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Background: Medial sternotomy is commonly used in cardiac surgery, although it results in
intense post-operative pain. The placement of a sternal wound catheter for the administration
of local anesthetic represents an effective technique. An initial bolus of tramadol in the
sternal wound catheter could potentiate the effect of the local anesthetic and decrease both
the post-operative pain and the morphine consumption.
Patients and methods: We conducted a prospective, randomized, double-blind study at
the University Hospital Center, Dijon, France. Patients requiring scheduled or non-extreme
emergency surgery for valve disease, aorta disease, atrial myxoma, or coronary artery bypass
graft via sternotomy were included. A sternal wound catheter was inserted at the end of the
surgery. The patients were randomized to receive either a 2 mg/kg bolus of tramadol (n=80)
or a placebo (n=80) in the wound catheter. The bolus administration was followed by a
continuous infusion of 1.25% levobupivacaine for the ﬁrst 48 hrs following surgery. The
patients’ morphine consumption during the ﬁrst 48 hrs after extubation was recorded. The
other investigated variables were the patients’ rescue analgesia, arterial blood gasses, and
length of stay in the intensive care unit and in hospital, as well as the incidence of chronic
pain at the four-month follow-up point.
Results: The morphine consumption was found to be comparable in the two groups (38 mg
vs 32 mg, p=0.102). No effect was found in terms of the arterial blood gasses, lengths of stay,
or incidence of chronic pain.
Conclusion: The addition of tramadol to the local anesthetic delivered via a wound catheter
following sternotomy did not reduce the patients’ post-operative morphine consumption.
Trial registration: Clinicaltrials.gov identiﬁer: NCT02851394.
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Medial sternotomy remains the most frequently used approach for cardiac surgery
despite the emergence of new and less invasive surgical techniques that can be
performed by mini-thoracotomy. Sternotomy can result in deep and intense postoperative pain, which is exacerbated by breathing movements, coughing, and
respiratory physiotherapy.1 Uncontrolled pain can have signiﬁcant repercussions
for a patient’s respiratory, cardiovascular, and cognitive function, in addition to
increasing both the risk of morbidity and the length of the patient’s hospital stay.2
The guidelines recommend multimodal pain management that comprises locoregional and systemic analgesia.3,4 The continuous infusion of local anesthetic at the
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sternotomy site via a catheter inserted by the surgeon has
been found be an effective technique associated with
decreased post-operative pain and decreased morphine
consumption.5–9
Tramadol is generally administered systemically, but
when combined with local anesthetic, it accelerates the
onset of anaesthesia and prolongs the action of the plexus
blockade.10,11 Tramadol’s action on the peripheral nerve is
similar to that of local anesthetic, as it blocks the sodium
channels and seems to exert an effect on the peripheral
µ-opioid receptors expressed as a result of the inﬂammatory
response, which occurs at the site of the surgical wound.12–14
It has been suggested that locally administered tramadol may
be just as effective as a local anaesthetic.15–18
The aim of this study was to determine whether a bolus
of tramadol administered in combination with local anesthetic via a wound catheter reduced patients’ consumption
of morphine when compared to the administration of local
anesthetic alone following cardiac surgery by means of
medial sternotomy.

Patients and methods
Design and patients
This clinical trial was approved by both the Ethics
Committee CPP EST I (Dijon, France, EudraCT N°: 2015000213-42) and the Drug Safety Agency (ANSM). All the
study procedures were performed in accordance with the
provisions of the Declaration of Helsinki and the Good
Clinical Practice guidelines. The study was also registered
at www.clinicaltrial.gov (Study ID: NCT02851394).
The current single-center, prospective, randomized,
double-blind study was conducted at Dijon University
Hospital, Burgundy, France, between October 2015 and
October 2016. Patients requiring scheduled or non-urgent
surgery for valve disease, aorta disease, atrial myxoma, or
coronary artery bypass graft via medial sternotomy were
included in the study. The exclusion criteria were patients
who underwent redo surgery following previous sternotomy and patients with a known hypersensitivity to any of
the products used in the present study. We further excluded
patients with local or generalized bacterial infection and
those with a history of any neurological disorders, acute
intoxication, or an overdose of central nervous system
depressants. Patients with a serum creatinine level above
170 µmol.l−1, liver failure, porphyria, severe respiratory
insufﬁciency, or severe hypotension were also excluded.
Moreover, treatment with antidepressants, antiepileptics,
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neuroleptics, opiates, or steroidal or non-steroidal antiinﬂammatory drugs was considered another reason for
exclusion from the study. Finally, adults subject to guardianship, persons without health insurance cover, and
pregnant or breast-feeding women were also excluded
from the study.

