Journal of Pain Research Dove

ORIGINAL RESEARCH

Somatosensory Outcomes Following Re-Surgery
in Persistent Severe Pain After Groin Hernia
Repair: A Prospective Observational Study

Elisabeth Kjar Jensen "*, Thomas K Ringsted"*, Joakim M Bischoff', Morten A Petersenz,
Kirsten M;aller3’4, Henrik Kehlet 5, Mads U Werner(®'®

'Department of Anaesthesia, Pain and Respiratory Support, Copenhagen University Hospital-Rigshospitalet, Copenhagen, Denmark; 2Statistical
Research Unit, Department of Palliative Care, Bispebjerg Hospital, Copenhagen, Denmark; *Department of Neuroanaesthesiology, Copenhagen
University Hospital-Rigshospitalet, Copenhagen, Denmark; *Department of Clinical Medicine, Faculty of Health and Medical Sciences, University of
Copenhagen, Copenhagen, Denmark; *Section for Surgical Pathophysiology, Copenhagen University Hospital-Rigshospitalet, Copenhagen, Denmark;
"Department of Clinical Sciences, Lund University, Lund, Sweden

*These authors contributed equally to this work

Correspondence: Elisabeth Kjer Jensen, Multidisciplinary Pain Center 7612, Department of Anesthesia, Pain and Respiratory Support, Neuroscience
Center, Rigshospitalet, Ole Maalges Vej 26, Copenhagen N, 2200, Denmark, Tel +45 3545 7612, Email elisabeth.kjaer@live.dk

Purpose: After groin hernia repair (globally more than 20 million/year) 2—4% will develop persistent severe pain (PSPG). Pain
management is challenging and may require multimodal interventions, including re-surgery. Quantitative somatosensory testing (QST)
is an investigational psychophysiological tool with the potential to uncover the pathophysiological mechanisms behind the pain, ie,
revealing neuropathic or inflammatory components. The primary objective was to examine and describe the underlying pathophysio-
logical changes in the groin areas by QST before and after re-surgery with mesh removal and selective neurectomy.

Patients and Methods: Sixty patients with PSPG scheduled for re-surgery and with an inflammatory “component” indicated by
blunt pressure algometry were examined in median (95% CI) 7.9 (5.8—11.5) months before and 4.0 (3.5-4.6) months after re-surgery.
The QST-analyses included standardized assessments of cutaneous mechanical/thermal detection and pain thresholds. Suprathreshold
heat stimuli were applied. Deep tissue sensitivity was tested by pressure algometry. Testing sites were the groin areas and the lower
arm. Before/after QST data were z-transformed.

Results: Re-surgery resulted in median changes in rest, average, and maximal pain intensity scores of —2.0, —2.5, and —2.0 NRS (0/
10) units, respectively (P = 0.0001), and proportional increases in various standardized functional scores (P = 0.0001). Compared with
the control sites, the cutaneous somatosensory detection thresholds of the painful groin were increased before re-surgery and increased
further after re-surgery (median difference: 1.28 z-values; P = 0.001), indicating a successive post-surgical loss of nerve fiber function
(“deafferentation”). Pressure algometry thresholds increased after re-surgery (median difference: 0.30 z-values; P = 0.001).
Conclusion: In this subset of patients with PSPG who underwent re-surgery, the procedure was associated with improved pain and
functional outcomes. While the increase in somatosensory detection thresholds mirrors the surgery-induced cutaneous deafferentation,
the increase in pressure algometry thresholds mirrors the removal of the deep “pain generator”. The QST-analyses are useful adjuncts
in mechanism-based somatosensory research.
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Introduction

Persistent severe pain occurring in the aftermath of a surgical procedure is frequently associated with significant
impairment of physical and psycho-social functions.'* After groin hernia repair (GHR), 2-4% of patients develop
persistent severe pain. The GHR procedure, previously considered belonging to “minor” surgeries, qualifies as a rather
complex procedure performed in a territory with a high density of nerve fibers, accommodating essential functions for
locomotion and reproduction. More than 20 million repairs are performed annually worldwide,” and consequently, it is
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estimated that 400.000-800.000 patients each year will develop persistent severe pain after the groin hernia repair
(PSPG). Management of PSPG is medically challenging and may require re-surgery with mesh removal and selective
neurectomy.®® After re-surgery for pain after open primary GHR, a potential pain-relieving effect, as well as an
improvement of the deteriorated physical functions, has been demonstrated.'®'?

Quantitative somatosensory testing (QST) is an investigational psychophysiological tool with the potential to uncover
the putative pathophysiological substrate in PSPG, ie, neuropathic and inflammatory constituents.'*'* The cutaneous
thermal and mechanical stimulation modalities may preferentially indicate a neuropathic origin of pain, while the deep
mechanical stimulation by pressure algometry may preferentially uncover an inflammatory origin of pain. The QST
method may also facilitate the quantitation of changes induced by the re-surgery.'? Since re-surgery is a potential
neuroablative procedure, essentially performed in previously damaged tissue, it is of interest to examine the extent of
neurological perturbations, ie, “loss” and “gain” of sensory functions and the relation to clinical outcome measures.

The authors are only aware of one previous PSPG-study (n = 21) finding that re-surgery, including meshectomy and
selective neurectomy, was associated with increased pressure pain thresholds, decreased pain ratings, and improved pain-
related functional measures.'? The objectives of the current study, comparing pre with post-re-surgery data of patients
with PSPG and an inflammatory “component” indicated by blunt pressure algometry, were to perform a more detailed
analysis of the quantitative somatosensory data regarding “loss” and “gain” of sensory functions and their relation to
clinical outcome measures using a threefold larger cohort.'?

Materials and Methods

Research Ethics

Approvals

The study was approved by the Regional Committee on Health Research Ethics: (H-2-2011-023 and KF 11320499) and
The Danish Data Protection Agency (2012-41-0008). The study was registered on ClinicalTrials.gov (NCT05238571)
and complied with the Declaration of Helsinki most recently amended 2013. All patients signed informed consent prior
to their inclusion in the study. The authors have previously conducted a long-term follow-up study (n = 204 available:
172 included) to assess the clinical outcomes of patients with PSPG.* The current study includes baseline data from 52
patients participating in the previous study. The short-term somatosensory and clinical outcome data relating to the re-
surgery have not previously been published.

