N

N

Effectiveness of Epidural Analgesia, Continuous Surgical
Site Analgesia, and Patient-Controlled Analgesic
Morphine for Postoperative Pain Management and
Hyperalgesia, Rehabilitation, and Health-Related
Quality of Life After Open Nephrectomy
Xavier Capdevila, Sebastien Moulard, Christian Plasse, Jean-Luc Peshaud,

Nicolas Molinari, Christophe Dadure, Sophie Bringuier

» To cite this version:

Xavier Capdevila, Sebastien Moulard, Christian Plasse, Jean-Luc Peshaud, Nicolas Molinari, et al..
Effectiveness of Epidural Analgesia, Continuous Surgical Site Analgesia, and Patient-Controlled Anal-
gesic Morphine for Postoperative Pain Management and Hyperalgesia, Rehabilitation, and Health-
Related Quality of Life After Open Nephrectomy. Anesthesia & Analgesia, 2017, 124 (1), pp.336-345.
10.1213/ANE.0000000000001688 . hal-01797820

HAL Id: hal-01797820
https://hal.science/hal-01797820
Submitted on 24 Mar 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est

archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-01797820
https://hal.archives-ouvertes.fr

Effectiveness of Epidural Analgesia, Continuous
Surgical Site Analgesia, and Patient-Controlled
Analgesic Morphine for Postoperative Pain
Management and Hyperalgesia, Rehabilitation, and
Health-Related Quality of Life After Open Nephrectomy:
A Prospective, Randomized, Controlled Study

Xavier Capdevila, MD, PhD,* Sebastien Moulard, MD,* Christian Plasse, MD,* Jean-Luc Peshaud, MD,*
Nicolas Molinari, PhD,T Christophe Dadure, MD, PhD,* and Sophie Bringuier, PharmD, PhD*+

BACKGROUND: There is no widely recognized effective technique to optimally reduce pain
scores and prevent persistent postoperative pain after nephrectomy. We compared continuous
surgical site analgesia (CSSA), epidural analgesia (EA), and a control group (patient-controlled
analgesic morphine) in patients undergoing open nephrectomy.

METHODS: Sixty consecutive patients were randomized to be part of EA, CSSA, or control
groups postoperatively for 72 hours. All patients received patient-controlled analgesic mor-
phine, if needed. Hyperalgesia was assessed on the first, second, and third postoperative days.
Chronic pain characteristics and quality of life were analyzed at 1 and 3 months. The primary
outcome was the pain score at 24 hours. Secondary outcomes were morphine consumption,
postoperative rehabilitation, hyperalgesia, chronic pain incidence, and quality-of-life parameters.
RESULTS: At 24 hours, mean % standard deviation pain values at rest (2.4 £ 1.7, 2.2 £ 1.2,
and 4.2 £ 1.2, respectively, in EA, CSSA, and control groups, P <.001) and during coughing was
lower in the EA and CSSA groups. Total morphine consumption was higher in the control group.
Rehabilitation parameters improved sooner in the EA and CSSA groups. Median values of area
of hyperalgesia differed at 48 hours between the EA group and the control group (36.4 cm?)
and (52 cm?) (P =.01) and at 72 hours among the EA group, CSSA group, and the control group
(40 cm?, 39.5 cm?, and 59 cm?, respectively; P = .002). CSSA reduced the severity of pain
and hyperalgesia at 1 month and optimized quality of life 3 months after surgery (role physical
scores, P = .005).

CONCLUSIONS: CSSA and EA significantly improve postoperative analgesia, reduce postop-
erative morphine consumption, area of wound hyperalgesia, and accelerate patient rehabilita-
tion after open nephrectomy. CSSA significantly reduces the severity of residual pain 1 month

after surgery and optimizes quality-of-life parameters 3 months after surgery.
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pen surgery is still a common approach for radi-
cal or partial nephrectomy.!? Open nephrectomy
is considered to lead to intense postoperative

