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Operative Intervention Does Not Change Pain

Perception in Patients With Diabetic Foot Ulcers
Olivia V. Waldman,'* Stephanie P. Hao,"* Jeff R. Houck,? Nicolette J. Lee,’ Judith F. Baumhauer,” and Irvin Oh’

Researchers investigated pain perception in patients
with diabetic foot ulcers (DFUs) by analyzing pre- and
postoperative physical function (PF), pain interference
(P1), and depression domains of the Patient-Reported
Outcome Measurement Information System (PROMIS).
They hypothesized that 7) because of painful diabetic
peripheral neuropathy (DPN), a majority of patients
with DFUs would have high PROMIS Pl scores
unchanged by operative intervention, and 2) the initially
assessed Pl, PF, and depression levels would be
correlated with final outcomes. Seventy-five percent of
patients with DFUs reported pain, most likely because
of painful DPN. Those who reported high Pl and low PF
were likely to report depression. PF, Pl, and
depression levels were unchanged after operative
intervention or healing of DFUs.

Diabetic foot ulcers (DFUs) are a debilitating and common
side effect of diabetes, experienced by up to 25% of
people with diabetes (1-3). Foot ulceration is caused by a
combination of internal and external risk factors that lead
to the breakdown of skin, resulting in an exposed wound
that can quickly become infected (2). Repetitive trauma or
pressure in an insensate foot due to diabetic peripheral
neuropathy (DPN) is the most common cause of DFUs,
which can present with numbness, pain, or weakness
(1,2). Some patients with DFUs report foot numbness
without pain, whereas some report a significant amount
of pain that affects clinical care. An estimated 10-20%
of all people with diabetes experience painful DPN,
which can occur with or without the presence of a DFU
and at any stage in the disease (4-6). In such cases, DPN
pain can result in lower reported quality of life and
carries a doubled risk of depression in patients with
diabetes (1,4,7,8).

Because of varying symptoms and extent of infection,
understanding the nature of a DFU patient’s pain can be
challenging for clinicians. Although many patients with
DFUs expect decreased pain after successful treatment
and healing of their ulcer, persistent pain after healing is
prevalent (9).

Meanwhile, nontherapeutic opioid use has become a
public health crisis, especially in the United States, where
80% of the global opioid supply is consumed (10). The
opioid abuse epidemic that has enveloped the United
States has not been slowing with awareness, but rather
has increased threefold in recent years (10).

The Patient-Reported Outcomes Measurement Informa-
tion System (PROMIS) is a patient health measurement
instrument that has been funded by the National Institutes
of Health since 2004. Studies have shown that PROMIS
accurately reports changes in patient-reported conditions
(11,12). Among various domains of PROMIS, the physical
function (PF), pain interference (PI), and depression
scales have been widely used in medicine (13). PROMIS
has been identified as a more reliable measurement than
the Numeric Pain Rating Scale (NPRS), the Foot and
Ankle Ability Measure, and the Foot Function in Index in
assessing foot and ankle pain and can benefit patient care,
research, and communication (14,15). The PROMIS PI
scale especially has been demonstrated to be superior to
the NPRS in assessing pain levels in foot and ankle patients
(14). PROMIS uses item response theory and comput-
erized adaptive testing (CAT) to yield a high level of
precision and specificity with the fewest responses
required from patients (11,16,17). The questions are
designed to be readable by individuals of various edu-
cation levels to promote accuracy in a diverse patient
population (18). Despite the widespread use of PROMIS,
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there has been no report of this tool being used to assess
pain experienced by patients with DFUs. Accurate un-
derstanding of the nature of diabetic foot pain and how it
changes with operative intervention for DFUs will help
clinicians effectively manage, educate, and set expecta-
tions of patients regarding perioperative pain.