Study Design
The study was a prospective observational study (Supplementary Table 1).

Study Subjects

Recruitment

The study was conducted at a dedicated center specialized in the management of patients with persistent severe pain after
groin hernia repair.® Patients were referred to the center on a nationwide basis via the Danish Hernia Database’s
homepage (http://www.herniedatabasen.dk) by surgeons or general practitioners (Supplementary Figure 1). All patients

referred to the center were consecutively offered to participate in the study at the first ambulatory visit. Patients were
enrolled in the study between 24-APR-2009 and 19-MAR-2015.

Inclusion Criteria

Patients (>18 yrs) with persistent severe pain (activity-related or maximal pain intensity >7 NRS scores [numeric rating
scale 0—10]) and PSPG-related serious impairment of working and social life following unilateral, uncomplicated, open
GHR and referred to our center, were candidates to participate.® However, only patients with criteria for an inflammatory
“component” indicated by pressure algometry pain threshold (PPT; cf. “Pressure Pain Thresholds®) difference, compared
to the contralateral side >50 kPa (PPT <150kPa) or >100 kPa (PPT >150 kPa), and scheduled for re-surgery with mesh
removal and selective neurectomy, were included in the study. The deep tissue tenderness was anticipated to relate to
a “meshoma”, an entrapped or dilated spermatic cord, a neuroma, or a combination of these.
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Somatosensory Testing

All assessments of somatosensory function were performed in an undisturbed and well-lit room at the Multidisciplinary
Pain Center, Copenhagen University Hospital-Rigshospitalet. The assessments were performed before and three to six
months after the re-surgery by the same investigator (TKR, MUW, JMB). The methodology has previously been
described in detail.*'°

Calibration

Calibration of the thermal equipment was performed by the manufacturer (Somedic AB, Sweden) prior to the study start.
Calibrations of the monofilaments were done using a horizontally aligned precision scale (Fx-300i, A&D Weighing, CA).
The pressure algometer was calibrated regularly according to the manufacturer’s instructions with a reference weight of
1.000 kg.

Testing Areas

All QST assessments were performed bilaterally in the groin and in the left lower arm, as previously described.® For the
initial assessment, the point of maximum tenderness upon digital palpation in the groin, in most cases corresponding to
the superficial inguinal ring, was marked on the skin with a semi-permanent marker. A template was then used for
delineating a rectangular testing area of 2.5x5.0 cm? (corresponding to the area of the active surface of the thermode:
Thermotest, Somedic AB, Sweden) containing the point of maximal tenderness situated at the center of the rectangle.
These markings were transferred to a clear acetate sheet, ensuring that the post-re-surgical assessments were performed
in the exact same area as the initial assessment. A homologous test area (control area) was mirrored on the corresponding
site in the contralateral groin. An extra control area (2.5%5.0 cm?) was delineated longitudinally on the volar aspect of the
non-dominant lower arm, with the distal margin 10 cm from the proximal wrist crease. Prior to assessments, excess hair
growth in the testing areas was removed (Surgical Clipper 9681, 3M Healthcare, MN).

Mechanical Detection Thresholds

The mechanical detection thresholds (MDT) were assessed by a modified Dixon’s up-and-down method'® using
a standard set of calibrated polyamide monofilaments (Stoelting Europe, Ireland; nominal buckling forces ranging
from 0.04 to 4400 mN [logarithmic ordinal values from 1.65 to 6.65])."” The filaments were applied perpendicularly
to the skin, and patients indicated the presence of tactile sensation (MDT). Assessments of MDT were done six times, and
the median values were used in the analyses. If the subject did not experience any tactile sensation during stimulation
with the 6.65 monofilament, the MDT was assigned the ordinal value 6.85.

Thermal Detection Thresholds

Assessments of warmth detection threshold (WDT) and cool detection threshold (CDT) were done by use of
a computerized thermode system. The baseline temperature was 32.0°C, and the ramp rate was + 1.0°C/s. Cut-off
temperatures were 50.0°C (WDT, HPT) and 5.0°C (CDT). The patient was instructed to use a handheld button device
when a change in temperature sensation was recognized. The assessments were made in triplicates. The mean values
were used in the analyses.

Pressure Pain Thresholds

An electronic handheld pressure algometer (Somedic AB, Sweden) with a felt-tipped probe of 1.0 cm” was used to assess
pain thresholds from deep tissues. The pressure algometer was applied perpendicularly to the skin over the point of
maximum pain and corresponding control sites. The blunt pressure probe was applied with an increasing rate of 20-30
kPa/s until the patient indicated the PPT by a handheld button device. The cut-off limit was 350 kPa, and values
exceeding this level were assigned the ordinal value of 351 kPa. The test was made in triplicate, and the median value
was used in the calculations.

Heat Pain Thresholds
Assessments of heat pain threshold (HPT) were done by the computerized thermode. The assessments were made in
triplicates, and the median values were used in the analyses.
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Suprathreshold Heat Stimulus

A suprathreshold heat stimulus (STHS) was delivered with a computerized thermode. The thermode was set with a ramp
rate of = 1.0°C/s to reach a plateau of 47.0°C maintained for 5s. The patient was instructed to rate the pain intensity on an
NRS scale. If the stimulus was perceived as too uncomfortable, the patient could discontinue the stimulus at any time
with a handheld button. The score was calculated as the NRS divided by the duration of the stimulus (a detailed
description is presented in Supplementary Text 1).

Temporal Summation

The presence of temporal summation phenomena (TSP), an indicator of central sensitization,'® was tested by repetitive
dynamic stimulation with a brush (stroke rate 2-3 cm/s; stroke distance 4-5 cm; stimulation rate 0.3 Hz [SENSELab
Brush-05, Somedic AB, Sweden]) and static stimulation by polyamide filaments (one ordinal value below the MPT;
stimulation rate 0.5 Hz). Perceived pain intensity was rated by NRS every 15s. The stimulation continued for 60s unless
discontinued by the patient due to evoked severe pain. The summation phenomena were evaluated on an ordinal scale,
and each patient was assigned to a category (Supplementary Table 2) according to their response to each stimulation

modality. Aftersensations were reported, and the pain/discomfort was rated (NRS) for the following 60s.

