet absorbs a large share of resources [34-36]. The
public sector continues to rely largely on paper-based
documentation, with uneven implementation of systems to
capture routine health information and limited electronic record
keeping compared with the private sector [37-41]. The private
sector is data-rich, with more electronic data systems, but its
datasets are typically siloed and not routinely accessible to
public governance systems, clinicians, or patients [39,42].
Neither sector currently supports routine or large-scale capture
of PROs, limiting opportunities to measure and improve
perioperative care from the patient perspective. Addressing
these challenges requires context-specific digital solutions that
can be designed to strengthen perioperative care in South Africa.

In response to these challenges, Safe Surgery South Africa [43],
a research-driven nonprofit organization, developed the
Perioperative Shared Health Record (PSHR) [44], a web-based
digital tool enabling patients to share baseline preoperative data
and postoperative PROs with their surgeon and their anesthetist
for up to a year after surgery. Preoperative data can be used in
risk stratification and shared decision-making, whereas
postoperative PRO data can improve patient care. Data are
stored on a secure server but are accessible to both patient and
clinician. The system was designed to function across the public
and private health care sectors to promote broader accessibility.
Figure 1 describes the use of the PSHR in capturing the
perioperative journey of a surgical patient.
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Figure 1. Patient journey when using the PSHR. EuroQOL: European Quality of Life questionnaire; PSHR: Perioperative Shared Health Record;
QoR-15: 15-Item Quality-of-Recovery questionnaire; WHO: World Health Organization.

Initial use of the PSHR in the private health care sector, during
the South African Collaborative Surgical Outcomes Study
(SACSOS; ClinicalTrials.gov NCT05052021), identified
numerous user experience challenges that led to low patient and
clinician engagement, which reduced the effectiveness of the
PSHR. The registration process was cumbersome, requiring
active support for patient users to complete it. In addition, some
questionnaires were perceived as lengthy and burdensome,
potentially discouraging patients from completing subsequent
assessments. As many of the questionnaires are standardized
tools designed for specific purposes, content modifications were
not always feasible.

The aim of this observational study was to determine the factors
that influence the patient user experience of the PSHR as a tool
to support perioperative care. The primary objective was to
evaluate the user experience of patients in South Africa who
had previously used the PSHR during SACSOS. Further
objectives were to explore the user needs of patients who have
no prior experience with the PSHR and to gain deeper insights
into the future design requirements of the PSHR.

To achieve this aim, this study used a human-centered design
thinking approach, which required a multidisciplinary team that
could combine clinical insight, technical expertise, and practical
experience. In this study, anesthesiologists contributed their
understanding of perioperative workflows and patient-clinician
communication. The information systems, computer science,
and media technology researchers applied user experience and
design thinking principles to translate patient needs into feasible
design solutions. One of the anesthesiologists (CS), with
research expertise in PROs, and one of the information systems
researchers (CJO), with personal experience as both a patient
and a hospital representative, brought perspectives that ensured
that the patient remained central throughout the course of the
project. The researchers brought together expertise from South
Africa and Sweden, combining experience with emerging and
advanced digital health systems and perspectives from LMIC
and HIC settings. These efforts aim to improve the PSHR’s
usability and provide insights for more person-centered digital
health design.

Methods

Ethical Considerations
This observational qualitative user experience study was
approved by the Sefako Makgatho Health Sciences University
Research Ethics Committee on November 16, 2023
(SMUREC/M/513/2023:IR), and registered on the National
Health Research Database on January 28, 2025 (NHRD:
GP_202501_070). Written consent was obtained from all
participants and patient privacy and confidentiality was
respected by deidentifying patient data and removing any
identifiable features from images used in publication.
Participation was voluntary with no compensation paid to
participants.

Setting
The study took place in South Africa, with postoperative patients
and carers recruited via purposeful sampling in both the private
(insurance-funded) and public (tax-funded) health care sectors.
These 2 sectors are vastly different in South Africa, with a
different patient demographic and a significant difference in
availability of resources.

Research Team
The research team consisted of 4 female researchers and 2 male
researchers. Three of the female researchers (CS, HK, and MC)
are practicing anesthesiologists. HD has a research and
development background. HK is the founder of Safe Surgery
South Africa and focuses on data-driven solutions to improve
perioperative risk stratification and surgical outcomes. CS has
a clinical and research interest in PROs and previously recruited
patients for the PSHR as part of the SACSOS study, maintaining
professional relationships with these participants. One of the
male researchers, CJO, comes from a digital health and media
background and is a patient representative on a hospital
management board after surviving cancer. CJO is also involved
in an online cancer rehabilitation program spearheading the use
of PROMs and PREMs to improve care processes. The other
male researcher, GF, comes from a user experience and design
science research background.
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Methodology
This study was informed by human-centered design principles.
The design thinking process was used to structure the study
around 5 phases: empathize, define, ideate, prototype, and test
[23,25]. In keeping with a person-centered approach, participants
informed the project from the outset by sharing their
perioperative experiences and needs. These insights guided
ideation and design decisions by the investigators, and
participants were reengaged during prototype testing to evaluate
and improve solutions based on earlier input.

Phase 1: Empathize
The first phase of the project focused on empathizing with PSHR
users by interviewing 2 distinct groups. The first group, recruited
from the private health care sector, had prior experience using
the PSHR before and after surgery through SACSOS (group 1:
PSHR experience). The second group included individuals from
both the public and private sectors who had undergone surgery
but who had no prior exposure to the PSHR (group 2: no PSHR
experience). Participants were invited to take part via email,
telephone, or by in-person invitation.

For ease of reference when presenting participant quotations,
each participant is assigned a letter prefix. “P” denotes
participants in group 1, who had used the PSHR before, “U”
denotes participants in group 2 from the public sector, and “I”
denotes participants in group 2 from the private sector.

Semistructured interviews were conducted between November
2023 and January 2024. Through storytelling, empathy maps
and patient journey maps were created. Demographic data were
recorded in REDCap (Research Electronic Data Capture) [45]
and exported to MS Excel (version 2411; Microsoft Corp). The
interviews began by exploring all patients’ perioperative
experiences. Group 1 participants were then asked about their
experiences using the PSHR, while group 2 participants received
a brief demonstration of the PSHR before discussing their
expectations of a digital tool for perioperative information
exchange. The interview guide is included in Multimedia
Appendix 1.

Interviews were recorded and transcribed using transcription
software (Transcribe—Speech to Text, version 4.20.5; DENIVIP
Group LLC) on an iPad dedicated to the project. Transcriptions
and audiovisual files were stored in a password-protected online
folder. Transcriptions were checked for accuracy by CS and
HD and reviewed by all investigators before data analysis.
Transcriptions of the initial interviews were systematically
coded and analyzed thematically using Nvivo (release
14.23.4(49); Lumiere) by CS and HD. The thematic analysis
followed the 6-phase framework described by Braun and Clarke
[46]. To explore the main themes related to participants’
experiences and expectations of the PSHR, responses were
systematically coded and categorized using Karagianni’s
Optimized Honeycomb model [47]. This model, commonly
used in user experience research, structures the analysis of how
users interact with a product by breaking down their experiences
into 3 primary dimensions: Use, Feel, and Think [47-51]. By
applying this framework, we identified patterns in the data and

gained deeper insight into the factors influencing user experience
of the PSHR.

Phase 2: Define
The information obtained during phase 1 was used to create a
problem statement and summary of findings.

Phase 3: Ideate
Insights from the initial interviews and the defining phase
informed an ideation phase, during which various solutions
were brainstormed by CS, HD, HK, CJO, and GF to enhance
future implementation of the PSHR and also taking into account
the interoperability with electronic health records.

Phase 4: Prototype
Paper prototypes for the PSHR were created in Balsamiq
Wireframes for Desktop (version 4.8.1; Balsamiq Studios LLC).
Paper prototypes were refined based on research team group
discussions and during user testing.

Phase 5: Test
User testing with the paper prototypes took place in December
2024 with patients and carers who were recruited via email,
telephonically, and in person, with the aim to recruit both
patients and carers who had used the PSHR before (“expert
users”) to determine whether insights learned from them during
initial interviews had improved their user experience. and
patients and carers who had no prior experience of the PSHR
(“novice users”), to determine their first time user experience
with the system.

As all the expert users would be from the private health care
sector, novice users were recruited from the public health care
sector. To recruit the expert users, attempts were made to contact
all 7 participants from group 1; 3 could not be reached at all, 1
initially agreed but later withdrew, and 3 consented and
participated. For the novice users, we intentionally sought
individuals with no prior exposure to the platform, including
through earlier interview phases, to ensure unbiased, first-time
user perspectives. This necessitated recruitment of new
participants. Eligibility for user testing included being
conversant in English, having basic familiarity with mobile
phone and computer use and with the use of the internet. Testing
was undertaken by 4 investigators (CJO, CS, GF, and HD), 1
acting as the “computer” to change paper “screens” based on
user actions, 1 facilitating the scenario, and 2 observing the
interaction; sessions were also audio-recorded for later analysis.
For ease of reference, “T” denotes participant responses in the
user testing phase.

Participants were asked to complete four tasks during the
prototype testing: (1) registering and consenting, (2) completing
preoperative baseline questionnaires, (3) finding additional
information on the PSHR, and (4) completing postoperative
quality of recovery and patient satisfaction questionnaires
(Multimedia Appendix 2).