This study aimed to assess changes in pain intensity
associated with operative intervention in DFU patients
using the PROMIS PI domain and to investigate clinical
factors that may influence pain perception. We hypothe-
sized that 1) patients with DFUs would experience higher
levels of PI and depression and lower PF than the average
U.S. population; 2) PI, PF, and depression scores would
not change significantly after operative intervention; and
3) PI, PF, and depression would be correlated. In par-
ticular, we hypothesized that the combination of worse PF
and PI compared with the general U.S. population would
be correlated to more severe depression.

Research Design and Methods
Participants

Data collection was conducted in a single academic or-
thopedic surgeon’s practice from February 2015 to No-
vember 2018. A total of 240 patients who underwent
operative intervention of an infected DFU during this time
period were identified using code E11.621 from the In-
ternational Statistical Classification of Diseases and Related
Health Problems, 10th revision (ICD-10). Patients were
excluded from the study if they had fewer than three
PROMIS assessments or incomplete PROMIS data, if their
postoperative follow-up was <3 months, or they had
recurrent infections within 3 months. Ninety-two patients
met the inclusion criteria for this study, and their data were
used to quantify PROMIS domain changes and make
minimal clinically important difference (MCID) calcu-
lations from their initial visits to their final follow-up visits
(Figure 1). An additional 19 patients were followed up
for <3 months but met all other inclusion criteria. Patient
demographics were calculated and x? analysis of scores
from the initial visits was performed using patient data
from the combined total (n = 111).

PROMIS assessments considered complete included
PROMIS CAT PI (version 1.1), PROMIS CAT PF (version
2.0), and PROMIS CAT depression (version 1.0) scales
(19-21). They were completed by patients in the clinic’s
waiting area before scheduled visits. Demographic data,
BMI, A1C, presence of chronic renal failure (CRF), type of
amputation, and wound healing information were col-
lected during follow-up appointments. Thorough chart
reviews and physical exams, such as the 5.07 (10G)

monofilament test, were conducted to diagnose or doc-
ument the presence of DPN (1,3,6).

Statistical Analyses

Descriptive statistical analyses were conducted for patient
factors, clinical variables, and PROMIS scores (PF, PI, and
depression scales).

Severity of symptoms defined by the PROMIS scales were
determined by calculating the proportion of patients in
standard deviation (SD) increments above and below the
U.S. averages (T-score 50) (hypothesis 1). The categories
included at or better than (>>0) the U.S. average (score = 0),
1 SDworse (0t0-9.99) than the U.S. average (score = -1), 2
SDs worse (=10 to —19.99) than the U.S. average (score =
-2), 3 SDs worse (-20 to —29.99) than the U.S. average
(score = -3), and >3 SDs worse (—30 or lower) than the
U.S. average (score = —4). This calculation resulted in each

Step 1. Identify DFU patients

Patients with ICD-10
E11.621 code
(n =240)

Patients with <3
—————————» PROMIIS assessments

Step 2. Find patients
with >3 PROMIS

assessments (n=39)

v

Patients with >3 PROMIS
assessments
(n=201)

Step 3. Isolate PROMIS data

e —
completed PROMIS incomplete
assessments (n=30)

A

At least 3 months of
post-operative follow-up
without reinfection
(n=171)

Follow-up of

<3 months or
presented with
recurrent infection
(n=79)

Step 4. Identify
patients with
acceptable follow-up

Patients who met all
inclusion criteria
(n=92)

FIGURE 1 Patient selection flowchart.



PROMIS scale being converted to an ordinal scale varying
from O to —4 to assess symptom severity.

To determine the association of clinical variables with
symptom severity, clinical variables were coded as fol-
lows: glycemic control: A1C >7% = 1, A1C =7% = 0;
renal function: CRF present = 1, CRF absent = 0; type of
surgical intervention: irrigation and debridement = O,
forefoot (toe or ray) amputation = 1, mid/hind foot
(Lisfranc, chopart, or calcanectomy) amputation = 2,
Syme or above amputation = 3; and ulcer healing status:
healed = 1, nothealed = 0. Each of these clinical variables
was assessed for association with symptom severity using
x* analysis.