Questionnaires

Patients filled out a modified groin-hernia repair-specific questionnaire, the Activity Assessment Scale (AAS), evaluating
the pain-related impact on Activities of Daily Living (ADL). The original AAS includes 13 statements regarding
functional status. However, in the present study, a modified AAS was used, including 8/13 functional status levels.
The modified AAS has previously been described in detail.® The AAS scores were summed for specific activities
(AASA.p) (minimum/maximum: 4/20 points) and overall activities (AASg.py) (minimum/maximum: 4/20 points).
A higher AAS score indicates a higher negative impact of pain on ADL. The questionnaires were completed before
the somatosensory testing sessions. In addition, questionnaires regarding pain intensity scores (NRS) at rest, on average
and maximally, during the previous week were completed.

Surgical Procedures

All re-surgical procedures were performed as open surgery by the same surgeon (HK). The details of the surgical
procedure have previously been described.®'® Briefly, complete resection of the mesh and suture material was performed
through the prior groin incision, and a conventional GHR (a.m. Bassini) without a mesh implant was performed. In the
case of visually confirmed nerve entrapments or signs of lesioned nerves, a selective neurectomy was performed,
transecting the nerve(s) 3—5 cm rostrally to the lesion.

Statistics

General note: Discussions concerning the indiscriminate use of P-values as an absolute means of null hypothesis testing
have recently been reintroduced.'®?' In this manuscript, the term “statistical significance” is avoided. The advice
“correct and careful interpretation of statistical tests demands examining the sizes of effect estimates and confidence
limits, as well as precise P-values (not just whether P-values are above or below 0.05 or some other threshold)” is
generally followed.?

Analyses of Data Distribution

Data distribution was checked for normality with the Shapiro—Wilk test and visual inspection of residual plots. Data are
given as mean (95% CI) or median (95% CI) as appropriate. The MDT data were log-transformed without back-
transformation. An a priori sample size estimation was not performed since a sample size of the comparator study of 21
subjects was adequate to confirm the primary objective.'? In the present study, 60 subjects were considered an adequate
number to explore the quantitative somatosensory data in more detail.

Analyses of z-Scores
All QST modalities, before and after re-surgery, were standardized by calculating z-scores using the equation:
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- Xi — Hcr
' SDc¢p,

where x; denotes the modality-specific QST values from the ith patient compiled from the surgical groin or the lower arm.
The reference values yic; and SD¢; denote the mean and SD-values of the respective sensory modality, respectively,
assessed from the contralateral groin. Positive z-scores exceed the mean value of the contralateral groin, whereas
negative scores lie below. The modulus of the z-score is a measure of the deviation from the reference values from
the contralateral groin.

The z-scores for MDT (zypt), CDT (zcpt), and WDT (zwpr) were summed and divided by 3, constituting the
z-scores of the detection thresholds of the non-nociceptive modalities (zpty). The z-scores of PPT (zppr), HPT (zZupr),
and STHS (zstns) were used directly in the analyses of the nociceptive modalities. Simple comparisons of z-scores
before and after surgery, as well as changes in pain scores, were done by the Wilcoxon matched-pairs signed-rank
test.

Analyses of Independent Variables

Multiple linear regression models were fitted with the independent (predictor) variables; zpru, Zppr, Zupr, and zstus (all
before re-surgery). The dependent (outcome) variables were either AAAS scores (overall activities or specific activities)
or ANRS scores (the sum of the at rest, average, and maximal pain intensity scores).

The within/between-subject reliability of the QST assessments was examined by two-way-random-effects, consis-
tency, single rater/measurement, intra-class correlation coefficients (ICC)* for the control areas in the lower arm and the
contralateral groin. While there is no agreed-upon classification level of reliability for ICCs, for interpretation purposes
ICCs were interpreted as indicating slight/poor (<0.2), fair (0.2 to 0.4), moderate (0.4 to 0.6), substantial (0.6 to 0.8) and
almost perfect agreement (>0.8).%*

In a comparison of the TSP categorical data before and after re-surgery, Fisher’s exact test was applied, and the effect
size was presented as the phi (¢) coefficient. Statistical effect sizes for the multiple linear regression model and the
Wilcoxon matched-pairs signed-rank test were presented as R (the coefficient of determination) and r (%),25
respectively.

Analyses of Fractional Changes
The fractional change in functional scores (AAS) and pain intensity (NRS) after the re-surgery was calculated as:

Fooe — NRSprs — NRS,gs d Fore— AASprs — AASurs
RS NRSprs and fas = AASprs

where bRS denotes before re-surgery and aRS denotes after re-surgery. The relationships between summed AAS scores
and summed NRS scores were examined by fitting a linear regression model on the fractional changes, with a reduction
in pain (NRS) as the independent variable and the improvement in ADL outcomes as the dependent variable.

The number of patients needed to operate for one patient to achieve a positive outcome; a reduction in pain intensity
(NRS) or an improvement of ADL outcomes (AAS) of >25%/50% were termed NNOQ’SR/SSO% and NNO‘Z“g‘/SSO% . The number
of patients needed to operate for one patient to be inflicted with a $146#negative pain-related outcome, an increase in

pain (NRS), or a deterioration in ADL outcomes (AAS) of >25%, were termed NNP)XY and NNP;4S, respectively:'’

n n
NNOZS%/SO% = ;and NNPZS% :J_/
where x equals the number of patients with a pain reduction (NRS) or improvement in ADL outcomes >25%/50%,

y equals the number of patients with an increase in pain intensity (NRS) or deterioration of ADL outcomes >25%, and

n equals the total number of patients.

Data Handling
Data were analyzed with Graphpad Prism (9.0.1 GraphPad Software, San Diego, CA, USA).
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Results

Demographics

Sixty patients with persistent severe pain following unilateral, uncomplicated, open GHR were consecutively included in the
study and underwent re-surgery (Supplementary Figure 1). Anthropometrics and demographics are reported in Table 1.