pain® and a high incidence of chronic postoperative pain.*
Optimal management of postoperative pain and recovery
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is an important challenge after major surgery. Multimodal
analgesia is now recommended to decrease postoperative
pain and reduce adverse drug effects. Epidural analgesia
(EA) is widely recognized as an effective technique after
open nephrectomy>® to reduce pain scores and the need for
analgesics and to prevent persistent postoperative pain.’
EA was also found to reduce surgical stress responses and
improve both functional capacity and health-related quality
of life (HRQL).® Although it is recognized that EA prevents
postoperative pain, this technique is not systematically
used as the standard of care as a result of incidences of
postoperative adverse events.®” Continuous wound infil-
tration or continuous surgical site analgesia (CSSA) is an
interesting alternative to EA within multimodal postopera-
tive pain management.' After open nephrectomy, this tech-
nique has been shown to improve pain relief, reduce opioid
consumption, and accelerate recovery and discharge.!*
These 2 analgesic techniques provided effective analgesia
as part of a multimodal approach after major abdominal
surgery or open nephrectomy. However, the evaluations
were only placebo-controlled trials. Recently, the benefits of
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EA compared with CSSA have been challenged in patients
undergoing elective open colorectal surgery.’>!¢ Jouve et al'®
showed some advantages of EA in improving postoperative
pain management and functional recovery, and Bertoglio et
al'® emphasized the use of CSSA in the same context. More
studies comparing EA and CSSA and including a controlled
patient group are needed to evaluate the short- and long-
term impact of these regimens after upper abdominal sur-
gery and open nephrectomy. We hypothesized that CSSA
may improve postoperative pain, postoperative HRQL, and
the pain relief/adverse events ratio compared with EA and
IV morphine patient-controlled analgesia (PCA). The pri-
mary outcome was the pain score at 24 hours. Secondary
outcomes were morphine consumption, postoperative reha-
bilitation, hyperalgesia, chronic pain incidence, and quality-
of-life parameters.

METHODS

This prospective, randomized, controlled study was
approved by the Institutional Committee for the Protection
of Human Subjects in Biomedical Research (Comité de
Protection des Personnes, Sud-Méditerranée III, Nimes,
France, No. 20100101), registered (Trial registration: Eudra
CT number 2009-A01272-55; CCTIRS: 12.660), and written
informed consent was obtained for all patients.

Study Population

Sixty consecutive adult patients scheduled for open total or
partial nephrectomy for cancer via lumbotomic access were
screened and enrolled between March 2011 and June 2012.
Inclusion criteria were age 18 years and older; American
Society of Anesthesiologists physical status I, II, or III; cog-
nitive capacity to use the visual analogic scale (VAS); ability
to answer the HRQL; and the chronic pain questionnaires.
Medical exclusion criteria were coagulation disorders; con-
sumption of antiaggregant or anticoagulant drugs in the
last 7 days; hepatic or renal insufficiency; allergy to local
anesthetic; obesity (body mass index >30 kg/m?); chronic
preoperative consumption of opioids; psychiatric disorders;
and inability to use a PCA device.

Perioperative Care

All surgical procedures were performed by senior surgeons.
Patients fasted preoperatively. Patients were premedicated
with 5 mg oral midazolam 1 hour before induction of anes-
thesia. Standard monitoring included continuous recording
of the heart rate and electrocardiography, automatic blood
pressure, pulse oximetry, end-tidal carbon dioxide concen-
tration, and esophageal body temperature. Anesthesia was
standardized for all patients in the study. Induction was per-
formed with propofol (2.5-5 mg/kg), sufentanil (0.2 pg/kg),
cisatracurium (0.15 mg/kg), and maintenance of anesthe-
sia was accomplished with desflurane (maximal allowable
concentration 0.6%-1%), sufentanil (0.3 ng/kg/h) to target a
bispectral index (BIS Technology; Aspect Medical Systems,
Meern, The Netherlands) between 40 and 50. Muscle paraly-
sis was maintained by continuous infusion of cisatracurium
(0.2 mg/kg/h) as indicated by orbicular nerve stimulation
(train of 4). After tracheal intubation, mechanical ventilation
of the patients was ensured with a tidal volume of 8 mL/

kg, a positive end-expiratory pressure of 6 cm H,O, and
an inspired oxygen fraction of 50% in air. All patients had
urinary catheters. Normothermia was maintained using a
pulsed warm air system and prophylactic antibiotherapy
was given as recommended.

Study Protocol

Study information was explained to the patients by the
anesthesiologists 3 weeks before surgery and at the pre-
anesthetic consultation. Patients who consented to the
project were stratified for eligibility in the study the day
before surgery and baseline variables were evaluated. On
the morning of the surgical procedure, the patients were
randomly assigned to 1 of 3 groups using a computer-gen-
erated randomization table: EA group, CSSA group, or con-
trol group (Figure 1). For both ethical and practical reasons,
according to the Patient Protection Committee request, the
control group was not a placebo group and patients were
nonblinded. Both the patient and the investigator were
not blinded at least up to the first 72 postoperative hours.
In the EA group, an epidural catheter was inserted before
induction of anesthesia in a preinduction room. The proce-
dure was performed in a sitting position. The needle entry
point was situated between T7 and T8 vertebrae. An 18-G,
100-mm Tuohy needle was used and 3 to 5 cm of a 20-G
epidural catheter was inserted into the epidural space. Two
milliliters of a test dose solution of 2% lidocaine with epi-
nephrine was administered. Any sensory block (cold swab
test) was noted 20 minutes after the procedure. We waited
20 minutes after the test dose to rule out intravascular injec-
tion or subarachnoid or subdural block. Thirty minutes
before the end of the surgery, patients received a bolus of 10
mL of 0.2% ropivacaine followed by a continuous infusion
at 10 mL/h for 72 hours. In the CSSA group, 2 multiholed
catheters (Painfusor; Baxter Company, Maurepas, France)
were inserted by the surgeon at the end of surgery using
the technique previously reported by Beaussier."! The first
catheter was positioned after the closure of transverse mus-
cle, between the transverse and internal oblique muscles.
Internal and external oblique muscles were subsequently
closed. The second catheter was inserted in the subcuta-
neous space. The subcutaneous space and the skin were
closed separately. A transparent dressing covered both the
catheters. Five milliliters of 0.2% ropivacaine were admin-
istered followed by continuous infusion at 5 mL/h in both
catheters using elastomeric pumps for 72 hours. The con-
trol group received a multimodal analgesia regimen with
paracetamol, nefopam, and PCA morphine. For all patients,
1 g paracetamol and 20 mg nefopam were administered
30 minutes before the skin was closed. Antiemetic drugs
(8 mg dexamethasone sodium phosphate) were adminis-
tered 10 minutes before the end of surgery.