The System Usability Scale (SUS) was used to assess usability
after the user prototype testing, as this is a well-established tool
that has been found to have good reliability to evaluate the
usability of digital systems. The SUS is a 10-statement scale
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for usability of electronic health applications with good
reliability (Cronbach α=0.911) and good face validity [52]. The
SUS score ranges from 0 to 100 where higher scores indicate
greater usability [53]. A mean SUS score of 68 (SD 12.5)
represents the average benchmark for digital health apps [54].

User experience and usability aspects were assessed after
prototype testing with the User Experience Questionnaire
(UEQ), a well-established tool that evaluates 6 aspects including
attractiveness, effectiveness, perspicuity, dependability,
stimulation, and novelty with 26 pairs of terms that are scored
from 1 to 7 [55]. The questionnaire has good construct validity
and good reliability (Cronbach α for 5 of the 6 aspects is above
0.7) [55]. Scoring is done with a downloadable tool, with values
ranging between −3 (horribly bad) and +3 (extremely good)
[55]. Scores should be evaluated against current benchmarks,
freely available for download [56,57].

Prototype user testing was analyzed by 4 investigators (CJO,
CS, GF, and HD) who took part in the process using interviews

and observation. Thematic analysis of the user tests was done
based on research team discussions following the user tests.
The SUS and the UEQ were scored in MS Excel according to
the guidelines in their reference papers [53-55,57].

Results

Phase 1: Empathize
A total of 22 initial semistructured interviews were conducted
as part of empathizing with users. Participant demographics are
summarized in (Table 1). All the participants had access to a
mobile phone; all but 2 participants in group 2 in the public
sector had access to the internet on their mobile phone. Most
participants (16/22, 73%) usually used their mobile phones for
accessing the internet, whereas 4 out of 22 (18%) participants
preferred to use a computer for internet access, and 2 out of 22
(9%) participants did not use the internet at all.
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Table . Demographic data for semistructured interviews conducted for phase 1: empathize.

SurgeryEducationPrior PSHRb ex-
perience

RaceLanguageSexAge

(years)
IDa

Major abdomi-
nal

After school
qualification

YesBlackEnglishFemale33P1

Major abdomi-
nal

After school
qualification

YesWhiteEnglishFemale42P2

Major abdomi-
nal

After school
qualification

YesWhiteAfrikaansFemale62P3

Major abdomi-
nal

After school
qualification

YesBlackEnglishFemale22P4

Major abdomi-
nal

After school
qualification

YesWhiteAfrikaansMale80P5

Major abdomi-
nal

After school
qualification

YesWhiteAfrikaansMale72P6

N/Ac—assisted
family member

After school
qualification

YesWhiteAfrikaansMale46P7

Major abdomi-
nal

Secondary
school not com-
pleted

NoBlackSetswanaFemale34U1

Major abdomi-
nal

Secondary
school not com-
pleted

NoBlackNorthern SothoMale22U2

Vascular surgerySecondary
school complet-
ed

NoBlackTsongaFemale43U3

Vascular surgerySecondary
school not com-
pleted

NoBlackSetswanaMale65U4

Bariatric surgerySecondary
school not com-
pleted

NoWhiteAfrikaansFemale48U5

Bariatric surgeryAfter school
qualification

NoBlackNorthern SothoFemale29U6

Bariatric surgeryAfter school
qualification

NoColoreddAfrikaansFemale42U7

Bariatric surgeryAfter school
qualification

NoBlackEnglishFemale39U8

Vascular surgerySecondary
school complet-
ed

NoBlackFrenchMale42U9

Vascular surgeryAfter school
qualification

NoBlackSetswanaFemale45U10

OrthopedicAfter school
qualification

NoWhiteAfrikaansFemale64I1

Bariatric surgeryAfter school
qualification

NoWhiteAfrikaansFemale41I2

Breast surgeryAfter school
qualification

NoWhiteAfrikaansFemale54I3

OrthopedicAfter school
qualification

NoWhiteAfrikaansMale76I4

OrthopedicAfter school
qualification

NoBlackSetswanaMale42I5

aUser ID explanation: “P” denotes participants who had used the PSHR before, “U“ denotes participants from the public sector with no prior experience
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of the PSHR, and “I” denotes participants from the private sector with no prior experience of the PSHR.
bPSHR: Perioperative Shared Health Record.
cN/A: not applicable.
dIn South Africa, the term “Colored” refers to a distinct cultural and ethnic group with mixed ancestry, recognized as a separate demographic category.

Thematic analysis of the interviews identified 3 main themes:
Patient Journey (both groups), PSHR Experience (group 1), and
PSHR Expectations (group 2), each with subthemes related to
patient engagement and user experience. Detailed findings are
provided in Multimedia Appendix 3.

Patient Journey
In understanding the patient perioperative journey (main theme),
the following subthemes were identified in both user groups:
information-seeking behaviors, emotional response,
postoperative difficulties, interaction with health care providers,
and advice to other patients. Some participants actively sought
more information, either by doing online searches or talking to
family members or patients who have been through a similar
situation.

I was checking [online] how long it’s going to be the
operation. Okay. Yeah. And how was going to be the
pain? How I was cut, a lot of it. [U1]

I go and check like, like the food I have to eat. And
then the thing I didn't Google about it is the pills the
most. But you know that if you want to go look, you
can go, you can go find. [U3]

So I had my sister-in-law, who is a general
practitioner, check for the results and then she was
the one [that told me]. [P2]

And I was also following [on social media], uh,
people that will talk about their experience, you know.
[P1]

I must say the information from other patients helped
a lot, knowing what someone else went through, their
experiences, how they felt, what the cost implications
were, how they paid it, all of that helped a lot. [I2]

In both the private and public sectors, there were participants
who indicated that they avoided looking for any additional
information:

I don’t really want to Google stuff because you
always, there’s always stuff. Too much information.
[P3]

I think that would've scared me off a little bit more if
I knew truly what was to come. [P4]

...because you know when you Google things you
don’t always get the right information. And it can be
very scary. [I3]

So, I give up to an extent that I did not even want to
stress myself about the Google information. Because
others there are just making some speculations. [U10]

All the participants experienced some form of emotional turmoil
in the time after their diagnosis and before they had surgery,
with some describing being in denial, feeling helpless, and
isolated:

I started like shaking and getting worried. Yes. Like
now it’s getting worse. And like I took it easy, like
okay, fine. I went back to work instead of going to the
doctor. [I5]

But now it all became too much. It just felt like you
take one step forward and like five steps back… It felt
like I was in constant pain and I also felt very
helpless. [P1]

It was very... because nobody can come in with you
and then you're there alone and then they don't
communicate well, doctors all the time, some of them.
[P2]

One participant said an uplifting conversation with her surgeon
gave her hope before her surgery and this helped her carry on
with her treatment:

That answer, that one sentence, and with such
conviction, uh, brought back my, um, my hope. [P3]

Participants in both groups described some physical difficulties
in the postoperative period:

I think the first two weeks were the hardest really.
And the vomiting was much worse at home. Yeah. Uh,
the pain also from eating was really terrible. [P4]

But that was also the worst thing that I had the
operation, because it was very painful! I didn’t expect
it would be so painful! [U7]

Two participants commented that being informed and being
able to contact their surgeon made the perioperative journey
easier.

So being informed. Yeah. Makes you feel more
reassured. [P3]

The interesting thing about this surgeon’s practice,
that I have not come across before, is that he gives
you a 24hr whatsapp number that you can use any
time of the day if you have problems or questions.
There is always someone that responds—that is not
something that everyone would do. [I4]

Participants in both the public and private sectors described
their interaction with their health care providers in positive
terms, and they valued in-person communication:

It made such a difference that [the anaesthetist] were
there and [she] could explain to us what was going
to happen, it made us feel a lot more secure and calm.
[P6]

...what I felt was more these people are taking care
of me. I was positive. I could see these other people
(points to other patients in ward), they are getting
more healthy. [U2]

Participants offered advice to others that reflected both practical
and emotional preparation for surgery. Some emphasized the
need to prepare physically by doing breathing exercises and
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maintaining mobility, while others recognized the emotional
impact of surgery on the patient and their families.

It’s the emotional side of things that takes quite a toll.
But not only on [the patient], but on [the family] too.
So I think the emotional strain on both was tough.
[P7]

Several advised future patients to listen to their doctors, follow
instructions carefully, and trust the care team. Others highlighted
the importance of patience and realistic expectations, especially
regarding the time needed for healing:

I would tell them that it is very important to listen to
what the doctor tells you. To stick to the rules...And

I would tell them that they shouldn’t be scared to go
through with it. [I1]

I would explain my journey the way it is, then they
can come here and get that help because it’s a better
help than any other. [U3]

As a patient, I will say first thing first you need to be
patient. You need like...healing is a mercy. It won't
just happen overnight. [I5]

PSHR Experience
Group 1 included 6 patients and 1 family member who had used
the PSHR. Their user experience, analyzed according to the
Optimized Honeycomb model, is summarized in (Table 2), with
supporting quotations in Multimedia Appendix 3.
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Table . Codes related to experience or expectations of the Perioperative Shared Health Recorda.