Somatosensory Testing Outcomes
Detection Thresholds

Following re-surgery, the median difference in zpty of the painful groin was 1.28 (0.64 to 3.45; Wilcoxon matched-pairs
signed-rank test; P = 0.001; r = 0.49), indicating a loss of non-nociceptive sensory function, ie, mechanical and thermal
hypoesthesia (Figure 1; Table 2).

Pressure Pain Thresholds
Following re-surgery, the median difference in zppt of the painful groin was 0.30 (0.06 to 0.69; Wilcoxon matched-pairs
signed-rank test; P = 0.001; r = 0.40), indicating an increase in blunt PPT after the re-surgery (Figure 2; Table 2).

Thermal Pain Thresholds
Following re-surgery, the median difference in zypr of the painful groin was 0.26 (—0.13 to 0.85; Wilcoxon matched-
pairs signed-rank test; P = 0.042; r = 0.28) indicating an increase in HPT after the re-surgery (Figure 2; Table 2).

Suprathreshold Heat Stimulus

Following re-surgery, the median difference in zgryg of the painful groin was —0.19 (—0.28 to 0.14; Wilcoxon matched-
pairs signed-rank test; P = 0.001; r = 0.46), indicating that the re-surgery was associated with lowered pain scores during
the STHS (Table 2; Supplementary Figure 2).

Temporal Summation with Brush

Before the re-surgery, 50/60 patients experienced TSP (Supplementary Table 3). Twenty-two of these reported painful
aftersensations lasting >60s. After the re-surgery, 37/60 patients still experienced TSP (P = 0.013; ¢ = —0.24), and among
these 15 patients reported painful aftersensations. Eight of the 37 patients with TSP after re-surgery did not experience

TSP prior to re-surgery, indicating a surgery-associated shift in TSP-phenotype. Before the re-surgery, four patients
experienced TSP during stimulation with the brush. After the re-surgery, three of these still experienced TSP by brush
and additionally during stimulation with the polyamide monofilaments (Supplementary Table 3).

Temporal Summation with Monofilaments
Before the re-surgery, 21/60 patients experienced TSP during stimulation with the polyamide monofilaments. After re-
surgery 30/60 (P = 0.139; ¢ = 0.15) patients experienced TSP by the polyamide monofilaments (Supplementary Table 3).

Test-Retest Reliability

The ICCs for assessments in the lower arm ranged from 0.53 to 0.77 (Table 3), except for STSH, where ICC was 0.11 (—0.25 to
0.44). Comparable ICCs for assessments at the contralateral groin ranged between 0.40 and 0.73 for all assessments except
PPT and STHS, where the ICCs were 0.34 (0.08 to 0.56) and 0.28 (—0.02 to 0.47), respectively. The ICCs indicated a moderate
to almost perfect reliability, except for PPT and STHS, where the reliability was indicated as fair.

Table | Anthropometrics and Demographics

Sex (Ratio M/F)

Age (yrs)

BMI (kg/m?)

Interval Between
bRS QST and aRS
QST (mo)

Interval Between
bRS QST and Re-
Surgery (mo)

Interval Between
Re-Surgery and
QST aRS (mo)

14.0 (56/4)

50.0 (47.0 to 55.0)*

24.9 (23.8 to 25.8)"

19.5 (15.4 to 27.3)*

7.9 (58 to 11.5)*

4.0 (3.5 to 4.6)"

Notes: Values are presented as mean (95% Cl) or median (95% Cl) as appropriate. Age was calculated at the before re-surgery QST assessment. $Only 46 out of 60 patients
were included in the calculation of BMI due to incomplete data. *Mean. #Median.

Abbreviations: bRS, before Re-Surgery; aRS, after Re-surgery.
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Figure | Detection Thresholds. The z-scores (zpth; y-axes) of the mean of the detection thresholds (MDT + CDT + WDT)/3) before and after re-surgery (RS; x-axes).
Reference z-scores are calculated from the contralateral (CL) groin before and after RS. The dot-line diagram (A) illustrates individual zpry-scores in the painful groin
(P-groin) before and after re-surgery (Azpt = 1.28; P = 0.0001; effect size = 0.49). The box-whisker plot (B) illustrates zpty-scores in the lower arm, in the CL-groin, and in
the P-groin before and after re-surgery. Whiskers indicate the 2.5 and 97.5 percentiles. Outliers are indicated. The comparisons of before/after re-surgery data were by
Wilcoxon matched-pairs signed-rank tests.

Clinical Outcomes
Pain Scores (NRS)
Re-surgery resulted in median differences in resting, average, and maximal pain intensity scores of —2.0, —2.5, and —2.0
NRS units, respectively (Wilcoxon matched-pairs signed-rank test, P = 0.0001, all scores [r = 0.63 to 0.71]; Table 4;
Supplementary Figure 3). The median fractional changes for the resting, average, and maximal pain intensity scores were
0.5 (0.20 to 0.66), 0.42 (0.33 to 0.50) and 0.25 (0.12 to 0.40), respectively (Figure 3).

The NNO’Z\QRWSO for pain intensity scores (NRS) ranged from 1.5 to 1.9, indicating that on average, 10/17 patients
experienced a reduction in pain (at rest, average, and maximal pain) of >25% after the re-surgery (Table 4).

The NNO%RO}E% for pain intensity scores (NRS) at rest and on average were 13.8 and 28.0, respectively, indicating that,

on average, 1/20 patients experienced an increase in pain intensity (NRS) of >25% after the re-surgery.

Functional Scores (AAS)
Re-surgery resulted in median decrease in the specific and overall functional AAS scores of 3.5 and 4.0, respectively
(Wilcoxon matched-pairs signed-rank test, P = 0.0001 [r = 0.69] and P = 0.0001 [r = 0.59], respectively; Table 4;
Supplementary Figure 4). The median fractional change was 0.32 (0.16 to 0.41) for the specific AAS score and 0.29
(0.20 —0.44) for the overall AAS score (Figure 3).