Postoperative Care

After tracheal extubation and discharge from the operative
room, patients were admitted to the postanesthesia care unit
(PACU). All patients were titrated using 2 mg morphine
bolus every 5 minutes to obtain a pain VAS value <4. The
postoperative PCA pump infusion (Alaris Medical System,
Hampshire, UK) was started to deliver 1 mg morphine and
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Figure 1. Flow diagram of patients in the study.

0.05mg/mL droperidol on demand with a 7-minute lockout
time and a maximal of 15 mg/4 h. All patients were asked
to use a bolus of IV morphine if needed as pain medication.
Epidural and multiholed wound catheters were removed
from patients 72 hours after surgery. Nausea and vomiting
were treated with 4 mg ondansetron IV as first-line therapy
and 1.25 mg droperidol as rescue therapy. All patients were
given 1 g paracetamol IV and 20 mg nefopam IV every
6 hours. All patients were initially hospitalized in a specific
continuous care unit (CCU) until they satisfied 4 conditions:
pain VAS at rest <4; weaning from oxygen by nasal cannula
based on oxygen saturation >94%; bowel recovery (defined
by bowel movements and flatus); and time out of bed (more
than 2 hours chairside). The time to return for each param-
eter and the duration of CCU stay for the patients in the
3 groups were noted. Postoperative hypotension, defined
as a mean arterial pressure <60 mm Hg, was treated with
lactated Ringer’s fluid and / or vasopressors, as appropriate.
Pain at rest was assessed using a 10-cm VAS at 1, 6, 12, 24,
36, 48, and 72 hours after arrival in the recovery room and
pain during coughing from 24 to 72 hours. The daily total
consumption of morphine was evaluated before leaving the
PACU at 24, 48, and 72 hours after surgery. Urinary catheters
were removed on the day after surgery. The postoperative
area of hyperalgesia for punctate mechanical stimuli around
the surgical incision was assessed as previously reported’
everyday for 72 hours using a Semmes-Weinstein 10 g (size

5.07) monofilament (Bioseb; In Vivo Research Instruments,
Vitrolles, France). With the patient’s eyes closed, the tests
were done along radial lines from the pain-free skin area to
the surgical incision at 0.5-cm intervals until pain sensation
was reported by the patient (painful, burning, sharp). The
measurement was repeated by increments of 5 cm around
the surgical incision. The measures were reported on a
graph paper to calculate the total area of hyperalgesia. The
occurrence of side effects in the 3 groups (eg, nausea, vom-
iting, acute respiratory failure, pruritus, urinary retention,
local vein inflammation, fever, hypotension, cardiovascular
problems, problems with catheters, local anesthetic toxicity
signs, paresthesia, sedation) were recorded until discharge.
All the parameters (pain VAS values, morphine consump-
tion, rehabilitation, hyperalgesia, side effects) in the post-
operative period were recorded by 2 research physicians
not involved in the primary phase of the study and intra-
operative patient care. The incidence of postoperative resid-
ual pain or discomfort was evaluated at 1 and 3 months
after surgery using a previously published questionnaire
with selected items.? The area of hyperalgesia for punctate
mechanical stimuli around the surgical incision was not
assessed using Semmes-Weinstein 10-g (size 5.07) mono-
filaments. The patient was asked to describe the frequency
and the intensity of pain, its localization, impact on activi-
ties of daily living, and the need for analgesics. HRQL was
assessed preoperatively at 1 and 3 months postoperatively



using the SF-36 questionnaire.'” This 36-item scale is used to
assess several domains. Four subscales (physical function-
ing [PF]; role physical [RP]; bodily pain [BP]; general health)
contribute to the physical component score (PCS) and 4
subscales (vitality [VT]; mental health [MH]; role emotional
[RE]; social functioning [SF]) contribute to the mental com-
ponent score (MCS). The questionnaires were then sent back
to the hospital by the patients.