Subthemesb,c

ThinkFeelUse

ValuableUsefulCredibledDesirableUsableAccessibleFindable

PSHRe experi-
ence: Group 1:

• Improved
care (5)

• Personal
connection
to doctor

• No codes• Can com-
plete at
home (2)

• Easy to use
(4)

• Mobile
phone ac-
cess pre-

• WhatsApp
link pre-
ferred (9) • Technical

prob-
• Patient in-

volvement
PSHR exposed;
private sector; 7 (10)ferred (6)• Email not

used fre- (1)lems/bugs• Device limi-
tation (2)

• Means to
feedback

interviews con-
ducted with 4 (4)quently (5) • Altruism

(1)from doctor• Desktop
used initial-

• Login pro-
cess diffi-

• Postopera-
tion no ac-

women and 3
men (2 Black (8)

cult (2)cess toly (1) • Patients’
ability to

and 5 White,
aged 18‐80
years)

glasses (1) • Importance
of feedback
(2)

express
their needs

• Not com-
fortable

(5)with tech- • Font size
too smallnology (1) • Benchmark-

ing (4)(1)
• Ability to

give family
• Medical

language
tricky (1) access to

platform• Loss of in-
terest over (1)
time (1)

PSHR expecta-
tions: group 2:

• Improved
care (2)

• Communi-
cation

• No codes• No codes• No codes• WhatsApp
link pre-

• No codes

ferred (12)PSHR unex- channel (9) • Personal
connectionposed; public • Means to

feedback
• Device limi-

tation (4)sector; 10 Inter- (2)
views conducted (5)• Mobile

phone ac-with 7 women • Benchmark-
ing (4)and 3 men (7 cess pre-

ferred (3)Black, 2 White, • Efficiency
(3)1 Coloredf , aged

22‐65 years)

• Email not
used fre-
quently (3)

• No access
to phone
postopera-
tively (2)

PSHR expecta-
tions: group 2:

• Altruism
(6)

• Efficiency
(3)

• Negative
feedback

• No codes• No codes• WhatsApp
or SMS (2)

• No codes

PSHR unex- may impact• Email not
easily acces-

• Source of
informationcare (1)posed; private

sector; 5 inter- (3)sible (2)
views conducted • Email link

useful (1)
• Curated list

of informa-with 3 women
and 2 men (1 tion (1)• No access

to phoneBlack and 4 • Information
about doc-White, aged

41‐76 years)
postopera-
tively (1) tor (1)

• Communi-
cation
channel (1)

• Link to oth-
er pa-
tients/sup-
port groups
(1)

aMain theme: PSHR Experience (group 1) and PSHR Expectations (group 2).
bCodes from the text were sorted according to the 7 aspects of user experience from the Honeycomb Model (Findable, Accessible, Usable, Desirable,
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Credible, Useful, and Valuable) [47]. Code names are included under each aspect, with the code count in parentheses.
cSubthemes: Use, Feel, and Think according to Karagiani’s Optimized Honeycomb Model [47].
dNote that the aspect Credible falls under both Feel and Think.
ePSHR: Perioperative Shared Health Record.
fIn South Africa, the term “Colored” refers to a distinct cultural and ethnic group with mixed ancestry, recognized as a separate demographic category.

Most participants preferred to follow WhatsApp links to find
their way to the PSHR on their smartphones:

I do prefer that it was easy to use on my phone. So if
it can be improved, it must still just be improved.
Mainly for, for like a smartphone. [P1]

Yes, because on personal email you're not visiting
that often, so it gets lost with all the other stuff. So, I
believe your preferred communication is WhatsApp.
[P7,]

One participant commented on the potential difficulty of using
a smartphone on the first day postoperatively:

It was a bit difficult. Different. If you wear glasses
and you don't have glasses on, and you're on
morphine. But it wasn't, it wasn't impossible. [P2]

One of the older participants indicated that they were not
comfortable with technology, which is a potential barrier to
using a digital tool such as the PSHR:

No, I’m not so comfortable with my phone. The
internet on there is not something that I usually use.
[P5]

Contrary to expectations, the length of the questionnaires was
not perceived in a negative light:

It did just go on and on and on. Um, I, I think in my
head it was just all part of, just part of the process,
preparation and the process you had to do, you know,
and making sure that everything is fine. [P1]

It was easy to answer. It doesn't take too long. [P4.]

However, there was some concern about medical jargon and
font size:

There’s some, um, uh, of the wordings and stuff that
I really didn't understand. [P3]

I think the only complaint if I need to complain about
improvements will be the size of the font perhaps.
[P7]

Participants valued the PSHR for enhancing their engagement
and improving the quality of care they received:

...[the doctor] was able to quickly know and come
back and improve my care, you know? [P1]

You feel that you were more involved in the planning
of your care. [P2]

Feedback from the surgeon or anesthetist emerged as an
important motivator for continued use:

[The anaesthetist] had read what was going on. She
came and she asked what was going on, and I
explained that and she worked around it and talked
to the staff. [P1]

If I didn’t get feedback, I wouldn't have filled in
anymore. I would've done the first one and left it at
that. [P2]

Participants appreciated being able to reflect on their recovery:

All of this is quite relevant because it lets you think
about your own wellbeing and progress. [P6]

Interestingly, some participants were also motivated by altruism,
expressing a desire to help others:

...if my information can help somebody else get
through a very difficult situation...then I feel it’s worth
it. [P3]

Suggestions for improving the PSHR centered around
information sharing and being able to contact patients who had
been through a similar procedure:

I suppose especially for, for large operations, it might
help people to know who the anaesthetist is and have
like a name and a, a maybe a photograph of your
doctor on the system...And maybe info about
postoperative care. Because I mean all these ops have
different things and I didn't know I was gonna go to
need dietary requirements after the first liver
operation...So having that as a portal to kind of find
information may be useful. [P2]

I think having someone else who knows, you know,
what you've been through would be nice. Yeah. They
can give you kind of, like a perspective on what to
expect. [P4]

I would prefer to see a video, just a more informal
video and then follow up with a verbal conversation
just before the operation. [P7]

PSHR Expectations
Following a brief demonstration of the PSHR, 10 public and 5
private sector postoperative patients with no prior experience
of the PSHR (group 2) were interviewed about their expectations
of a digital information-sharing tool. Their expectations are
summarized in the second part of Table 2, with illustrative
quotations provided in Multimedia Appendix 3.

Most participants indicated a preference for accessing the PSHR
via a WhatsApp link on their smartphones:

I think overall on one’s phone is just better, it is more
accessible. [I2]

We have emails, but we don’t use it so much. [U2]

Anything that is easy for you is easy for me. But really
Whatsapp is easiest. [U10]

Participants indicated that they would value features such as
curated information, feedback from their surgeon or anesthetist,
and the ability to track their recovery progress.
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I don’t want to get the information by doing a google
search. I want information that comes from the doctor
themselves, so that I know it is correct. [I1]

You know, if I think back to my work again, clients
want to be heard… and now in my setting I am not
upset about anything, but it may still be nice to be
acknowledged, if I fill something in, it would be nice
to get a message or a call to confirm that my
responses were seen. [I3]

But when you check, keep on checking on your
patient, it’s good because if I feel something on me,
I have to let you know. Then you'll ask me maybe then
to come back at hospital. Then you can check that
and sort it out. [U3]

I mean, if they know what your baseline is, what my
baseline is, how my life, my, my health is, you know,
then they'll know how to proceed. With any procedure
for that matter. [U5]

Participants also indicated that they would be motivated to use
a tool such as the PSHR by knowing that they would contribute
data that could help others:

I would actually do it more for the greater good to
contribute to ongoing medical knowledge and
learning. [I1]

I think I would still contribute my data if I knew it
went for a good cause and if my doctor asked for it.
[I2]

If it'll help someone with the same problem that I
have, it’s important to share it. [I5]

Potential barriers to using the PSHR are high costs of data and
low digital confidence:

When I'm at home, I don't see that airtime. Because
it’s a cost of money. It’s very expensive. [U3]

...all the fancy phones, the internet, all that stuff,
that’s not for me. [U4]

Phase 2: Define
Insights from the initial interviews were that individuals
presenting for surgical procedures have a need for connection
with and feedback from their health care providers and a
willingness to engage in actions necessary to navigate a
challenging phase in their lives. Contrary to the investigators’
expectations, participants who had used the PSHR were not
discouraged by the length of the questionnaires, provided they
perceived a clear and meaningful purpose to their completion.
In addition, patients expressed a need for information related
to their surgical procedures, highlighting the importance of
incorporating targeted educational content to support informed
decision-making throughout the perioperative journey.

Phase 3: Ideate
The research team brainstormed suggestions and expectations
from patient groups, and how the PSHR can be integrated into
usual care processes. While standardized questionnaires
remained unchanged, their sequence was reorganized to group
similar questions, particularly in the PSHR preoperative
questionnaire, where multiple risk assessments and surveys are
consolidated into a single comprehensive questionnaire.
Feedback messages were developed to provide patients with
information tailored to their questionnaire responses. Various
approaches were explored to support patient-clinician
communication through the PSHR. The research team also
considered the potential interaction of the PSHR with electronic
health records (Figure 2).
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Figure 2. Proposed PSHR interaction and interoperability with electronic health records. PREM: patient-reported experience measure; PROM:
patient-reported outcomes measure; PSHR: Perioperative Shared Health Record.

Phase 4: Prototype
A series of low-fidelity wireframes were created based on the
potential solutions obtained during phase 3. These wireframes
were refined into a low-fidelity paper prototype of the PSHR.