Study procedure
The patients were informed about the study protocol during the preoperative anaesthesia consultation. Written
informed consent was obtained from all the patients on
the day before surgery. The study randomization was stratiﬁed by sex, the EuroSCORE II risk, and the surgery time
slot (morning or afternoon) prior to each patient’s entrance
to the operating room. The medical and paramedical teams
in the intensive care unit (ICU) and the surgeons were all
blind as to the allocated treatment. The patients’ premedication consisted of hydroxyzine associated (or not) with a
benzodiazepine both the day before and on the morning of
the intervention. Pregabalin and gabapentin were forbidden during the study.
General anaesthesia was induced via a target-controlled
infusion of propofol and sufentanil. A bolus of cisatracurium (0.15 mg/kg) was realized prior to tracheal intubation.
In the absence of any contra-indication, tranexamic acid
was injected. Antibiotic prophylaxis was realized with
cefamandole or vancomycin in case of allergy. Arterial
and central venous catheters were inserted. Anaesthesia
was maintained using a halogenated anesthetic at a minimum alveolar concentration (MAC) of 0.8 for myocardial
preconditioning with sufentanil and curare given as a bolus
or via a continuous infusion. The hypnotic was replaced
with propofol by means of a target-controlled infusion
after the start of the cardiopulmonary bypass.
At the end of the surgery, the surgeon inserted a wound
catheter (InﬁltraLong 150 set catheter with a 19 G/150 mm
Alene needle, Gamida, France) into the subcutaneous space
following the closing of the sternum. The catheter was
purged with 10 mL of 0.5% levobupivacaine. On admission
to the ICU, the patients were given either a bolus of tramadol as a local infusion at a dose of 2 mg/kg or 0.9% saline
via a syringe ﬁlled to 10 mL. The syringe was prepared and
sterilized by the pharmacy following the attribution of the
batch using Tenalea randomization software. The bolus was
administrated by the ICU nurse, who was blind to the
allocated syringe. Once the bolus had been given, the
wound catheter was linked to an elastomeric pump
(Multirate Infusor LV 5 7 12 mL/h, Baxter) ﬁlled with
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0.125% levobupivacaine. The portable diffuser administered the local anesthetic at a rate of 12 mL/h until extubation, and then at a rate of 7 mL/h for the ﬁrst 48 hrs
following extubation. After this period, the catheter was
removed. Systemic analgesia was achieved with paracetamol (1 g every 6 hrs) and a titration of morphine (2 or 3 mg
every 7 mins) until the patient reached a visual analog scale
for pain (VAS) of less than 30 mm. At this point, the patientcontrolled analgesia (PCA) with morphine was initiated.
The PCA was set for boluses of 1 mg of morphine, and
the refractory period was set as 10 mins. If the patient was
still in pain, the protocol included the oral or intravenous
administration of 50 mg or 100 mg of ketoprofen or an
intravenous bolus of 20 mg of nefopam, which was to be
repeated as necessary.

Outcomes
The primary endpoint was the patients’ post-operative morphine consumption during the ﬁrst 48 hrs following extubation. The secondary endpoints were the evaluation of the
rescue analgesia with nefopam or ketoprofen. We also compared the patients’ post-operative respiratory parameters
using the arterial blood gasses, namely the arterial partial
pressure of oxygen (PAO2), arterial oxygen saturation (SO2),
and arterial partial pressure of carbon dioxide (PACO2) during the ﬁrst 48 hrs. The Ramsay score during the ﬁrst 48 hrs
following extubation was recorded. Further, any catheterrelated post-operative infections were recorded. We also
recorded the patients’ post-operative length of stay in the
ICU and in the hospital. Finally, we used the Douleur
Neuropathique 4 (DN4) questionnaire some 4 months after
the surgery to evaluate the incidence of chronic pain.19

Data collection
The clinical data, including the patients’ daily consumption
of morphine, were recorded, with the initial titration
recorded at extubation H0, then at H+6 hrs, H+24 hrs, and
H+48 hrs. The time between the titration and the ﬁrst bolus
delivered by the PCA was also recorded. Data concerning
the static and dynamic pain, as evaluated using the VAS,
were collected at extubation, at H+6 hrs, and then every
12 hrs for the ﬁrst 48 hrs following extubation. The type
and the total dose of rescue analgesia were also recorded
during the ﬁrst 48 hrs. The level of sedation was evaluated
using the Ramsay scale at H+6 hrs following extubation,
and then every 12 hrs for 48 hrs. The arterial blood gasses
were measured at H+6 hrs after extubation, and then once
per day over the 2 days following the surgery.
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Local post-operative infections were recorded if the
patient required revisit surgery for lavage associated with
antibiotic therapy during the hospital stay. The study
investigators contacted the patients by telephone 4 months
after the surgery to complete the DN4 questionnaire so as
to evaluate the incidence of chronic pain.