Statistical Analysis

Categorical data were expressed as absolute value (n) or
frequencies (%). Continuous data were expressed as mean
+ standard deviation (SD) or median [interquartile range]
and the Shapiro-Wilk test was used to test the normality of
the distribution.

Comparisons of categorical data among groups were
performed by the %2 test or the Fisher exact test, as appro-
priate. Continuous data comparisons among groups were
performed with analysis of variance or a nonparametric
Kruskal-Wallis test in case of too small size or non-Gaussian
distribution of the data. When a global significant differ-
ence appeared, a 2x2 two comparison was performed with
the appropriate test (Student or Wilcoxon test for quantita-
tive variables; % test or the Fisher exact test for categorical
variables).

The comparisons of paired variables (change in resid-
ual pain, daily impact...at home in all patients or for each
group separately) were performed using the Student or
Wilcoxon paired-sample test for quantitative variables and
the McNemar test for categorical variables.

A value of P < .05 was considered significant. For mul-
tiple testing, we assumed P < .01 as significant for the post
hoc analyses.

Linear mixed models were used to analyze the longitudi-
nal data for SF-36 subscales. We used fixed effects for preop-
erative score, group (EA, CSSA, control), postoperative time
(1, 3 months), and their interaction (group x postoperative
time). We used patient as a random effect.

Statistical analyses were performed using SAS soft-
ware version 8.2 (SAS Institute, Cary, NC) in the Medical
Computer Programming Department, University Hospital
of Montpellier, France.

Sample size was calculated to show a difference of pain
intensity at hour 24. In the absence of published data when
we started the present study, we estimated that a difference
of 25 mm (estimated common SD of 20) was clinically sig-
nificant. With a 2-sided significance level of .016 (to take
into account a conservative penalty for multiple testing)
and a power of 90%, 17 (in each group) patients would be
required. We chose to include 60 patients (20 per group).

RESULTS

Sixty patients underwent nephrectomy using a lumbotomic
approach and were randomized preoperatively into the
3 groups: control, EA, and CSSA. Fifty-nine patients suc-
cessfully completed the study and had a follow-up 3 months
postoperatively (Figure 1). The 3 groups were not statisti-
cally different for demographic and surgical characteristics,
except for age (Table 1). The mean [SD] times (hours) until
medically fit for discharge from the CCU were 99 [38] hours

in the control group and 64 [24] hours and 63 [13] hours for
the EA and CSSA groups, respectively (P < .001). The mean
[SD] times (hours) to bowel recovery significantly increased
in the control group (86 [19] hours) compared with patients
in the EA group (59 [21] hours) and the CSSA group (58 [13]
hours) (P < .001); the first time to bedside sitting for more
than 2 hours was 83 [13], 51 [15], and 59 [14] hours in the
control, EA, and CSSA groups, respectively (P < .001). There
was no significant difference in the duration of oxygen sup-
plementation: 68 [46], 46 [28], and 44 [19] hours in the con-
trol, EA, and CSSA groups, respectively (P = .07).

Early Postoperative Pain

During the postoperative 72 hours, analysis of pain intensity
indicated a significant difference between groups (P < .001)
(Figure 2). Patients in both regional analgesia groups receiv-
ing ropivacaine experienced significantly less postoperative
pain at rest and during coughing compared with patients in
the control group (Figure 2A and B). Pairwise comparisons
showed that patients in the EA group had the lowest scores
at rest during the first 6 hours (P < .001) and during cough-
ing throughout all postoperative 72 hours (P < .001).

Total Morphine Consumption

Morphine consumption differed significantly among the
groups throughout the postoperative 72 hours (Table 2). In
the control group, morphine consumption was significantly
higher than in the EA and CSSA groups (P < .001). Pairwise
comparisons show that in the PACU, patients from the EA
group received significantly less morphine than those in the
CSSA group. At 24, 48, and 72 hours, the difference in mor-
phine consumption between both ropivacaine groups did
not differ significantly.

Area of Hyperalgesia Around the Wound

The size and type of incision did not differ between the
groups (Table 1) but Figure 3 shows that, throughout the
first postoperative 72 hours, the median values of total
area of hyperalgesia surrounding the surgical incision
were lower in both groups of patients receiving ropiva-
caine compared with the control group. The differences
were close to being significant at 48 hours between the EA
group (36.4 cm?) and the control group (52 cm?) (P = .014)
and at 72 hours among the ropivacaine groups: EA group
(40 cm?), CSSA group (39.5 cm?), and the control group
(59 ecm?) (P = .002). No significant difference was noted
between the EA group and the CSSA group throughout the
first postoperative 72 hours.