The NNO’z"g‘% equaled 1.8 for the specific activities and 1.6 for the overall activities. This indicates that, on average,

10/17 patients experienced an improvement in ADL-outcomes of >25% after the re-surgery (Table 4). The corresponding
NNP;‘;“UEo for specific and overall activities were 9.3. and 28.0, respectively, indicating that, on average, 1/19 patients
experienced a deterioration in ADL-outcomes of >25% after the re-surgery.

Composite Outcome Analyses

The linear regression model of the fractional changes in functional scores (ADL-outcome) as a function of fractional pain
reduction had an R of 0.43 (0.24 to 0.61; P = 0.0001), and a slope of 0.60 (0.41 to 0.79; P = 0.0001; Figure 3). This
indicates that a 10% pain reduction is on average accompanied by a 6% improvement in ADL-outcome.
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Table 2 The Somatosensory Testing Values Before and After Re-Surgery

|e 39 uasusf

MDT (g) CDT (°C) WDT (°C) PPT (kPa) HPT (°C) STSH (NRS/s)
Before After RS n Before After RS n Before RS After RS n Before After RS n Before RS After RS n Before After RS n
RS RS RS RS
Arm 34 3.6 (28-37) 30 1.5 1.4 30 | 33(274) 3.0 (25-3.5) 31 350 350 (315-350) 29 433 43.2 (40.2-45.3) 30 1.4 1.3 35
(3.0-3.6) (1.4-1.9) (1.3-1.8) (292-350) (41.2-452) (1.0-1.5) (1.0-1.6)
CL- 37 3.7 (3.6-3.8) 56 1.9 22 59 | 3.6 (3.244) 39 (34-43) 59 194 180 (155-227) 53 41.9 434 (41.4-45.8) 53 1.5 1.5 (1.3-1.6) 57
groin (3.6-38) (1.7-2.4) (2.0-2.7)* (157-213) (40.7-432) (1.3-1.6)
P-groin 4.4 5.0 (4.9-5.5) 58 39 10.3 (6.3-15.7) 57 6.6 (5.9- 16.3 58 88 121 (110-137) 60 459 49.9 (48.6-50.0) 53 1.2 0.8 (0.6-1.0) 57
(4.1-4.6) ok (3.1-5.0) ok 10.4) (11.6-172) (68-111) ok (43.8-482) ok (1.0-1.6) o
kR

Notes: The somatosensory testing values before and after re-surgery (RS) of Mechanical Detection Threshold (MDT); Cool Detection Threshold (CDT); Warmth Detection Threshold (WDT); Heat Pain Threshold (HPT); Blunt
Pressure Pain Threshold (PPT); Suprathreshold Heat Stimulus (STSH). The CDT and WDT are indicated as degrees relative to 32°C. The HPT is indicated as absolute degrees °C. Comparison by Wilcoxon matched-pairs signed-rank

test. Data presented as median (95% Cl). *P < 0.05; **P < 0.005; ***P < 0.0005; ****P < 0.0001 for the comparisons of before and after re-surgery values.
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Figure 2 Mechanical and Thermal Pain Thresholds. The z-scores before and after re-surgery (RS) pertaining to blunt Pressure Pain Threshold (PPT; zppr). Reference
z-scores are calculated from the contralateral (CL) groin before and after re-surgery. The dot-line diagram (A) illustrates individual zppr-scores in the painful groin (P-groin)
before and after re-surgery (Azppr = 0.30 P = 0.001; effect size = 0.40). The box-whisker plots (B) illustrate zppr-scores in the lower arm, in the contralateral groin, and in the
painful groin, respectively, before and after re-surgery. Please, note in (B), the distribution of PPT scores from the lower arm is skewed since the cut-off limit was reached in
most subjects. The dot-line diagram (C) illustrates individual z,pr-scores in the painful groin before and after re-surgery (Appr = 0.26 P = 0.042; effect size = 0.28). The box-
whisker plots (D) zpr-values in the lower arm, in the contralateral groin and in the painful groin, respectively, before and after re-surgery. Whiskers indicate the 2.5 and
97.5 percentiles. Outliers are indicated by dots. The comparisons of before/after re-surgery data were by Wilcoxon matched-pairs signed-rank tests.

Multivariate Multiple Linear Regression Models

Multiple linear regression models were fitted with the independent variables; Zpru, Zppt, Zupr, and zsrys (all before re-
surgery), and the dependent variables as either AAAS scores (overall/specific activities) or ANRS score (the sum of the at
rest, average, and maximal pain intensity scores). No meaningful predictive regression models could be inferred from the

data (Supplementary Table 4).
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Table 3 The Test-Retest Reliability of Somatosensory Testing Modalities

Arm CL-Groin

ICC P-value ICC P-value
MDT 0.53 (0.25-0.76) <0.001 0.40 (0.16-0.60) <0.001
CDT 0.62 (0.34-0.79) <0.001 0.51 (0.30-0.68) <0.001
WDT 0.54 (0.25-0.75) <0.001 0.73 (0.59-0.83) <0.001
PPT 0.77 (0.58-0.89) <0.001 0.34 (0.08-0.56) 0.007
HPT 0.57 (0.28-0.87) <0.001 0.58 (0.37-0.73) <0.001
STHS | 0.11 (-0.25-0.44) 0.274 0.24 (-0.02-0.47) 0.034

Notes: The test-retest reliability of somatosensory testing modalities assessed in the
lower arm and contralateral (CL) groin estimated by two-way-random-effects, consis-
tency, single rater/measurement, intra-class correlation coefficients (ICCs; 95% ClI).
Corresponding number of patients are indicated in Table 2.

Abbreviations:

MDT, Mechanical Detection Threshold; CDT, Cool Detection

Threshold; WDT, Warmth Detection Threshold; HPT, Heat Pain Threshold; PPT,
Pressure Pain Threshold; STHS, Suprathreshold Heat Stimulus.