Statistical analysis
Based on the principal endpoint, we hypothesized that
there would be a difference of 30% in the mean consumption of morphine (30 mg vs 21 mg) between the placebo
and the tramadol groups, respectively, as well as a standard
deviation of 20 mg, with a bilateral alpha risk of 5% and a
power of 80%. The number of patients calculated according to the above hypotheses was 78 per group, resulting in
a total of 156 patients. The statistical analyses were performed on an intention-to-treat basis. The mean consumptions of morphine in the two groups were compared via an
analysis of variance or a non-parametric Kruskal-Wallis
test (if the conditions of application for the analysis of
variance were not respected). The same approach was used
for the continuous variables associated with the secondary
endpoints. The discrete variables, including the numbers
of post-operative infections and the Ramsay scores in the
two groups, were compared using a Poisson regression
model or a binomial regression model.

Results
We assessed 171 patients with regard to their eligibility to
participate in the present study. One patient did not meet
the inclusion criteria, three patients refused to participate,
two patients were switched to mini-thoracotomy valve
replacement surgery, and ﬁve patients were excluded for
other reasons. We ﬁnally included 160 patients who underwent surgery between October 2015 and October 2016.
The study protocol was not respected in 18 patients: three
due to them undergoing early redo surgery as a result of
active bleeding or tamponade, 13 due to the non-insertion
of the wound catheter or the dysfunction of the device, and
two due to absence or an error concerning the injection of
the tramadol bolus (Figure 1). The wound catheter was
withdrawn early in 47 patients for various reasons, including an error in the execution of the protocol, delayed redo
surgery during the ﬁrst 48 hrs, the mobilization of the
patient, and the premature emptying of the elastomeric
pump. The two groups were comparable, save for the
mitral valve surgery (Table 1).
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Figure 1 Flow chart.

Post-operative analgesia
On an intention-to-treat basis, there was no signiﬁcant
difference found between the two groups in terms of
the morphine consumption during the ﬁrst 48 hrs after
the surgery (38 mg vs 32 mg, p=0.102). The difference
in the delay in the ﬁrst use of morphine following
titration was also not signiﬁcantly different (165 min
vs 172 min, p=0.814) (Table 2). The morphine consumption reached a maximum at 24 hrs, without any
signiﬁcant difference being found at any time between
the two groups (Figure 2). The rescue analgesia with
ketoprofen or nefopam, as well as the incidence of
chronic pain at 4 months, were again not signiﬁcantly
different between the two groups (Table 2). With
regard to the ﬁndings concerning the arterial blood
gasses, the PAO2/FIO2 ratios were not signiﬁcantly
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different between the two groups (p=0.088), nor were
the PACO2 ﬁndings (p=0.858) (Figure 3). The Ramsay
scores were comparable in the two groups during the
ﬁrst 48 hrs (p=0.984) (Figure 4).

Recovery and complications
The post-operative recovery was found to be almost identical in the two groups. The mean duration of the ICU stay
was 4 days for the placebo group and 3.6 days for the
tramadol group (p=0.603), while the mean duration of the
hospital stay was 10.3 days for the placebo group and
10.1 days for the tramadol group (p=0.321) (Table 3).
From October 2015 to May 2016, the incidence of repeat
sternal surgery due to mediastinitis was 4.4% in our study,
as compared to 6.1% in patients who did not receive a
wound catheter (p=0.526).
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Table 1 Demographic, anesthetic and surgical characteristics
P

Tramadol

Placebo

(n=80)

(n=80)

Age (years)

67 [61–76]

67 [61–77]

0,89

Male (%)

65 (81.3%)

69 (86.3%)

0.83

ASA

2.8 [3–3]

2.8 [3–3]

0.85

Euroscore II

2.1 [0.86–2.86]

2 [0.72–2.85]

0.45

Diabetes

24 (30%)

21 (26.3%)

0.73

Benzodiazepines

7 (8.7%)

11 (13.7%)

0.45

Long-term analgesics

5 (6.2%)

7 (8.7%)

0.77

Aortic valve surgery
Mitral valve surgery

28 (35%)
3 (3.7%)

30 (37.5%)
11 (13.7%)

0.87
0.05

Coronary artery

59 (73.7%)

63 (78.7%)

0.59

14 (17.5%)

9 (11.2%)

0.37

Duration of intervention
(min)

228 [197–259]

238 [207–273]

0.10

CPB time (min)

93 [66–125]

99 [82–128]

0.60

Aortic clamp time (min)

71 [45–98]

73 [59–97]

0.83

Sufentanil (µg)

123 [105–143]

124 [102–139]

0.86

Duration of anaesthesia
(min)

586 [502–633]

637 [514–697]

0.35

Type of intervention

bypass graft
Aortic surgery

Notes: The quantitative data are expressed as median [IQR]. Qualitative data are
expressed as n (%).
Abbreviation: CBP, cardiopulmonary bypass.