Adverse Events

The EA and CSSA groups did not differ with regard to
adverse effects related to morphine consumption. Nausea
or vomiting during the first 72 hours was higher in the con-
trol group (85% and 50%, respectively) than in the ropiva-
caine groups (EA group, 30% and 10%; CSSA group, 52%
and 21%) (P = .012). In the control group, 75% of patients
received ondansetron as rescue antiemetic therapy and 30%
received droperidol as second-line therapy compared with
47% and 21% in the CSSA group and 15% and 0% in the
EA group (P < .001). Two hypotensive episodes, 1 cardiac



Table 1. Demographic and Surgery Characteristics of the Patients in the 3 Groups
EA Group (n = 20)

Age (y) 66.95 (9.83)
Sex: male/female 11/9
Height (cm) 169 (8)
Weight (kg) 77.4 (14.89)
Body mass index (kg/m?; SD) 26.88 (4.05)
ASA 17117111 3/13/4
Comorbidities
Diabetes mellitus, % (n) 15 (3)
Cardiac, % (n) 50 (10)
Respiratory, % (n) 25 (5)
Hypertension, % (n) 60 (12)
HRQL Parameters
PCS component of HRQL 44.92 (9.52)
MCS component of HRQL 40.25 (11.79)
Surgical parameters
Nephrectomy: total/partial 7/13
Flank incision/dorsal lumbectomy 17/3
Size of incision (cm) 12.5 [12-15]
Duration of surgery (min) 139 (42.31)
Time of surgical retractors use (min) 104 (35.12)

CSSA Group (n = 20) Control Group (n = 20) P
57.3 (13.79) 56.55 (14.51) .02
13/7 16/4 .24
171 (8) 172 (7) .63
79.4 (13.71) 78.65 (15.85) 91
27.03 (3.46) 26.63 (4.69) .95
5/12/3 9/8/3 .33
20 (4) 0 (0) 14
60 (12) 30 (6) .15

30 (6) 15 (3) .52
50 (10) 30 (6) .15
46.9 (9.71) 49.44 (10.22) .35
38.71 (10.99) 44.47 (10.11) .25
7/13 12/8 .18

16/4 16/4 1
13 [10-15]* 14 [12.5-17.5] .51
159 (36.69) 148 (34.99) .27
108 (26.87) 109 (31.61) .87

Values are presented as mean (SD), median [interquartile range], absolute value, or % frequency (n).
Abbreviations: EA, epidural analgesia; CSSA, continuous surgical site analgesia; SD, standard deviation; ASA, American Society of Anesthesiologists physiological
status; HRQL, health-related quality of life; PCS, physical component score; MCS, mental component score.
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Figure 2. Values of visual analog scale (VAS) pain score at rest
(A) and during coughing (B) during the first 72 h postoperatively.
The P values have been calculated using the Kruskal-Wallis test.
The boxes represent the median and the bars represent the 75th
percentile. *P < .001 significant difference; **P < .001 significant
difference among all groups. NS indicates nonsignificant difference
between the epidural analgesia (EA) group and the continuous surgi-
cal site analgesia (CSSA) group (See SM 1 Supplemental material
linked to Figure 2, http://links.lww.com/AA/B558).

arrhythmia, 1 pulmonary edema as well as 2 obstructed
catheters, were noted in the EA group (P = .04 versus the
other 2 groups). One hypotensive episode and 1 catheter
were accidentally removed in the CSSA group. One respira-
tory failure related to pneumonia necessitating a 2-day stay
in the intensive care unit and noninvasive ventilation was

noted at postoperative day 7 in the control group. We did
not have any wound healing or infection in our patients.

Residual Pain and Impact on Quality of Life

One month after surgery, more than 80% of patients expe-
rienced some residual pain (Figure 4A). The percentage of
patients presenting severe pain (necessitating analgesics
and/or VAS >4) as well as patients describing hyperalgesia
around the wound were lower in the CSSA group (27% and
21%) compared with the EA group (44% and 55%) and the
control group (63% and 55%) (P = .02). The residual pain
values decreased significantly between 1 and 3 months in
the CSSA group (P = 0.006), whereas decreases of residual
pain were not significant in both other groups (P = 0.08).
As shown in Figure 4B, 3 months after surgery, pain was
present for approximately 60% of patients in both EA and
control groups. At 1 month, activities of daily living were
affected in 62% of the patients in the control group versus
30% in the EA group and 32% in the CSSA group (P = .049).

At 1 month, the PCS of the SF-36 decreased significantly
from preoperative scores in all patients (mean difference:
-10.9 [P < .001]). In EA and control groups at 3 months,
mean differences were —3.11 (P = .016) and -12.3 (P < .001),
respectively.

Table 3 shows the preoperative and postoperative
scores for the physical and mental subscales according to
the patient groups. The analyses showed that preoperative
scores were significant variables to explain physical (PF, RP,
BP, and general health) and mental components (SF, MH,
and RE) after surgery (P preoperative < .05). Most of the
quality-of-life dimensions changed significantly over time
(PE RP, BP, VT, SF, MH, RE; P time < .05), but this evolution
differed also between groups (BP, MH, RE; P time x group
<.05).