Table 4 Summed Scores of the Activities Assessment Scale

AAS Specific AAS Opverall Pain at Rest Average Pain Maximal Pain
Activities Activities (NRS) (NRS) (NRS)
Before re-surgery 12.0 (10.0-12.0) 12.0 (11.0-14.0) 5.0 (4.0-5.0) 6.0 (5.0-7.0) 9.0 (8.0-9.0)

After re-surgery

7.0 (6.0-9.0)*

7.5 (7.0-10.0)%kx

2.0 (2.0-3.0)s5x

3.0 (3.0-4.0)sxx

6.0 (5.0-8.0)

NNO,s5 1.8 (56/31) 1.8 (56/32) .6 (55/35) 1.5 (56/37) 1.9 (56/30)
NNOso5 3.7 (56/15) 3.1 (56/18) 1.9 (55/29) 2.2 (56/26) 3.5 (56/16)
NNP,ss, 9.3 (56/6) 28.0 (56/2) 13.8 (55/4) 28.0 (56/2) -§

Notes: Summed scores of the Activities Assessment Scale (AAS) for the specific activities and the overall activities (cf. text for explanation), and the pain at rest, average, and
maximal pain intensity scores (numeric rating scale [NRS: 0—10]) before and after the re-surgery. The lower the AAS value, the less pain-related impact on physical function.
Comparison of data before and after re-surgery are by Wilcoxon matched-pairs signed-rank test. The number needed to operate (NNO) for one patient to achieve a positive
outcome: a reduction in pain intensity (NRS) or an improvement of ADL outcomes (AAS) of = 25%/50% were termed NNO];5‘>§O% and NNOQ;}?O% , respectively. The number
needed to operate for one patient to experience a negative pain-related outcome: an increase in pain (NRS), or a deterioration in ADL outcomes (AAS) of 2 25%, were termed
NNP];;}/E and NNP%‘/(?, respectively. The numbers in brackets in NNO and NNP indicate total number of patients divided by the number with a positive response. Data are
presented as median (95% Cl). *P < 0,0005; ***P < 0,0001. SNo patient after re-surgery experienced an increase in maximal pain intensity (NRS) of = 25%.

Discussion

Synopsis

The current study examined somatosensory and clinical outcomes after re-surgery in patients (n = 60) suffering from
persistent severe pain after groin hernia repair. Regarding the somatosensory outcomes, first, a “loss” of non-nociceptive
thermal and mechanical sensory function was observed, demonstrating that re-surgery was associated with an enhanced
deafferentation compared to the primary surgery. Second, the “gain” in mechanical deep nociceptive function, generated
by the primary surgery, was attenuated by the dual mechanisms of the re-surgery; mitigation of the inflammatory drive by
the meshectomy, and deafferentation, by the selective neurectomy. The study results corroborated an improvement in
clinical outcomes following the re-surgical procedure by decreasing pain severity and increasing ADL-outcome.®

Neurectomy Issue
Neurectomy in GHR procedures has been discussed as a prophylactical measure preventing the development of PSPG or as
a selective procedure in the management of PSPG.>® While prophylactic neurectomy has been debated, it is presently not

9 5 2 https:

Dove!

Journal of Pain Research 2023:16


https://www.dovepress.com
https://www.dovepress.com

Dove Jensen et al

—
=)
|

Improvement in ADL-function Improvement in ADL-function
Increase in pain intensity Improvement in pain intensity

e
3
I

Q y =0.059 +0.602 * x
o R?= 0427

P= 00001

o n=>56

.

e

3
I

Decrease in ADL-function Decrease in ADL-function
Increase in pain intensity Improvement in pain intensity

T | T T | T |
-1.0 -0.5 0.0 0.5 1.0
Fractional change in pain intensity (NRSg )

Fractional change in ADL-function (AASg,)
o
o

1
-
o

Figure 3 Composite Outcome Analysis. Scatter plot depicting the relationship between the fractional changes in physical function scores (summed AAS scores) and pain
intensity scores (summed NRS scores; cf. “Analyses of Fractional Changes™” in main text) (n = 56). A fractional change > 0 indicates an improvement in ADL-outcome or
a reduction in NRS, whereas a fractional change < 0 indicates a deterioration in ADL-outcome or an increase in NRS. The linear regression model had an R? of 0.427 (95%
Cl: 0.24 to 0.61 P =0.0001) and a slope (o) of 0.602 (95% Cl: 0.41 to 0.79; P = 0.0001) indicating an evident relationship. Long-term efficacy has previously been presented
and compared to a non-interventional control-group.?

Abbreviations: AAS, Activities Assessment Scale; NRS, Numeric Rating Scale.

h2 7-29

recommended.’ Other pain-relieving procedure includes triple neurectomy by a laparoscopic extraperitoneal approac or,

as in the current study, selective neurectomy of damaged nerves in the surgical field (cf. “Re-Surgery: Clinical Outcomes”).

Somatosensory Physiology
Somatosensory stimulation in the groin area elicits responses from nerve fiber endings embedded in the skin and deeper tissues.
While the responses to superficial thermal and punctate (stimulation area <1 mm?” (maximal pressure 10.500 kPa'”)) mechanical
stimuli are elicited from receptors situated in the epidermis, and upper dermis, the stimulation by pressure algometry activates
proprioceptors and nociceptors in the deeper connective tissue layers. The blunt (I cm?; max 350 kPa [in the current study]))
pressure probe indents, deforms, and stretches the skin, subcutaneous tissue, superficial fascia (the aponeurosis of the external
oblique, the external spermatic fascia, the transversalis fascia), the spermatic cord (the internal spermatic fascia, ductus deferens,
nerves, and vasculature) compressing the tissues against the pubic bone structure.

Only recently, studies of fascial innervation have pinpointed neural networks residing in the superficial and deep fasciae. The

30,31 and

networks are of potential importance in nociception and proprioception and have been examined in detail in rodents
humans.* In the skin of the hip region in man, estimates of the mean (SD) nerve fiber densities and nerve fiber diameters are 64.0
(5.2) per cm? and 26.9 (10.2) microns, respectively.’* Corresponding values for the superficial fascia, the second most densely
innervated tissue, are 33.0 (2.5) per cm? and 19.1 (7.2) microns. The neural networks have not yet been examined in the groin

tissues but appear essential for locomotion, nociception, proprioception, and reproduction.