Discussion
The main ﬁnding of the present study is that an initial
bolus of 2 mg/kg of tramadol given in the sternal wound
catheter associated with continuous suprasternal analgesia
Table 2 Post operative analgesia

Morphine consumption during

Tramadol
(n=80)

Placebo
(n=80)

P

38 [17–53]

32 [14–49]

0.10

165±179

172±196

0.81

the ﬁrst 48 hrs (mg)
Time between morphine
infusion and 1st bolus of the
PCA (min)
Rescue analgesia

15 (18.7%)

16 (20%)

1

Chronic pain at 4 months

1 (1.25%)

1 (1.25%)

0.28

Notes: The quantitative data are expressed as median [IQR]. Qualitative data are
expressed as n (%).
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by means of levobupivacaine did not signiﬁcantly reduce
patients’ morphine consumption during the ﬁrst 48 hrs
after medial sternotomy when compared to wound analgesia achieved with levobupivacaine alone. Moreover, this
treatment did not result in a reduction in chronic pain at
the four-month follow-up point.
Sternotomy induces intense post-operative pain, mainly
in the wound site and the shoulders.20 In this case, the
post-operative analgesia is based on multimodal analgesia
that can associate locoregional anaesthesia with systemic
analgesics.3,4 The infusion of local anesthetic into the
wound via a catheter inserted by the surgeon is a welltolerated and straightforward procedure. Several studies
have suggested the analgesic efﬁcacy of a wound catheter
following heart surgery via sternotomy in terms of a
reduction in patients’ morphine consumption.5,8,9,21
Tramadol has traditionally been systemically administered, although its indication has now been extended to
locoregional anaesthesia. Tramadol acts by blocking the
nerve conduction. The reversible inhibition of the sodium
channels prevents the propagation of action potentials
during painful stimulation, thereby mimicking the
mechanism of local anaesthetic.12,13 Tramadol may also
inhibit the nociceptive behavior mediated by peripheral
glutamate.22 Additionally, it seems to act on the peripheral
µ receptors, which are expressed during the inﬂammatory
response.14 The efﬁcacy of tramadol inﬁltrations into the
gums or nose has been shown to be comparable to that of
lidocaine.23,24 Further, the analgesia induced by tramadol
administered locally following abdominal surgery was
found to be better than that achieved with bupivacaine or
levobupivacaine. It also allowed for longer post-operative
analgesia and a reduction in morphine consumption.17,18
The efﬁcacy of the combination of tramadol and levobupivacaine in a plexus block has previously been
demonstrated.25–27 The intramuscular or perineural injection of tramadol potentiates local anesthetic, as shown by
Alemanno et al in the case of an interscalene block.25
Moreover, the combination of tramadol and levobupivacaine induced longer analgesia than levobupivacaine alone
when used for a caudal block during inguinal hernia
surgery.26
We chose to deliver this combination of tramadol and
levobupivacaine via a single multi-perforated wound catheter placed over the sternum. Other authors have shown the
efﬁcacy of two subcutaneous catheters delivering a local
anesthetic placed over the sternum. When compared to a
saline infusion, this strategy led to a signiﬁcant decrease in
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Figure 2 Evolution of the morphine consumption during the ﬁrst 48 hrs post-surgery.

Figure 3 Results concerning the blood gasses during the ﬁrst 48 hrs post-surgery.

Figure 4 Ramsay scores during the ﬁrst 48 hrs post-surgery.

patients’ post-operative morphine consumption.5,9 Eljezi et
al placed two catheters over the lateral edges of the sternum,
thereby signiﬁcantly reducing the pain experienced during

2738

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

mobilization.21 Expert recommendations in this regard
include the insertion of a catheter in the presternal or
mixed position (a retrosternal or a subcutaneous catheter).4
Our principal judgement criterion was the patients’
morphine consumption during the ﬁrst 48 hrs post-surgery,
which is considered to be the most painful period.20 Our
study found no signiﬁcant difference between the placebo
group and the tramadol group. Our results are thus in
agreement with those of Ekmekçi et al, who implemented
continuous wound analgesia with levobupivacaine alone or
in combination with 1 mg/kg or 2 mg/kg of tramadol
following caesarean section. They reported no signiﬁcant
difference in relation to the total consumption of
meperidine.28 This ﬁnding could be explained by several
factors. First, there is currently no consensus as to the best
dosage of tramadol for infusions. We arbitrarily chose
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Table 3 Post-operative recovery