RP and RE scores at 1 month postoperatively were
very low for all groups (0), whereas at 3 months postop-
eratively in EA and control groups, RP scores (0 and 12.5,
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Table 2. Cumulative Morphine Consumption on a Daily Basis in the 3 Groups of Patients

EA Group (n = 20)

PACU 1 [0-7]** 10 [8-14]

H24 10 [5-27] 18 [12-24]
H48 20.5 [9-41] 24 [21-40]
H72 28.5 [11-48] 27 [24-43]

CSSA Group (n = 19)

Control Group (n = 20) P
10 [10-15] <.001
32.5[21.5-47]* <.001
44 [29.5-60.5]* .002
55.5 [32.5-72.5]* .001

Values are presented as median [interquartile range].

Abbreviations: EA, epidural analgesia; CSSA, continuous surgical site analgesia; PACU, postanesthesia care unit; H, hour.

*Significant difference between other groups.

W72:395em’

H72:59.1em”

Figure 3. Areas of punctate hyperalgesia around the wound in the
three groups of patients at 24 h, 48 h, and 72 h (green: epidural
analgesia [EA] group; blue: continuous surgical site analgesia [CSSA]
group; red: control group). # P < .001 significant difference between
the control and EA groups; **P < .001 significant difference between
the control and both ropivacaine groups (See SM 2 Supplemental
material linked to Figure 3, http://links.lww.com/AA/B558).

respectively) and RE scores (16.67 and 33.33, respectively)
were still lower than preoperative scores. Scores in the
CSSA group recovered for the RP subscale (75; P group =
.005 and P time < .001) were higher (66.67) than RE preop-
erative score (P time x group < .01).

DISCUSSION

This study is the first prospective randomized comparison
among a PCA morphine control group, thoracic epidural,
and continuous wound local anesthetic infusions within
a multimodal analgesia regimen. Regional analgesia tech-
niques significantly improve postoperative analgesia,
reduce postoperative morphine and antiemetic require-
ments, accelerate CCU stay and recovery of bowel func-
tion, and facilitate acute rehabilitation compared with
PCA morphine in patients undergoing open nephrectomy.

Furthermore, regional postoperative analgesia decreases
the area of wound hyperalgesia. CSSA might significantly
reduce the severity of pain and hyperalgesia 1 month after
surgery compared with both other groups and optimizes
the physical and mental health quality-of-life SF-36 sub-
scales 3 months after surgery.

We report that patients in the EA and CSSA groups
experienced significantly less postoperative pain at rest
and during coughing compared with patients in the PCA
morphine group. CSSA is an alternative to EA for postop-
erative analgesia after open renal surgery.’>'*!8 Forastiere
et al? reported reduced VAS pain scores with CSSA com-
pared with PCA morphine within the first postoperative 48
hours. For open colorectal surgery,'! CSSA using 10 mL/h
of 0.2% ropivacaine significantly reduced pain scores.
Patients in the EA group reported significantly lower pain
scores at rest during the first 6 hours postoperatively and
for 72 hours during coughing. EA could be considered as
a prerequisite for optimal postoperative analgesia after
open nephrectomy.>%1? After open colorectal surgery and in
agreement with our results, Jouve et al'® reported that EA
(basal bolus regimen of ropivacaine 0.2% and 0.25 ug/mL
sufentanil) provided lower pain scores at rest than CSSA in
the first 8 hours and during 72 hours postoperatively for
dynamic pain. Conversely, Bertoglio et al'® reported that
preperitoneal CSSA provided lower pain scores compared
with EA (continuous infusion of 0.2% ropivacaine) at 48 and
72 hours. Finally, a recent meta-analysis® reported that the
use of local anesthetic wound infiltration gave pain scores
comparable with those obtained with EA after abdominal
surgery.

In the control group, morphine consumption was sig-
nificantly higher than in the EA and CSSA groups. It has
been well demonstrated that the use of EA or CSSA com-
pared with PCA morphine revealed significantly less use of
rescue opioid for patients administered ropivacaine.!121821
Forastiére et al'” reported significantly decreased mean total
morphine consumption over the first postoperative 48 hours
in the CSSA group after open nephrectomy (11.5 [0.27] mg)
compared with the PCA morphine group (21.8 [0.37] mg).
Our results showed higher consumption of morphine in the
CSSA and control groups compared with Forastiere et al’s
study'? during the first 48 hours postoperatively despite the
use of a multimodal analgesia regimen. The differences may
be the result of the preoperative wound infiltration of 10 mL
of 1% ropivacaine, mean duration of surgery (78 minutes vs
159 minutes), and systematic use of ketamine in the other
study.