Phase 5: User Test
Five individuals consented to participate in prototype testing.
Three participants had previously used the PSHR (“expert
users”), and 2 participants had no prior experience of the PSHR
(“novice users”). Five users have been reported as sufficient for

undertaking user testing [58,59]. Demographics are summarized
in Table 3. All participants reported having their own mobile
phone and usually accessing the internet and their email on their
mobile phone and not on a computer. Each testing session took
approximately 60 minutes to complete, with the most time spent
on the second task. Figure 3 shows paper prototype testing in
action; Figure 3A shows a participant discussing task 2
(completing the preoperative questionnaire), and Figure 3B
shows a participant responding to a pop-up notification during
task 4 (completing postoperative questionnaires).
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Table . Demographic data for participants taking part in phase 5: prototype testing.

SurgeryEducationPrior PSHRb ex-
perience

RaceLanguageSexAge

(years)
IDa

Major abdomi-
nal

After school
qualification

YesWhiteEnglishFemale42T1

Major abdomi-
nal

After school
qualification

YesWhiteAfrikaansFemale63T2

N/Ac—assisted
family member

After school
qualification

YesWhiteAfrikaansMale46T3

Head and neckAfter school
qualification

NoBlackNorthern SothoMale21T4

Head and neckSecondary
school complet-
ed

NoBlackSetswanaMale32T5

aUser ID explanation: “T” denotes participant responses in the user testing phase.
bPSHR: Perioperative Shared Health Record.
cN/A: not applicable.
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Figure 3. Paper prototype testing in action. (A) A participant discussing task 2 (completing the preoperative questionnaire). (B) A participant responding
to a pop-up notification during task 4 (completing postoperative questionnaires).

For the first task (registering and consenting), trust was an
important factor for 2 of the participants. Prior notification by

their doctor to expect a registration email would help improve
trust when receiving a link to an unknown website:
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Yeah, knowing that this is safe, yes, because I spoke
to you and I know that you will give me something
like this. I think a personal call, direct, to say I'm
sending you something now. I trust it more, because
I know that I'm protected. [T4]

Two of the participants read the consent form in detail, 2
participants scrolled through with minimal reading, and 1
participant indicated that he would abort the process when
confronted with a lengthy consent process:

Unless if I’m buying a car, I don’t read the details.
[T1]

As soon as I get this information, when I get to this
one, I will say, yoh aha, this is too much. Pause,
pause, pause. [T4]

The 2 participants who read the consent form doubted that most
users would engage deeply with the consent process. One
participant suggested that using illustrations or icons could
clarify abstract concepts. During the second task (preoperative
questionnaire), various data input methods were tested, including
radio buttons, colored numerical sliders, and free text blocks.
Users seemed to appreciate color coding to interpret the
numerical sliders. One participant suggested modifications to
the order of questions.

Participants were able to navigate to the information portal (task
3); all participants found general information links useful but
preferred procedure-specific content, with 3 favoring video links
over text, and 1 mentioning that they would refer to written
information only if the desired content was not available in the
video links.

By the fourth task, participants were familiar with the layout of
the home page and the questionnaires. Their understanding of
the timeline had improved, but several suggestions were made
to enhance its visual clarity. Feedback messages following

questionnaire completion elicited mixed responses; some
participants expressed concern that alerts about poor recovery
outcomes could cause anxiety:

It makes me feel worried...I will go back to what I
completed [to check] that I completed it correctly.
Okay. Because there might be something that I said
that might alarm the system. [T5]

All participants indicated that they would value automatic
feedback from their surgeon or anesthetist if they recorded poor
scores on their postoperative questionnaires, with expectations
for response times ranging from 30 to 60 minutes to up to 48
hours. Participants also noted that a lack of clinician feedback
would reduce their motivation to continue using the platform.
The potential for the PSHR to enhance patient-doctor
relationships is illustrated in this quote:

So you still need to get to the buy-in from this.
Where’s my buy-in coming from? It’s coming from
the aftercare service, from the doctor, building that
relationship. Because [of feedback through the PSHR]
I've got a relationship again with the doctor, the
surgeon or the rooms. I would be their patient for
life! I think that’s for me, that’s how you get the buy-in
to carry on the rest of the process. [T2]

Four participants (3 experts and 1 novice) completed the SUS
and UEQ questionnaires related to the paper prototype testing.
The overall mean SUS score was 91.3 (SD 5.7), which indicates
very good usability. The mean SUS scores per usability aspect
were learnability 91.3 (SD 10.2), efficiency 93.4 (SD 6.9), and
satisfaction 89.1 (SD 6.8). The UEQ mean scores for the
attractiveness scale are 2.21 (SD 0.6), perspicuity 2.0 (SD 0.9),
efficiency 2.6 (SD 0.4), dependability 2.2 (SD 0.6), stimulation
2.0 (SD 0.8), and novelty 0.94 (SD 1.4). The UEQ scores ranged
from good to excellent, except for novelty, which scored above
average (Figure 4).

Figure 4. Comparing the Perioperative Shared Health Record (PSHR) paper prototype User Experience Questionnaire scores to benchmark data. The
measured scale means from our study are compared in relation to existing values from a benchmark dataset, which allows conclusions about the relative
quality of the PSHR paper prototypes according to user testing compared with other products.

Discussion

Principal Results
This study applied a human-centered design approach to
evaluate and improve patient user experience of a digital health
tool developed to capture perioperative patient-reported
outcomes. While identifying key usability challenges, it also

showed how digital health tools such as the PSHR can help
enhance connection between patients and clinicians through
information sharing and timely feedback. The findings
contribute new evidence from an LMIC setting, where practical
integration of PROs into perioperative care is limited. By
drawing on patient experiences as a resource for design, the
study demonstrates how patient involvement can inform iterative

JMIR Perioper Med 2026 | vol. 9 | e79349 | p.29https://periop.jmir.org/2026/1/e79349
(page number not for citation purposes)

Steyl et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


improvements to digital health tools and strengthen
person-centered perioperative care [7,21,22,60,61].

The findings of our study align with established user experience
principles in digital health design, emphasizing the importance
of empathy, communication, accessibility, regulatory
compliance, and data privacy and security [21].

Mapping the patient journey revealed the emotional strain of
the perioperative period and the value of designing digital health
tools that provide empathetic support during this vulnerable
time [21,60]. This aligns with previous research highlighting
that emotional engagement and good information provision are
central to person-centered perioperative care and patient
satisfaction [1,62,63]. Experiences reported in HIC show that
access to targeted digital health tools can improve patient
well-being and empowerment as well as improve postoperative
outcomes [18,61,63,64]. Providing patients with a digital
resource that offers clear, accessible information may therefore
strengthen patient engagement by improving understanding of
recovery and fostering a sense of partnership in care [1,18,65].

A key finding was the importance of communication and
feedback from clinicians to create trust and to maintain
motivation to continue using the system. This aligns with studies
on implementation of electronic health records and patient
perspectives on digital health tools [61,66]. It was interesting
to note that patients were not deterred by lengthy questionnaires
if they perceived them as purposeful. Participants valued
knowing that their submitted data would inform their care,
similar to evidence that perceived purpose and clinician
responsiveness may increase adherence to digital platforms
[61,64,67]. However, clinicians may not always see the value
of using digital health tools to strengthen relationships with
patients, especially if these tools are perceived as adding to their
workload [28,66,68]. It is important to note that for patients
who used the PSHR, a lack of clinician feedback following the
completion of the postoperative questionnaires reduced their
motivation to continue engaging with the tool. Therefore, it is
important that patient needs are balanced with clinical feasibility.
One potential solution would be to use automated alerts from
PROM data that notify clinicians when patient responses are
below a predefined threshold, prompting timely feedback to
those patients who need them. This could enhance the perceived
usefulness and reliability of the PSHR and strengthen the
patient-clinician relationship, without overburdening the
clinician [1].

Using the PSHR to track and benchmark recovery progress can
offer reassurance or prompt patients to seek help when needed.
Such features can promote self-management by helping patients
to understand their recovery and to feel more in control of their
health [61,64,67]. From our user testing, it emerged that when
automated feedback messages to patients flag potential concerns,
these messages should balance the communication of
information with reassurance and clear guidance on next steps.

Despite the benefits of using a digital tool such as the PSHR,
barriers such as limited digital literacy, the high cost of data,
and inconsistent access to internet connectivity are significant
obstacles to digital health implementation in South Africa
[33,39] Patient preference for accessing the PSHR via WhatsApp

links highlights the importance of incorporating widely used,
low-barrier communication channels in LMIC settings. This
aligns with priorities outlined in the South African Digital Health
Strategy and the WHO Global Strategy on Digital Health, which
highlights the need for equitable access, user-centered design,
and interoperability of digital health tools [20,69].

Regulatory constraints, particularly around the consent process,
present a design challenge for the PSHR. While simplifying
consent forms with icons and condensed text may improve
accessibility, maintaining careful attention to detail and to legal
and ethical standards is important to ensure the integrity of the
consent process. Providing reliable and up-to-date medical
information is resource-intensive, whether creating original
content or vetting existing material. One potential solution is
to involve patients in content development and curation,
fostering a collaborative platform. However, ensuring the
accuracy of medical content would still require professional
oversight and quality control.