Somatosensory Testing Outcomes

“Loss”

Previous studies have demonstrated that the GHR procedure is associated with a loss in intraepidermal nerve fiber density
(IENFD) at the surgical side of 51% (40-75%; n = 67; weighted mean data) compared to the contralateral side.'>%
Unpublished data from one of these studies (n = 21)* indicate that the reduction in IENFD at the surgical site, estimated
by similar z-techniques as in the present study, is accompanied by an increase in the mean of thermal detection thresholds
(P =0.009), HPT (P = 0.034) and blunt PPT (P = 0.0001). An inverse linear correlation with IEFND was demonstrated
for thermal detection thresholds (R = 0.25, P = 0.0007) and for HPT (R? = 0.14, P = 0.02), while a weak proportional
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correlation was found for PPT (R = 0.06, P = 0.11). The reduction in IENFD neatly explains the increases in thermal
detection thresholds and HPT observed after the primary surgery (Figures 1 and 2). The weak correlation between nerve
fiber density and PPT indicates that deafferentation does not seem to represent a major cause of the increase in the
nociceptive drive after the primary surgery. The findings thus indicate that the major pain generator likely resides in the
deeper peripheral networks (cf. “Somatosensory Physiology™).

Following re-surgery, the additional increases in thermal detection thresholds and HPT observed (Table 2) are likely explained
by a further loss of intraepidermal nerve fibers due to the selective neurectomy and the mesh explant per se. The loss of nociceptive
nerve fibers after the re-surgery also may contribute to the increased pain thresholds, particularly for the PPT (Figure 2).

“Gain”

Persistent severe pain after GHR is characterized by critical movement-related evoked pain and spontaneous pain, which
may lead to debilitating functional impairment. The increased “gain” in the nociceptive system has been hypothesized to
be caused by a synergy of peripheral and central mechanisms (Figure 4), mainly deafferentation and inflammation-
induced sensitization,'®*

Although the exact pathophysiological mechanism in PSPG is unknown, ie, nociceptive, neuropathic vs nociplastic
origin, noteworthy, all patients, prior to re-surgery, did experience intense deep tissue tenderness residing at the super-
ficial inguinal ring. An interesting histopathological study in explanted inguinal polypropylene meshes has demonstrated
re-innervation and neoinnervation of nerve fibers.>> Furthermore, a significantly higher nerve fiber density was observed
in specimens obtained due to pain than after re-surgery for a non-pain hernia recurrence. The degree of innervation by the
nerve fibers infiltrating the inflammatory tissues inside the mesh showed a significant correlation with the manifestation
of clinical pain. In addition, focal inflammatory reactions with foreign body giant cells and lymphocytic infiltrates were
observed. Recently, autoimmune or autoinflammatory reactions, including systemic manifestations, have been associated
with the implantation of polypropylene meshes.*®

The putative “pain generator” may relate to the development of a “meshoma”, neuroma, mesh invasion into an
entrapped or dilated spermatic cord, or a combination of these factors (Figure 4). Two controlled, randomized studies
have examined the effect of attenuating the pain generator by a tender point block targeted at the superficial inguinal ring
in patients with PSGP.*”*® The first study was a double-blind, placebo-controlled, crossover study (n = 14 + 6), using

A -3 B 3-8 ¢ 3-—EQ

O —@—J /—’<—0—J /—Oc—oJ

deafferentation:
- detection thresholds increased (wDT,cDT, MDT)
- pain thresholds increased (HPT)

additional deafferentation™:

- sensory thresholds increased (wpT,cDT, MDT)
- pain thresholds increased (HPT)

* compared to the primary surgery

1. primary nociceptive neuron
2. dorsal horn nociceptive specific neuron

3. primary non-nociceptive sensory neuron
pain generator (‘meshoma’): -
- spontaneous pain (NRS) .
- evoked pain increased (NRS, STHS)

- deep pain thresholds decreased (PPT)

pain generator removed*: s
- spontaneous pain decreased (NRS)
- evoked pain decreased (NRS, STHS)
- pain thresholds increased (PPT)

4. dorsal horn non-nociceptive neuron

BEFORE SURGERY FOLLOWING PRIMARY SURGERY FOLLOWING RE-SURGERY

Figure 4 Pathophysiological Mechanisms. A schematic presentation of putative pathophysiological mechanisms in persistent severe pain after groin hernia repair. (A) Depicts
the normal conditions of the nociceptive (red) and non-nociceptive system (blue) circuitry from the primary afferents to the dorsal horn neurons with ensuing central
projections. The “mirrored” arrows indicate the crosstalk between the circuitries in the peripheral and central nervous systems. Following the primary surgery (B), an
inflammatory reaction surrounding the polypropylene mesh implant, may develop into a peripheral “pain generator”, ie, a “meshoma”. The “pain-generator”, including neo-
innervation and reinnervation of nerve fibers, induces increased nociceptive-signaling from the fascial layers, eg, a lowered blunt pressure pain threshold (PPT). In contrast,
the surgery causes a long-term ‘“deafferentation” a reduction in intraepidermal nerve fiber density (IENFD), leading to increased cutaneous thermal and mechanical
detection and pain thresholds. Following re-surgery (C), the mesh explant leads to removal of the functional “pain generator”: the spontaneous and evoked pain diminishes
(increase in PPT). However, the re-surgery also increases the cutaneous deafferentation (reduction of IENFD) leading to an additional increase of cutaneous thermal and
mechanical thresholds.
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ultrasound-guided blockade of the tender point in the superficial inguinal ring just above the spermatic cord. The median
(95% CI) reduction in pain was 63% (44.1% to 73.6%) after local anesthesia compared with 36% (11.6% to 49.7%; P =
0.003) after placebo. The study demonstrated that the peripheral afferent input from the tender point area is important for
the maintenance of evoked and spontaneous pain in PSPG. The second study used unspecified tender point blocks (n =
57) in an enrichment design, where patients demonstrating successful blocks were randomized to repeat blocks or had
tailored neurectomy performed.”” The repeat block was successful in 6/27 of the patients, while neurectomy was
successful in 17/27 of the patients (P < 0.001), demonstrating a better long-term efficacy of the neurectomy procedure
than the repeat block procedure.