Adequate pain management minimizes morphine con-
sumption, increases patient mobility, decreases hospital
stay, and optimizes patient outcome.”>? In our study, both
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regional analgesia groups have significantly accelerated
return of bowel function, chairside sitting, and discharge
from the CCU compared with the control group. Nausea
and vomiting during the first 72 hours were higher in
the PCA morphine group. Previous data'>® support our
hypothesis. In Forastiere et al’s study,'? the times to bowel
recovery and discharge as well as the incidence of nausea
and vomiting decreased in the CSSA group compared with
PCA morphine group. Focusing on early postoperative out-
come parameters and adverse events, CSSA is a reasonable
alternative to EA after lumbotomy.

Peripheral nociceptive input from the surgical site
promotes incisional pain, hypersensitivity,* and central
sensitization??® leading to persistent pain in some cases.
We showed that in the first postoperative 72 hours, the
total area of hyperalgesia surrounding the surgical inci-
sion was lower in both groups of patients receiving ropi-
vacaine compared with the control group. After major
gastrointestinal surgery,’ the area of hyperalgesia around
a laparotomy incision has been reported significantly
higher (mean [SD] 155 [30] cm? at 72 hours) in a group
of patients receiving a systemic postoperative analgesia
regimen compared with 3 other groups of patients sched-
uled for intraoperative, perioperative, or postoperative
EA (mean [SD] 20 [10] cm? at 72 hours). The only study®
on CSSA (5 mL/h of ropivacaine 2%) compared with pla-
cebo plus 75 mg IV diclofenac in both groups reported
that the area of punctate hyperalgesia around the cesar-
ean delivery incision did not differ. We demonstrated that
the use of CSSA or EA decreased the hyperalgesia area
compared with systemic opiates. The difference between
both studies using a continuous wound infusion is prob-
ably related to the use of IV diclofenac in both groups in
the previous study.

B EA Group
B CSSA Group
B Control Group

*

Figure 4. Chronic pain characteristics
in the three groups of patients 1 and
3 mo after surgery. *P < .001 signifi-
cant difference between the continu-

tonda‘\\v“""“g ous surgical site analgesia (CSSA)

group or the control group and the
other two groups at 1 month for the
selected characteristics. #P = .006
significant difference in residual pain
evolution in the CSSA group com-
pared with both other groups.

B EA Group
B CSSA Group
B Control Group
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We report that CSSA is superior for reducing central
sensitization and limiting the risk of residual pain after
lumbotomy compared with both other groups. At 1 month,
the percentage of patients reporting severe pain and/or
hyperalgesia was significantly lower in the CSSA group
compared with the EA and control groups. Lavand’homme
et al’ reported that patients receiving EA only in the post-
operative period did not differ in terms of residual pain at
1 month compared with a control group. The studies using
CSSA compared with systemic analgesia did not report any
difference in residual pain at 1 and 3 months. Some authors
reported no pain'>1516% or a 5% incidence.! In contrast to our
study, the prospective quantification of chronic pain (type
of pain, measured pain level, location) was not specifically
evaluated in other studies. Three months after surgery, some
preoperative scores for the PCS and MCS subscales had not
recovered in the EA and control groups but were significantly
higher in the CSSA group (Table 3). After open nephrectomy
using an EA regimen, Gerbershagen et al® reported that psy-
chologic and psychosocial status had worsened in patients
developing chronic pain within 3 months postoperatively.
Levy et al*! did not report any difference in all components
(MCS and PCS) of the SF-36 questionnaire between EA and
PCA morphine groups 1 month after laparoscopic colorec-
tal surgery. Conversely, Carli et al'® noted that after open
colon surgery, the EA group experienced an improvement
in all SF-36 subscales 6 weeks after surgery compared with
the PCA morphine group. Our study is the first to analyze
HRQL related to postoperative wound infusion. We report
that CSSA resulted in improved scores for the physical and
mental subscales of the SF-36 questionnaire compared with
EA and PCA morphine 3 months after open nephrectomy.

Our study has several limitations. From a statistical
point of view, the sample size was calculated without a



Table 3. Domain and Subscale Values for the SF-36 Questionnaire in the 3 Groups at the Preoperative,
3- and 6-Month Evaluations

Preoperative
1 mo
3 mo

Physical functioning
Preoperative
1 mo
3 mo

Role physical
Preoperative
1 mo
3 mo

Bodily pain
Preoperative
1 mo
3 mo

General Health
Preoperative
1 mo
3 mo

EA Group (n = 20)
Physical component summary

44.6 [35.8; 51.4]
S6ISISINERSIIO)]
39.6 [35.1;48.9]

60 [42.5; 92.5]
40 [30;67.5]
62.5 [40;72.5]

25 [0-100]
0[0-0]
0 [0-50]

77 [62-100]
62 [42-74]
74 [57-84]

57 [47-63.5]
57 [37-67]
57 [38.5-67]