An additional consideration in the design of the PSHR is
safeguarding data privacy and security, especially as it collects
personal and health information subject to the South African
Protection of Personal Information Act, comparable with the
Health Insurance Portability and Accountability Act in the
United States and the General Data Protection Regulation in
Europe. In the South African private health care sector, access
to patient data can be restricted to the patient and their
designated surgeon and anesthetist, which enhances data
security. However, in the public health care sector, where care
is provided by teams rather than individuals, maintaining data
privacy may be more difficult. Concerns about cybersecurity
and a lack of trust in an unknown system were seen by some
patients as barriers to engaging with the PSHR.

Strengths and Limitations
A key strength of this study lies in its adherence to design
thinking and human-centered design principles [21,22]. The
use of Karagianni’s Optimized Honeycomb model provided a
structured lens for analyzing user experience and expectations,
capturing functional cognitive and emotional factors influencing
user experience [47]. Involving individual patients in the design
process enabled the research team to draw on their lived
experience as a form of expertise. By prioritizing the needs of
actual patients rather than relying on personas, we aim to
advance our mission of developing an intuitive, efficient,
user-friendly, and person-centered tool. Furthermore, the
inclusion of a diverse sample of patients from both the public
and private health care sectors in South Africa enhances the
study’s relevance, particularly as the country progresses toward
universal health coverage. Including in the research team a
clinician focused on patient-reported outcomes and a hospital
patient representative kept the group focused on a
patient-centered approach.

The main limitation of this project is the inclusion of a relatively
small patient sample across the various phases, limiting the
generalizability of findings. However, from a user experience
research perspective, idea saturation in initial interviews
suggests sufficient theme coverage, and prototype testing
revealed consistent usability issues, aligning with Nielsen and
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Landauer’s 5-user rule [58,59]. The original study protocol
aimed to include patients from Sweden to allow comparisons
with a high-resource setting, but logistical and resource
constraints prevented this. Future research will focus on
expanding data collection and user testing, with a comparative
analysis between HICs with well-established digital health
platforms and LMICs where digital health systems are still being
developed. An additional limitation was that user testing was
conducted only with low-fidelity paper prototypes. However,
this is a recognized approach within design thinking
methodology, enabling iterative development without significant
cost investment during the early stages when design elements
remain subject to change [23,25,70].

Considering that one of the researchers has a professional
interest in PROs and had established rapport with several
participants, this may have introduced a subtle positive bias in
how participants perceived and articulated the value of the
PSHR. Furthermore, as the majority of patients had undergone
intermediate or major surgical procedures, their emphasis on
the need for information and emotional support may not be
generalizable to patients presenting for minor operations.

Another limitation is that the study does not capture the user
experience of health care providers. The original project plan
included workshops with surgeons and anesthetists; however,
time constraints necessitated postponing these activities.
Ongoing work by the South African authors includes intentional
network weaving to promote data-driven surgery which will
include engagement with perioperative clinicians.

Although initially unfamiliar to the anesthesiologist
investigators, the qualitative and user experience methodologies
provided valuable learning. This collaboration highlighted the
importance of such approaches in helping clinicians understand
patient needs and to develop intuitive digital health tools.

Future Research
Findings from this study will inform further design iterations
of the PSHR, both to optimize its use in individual patient care
and to generate future research outputs. Next steps include
testing a high-fidelity prototype and evaluating the final product
in real care settings, with particular attention to patient
experiences over time: for example, how patients respond to
repeated questionnaires that may appear similar at different
intervals. Data from the PSHR will in time become a resource
for organizational development and quality improvement.
Ongoing development will require the active involvement of
both clinicians and patients to ensure that the tool remains
relevant, feasible, and responsive to real-world clinical processes
and workflows.

Conclusions
This study is one of the first to apply human-centered design
principles to a perioperative digital health tool in an LMIC
setting, addressing usability challenges and patient engagement.
Key user experience factors influencing patient engagement
included communication, feedback, and access to information
throughout the surgical journey. Digital health tools such as the
PSHR can strengthen communication and support
person-centered perioperative care by integrating PROs into
clinical workflows and care processes. As health care systems
worldwide move toward digital integration, our findings provide
valuable insights into the factors to consider when digital health
tools are introduced in diverse health care contexts. Future
research should focus on integrating digital health tools into
clinical workflows and assessing their impact on person-centered
outcomes and care delivery, with particular emphasis on
involving all relevant stakeholders, both clinicians and patients,
to ensure that the tools are contextually appropriate and aligned
with real-world processes and workflow needs.
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Abstract

Background: As electronic patient portals (EPPs) continue to gain popularity and systems transition to online tools for scheduling,
communication, and telehealth, patients without access or skills to use these tools may be overlooked.

Objective: This study analyzed patient and neighborhood-level factors, including eHealth literacy level and the Area Deprivation
Index (ADI), that may limit EPP access for orthopedic surgery.

Methods: A cross-sectional, survey-based study was performed at a single urban tertiary academic medical center in the United
States across foot and ankle, hand and upper extremity, and orthopedic trauma subspecialty clinics from June 21, 2022, to August
12, 2022. Survey responses (N=287) provided information on sociodemographic characteristics; barriers to EPP use and frequency
of EPP use; the eHealth Literacy Scale; and the ADI, which is an address-generated national census measure of neighborhood-level
disadvantage. Barriers to EPP use were inductively coded into barrier types, classified as physical access, technology discomfort,
or preference. The primary outcome measure was patient-reported barriers to EPP use, which was treated as a binary outcome
(1=barrier; 0=no barrier). Bivariate analyses and multivariable binary logistic regressions were performed.

Results: The percentage of patients who self-reported barriers to EPP access was 43.2% (124/287), which related to physical
access (13/124, 10.4%), technology discomfort (55/124, 44.3%), and preference (78/124, 63.0%). In the adjusted regressions,
only low eHealth literacy and older age predicted barriers to EPP use (low eHealth literacy, adjusted odds ratio [AOR] 1.32, 95%
CI 1.13-1.54; P<.001; older age, AOR 1.007, 95% CI 1.003-1.009; P<.001), including barriers of technology discomfort (low
eHealth literacy, AOR 1.25, 95% CI 1.11-1.40; P<.001; older age, AOR 1.004, 95% CI 1.002-1.007; P<.001) and preference
(low eHealth literacy, AOR 1.33, 95% CI 1.17-1.51; P<.001; older age, AOR 1.004, 95% CI 1.00-1.01; P<.01). Patients with
physical access–related barriers as opposed to technology discomfort or preference barriers had the lowest median eHealth literacy
scores (17.0, IQR 12.0-14.0 vs 27.0, IQR 16.0-32.0 vs 27.0, IQR 20.0-32.0, respectively) and roughly a quartile higher median
ADI (73.0, IQR 41.0-92.0 vs 53.5, IQR 31.2-76.0 vs 58.0, IQR 38.8-83.8, respectively).

Conclusions: Low eHealth literacy was the most significant determinant of overall barriers to EPP use for orthopedic surgery,
followed by older age. Neighborhood-level disadvantage as measured through the ADI had no mediating effect on patient-reported
barriers to EPP use when adjusting for eHealth literacy level. While patients with physical access barriers had higher ADIs,
overall, few patients reported physical access barriers compared to barriers related to technology discomfort or preference. Patient
preference for EPP versus non-EPP communications should be documented. Point-of-care screening using the eHealth Literacy
Scale may also identify patients who require follow-up outside of the EPP during critical perioperative periods.

(JMIR Perioper Med 2026;9:e72035)   doi:10.2196/72035
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electronic health records; eHealth literacy; online systems; health equity; social determinants of health; SDOH; orthopedic surgery
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Introduction

Improving digital health information transparency and
transmission via electronic patient portals (EPPs) has been a
central focus of health IT policy in the United States during the
last decade [1]. EPPs facilitate patients’ communication with
their treating care teams and direct access to their electronic
personal health record and tools to request prescription refills,
participate in e-visits, and complete patient-reported outcome
questionnaires, among other functions. These interactions
empower patients to take an active role in their health care [1,2].
However, few studies have examined patient portal use in the
surgical setting or patient factors that may limit EPP use in this
context [3-8].

Benefits of EPP enrollment among orthopedic patients include
improved patient outcomes [4,7], medication adherence [3],
higher patient satisfaction and psychosocial health [3,7], and
fewer missed appointments [3]. Patient engagement via the EPP
may additionally facilitate more effective screening for
commonly avoidable complications that delay patients’ return
to function, such as soaking of splints or patient-prolonged
immobilization due to unanticipated postoperative pain.
Moreover, as routine messaging and completion of
patient-reported outcomes via the EPP becomes standard, it is
likely that patient engagement via the EPP beyond enrollment
may become another critical quality metric tied to physician
reimbursement.

Despite advantages of and health care provider interest in
adoption of EPP tools, prior studies in orthopedic surgery have
shown that patient factors, including older age and lower
educational level, may limit EPP enrollment [3,4,6,8], which
is analogous to observations in the internal medicine setting
[9-12]. The 2020 Health Information National Trends Survey
(HINTS) found that the most commonly cited reason for patient
nonuse within a large US sample was desire to speak directly
with a health care provider (ie, physician, nurse practitioner)—a
sentiment shared by 69% of patients [11]. Furthermore, roughly
30% of patients expressed discomfort with the technology [11].
Traditional health literacy refers to the capacity to find,
understand, and use health information to inform health-related
decisions and actions, whereas eHealth literacy specifically
refers to the capacity and skills to seek, assess, and make use
of health information via electronic media. In the hospital
medicine setting, low eHealth literacy in particular is associated
with less awareness, use, and perceived usefulness of EPPs [13].