Reliability

Several normative studies have been carried out, in different anatomical sites, during normal and disease-specific
conditions, testing the reliability of various modalities of quantitative somatosensory testing.>”** Most of the studies
have used a simple test-retest design. However, in the current study, these premises were violated by the surgical
intervention. Nevertheless, since the re-surgery only affected somatosensory testing conditions in the surgical area, the
random error could be estimated by analyzing test-retest data from the two control sites: the contralateral groin and the
lower arm. The ICCs generally indicated a good to almost perfect reliability, which is consistent with findings from other

45,46

anatomical regions (Table 3). Interestingly, however, a deviation was noted regarding PPT in the contralateral groin,

putatively a sign of mirror image sensory dysfunction (MISD)* from the deeper tissues.

Re-Surgery: Clinical Outcomes

Pain Outcomes

Previous studies of pain intensities after mesh removal and/or neurectomy have used different methodologies with regard
to the type of primary surgery, duration and method of follow-up, and type of re-surgical approach.*® Most of these
studies used unspecific pain and patient satisfaction questionnaires, making outcome comparisons difficult. The overall

8,49-52

success rate has ranged from 33—-100% in retrospective studies and 63-100% in corresponding prospective cohort

studies.™®>® In the current study, the initial GHR and the re-surgery were performed by an open surgical approach. In

10,12,59 10,12,59

comparable studies, significant improvements in pain intensities (NRS) on average, at rest, activity-related

and maximal,'®'? have been observed, with follow-up intervals ranging from 6 to 36 months.

Functional Outcomes

Four studies of mesh removal and/or neurectomy in patients with PSPG have included an assessment of ADL-outcomes. Three
of these included a modified AAS questionnaire and showed significant group-level improvement in ADL-outcomes after three
months,>* six months,'? and five-year follow-up (median follow-up time 2.2 (1.9 to 2.8) months).® One of these studies compared
outcomes of patients allocated to either re-surgery or pharmacotherapy.® Interestingly, the study showed that the re-surgery group
had enhanced improvement in ADL-outcomes compared to the pharmacotherapy group.

Limitations

The lack of a control group is a limitation in the study design since the spontaneous regression trajectory is unknown.
However, the authors have previously presented data from a large control cohort (n = 118) compared to a re-surgery
cohort (n = 54).% Furthermore, the short follow-up time (median 4.0 months) is a study limitation, although previous
studies have shown similar improvements in pain intensities and ADL-outcomes in two and three years assessments after

the re-surgery.®'”

Strengths

The patients were included on a nationwide basis, and all had persistent severe pain after unilateral, uncomplicated, open
groin hernia, resulting in a homogeneous patient cohort. In order to reduce data variability, a single surgeon (HK)
performed the re-surgeries, and a limited number of investigators collected data. Finally, only standardized and validated
methods and questionnaires were used in assessing the somatosensory function and pain outcomes.
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Table 5 Overview of Findings

Following Primary Surgery | Following Re-Surgery
Cutaneous thresholds* i ™"
Blunt Pressure Pain Thresholds* l -
Evoked pain intensities (QST)* i U—
Spontaneous pain intensities (NRS)** i U—
Pain-related ADL functions (AAS)** l t—

Notes: *Surgical groin vs contralateral groin. **Questionnaire-based data. Following the primary surgery, partial deaf-
ferentation (“loss”) of thermal and mechanical somatosensory fibers in the skin was observed, leading to increased
cutaneous detection and pain thresholds. In parallel, a peripheral sensitization (“gain”) of nociceptive function was observed
in the deeper fascial tissues, generated by the mesh-related inflammatory reaction, leading to a decrease in blunt pressure
pain thresholds and an increase in spontaneous and evoked pain intensities. Following the re-surgery, an add-on cutaneous
deafferentation was observed, and the “gain” in deep mechanical nociceptive function generated by the primary surgery was
attenuated by the removal of the meshoma. The red arrow color indicates negative somatosensory findings, an increase in
spontaneous pain, and a decrease in pain-related ADL functions, while the green color indicates a positive effect, ie, partial
rescinding, on these variables.

Conclusions

The pathophysiologic data indicate that the beneficial effects of re-surgery on pain and functional outcomes in persistent
pain after groin hernia repair are attributed to “meshectomy” and selective “neurectomy”, leading to the removal of the
peripheral pain generator and a loss of nerve fiber function, respectively. See Table 5 for a qualitative conclusion of the
study findings.

Abbreviations

AAS, Activities Assessment Scale; ADL, Activities of Daily Living; aRS, After Re-surgery; bRS, Before Re-surgery; CDT,
Cool Detection Threshold; CL-, Contralateral (pre-fix, ie, CL-groin); GHR, Groin Hernia Repair; HPT, Heat Pain Threshold;
ICC, Intra-class Correlation Coefficient; IENFD, Intraepidermal Nerve Fiber Density; MDT, Mechanical Detection
Threshold; MISD, Mirror Image Sensory Dysfunction; NNO, Number Needed to Operate (to achieve an improved outcome);
NNP, Number Needed to inflict a Pain-related outcome; NRS, Numeric Rating Scale; P-, Pain (pre-fix, ie, P-groin); PPT,
Pressure Pain Threshold; PSPG, Persistent Severe Pain after Groin hernia repair; QST, Quantitative Somatosensory Testing;
RS, Re-Surgery; STHS, Suprathreshold Heat Stimulus; TSP, Temporal Summation Phenomena; WDT, Warmth Detection
Threshold; zcpr, z-scores of Cool Detection Threshold; zpty, Mean of z-scores of the Detection Thresholds (CDT, WDT,
MDT); zypr, z-scores of Heat Pain Threshold; zyp, z-scores of Mechanical Detection Threshold; zppr, z-scores of Pressure
Pain Threshold; zsys, z-scores of Suprathreshold Heat Stimulus; zwpr, z-scores of Warmth Detection Threshold.
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