Changes in clinical variables and PROMIS scores were
evaluated using T-scores to calculate the proportions of
patients achieving and not achieving an MCID. After
evaluating normality (all PROMIS scales skewness and
kurtosis were <2.0), changes in PROMIS scores (PF, PI,
and depression) from the initial visit to the longest follow-
up visit were calculated using paired t tests to test our
second hypothesis. To further evaluate change in
symptoms from the initial visit to longest follow-up, the
proportions of patients with improvement in MCID, de-
terioration in MCID, and change in MCID were calculated
for each PROMIS scale. Improvement in MCID is well
discussed in PF and PI studies (22,23). Values for MCID
improvement range from 3 to >5 T-score points (22,23).
This study used 4 T-score points to determine an MCID
improvement or deterioration, recognizing that future
studies may further modify estimates of deterioration or
improvement depending on their choice of MCID.

To assess the co-occurrence of symptoms defined by the
PROMIS scales, Spearman correlations and xanalyses
were used. Spearman p statistics were used to calculate
the correlation among PROMIS T-score values at the
initial visit and among PROMIS score changes from the
initial visit to the longest follow-up. Similar to prior
studies using the PROMIS (14), correlation strengths
were categorized as follows: strong (=0.7), strong-
moderate (0.61-0.69), moderate (0.4-0.6), moderate-
poor (0.31-0.39), or poor (=0.3).

To determine the association of symptom severity, 2 X 2
tables were analyzed using x* statistics from the initial
PROMIS assessments and for MCID categories of change.

To assess the combined influence of PROMIS PF and PI
on depression, a composite score was used similar to a
recent study (24). PROMIS PF and PI were summed to
create a composite variable; the summed PF and PI score
from initial PROMIS assessments ranged from -8 to 0.
The

summed PF and PI MCID categories ranged from -2 to 2 .
Examining the summed PF and PI from the initial PROMIS
assessments and change scores allowed the evaluation of
the combined severity of symptoms associated with de-
pression (hypothesis #3). All analyses were done with
SPSS version 25.0 software.

Results
Patient Characteristics

At the initial visit, 111 participants had data available,
including 92 participants with a minimum of 3 months of
postoperative follow-up (Table 1). For both samples, the
majority were male (79.3 and 80.4%, respectively) with
a mean age of 62.2 and 60.5 years and a mean BMI of
33.8 and 34.1 kg/m?, respectively. The mean follow-up
du-ration was 4.7 months (range 3-12) (Table 1).
Operative procedures performed included irrigation and
debride-ment (n = 39), forefoot amputations (n = 46),
mid/hindfoot amputations (n = 14), and Syme or above
amputations (n = 12). The average initial Wagner score
was 2.92 (range 1.0-4.0). Sixty-three patients (68.5%)
had healed DFUs by the longest follow-up. The average
initial A1C was 8.1% (range 4.8-13.6), and the average
final A1C was 7.8% (range 4.8-13.1). Twenty-two pa-
tients (23.9%) were diagnosed with CRF.

PROMIS Scores

The mean initial PROMIS PF, PI, and depression scores
were 34.4 (range 19.1-53.1), 58.7 (range 38.7-76.5),
and 51.4 (range 34.2-78.9), respectively. The majority
of patients (57.6 and 76.5%, respectively) reported PI and
PF at least 2 SDs worse than the U.S. average (Figure 2).
Clinical variables that showed an association with PF
symptom severity included amputation type (x* 42.1,
P <0.01) and CRF (x*9.7, P = 0.05). PI symptom severity
was associated with ulcer healing status (x* 12.2,

P <0.01). No other clinical variables were significantly
associated with PI, PF, or depression symptom severity.