Lack of examination of granular patient-level use data beyond
EPP activation status, explicit barriers to EPP use, and associated
patient factors such as health literacy are described as significant
limitations and directions for future work in orthopedic surgery
[3,4,8]. Additionally, no study across any prior setting has
assessed the effect of structural or neighborhood-level
determinants on barriers to EPP use, nor have they assessed
barriers among patients who are actively enrolled in EPPs.
Individual-level determinants may refer to patient demographics
or skill sets such as health literacy, whereas neighborhood-level
determinants refer to unmeasured social factors conferred by
the geographic environment in which a patient lives, often

described via census variables related to percentage of
unemployment, percentage of individuals with a high school
education, and food and housing quality, among others.

For digital health uptake in particular, distinguishing among
types and levels of determinants is critical to realizing
equity-informed intervention and policy [14,15]. For example,
digital literacy is an individual-level factor for which a
policy-level solution such as improving broadband connectivity
or personal device accessibility may be ineffective in the absence
of community-responsive interventions to provide individuals
with digital skill training [15]. In particular, it is important to
analyze whether neighborhood disadvantage may amplify the
impact of low eHealth literacy on barriers to patient portal use,
which single-level analyses of eHealth literacy cannot capture.

This study aimed to contribute to the existing body of literature
on barriers to EPP use in orthopedic surgery by analyzing how
both individual-level and neighborhood-level social
determinants, including eHealth literacy and the Area
Deprivation Index (ADI), may relate to patient-reported barriers
to EPP access and use across foot and ankle, hand and upper
extremity, and orthopedic trauma surgery.

Methods

Study Design and Setting
This was a cross-sectional survey–based study conducted via
an anonymized paper survey administered at a single urban
tertiary academic medical center in the United States between
June 21, 2022, and August 12, 2022. The survey was
administered in the clinic following each patient visit and
consisted of sociodemographic questions, the eHealth Literacy
Scale (eHEALS), and 2 questions regarding EPP access and
use detailed below. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE)
design and reporting guidelines for cross-sectional studies.

Participants
All English-speaking patients aged >18 years presenting for
orthopedic surgery evaluation at foot and ankle, trauma, and
hand and upper extremity clinics were included and approached
consecutively during the aforementioned period. This study was
limited to foot and ankle, trauma, and hand and upper extremity
surgery clinics where faculty involvement at our institution was
feasible. Approached patients were excluded if they had not
received a tablet to complete their in-office patient-reported
outcome questionnaire per routine standard of care due to
external technological or capacity constraints (ie, tablet out of
battery or too few working tablets in the clinic on a particular
day) unless that patient had already completed the questionnaire
via their patient portal. While this practical limitation resulted
in potential selection bias, it randomly affected only a small
portion of patients (<10) and was remedied to avoid recurrence
of the problem for continued recruitment efforts. Patients who
could not read or write were included and read aloud the study
survey.
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Sample Size Calculation
The HINTS 2020 reported that approximately 40% of adults in
the United States accessed their patient portal in the previous
year, whereas 59% were nonusers [11]. Using a baseline nonuse
or potential barrier rate of roughly 40% to 60% and setting an
α value of .05, we estimated that a sample of 270 to 290 patients
would provide at least 80% power to detect large effect sizes
(odds ratio 2.0‐3.0) in a binary regression model constrained
by 10 events per covariate included.

Ethical Considerations
Biological Sciences Division/University of Chicago Institutional
Review Board approval (IRB22-0230) was obtained with
waivers for written consent and HIPAA (Health Insurance
Portability and Accountability Act) authorization. Anonymized
survey data were transcribed into a REDCap (Research
Electronic Data Capture; Vanderbilt University) database for
secure storage [16]. No compensation was provided for
participation.

Primary and Secondary Outcomes
The primary outcome measure was patient-reported barriers to
EPP access. Barriers to access were derived from the HINTS
and secondarily classified as barriers of physical access,
discomfort with technology, or patient preferences for
nonelectronic provider communication (Multimedia Appendix
1) [11]. These categories were inductively coded by the research
team after data collection. This classification is not validated,
which we discuss as a limitation. Patients were instructed to
mark preference for nonelectronic provider communication as
a selection only if they perceived their preferences as barriers
to using their portals. Importantly, “I do not have a patient portal
account” was listed as an option on the original survey but was
analyzed separately. The secondary outcome measure was
patient-reported level of EPP use classified into 2 categories:
routine use and nonroutine use. Per Maroney et al [17], level
of use was characterized as routine if at least monthly use was
indicated and as nonroutine if use a few times a year or less
frequently was indicated, including those who did not have an
EPP (Multimedia Appendix 1). Importantly, the level of EPP
use included use for any clinic, not limited only to their
orthopedic surgery care.

Variables and Demographics
eHealth literacy was measured via patient responses to the
eHEALS tool to determine its association with barriers to EPP
use (Multimedia Appendix 2) [18]. This tool has been validated
in the orthopedic outpatient setting, among others [18-20]. As
in prior literature, a cumulative score of 25 or less indicated
low eHealth literacy, and a score of 26 or greater indicated high
eHealth literacy [13,21,22]. Neighborhood-level disadvantage
was assessed using the ADI, which is calculated via publicly
available census data in the domains of income, educational
level, employment, and housing quality to assign numeric scores
of societal disadvantage to particular geographical regions [23].
Higher scores indicate higher levels of societal disadvantage.
Self-reported demographic data were additionally collected.

Statistical Analysis
Survey data were analyzed using the Python statistical program
(version 3.10.6; Python Software Foundation) [24-26]. Missing
values were excluded pointwise across the relevant analyses
given the low frequency. Numerical data presented as medians
were reported with the IQR. The level of significance was set
at P=.05.

Bivariate analyses were performed to examine the association
between both patient-reported barriers and level of EPP use and
demographic variables, the ADI, and eHealth literacy level.
Three multivariable logistic regressions were conducted wherein
barriers were treated as a binary outcome (1=barrier; 0=no
barrier). Categorical variables were converted to binary dummy
variables for regression. The main regression considered all
barriers, whereas the 2 subsequent regressions examined only
barriers of technology discomfort or preference-related barriers.
Regression was not performed for physical access–related
barriers due to outcome size of 13, which is discussed as a
limitation. Variable selection for each model was determined
via outcome size (at least 10 outcomes per covariate to avoid
overfitting) and one-at-a-time sensitivity analyses (via

examination of the McFadden pseudo-R2) in a backward
regression approach. To avoid collinearity, only covariates with
a variance inflation factor of <5 were included together. Model

fit was assessed using McFadden pseudo-R2 values, with 0.2
considered excellent if not overfit (corroborated via df).

Demographic categories and regression reference levels were
selected based on breakdowns and historical controls used in
prior related literature [9,27,28]. Income was treated
categorically, and per the analogous literature, we selected 3
levels representative of low, medium, and high income based
on the median household income cutoffs for the zip code tied
to the authors’ institution.

Results

Participant Characteristics
A convenience sample of 339 eligible patients was approached,
of whom 52 (15.3%) declined participation, leaving 287 (84.7%)
for analysis. The median age of the study participants was 48.5
(IQR 35.0-64.2) years; 58.2% (167/287) of the study participants
self-identified as non-Hispanic Black individuals, and 26.1%
(75/287) identified as non-Hispanic White individuals. The
median cumulative eHEALS score was 32 (IQR 27-35), with
21.3% (61/287) of the study participants having low eHealth
literacy (eHEALS score of 25 or less). The median ADI was
53.0 (IQR 32.0-74.8).

Of the study participants, 63.1% (181/287) were routine users,
and only 9.8% (28/287) did not have EPPs. One or more barriers
to accessing their EPPs were reported by 43.2% (124/287) of
all patients. Moreover, among the 90.2% (259/287) of patients
who were enrolled in the EPP, 42.5% (110/259) still reported
barriers to access or use of their portal. The remaining patient
characteristics were compared by self-reported barriers to EPP
access and self-reported EPP use (Table 1). Patients reporting
one or more barriers had higher median age than patients who
did not report barriers (57.0, IQR 42.2-71.0 years vs 43.0, IQR
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29.2-57.0 years; P<.001; Table 1). A higher percentage of
non-Hispanic Black patients (P=.04), retirees (P=.001), and
patients who fell into the income bracket of US $30,000 or less

(P=.03) reported barriers to access (Table 1). Patients who did
not routinely use the EPP had a lower educational level than
routine users (P=.005; Table 1).

