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Abstract

Background The Carolinas comfort scale (CCS) is an

ideal tool for assessing patients’ quality-of-life post hernia

repair, but its use has been barely investigated preopera-

tively. The aim was to quantify preoperative symptoms and

assess their relevance in predicting postoperative clinical

outcomes following totally extraperitoneal (TEP) inguinal

hernia repair.

Methods The CCS was modified for preoperative use

(modified or MCCS) by omitting mesh sensation ques-

tioning. Data collection was prospective over a 16 months

period. (M)CCS questionnaires were completed preopera-

tively and at 2 then 6 weeks post repair. Intraoperative

findings were also recorded. One hundred and four con-

secutive patients consented for TEP repair were included

using a fibrin glue mesh fixation technique.

Results All three questionnaires were completed by 88

patients (84.6 %). Preoperative MCCS scores did not differ

with age, obesity, the presence of bilateral or recurrent

inguinal herniae or hernia type. Higher MCCS grouping [OR

4.3 (95 % CI 1.5–12.6)] and the presence of bilateral herniae

[OR 8.5 (1.2–61.8)] were predictors of persisting discomfort

at 6 weeks, with lower scores on MCCS [OR 16.4

(3.9–67.6), obesity (OR 9.9 91.6–63.2)] and recurrent hernia

repair [OR 11.4 (1.4–91.0)] predicting increased discomfort

at 2 weeks versus preoperatively. MCCS scores were

inversely correlated with the size of a direct defect (r -0.42,

p = 0.011) but did not differ with the intraoperative finding

of an incidental femoral and/or obturator hernia. Female sex

was strongly associated with recognition of a synchronous

incidental hernia (5 vs 57 %, p = 0.001).

Conclusions Pre- and post-operative scoring of hernia

specific symptoms should be considered as part of routine

surgical practice, to counsel patients on their expectations

of pain and discomfort post repair and to select those who

might be more appropriate for a watchful waiting approach.

Females with inguinal hernia warrant complete assessment

of their groin hernial orifices intraoperatively due to a high

rate of synchronous incidental hernia.

Inguinal hernia is one of the commonest pathologies pre-

senting to general surgeons, and repair of this condition is a

major burden on health care budgets. With the advent of

modern mesh repair techniques demonstrating low recur-

rence and complication rates, postoperative outcomes in

terms of symptoms and quality-of-life (QoL) during

recovery have become a key focus of the modern hernia

literature. The Carolinas comfort scale (CCS) is a validated

Likert-type questionnaire developed specifically for mesh

hernia repair that discriminates well between satisfied and

unsatisfied patients, has demonstrated utility in detecting

recurrence, and is an ideal means of addressing QoL and

comfort post hernia repair [1–3].

Laparoscopic repair of inguinal hernia has lower

reported rates of acute and chronic postoperative groin

discomfort than open approaches, with a quicker return to

work, and is recommended by guidelines for repair of

recurrent and bilateral herniae [4]. It also adds the advan-

tage of being able to visualise all the hernial orifices in the

region with a single minimally invasive approach. Argu-

ments against laparoscopic repair include an increased cost

of disposables the need for general anaesthesia, a steeper
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learning curve and a higher but overall negligible rate of

major visceral and vascular complications [4–6]. Thus

uptake of laparoscopic repair techniques has not been

universal and a policy of selective use is recommended by

published guidelines [4].

Watchful waiting has been suggested as part of man-

agement algorithms for asymptomatic and minimally

symptomatic hernia [4, 7], as the absolute rate of incar-

ceration per year is low, coupled with a finite morbidity of

repair, especially in terms of chronic groin discomfort.

Furthermore, the total cost to the health system may be

higher with early repair [7].

If a selective approach to offering laparoscopic repair is

to be followed by surgeons, then selection of suitable

patients must consider the advantages of improved QoL

and minimised discomfort leading to an early return to

work. Likewise the minimally symptomatic hernia that is

appropriate for a watchful waiting approach requires defi-

nition. Despite this, the preoperative assessment of symp-

toms and QoL, although a key focus postsurgery in the

recent literature, is infrequently reported and quantified.

Preoperative pain and the relationship to postoperative

outcomes has been investigated by a number of studies,

although broader measures such as activity and QoL

impairment measures have been infrequently investigated

[8].

The aim of this study was to demonstrate the utility of

completing a quantitative pre-operative assessment using a

modified hernia specific CCS questionnaire (modified or

MCCS) in terms of audit of surgical outcomes, and whether

such a preoperative evaluation can be predictive of post-

operative discomfort, or of hernia anatomy, to help in

guiding clinical decision making and management

algorithms.

Materials and methods

The study was of a prospective cohort design including a

total of 104 consecutive TEP inguinal hernia repairs over a

16 months period from November 2011 to March 2013.