Time to extubation (min)
Time to ﬁrst mobilization (days)

Tramadol (n=80)

Placebo (n=80)

P

283 [210–305]
0.72 [0–1]

316 [210–360]
0.84 [0–1]

0.62
0.53

Duration of stay in ICU (days)

3.6 [2–4.5]

4 [2–4]

0.60

Duration of stay in hospital (days)

10.1 [8–11]

10.3 [8–10]

0.32

Note: Quantitative data are expressed as means [IQR].

2 mg/kg based on a review of the literature.18,29 The
tramadol dose may have been too low. A recent study
found no difference in efﬁcacy between a dose of 2 mg/
kg and a dose of 1 mg/kg of tramadol in combination with
levobupivacaine when delivered as an infusion following
caesarean section.28 Moreover, Robaux et al reported that
tramadol increased the duration and also improved the
quality of the post-operative analgesia associated with an
axillary block in a dose-dependent manner. The doses of
tramadol, in combination with mepivacaine, were 40 mg,
100 mg, or 200 mg.30 Furthermore, we decided to administer a bolus of tramadol alone immediately after the
surgery. To better evaluate the efﬁcacy of tramadol, it
would be useful to leave more time between the end of
the surgery and the injection of a bolus of tramadol alone
so as to avoid the aspiration of the product by the drainage
system. The continuous infusion of a mixture of tramadol
and levobupivacaine could also be tested. Finally, it must
be remembered that several sites are affected by postoperative pain following sternotomy, that is, not only the
wound site, but also the shoulders and the drains.20 Severe
pain may occur where the saphenous vein was harvested
for the coronary artery bypass graft.
It is important to bear in mind that this study had
several limitations. First, it was a single-center study
reﬂecting the anesthetic practice of only a single team.
Second, there was a selection bias, as our study population
was extremely limited due to the exclusion criteria. These
exclusion criteria were related to the contra-indications
and the risk of drug interactions associated with both
tramadol and levobupivacaine. The presence of pre-operative pain requiring regular doses of analgesics and a history of sternotomy are risk factors for post-operative
hyperalgesia and the onset of chronic pain. Moreover, the
results of our study must be interpreted with caution.
Certain methodological shortcomings could explain the
lack of a signiﬁcant difference between the two groups.
Indeed, twelve recordings of patients’ morphine consumption during the ﬁrst 48 hrs post-surgery were missing,
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which led to a loss of power. We also reported the early
withdrawal of the catheter in 47 patients, who hence did
not receive the local anesthetic for 48 hrs. There were
various reasons for the early withdrawal of the catheter,
including the premature emptying of the elastomeric
pump. The reduced duration of the local anesthetic infusion could be explained by the longer interval between
admission to the ICU and extubation seen in relation to
certain patients, as, during this period, the pump was set at
the higher rate of 12 mL/h. The tramadol administration
modality could also explain our results. We chose to
administer a single bolus via a single wound catheter.
Continuous administration with levobupivacaine might
have proven more effective, although the combined stability of tramadol and levobupivacaine remains unknown.
Moreover, the tramadol inﬁltration could be resorbed and
have a systemic effect. Finally, the local administration of
tramadol appears to exert an effect on the plexus nerve
block, and it seems more effective than inﬁltration alone in
terms of blocking the intercostal nerve in our study, which
could explain our results. The evaluation of the sensory
block and its duration, as compared to the placebo group,
could have objectiﬁed the blockage of the intercostal nerve
by means of the inﬁltration.

Conclusion
In our study, an initial infusion bolus of 2 mg/kg of tramadol
followed by continuous suprasternal wound analgesia with
levobupivacaine did not reduce the patients’ post-operative
morphine consumption following heart surgery via sternotomy. The mechanisms of action of tramadol when given as
an infusion are not yet fully understood. Complementary
studies are, therefore, required to elucidate the local properties of this analgesic and to evaluate it in combination with
local anesthetic in other types of surgeries.

Abbreviations
ICU, intensive care unit; VAS, visual analog scale; PCA,
patient-controlled analgesia; PAO2, arterial partial
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pressure of oxygen; PACO2:, arterial partial pressure of
carbon dioxide; FIO2, fraction inspired of oxygen; MAC,
minimum alveolar concentration.
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