Table . Descriptive characteristics and exploratory comparison of self-reported barriers to electronic patient portal (EPP) access and self-reported EPP

use by patient characteristics.a

P valueNonroutine useRoutine useP valueOne or more
barriers

No barriersOverallCharacteristic

.77.07Subspecialty clinic, n/N (%)

71/187 (38.0)116/187 (62.0)76/187 (40.6)111/187 (59.4)187/287 (65.2)    Hand

25/68 (36.8)43/68 (63.2)28/68 (41.2)40/68 (58.8)68/287 (23.7)    Foot and an-
kle

10/32 (31.3)22/32 (68.8)20/32 (62.5)12/32 (37.5)32/287 (11.1)    Trauma

.2852.0 (37.0-67.0)47.0 (35.0-62.0)<.00157.0 (42.2-71.0)43.0 (29.2-57.0)48.5 (35.0-64.2)Age (years), me-
dian (IQR)

.09.04Race or ethnicity, n/N (%)

12/24 (50.0)12/24 (50.0)8/24 (33.3)16/24 (66.7)24/287 (8.4)    Hispanic or
Latino

64/167 (38.3)103/167 (61.7)84/167 (50.3)83/167 (49.7)167/287 (58.2)    Non-Hispanic
Black

27/75 (36.0)48/75 (64.0)24/75 (32.0)51/75 (68.0)75/287 (26.1)    Non-Hispanic
White

3/21 (14.3)18/21 (85.7)8/21 (38.0)13/21 (61.9)21/287 (7.3)    Other identity
or preferred not
to answer

.005.07Highest educational level attained, n/N (%)

41/82 (50.0)41/82 (50.0)43/82 (52.4)39/82 (47.6)82/284 (28.9)    High school
or lower

28/73 (38.4)45/73 (61.6)33/73 (45.2)40/73 (54.8)73/284 (25.7)    Some college

36/129 (27.9)93/129 (72.1)47/129 (36.4)82/129 (63.6)129/284 (45.4)    College or
higher

.09.03Annual income bracket (US $), n/N (%)

37/89 (41.6)52/89 (58.4)47/89 (52.8)42/89 (47.2)89/260 (34.2)≤30,000

18/48 (37.5)30/48 (62.5)22/48 (45.8)26/48 (54.2)48/260 (18.5)    30,001-50,000

34/123 (27.6)89/123 (72.4)43/123 (35.0)80/123 (65.0)123/260 (47.3)    >50,000

.19.001Current employment status, n/N (%)

51/160 (31.9)109/160 (68.1)55/160 (34.4)105/160 (65.6)160/285 (56.1)    Employed

28/66 (42.4)38/66 (57.6)31/66 (47.0)35/66 (53.0)66/285 (23.2)    Unemployed
or on disability

25/59 (42.4)34/59 (57.6)37/59 (62.7)22/59 (37.3)59/285 (20.7)    Retired

aPercentages may not add up to 100 due to rounding.

Exploratory Analysis of eHealth and ADI as Potential
Barriers to EPP Access and Use
In the analysis of eHealth literacy, patients who reported barriers
had a lower median eHEALS score than patients who did not
report barriers (29.0, IQR 22.0-32.2 vs 32.0, IQR 30.0-38.0;
P<.001; Table 2). Conversely, a higher percentage of patients
with low eHealth literacy compared to high eHealth literacy
reported barriers to using their EPPs (45/61, 74% vs 79/224,
35%, respectively; P<.001; Table 2). Patients who reported

barriers also had higher median national ADI than patients who
did not report barriers (55.5, IQR 37.5-78.2 vs 51.0, IQR
32.0-70.0; P=.06), and a higher percentage of patients from the
most deprived ADI quartile also reported barriers compared to
patients from the least deprived ADI quartiles (most deprived
ADI quartile [76-100], 37/70, 53% vs second most deprived
ADI quartile [51-75], 35/87, 40% vs second least deprived ADI
quartile [26-50], 29/70, 41% vs least deprived ADI quartile
[1-25], 19/55, 35%; P=.19); however, these results did not reach
statistical significance (Table 2).
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Table . Comparison of self-reported barriers to electronic patient portal access by eHealth literacy level and the Area Deprivation Index (ADI).a

P valuesAny barriersNo barriersOverall

<.00129.0 (22.0-32.2)32.0 (30.0-38.0)32.0 (27.0-35.0)eHEALSb score, median
(IQR)

<.001eHealth literacy level (eHEALS score), n/N (%)

79/224 (35.3)145/224 (64.7)224/285 (78.6)High eHealth literacy

45/61 (73.8)16/61 (26.2)61/285 (21.4)Low eHealth literacy

.0655.5 (37.5-78.2)51.0 (32.0-70.0)53.0 (32.0-74.8)National ADI, median (IQR)

.19National ADI quartile, n/N (%)

19/55 (34.5)36/55 (65.4)55/282 (19.5)Least deprived ADI quartile
(1-25)

29/70 (41.4)41/70 (58.6)70/282 (24.8)Second least deprived ADI
quartile (26-50)

35/87 (40.2)52/87 (59.8)87/282 (30.9)Second most deprived ADI
quartile (51-75)

37/70 (52.9)33/70 (47.1)70/282 (24.8)Most deprived ADI quartile
(76-100)

aPercentages may not add up to 100 due to rounding and missing values.
beHEALS: eHealth Literacy Scale.

Most of the patient-reported barriers were related to technology
discomfort (55/124, 44.4%) or preference (78/124, 62.9%) rather
than physical access (13/124, 10.5%). However, the group
reporting physical access barriers had the lowest levels of
eHealth literacy (median eHEALS score 17.0 vs 27.0 vs 27.0,
respectively) and highest ADI (median 73.0 vs 53.5 vs 58.0,

respectively) compared to groups reporting barriers related to
technology discomfort or preference (Table 3). Patients from
the most deprived ADI quartile had higher percentages of
barriers (Table 3). Bivariate analysis was not performed as
barrier type was nonexclusive.

Table . Exploratory analysis of barrier type by eHealth literacy level and the Area Deprivation Index (ADI).a

Preference barriersTechnology discomfort bar-
riers

Physical access barriersNo barriers

27.0 (20.0-32.0)27.0 (16.0-32.0)17.0 (12.0-24.0)32.0 (30.0-38.0)eHEALSb score, median
(IQR)

eHealth literacy level (eHEALS), n/N (%)

44/224 (19.6)30/224 (13.4)2/224 (0.9)145/224 (64.7)High eHealth literacy

34/61 (55.7)25/61 (41.0)11/61 (18.0)16/61 (26.2)Low eHealth literacy

58.0 (38.8-83.8)53.5 (31.2-76.0)73.0 (41.0-92.0)51.0 (32.0-70.0)National ADI, median (IQR)

National ADI quartile, n/N (%)

10/55 (18.2)10/55 (18.2)0/55 (0.0)36/55 (65.5)Least deprived ADI quartile
(1-25)

19/70 (27.1)13/70 (18.6)4/70 (5.7)41/70 (58.6)Second least deprived ADI
quartile (26-50)

15/87 (17.2)17/87 (19.5)3/87 (3.4)52/87 (59.8)Second most deprived ADI
quartile (51-75)

30/70 (42.9)14/70 (20.0)6/70 (8.6)33/70 (47.1)Most deprived ADI quartile
(76-100)

aPercentages may not add up to 100 due to rounding and missing values.
beHEALS: eHealth Literacy Scale.

Regression Analysis of Barriers to EPP Use
In the overall regression including demographic variables, the
ADI, and eHealth literacy level, only low eHealth literacy level

(adjusted odds ratio [AOR] 1.32, 95% CI 1.13-1.54; P<.001)
and older age (AOR 1.007, 95% CI 1.003-1.009; P<.001)
predicted barriers to EPP access (Table 4). Similarly, only low
eHealth literacy level and age were associated with predicting
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a technology discomfort–related barrier (low eHealth literacy,
AOR 1.25, 95% CI 1.11-1.40; P<.001; age, AOR 1.004, 95%
CI 1.002-1.007; P<.001; Table 4) or a preference-related barrier
(low eHealth literacy, AOR 1.33, 95% CI 1.17-1.51; P<.001;

age, AOR 1.004, 95% CI 1.00-1.01; P=.01; Table 4). The ADI
was not associated with predicting overall barriers (P=.59),
preference-related barriers (P=.35), or technology
discomfort–related barriers (P=.76; Table 4).

Table . Regression of patient characteristics associated with self-reporting at least one barrier to electronic patient portal use (any barrier type, preference
barrier, or technology discomfort barrier).

Regression 3: technology discomfort

barriersc
Regression 2: preference barriersbRegression 1: any barrier typeaCharacteristic

P valueAOR (95% CI)P valueAOR (95% CI)P valueAORd (95% CI)

<.0011.004 (1.002-1.007).011.004 (1.00-1.01)<.0011.007 (1.003-1.009)Age

Race or ethnicity

.711.04 (0.86-1.24).491.07 (0.88-1.31).920.99 (0.78-1.25)    Hispanic or Lati-
no

.521.04 (0.92-1.17).211.09 (0.95-1.24).261.09 (0.94-1.27)    Non-Hispanic
Black

—Reference—Reference—eReference    Non-Hispanic
White

.560.95 (0.78-1.15).631.05 (0.85-1.30).881.02 (0.79-1.32)    Other identity or
preferred not to an-
swer

.761.00 (1.00-1.00).351.00 (1.00-1.00).591.00 (1.00-1.00)National ADIf

eHealth literacy level (eHEALSg)

—Reference—Reference—Reference    High eHealth lit-
eracy

<.0011.25 (1.11-1.40)<.0011.33 (1.17-1.51)<.0011.32 (1.13-1.54)    Low eHealth lit-
eracy

Subspecialty clinic

———Reference—Reference    Hand

——.731.02 (0.91-1.15).911.01 (0.88-1.16)    Foot and ankle

——.051.17 (1.00-1.37).071.18 (0.99-1.41)    Trauma

Highest educational level attained

————.651.06 (0.90-1.25)    High school or
lower

————.510.96 (0.82-1.13)    Some college

—————Reference    College or higher

Annual income bracket (US $)

————.221.11 (0.94-1.30)≤30,000

————.591.05 (0.89-1.24)    30,001-50,000

—————Reference    >50,000

aRegression model 1: 88.5% (254/287) of the patients were included after participants with missing values were excluded (outcome size: 124/254,

48.8% reported any barrier; df=12; pseudo-R2=0.21).
bRegression model 2: 96.5% (277/287) of the patients were included after participants with missing values were excluded (outcome size: 78/277, 28.2%

reported preference barriers; df=8; pseudo-R2=0.16).
cRegression model 3: 96.5% (277/287) of the patients were included after participants with missing values were excluded (outcome size: 55/277, 19.9%

reported technology discomfort barriers; df=6; pseudo-R2=0.13).
dAOR: adjusted odds ratio.
eNot applicable.
fADI: Area Deprivation Index.
geHEALS: eHealth Literacy Scale.