The study was conducted in accordance with good clinical

practice guidelines and with consent for data collection. All

repairs were performed under the care of a single surgeon

and using a standardised technique of pre-formed ana-

tomical prosthesis (ParietexTM Anatomical Mesh

15 9 10 cm, TECT 1510 ADP2, Covidien, Mansfield,

MA, USA) placement with fibrin glue fixation in all

patients (TISSEAL [Fibrin Sealant], Baxter, Deerfield, IL,

USA) and Endoloop closure of the sac of medial defects as

previously described [9, 10]. Any incidentally found fem-

oral or obturator hernias were covered by the mesh, or

where large occluded by a pre-formed mesh plug (Perfix

Plug� small, Bard Davol Inc., Warwick, RI, USA). Intra-

operative assessment of the hernia anatomy was described

as per the EHS classification guidelines [11].

The CCS was modified for pre-operative use (MCCS) by

omitting the questions related to mesh sensation in each of

the 8 domains, resulting in a maximum score of 75. Total

scores for each respondent were then converted to a per-

centage of the applicable maximum. A slight modification

was made by adding the symptom of sneezing to item five

of the original CCS score, as in the author’s experience this

was a frequently reported aggravator. A simple VAS score

was also collected simultaneously with the questionnaire

on each occasion (Table 1).

Data were collected during clinical consultation pre-,

and at 2 and 6 weeks postoperatively. All scores were

converted to a percentage of the maximum possible score.

A priori selection and recording of patient characteristics of

age, the presence of bilateral or recurrent herniae,

BMI [ 30, a disturbed pre-peritoneal plane (by previous

TEP, radical prostatectomy, appendectomy or other rele-

vant lower abdominal surgery) was based on previously

Table 1 The modified carolinas comfort scale

Number Question Scores

1 Whilst laying down, do you have

Pain 0 1 2 3 4 5 N/A

2 Whilst bending over, do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

3 Whilst sitting up, do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

4 Whilst performing activities of daily living (getting out of

bed, bathing, getting dressed), do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

5 When coughing, sneezing or deep breathing, do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

6 When walking or standing, do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

7 When walking up or down stairs, do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

8 When exercising (other than work-related), do you have

Pain 0 1 2 3 4 5 N/A

Movement Limitations 0 1 2 3 4 5 N/A

Patients were asked to answer each question scoring 0 for no pain nor

movement limitations, up to five for the worst symptoms, or N/A if

not applicable
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reported and suspected factors influencing reported symp-

toms or suggesting a technically difficult repair. To facil-

itate further analysis and create clinically meaningful

severity groupings, the CCS and MCCS scores were

stratified according to symptom groups, namely Very Sat-

isfied (\5 %), Satisfied (\30 %), Somewhat satisfied and

Unsatisfied, consistent with the author’s previously pub-

lished study [9].

Baseline MCCS scores were analysed by logistic

regression and the change in preoperative, 2 and 6 weeks

percentages by repeated measures ANOVA, with the above

covariates. To investigate the predictive ability and clinical

utility of the preoperative MCCS, these symptom cohorts

were examined in terms of the following clinically relevant

questions:

Postoperative outcomes by multivariate logistic regres-

sion, specifically:

(a) 6 week outcomes, in terms of being either very

satisfied or not.

(b) 2 week outcomes, in terms of reporting increased

discomfort from preoperative levels.

Hernia anatomy, in terms of

(a) The presence of an occult femoral or obturator

hernia at operation, and.

(b) EHS classification of the hernia anatomy found at

operation.

Analysis was performed by SPSS software v21 (SPSS

Inc, Chicago, Il). Non-parametric tests where available

were used for non-normally distributed data, p was set at

0.05 and two-tailed.

Results

Of the 104 consecutive patients who were assessed pre-

operatively, 102 completed the initial 2 weeks postopera-

tive CCS and 88 (84.6 %) at the second (6 week) follow-up

visit.

The baseline characteristics were compared across these

sample populations to determine whether those who failed

to provide a full set of scores differed from the remaining

cohort (Table 2). There was a significant difference in

terms of age, with those who failed to provide a full

postoperative symptom assessment being younger, but

otherwise the patient cohorts were similar.

Pre-operative scores ranged from 0 to 85.3 %, with a

median of 17.3 % (mean 23.9 %), 2 weeks scores ranged

from 0 to 69.4 %, with a median of 4 % (mean 8.3 %), and

6 weeks scores ranged from 0 to 37.4 %, with a median

0 % (mean 2.4 %). The breakdown of patients by symptom

severity grouping, at each time point, is found in Table 3.

There was no significant difference in preoperative

MCCS scores on linear regression by the a priori factors of

age, sex, obesity, the presence of bilateral or recurrent

inguinal herniae, a disturbed tissue plane from previous

surgery, or by the EHS hernia anatomy classification found

at repair.