Mental component summary

Preoperative
1 mo
3 mo

Vitality
Preoperative
1 mo
3 mo

Social functioning
Preoperative

1 mo

3 mo
Mental health

Preoperative

1 mo

3 mo

Role emotional
Preoperative
1 mo

3 mo

41.3 [33;49.7]
38.7 [32.6;47.6]
37.2 [33.8;42.5]

50 [35-65]
47.5 [35-57.5]
50 [35-55]

56.25 [43.8-75]
50 [31.25-75]

56.25 [50-75]
54 [44-68]

60 [48-70]
54 [46-64]

50 [0-100]
0 [0-50]

16.67 [0-100]

CSSA Group (n = 19)

46.5 [38.8; 53.3]
39.1[30.8; 44.1]
47 [41.5;54.3]

75 [55; 95]
60 [30;70]
80 [55;95]

75 [0-100]
0 [0-50]
75 [0-100]*

64 [51-100]
52 [31-62]
80 [52-100]

55 [47-62]
47 [42-72]
52 [40-72]

36.1 [27.8;46.4]
37 [32.5;49.9]
48.8 [34;51.8]

45 [30-65]
40 [25-60]
55 [45-70]

62:51[S1:5=81.5]
62.5 [50-75]
75 [50-87.5]
48 [40-64]

56 [44-68]
68 [52-72]

33.33 [0-100]
0 [0-66.67]

66.67 [0-100]

Control Group (n = 20)

52.2 [45.3; 57.3]
36.4 [33.3; 40]
43.[38.6;49.8]

92.5 [80; 100]
60 [47.5;67.5]
77.5 [67.5;90]

87.5 [0-100]
0[0-0]
12.5 [0-50]

100 [62-100]
41 [36-57]
69 [62-74]

67 [44.5-82]
62 [46-82]
64.5 [49.5-82]

43 [37.6;55.3]
41.6 [33.1;46.9]
45.3 [42.6;54.4]

62.5 [40-75]
47.5 [37.5-60]
55 [52.5-67.5]

68.75 [62.5-87.5]
2.5 [B72=13]
75 [56.25-87.5]
64 [48-82]

66 [48-78]
70 [56-84]

83.33 [16.7-100]
0[0-33.3]

33.33 [16.67-100]

P

P preoperative <.001
P group = .52
P time <.001
P time x group = .44

P preoperative = .006
P group = .26

P time <.0001

P time x group = .90

P preoperative = .0036
P group = .0056

P time <.0001

P time x group = .13

P preoperative = .03
P group = .52

P time <.0001

P time x group = .04

P preoperative <.0001
P group = .99

P time = .2

P time x group = .47

P preoperative = .008
P group = .64

P time = .02

P time x group = .03

P preoperative = .15

P group = .06

P time <.0001

P time X group = .0055

P preoperative <.0001
P group = .26

P time <.001

P time X group = .62

P preoperative = .0017
P group = .74

P time = .03

P time x group = .0031

P preoperative = .02
P group = .47
P time <.0001
P time x group = .23

Abbreviations: EA, epidural analgesia; CSSA, continuous surgical site analgesia.

pilot study, which could have given valuable information
concerning the success rate of different groups. Therefore,
we made a speculation, which led to 3 groups of 20 patients
each. The samples are small and the possibility of a type II
error exists. The study was not a double-blind trial because
we were not able to obtain permission from our ethical
committee. The committee considered it unethical and
dangerous for the patients to have single-sham (regional
groups) or double-sham (control group) catheter lines with
the patient being blinded about the analgesia regimen.

However, all parameters were recorded by 2 research phy-
sicians not involved in the primary phase of the study
and intraoperative patient care. The use of postoperative
EA (rather than intra- and postoperative EA) can be chal-
lenged.®> Lavand’homme et al’ reported the same results
for postoperative VAS scores, areas of hyperalgesia, and
residual pain necessitating treatment in 3 groups of patients
receiving perioperative and only intra- or postoperative EA
after colon surgery. All groups were different from the sys-
temic analgesia group. Barreveld et al® reported in a recent



systematic review that a significant antihyperalgesic effect
of a regional analgesia procedure occurs when the local
anesthetic is present during the early postoperative period
and that its presence during surgery is not crucial for that
effect. However, we should note that their test for hyperal-
gesia at 1 and 3 months was with a questionnaire unlike our
testing, which was done with a monofilament.

In conclusion, our results show that CSSA and EA sig-
nificantly improve postoperative analgesia, reduce postop-
erative morphine consumption, decrease the area of wound
hyperalgesia, and accelerate patient rehabilitation in an
enhanced recovery program of patients undergoing open
nephrectomy. CSSA significantly reduces the severity of
residual pain 1 month after surgery and optimizes HRQL
parameters 3 months after surgery compared with the EA
and control groups. &8
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