At the final follow-up, the mean PI score decreased by 0.1
(range —26.6 to 29.5), the mean PF score increased by
1.7 (range —23.2 to 25.4), and the mean depression score
increased by 0.2 (range —25.2 to 32.7) (Table 1). Most
patients did not achieve MCID in PF, PI, or depression from
the initial visit to the longest follow-up visit (47.8, 40.2,
and 46.7% remained the same, respectively). An im-
proved MCID in PF, PI, or depression was noted in 33.7,
34.8, and 27.2% of patients, respectively. A decline equal
to or greater than an MCID in PF, PI, or depression was
noted in 18.5, 25.0 and 26.1% of patients, respectively
(Figure 3).
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TABLE 1 Patient Demographics

Prognostic Factors
Patient factors

Age, mean (SD), range

Initial
(n = 111)

Follow-Up >3 Months
(n = 92)

62.2 (12.0), 33-96 60.52 (11.5), 33-96

Male sex, n (%)

88 (79.3) 74 (80.4)

BMI, mean (SD), range

33.8 (6.8), 22.0-57.5 34.1 (6.9), 22.0-57.5

Symptom severity (PROMIS scores)

Initial, mean (SD), range

PF 34.5 (7.8), 19.1-53.1 34.4 (7.7), 19.1-53.1
Pl 58.9 (10.4), 38.7-77.8 58.7 (10.7), 38.7-76.5
Depression 51.1 (10.8), 34.2-78.9 51.4 (10.7), 34.2-78.9

Change from initial to longest follow-up, mean (SD), range
PF
Pl

1.7 (8.9), -23.2 to 25.4
-0.1 (9.7), -26.6 t0 29.5

Depression (n = 83)

0.2 (8.9), -25.2 t0 32.7

Clinical factors

Wagner score, mean (SD), range

2.92 (0.41), 1.0-4.0

A1C, %, mean (SD), range
Initial (n = 78)
Latest follow-up (n = 76)

8.1(1.9), 4.8-13.6 8.1(1.9), 4.8-13.6

7.8 (1.9), 4.8-13.1

Chronic renal failure, n (%) 22 (23.9)
Type of operative procedure, n (%)
Irrigation and debridement 39 (42.4)
Forefoot amputation Mid/ 10 (9.0) 46 (50.0)
hind foot amputation Syme 9 (8.1) 14 (15.2)
or above amputation 6 (5.4) 12 (13.0)
Healed (yes), n (%) 63 (68.5)
Length of follow-up, months, mean (SD), range 4.7 (1.9), 3-12

Statistically significant moderate correlations among
scales existed for PROMIS T-score values and symptom
severity at the initial visit. The strongest correlation was
noted between PI and depression (P <0.01, Spearman p =
0.44). x* Analysis of PI and depression symptom severity
showed a significant association (Table 2). The 2 X 2 table
revealed that patients who reported a PI >60 were more
likely to report depression. There was also a moderate to
poor correlation between PF and depression (P <0.01,
p = 0.39). x* Analysis of PF and depression symptom
severity also showed a significant association (Table 2).
The 2 X 2 table showed that patients who reported a low
PF were also more likely to report a depression score >50
(Table 2). The Spearman correlation between PF and PI
was moderate to poor (P <0.01, p = -0.27), and the x?
analysis PI and PF symptom severity was also signifi-
cant. At the initial time point, as the MCID sum of PF
and PI increased, depression scores >50 decreased
(Table 3).

There were also significant poor to moderate correlations
among changes in PROMIS scales and among MCID
change in PROMIS scales. The strongest correlation was
between change in PI and change in depression (P <0.01,
p = 0.47). x> Analysis of MCID categories for PI and
depression also showed a significant association

(P <0.01). There was also a significantly poor correlation
between MCID categories for PF and PI (P <0.01, p =
-0.28). x* Analysis of PF and depression symptom severity
also showed a significant association (Table 2). There was
no significant correlation between MCID categories for PF
and depression (P = 0.15, p = —0.15), and x? analysis of
MCID categories for PF and depression showed signifi-
cant association (P = 0.04). The correlation of the sum of
the change in PF and PI scores was significant (P = 0.02,
p = 0.24), and x* analysis showed a significant associ-
ation (P <0.01) of MCID categories of depression with
the sum of categories of MCID change for PF and PI
(Table 4).
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