On repeated measures ANOVA, there was a clear

improvement in the subsequent self reported symptoms of

patients undergoing TEP inguinal hernia repair as mea-

sured by pre- and post-operative (M)CCS scores at both the

2 and 6 weeks mark (p \ 0.001).

There was a significant correlation between preoperative

MCCS scores and the reported discomfort postoperatively.

However, and as expected, the minimally symptomatic

MCCS group demonstrated significantly increased scores

at 2 weeks before improving at 6 weeks post surgery

(Fig. 1). The a priori selected factors of age, the presence

of bilateral or recurrent herniae, a disturbed pre-peritoneal

Table 2 Study population characteristics

Overall Completed followup (n = 88) Incomplete followup (n = 16) p value*

Mean age (SD) 49.9 (±15.4) 51.3 (±15.3) 42.3 (±14.6) 0.03

Preop mean score (SD) 23.9 % (±22.5) 22.2 % (±21.3) 33.4 % (±27.4) 0.07

% Male 93.3 % 94.3 % 87.5 % 0.32

% Bilateral 58.7 % 61.4 % 43.8 % 0.19

% Recurrent 9.6 % 10.2 % 6.3 % 0.62

% Disturbed pre-peritoneal plane 6.7 % 8 % 0 % 0.25

% Obese 8.7 % 10.2 % 0 % 0.18

* p-values by one-way ANOVA

Table 3 Results by symptom severity groupings

Preoperative (%) 2 weeks (%) 6 weeks (%)

Very satisfied 24 (23.1) 57 (55.9) 75 (85.2)

Satisfied 47 (45.2) 40 (39.2) 12 (13.6)

Neutral 24 (23.1) 4 (3.9) 1 (1.1)

Unsatisfied 9 (8.7) 1 (1) 0 (0)
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plane and obesity once again did not have a statistically

significant influence on sequential scores on multivariate

analysis, neither did the hernia defect by size, nor type.

On individual patient basis, 21 % reported increased

symptoms at 2 weeks compared to preoperative levels,

reducing to just two cases (3.8 % of complete respondents)

at 6 weeks.

Predicting hernia anatomy

Hernia anatomy as found intraoperatively and defined by

the EHS classification [11] was compared to preoperative

symptoms. Reported discomfort did not differ preopera-

tively between patients with direct and/or indirect hernia of

any size, whether unilateral or bilateral (Mann–Whitney

U test). However, preoperative symptoms were signifi-

cantly and negatively correlated with increasing size of a

direct inguinal hernia when present (Pearson R - 0.42,

p = 0.011, Fig. 2B). A positive correlation was also noted

with indirect defects, particularly bilateral defects, but this

was not statistically significant (Fig. 2A).

Overall, 9 % were found to have an occult femoral,

obturator or Gimbernat’s hernia at TEP repair. MCCS

scores did not significantly differ preoperatively between

these patients and those without an occult hernia found at

surgery, but as has been previously reported [12] female

sex was a strong predictor of finding a synchronous occult

hernia (present in 5.2 % males vs 57.1 % females,

p = 0.001, Chi square test). Post operative symptoms did

not significantly differ after the reduction with or without

plug occlusion (in a single case) of these clinically occult

herniae where present at both 2 weeks (p = 0.661, Mann–

Whitney U test) and 6 weeks (p = 0.736).

Predicting the likelihood of increased discomfort

at 2 weeks postoperatively

Patients who reported increased symptoms at 2 weeks,

compared to baseline preoperatively, were compared to

those who reported improved symptoms by multivariate

logistic regression. The minimally symptomatic group by

preoperative MCCS (‘Very Satisfied’ patients) had an OR of

16.2 (95 % CI 3.9–67.6) of increased discomfort at 2 weeks

follow-up. Obesity [OR 9.9 (1.6–63.2)] and recurrent hernia

[OR 11.4 (1.4–91.0)] were also significant predictors of

increased discomfort in this early postoperative period.

Fig. 1 Sequential perioperative scores, stratified by preoperative

symptom severity

Fig. 2 A Symptoms by direct defect size. B Symptoms by indirect

defect size
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Predicting the likelihood of a less than satisfied

outcome at 6 weeks

Patients who were very satisfied, or not, at 6 weeks post

surgery were compared by multivariate logistic regression.

The degree of discomfort preoperatively on MCCS was a

significant predictor of the presence of persisting symptoms

at 6 weeks, with each increment from very satisfied to

unsatisfied associated with an OR of 4.3 (95 % CI

1.5–12.6). Undergoing bilateral hernia repair was also

predictive of persisting discomfort [OR 8.5 (1.2–61.8)] at

the 6 weeks follow-up visit.