JMIR Perioper Med 2026 | vol. 9 | e72035 | p.41https://periop.jmir.org/2026/1/e72035
(page number not for citation purposes)

Litvak et alJMIR PERIOPERATIVE MEDICINE

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


The most prevalent patient-reported barrier to EPP access was
a preference to speak directly to the health care provider or team
member in person or via telephone (52/287, 18.1%). A lack of
comfort with a computer was cited as a barrier to EPP access
by 29.5% (18/61) of patients with low eHealth literacy (Figure
1). Additionally, 17.8% (51/287) of study participants reported

poor or fair ability to use a computer, tablet, or smartphone to
find information that they needed on the internet. One or more
barriers to EPP use were indicated by 80.4% (41/51) of patients
with poor or fair self-ratings, compared to 35.3% (83/235) of
patients with good, very good, or excellent self-ratings (P<.001).

Figure 1. Frequency and percentages of patient self-reported barriers to electronic patient portal (EPP) access stratified by eHealth literacy level. The
percentages of patients who reported a particular barrier are reported over the denominator of patients with either high eHealth literacy scores (n=224)
or low eHealth literacy scores (n=61). Percentages do not necessarily add up to 100 across barrier categories as patients could indicate more than one
barrier. The barriers “I do not need a patient portal account,” “I have multiple patient portals,” and “I have privacy concerns” are not depicted separately
due to lower frequency of observations.

Discussion

Principal Findings
Equitable implementation of digitized health tools relies on
efforts from clinicians, researchers, and policymakers alike.
This study assessed patient-reported barriers to use within an
expanded framework of individual- and neighborhood-level
factors. Low eHealth literacy level was the most significant
determinant of overall barriers to EPP use for orthopedic
surgery, followed by older age, as compared to other
demographic factors and measures of neighborhood-level
disadvantage. Contrary to expectation, neighborhood-level
disadvantage as measured via the ADI had no mediating effect
on barriers after adjusting for eHealth literacy level. Patients
with physical access barriers did have appreciably higher ADIs;
however, few patients reported physical access barriers overall.
These findings build on prior work that showed that older age,
among other patient demographics, was associated with reduced
EPP enrollment in orthopedic surgery [3,4,8]. This also builds
on prior work in the hospital medicine setting that showed that
lower eHealth literacy correlated with decreased awareness and
use and less favorable attitudes toward use of EPPs [13].

Barriers of physical access, such as lack of internet access, were
infrequent compared to barriers related to preference or
discomfort with technology, including lack of experience using
a computer or difficulty logging in. This finding contrasts with
previous work that found internet access to be a significant
determinant of portal use for orthopedic surgery [6].
Additionally, among the 17.8% (51/287) of the participants with
lower self-ratings of ability to use a computer, tablet, or
smartphone to find information that they needed on the internet,
80.4% (41/51) indicated barriers to accessing their EPPs. The
final rule of the 21st Century Cures Act alleviated many barriers
related to physical access (eg, computer access or broadband
coverage) by requiring an interoperability standard that any EPP
programming interface be compatible with smartphone apps
[29]. However, this legislation does not address barriers
experienced by patients who may technically have the physical
and digital tools to access their EPPs but not the self-efficacy
or the skill sets to effectively use these tools.

These findings may support a second digital divide being
dependent on disparities in skill sets rather than physical access
[13,30]. With regard to EPPs, this is clinically significant as
most institutions introduce EPPs via email with time-sensitive
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links and sign-up instructions. This may be ineffective at best
in promoting EPP adoption or postenrollment use in populations
who may have internet access yet lack the internet experience
and skills to navigate setting up a digital account with
time-pressure activation codes for protected health information.
Moreover, the finding that over a quarter of all patients (52/287,
18.1%) perceived their preference to speak with a health care
provider in person or via telephone as an actual barrier to using
the EPP suggests that patients may view the EPP as a substitute
for health care provider communication missing the personal
element rather than as an adjunct to improve communication
and transparency, as it was intended. This finding also suggests
that it may be important to document patient preference for EPP
versus non-EPP communication even if a patient does have an
EPP as patients with activated EPPs may not be active users.

Importantly, while most patients were enrolled in the EPP, a
significant portion of enrolled patients reported barriers to access
and use of their portal. This is significant as prior studies of
EPP use for orthopedic surgery have either only assessed EPP
activation status as a surrogate for use and without assessing
barriers to use [3,4,8] or qualitatively analyzed optional
comments regarding nonuse in a small fraction of the study
cohort (38 of 150 patients) [6]. These findings are clinically
relevant as prior efforts to reduce disparities in EPP use have
also focused on enrollment [9]. However, simply enrolling
patients does little to address the underlying barriers of certain
patients to using their EPPs. Enrollment will not address
individual-level factors such as eHealth literacy, which may
constitute a larger underlying barrier to sustained EPP use after
enrollment (eg, patients’ technological capabilities and skills
rather than physical access to the technology itself).

Additionally, this study substantiates that older adults are a
vulnerable population that may be left behind in a digitized
health system. This is particularly critical to perioperative care
in orthopedic surgery. Older patients may have more complex
discharge needs, including perioperative medication changes
and rehabilitation requiring close postoperative communications,
and addressing them within the EPP may be ineffective. Older
patients have intersecting factors that impede their access. While
age and eHealth literacy were noncollinear in this study, age
has well-known associations with traditional health and eHealth
literacy [31]. Addressing deficiencies in these skill sets may
improve lower levels of self-efficacy to adopt and use EPPs
previously reported in older individuals [32]. This group may
benefit from a proactive staff-level intervention that supports
an in-person EPP enrollment option followed by an initial lesson
on how to use the EPP, which Bhashyam et al [33] previously
showed may be beneficial to improving postoperative follow-up.
Notably, while older patients may have an elevated sense of
caution in using online platforms due to counseling from groups
such as the American Association of Retired Persons, patients
infrequently noted privacy concerns as a barrier to EPP use in
this study.

Patients with physical access barriers also had appreciably
higher ADIs despite this analysis not meeting statistical
significance. These patients may also benefit from routine
touchpoints with staff outside of the EPP. Ensuring effective
follow-up is especially important in these patients as, in addition

to worse ADIs predicting worse comorbid chronic disease
outcomes, simply living in a disadvantaged neighborhood
confers similar readmission risk as having a chronic lung disease
and higher risk than having a chronic condition such as diabetes
[34]. At an informatics design level, a widget within the
electronic medical record could be implemented to automatically
yield an address-generated ADI analogously to how BMI is
automatically calculated based on a patient’s weight and height
as this may generate similarly important contextual information
to a patient’s overall health, especially in a perioperative context.

Limitations
First, this was a single-institution study conducted across several
orthopedic surgery subspecialty clinics not including adult
reconstruction. Hence, the results may not be generalizable
across other settings. Moreover, while eHEALS is a commonly
used, validated screener for eHealth literacy in outpatient
settings [18-20], it has not been validated in our specific patient
population. Additionally, self-reporting via a survey may be
limited by response bias; however, we felt that this method of
examination was critical to include the patient perspective.
Importantly, this study did not include non–English-speaking
patients, who may experience additional barriers to EPP access;
however, this study did include the perspectives of patients with
limited reading and writing skills.

Additionally, level of use was dichotomized as routine and
nonroutine, similar to the study by Maroney et al [17], without
an option for “as needed,” which assumes regular use. The
National Cancer Institute’s 2020 HINTS showed that only 40%
of those with EPPs used it every year: 65% felt that they did
not need to use it every year [11]. An additional checkbox option
for “use as needed” may better capture this nuance; however,
this could introduce indeterminate subjectivity.

Notably, the sample size may have been underpowered to detect
small effect sizes in demographic differences and in novel
outcomes such as the ADI. The sample size calculation was
predicated on the 2020 HINTS, which analyzed barriers to EPP
enrollment and did not include patients with activated EPPs
who still experienced barriers (259/287, 90.2% of our study
population) [11]. Moreover, no relevant existing literature has
assessed the ADI. Finally, the secondary barrier categories were
inductively coded by our research team after data collection
based on natural groupings in which we were interested. This
rendered our initial sample size calculation insufficient to
perform a secondary regression analysis for the access-related
barrier category, which had a small outcome size. Additionally,
this classification was not validated, which may introduce bias
but, importantly, allowed for discovery of new insights that may
not have been generated through precoding.

Conclusions
Routine use of EPPs for online scheduling, patient
communication, and telehealth continues to be a critical aspect
of care. It is necessary to understand existing disparities in
barriers to EPP access to not only improve access to care for
all patients but also to continue building patients’ toolbox and
self-efficacy to take on active roles in their care. Future research
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should establish whether interventions, education, and improved eHealth literacy may overcome these barriers.
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