Discussion

Preoperative symptom severity as measured by the modi-

fied CCS is a significant predictor of reported postoperative

symptoms, and is inversely correlated with the size of a

direct defect when present. To our knowledge this is the

first report of a hernia specific CCS-based questionnaire

used in the preoperative and early postoperative setting for

inguinal hernia repair, although a CCS-based scale has

been reported in the assessment of ventral hernia repair

techniques [13] and a similar but non-specific question-

naire has been used preoperatively in the investigation of

post-herniorrhaphy pain risk factors [8].

The MCCS scale used in this study could predict

which patient was likely to report persisting symptoms at

6 weeks post surgery, and who was likely to report

increased discomfort from baseline in the acute postop-

erative period at 2 weeks. Pain and discomfort is a

subjective experience, varied by multiple factors relating

to an inherent susceptibility of the patient, the stimulus,

and the expression and interpretation of the response.

This analysis of a hernia specific perioperative symptom

scoring system with a consistent repair technique per-

formed under the care of a single surgeon, suggests that

these inherent patient factors are indeed key to the

reported discomfort post repair, and that a risk of post-

operative discomfort can be assessed preoperatively. This

finding is clinically relevant in counselling and consent-

ing patients on their expectations of QoL and discomfort

post repair, and in selecting patients suitable for a

watchful waiting approach. This may also be of rele-

vance in guiding both the clinician and patient regarding

the significance of unexpectedly persisting discomfort in

the late postoperative period. Although the aim of this

study was not to investigate chronic pain or discomfort

(being defined as that persisting over a 3 months period),

it has been reported that early postoperative as well as

local preoperative pain is a risk factor for chronic pain

[14, 15]. Our findings are consistent with those of

Aasvang et al. [8] who identified that preoperative

activity impairment as measured by the 13 point activity

assessment scale, coupled with reported local pain and

response to a noxious heat stimulus, were significant

preoperative risk factors that predicted post-herniorraphy

pain .

Additionally, this study identified a clear inverse cor-

relation of preoperative MCCS scores with hernia anatomy,

in terms of the size of a direct defect where present. Fur-

thermore, given that indirect inguinal herniae may be up to

ten times more likely to obstruct than direct herniae

according to consensus guidelines [4], preoperative symp-

tom scoring could lend support to deciding upon watchful

waiting in patients with direct defects. The explanation for

this phenomenon may be indirect, related to confounders

such as increased age, or a direct relationship between

laxity of the abdominal wall and Hasselbach’s triangle, and

the degree of stimulation of pain receptors and thus

discomfort.

Femoral, inguinal and obturator hernia commonly

coexist, with in-common local biomechanical and systemic

risk factors. As has been previously reported in the litera-

ture [12] and recommended by international guidelines [4],

laparoscopic repair of female patients with inguinal herniae

should be considered due to a high rate of associated

femoral herniae. Although preoperative symptoms did not

differ in the presence of such additional hernia, our study

reinforces this view with 57 % of females undergoing

repair in this series having otherwise clinically occult

femoral and/or obturator herniae.

The 16 % drop out rate at 6 weeks follow-up is a

concern in this study, even though we attempted to contact

these missing patients for telephone assessment to ensure

consistent reporting methodology and a consistent effect of

observer and expectation bias in data collection. Patients

lost to followup tended to be of younger age, which pre-

vious studies suggest is a risk factor for greater post-

operative pain. This bias could be considered being coun-

teracted by the author’s experience that satisfied patients

are more likely to be those that decline to attend a second

follow-up visit. Some reporting bias may also have been

introduced, as the data was not collected in an anonymous

blinded fashion. However, the operative technique and data

collection as mentioned above was consistent across the

study population. This standardised TEP repair technique

has been previously reported in detail [9, 10]. The low

overall rate of symptoms at 6 weeks postsurgery in this

study compares favourably with the reported literature,

especially as measured using a sensitive tool such as the

CCS, highlighting the minimal postoperative discomfort of

TEP repair.
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Conclusion

Quantitative preoperative as well as postoperative assess-

ment should be strongly considered by surgeons when

consenting patients for hernia repair. Both the modified and

standard CCS are ideal tools for this purpose. Preoperative

symptoms are correlated to both early and late postopera-

tive discomfort and hernia anatomy. Quantifying discom-

fort preoperatively as an addition to routine clinical

examination can provide clinically useful data to guide

both surgeon and patient in the consent process. Obese

patients, or those with recurrent or bilateral herniae are at

increased risk for early postoperative discomfort. Preop-

erative symptoms were not predictive of an incidental

femoral and/or obturator hernia. However as has been

previously reported, females with inguinal herniae should

undergo a laparoscopic repair technique due to the high

incidence of these synchronous herniae in this population,

for which a TEP approach is ideal.
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