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Abstract

Background Severe pain occurs after cardiac surgery in the sternum and chest tubes sites. Although analgesia
targeting the sternum is often prioritized, the analgesia of the drain site is sometimes overlooked. This study of
patients undergoing coronary artery bypass grafting (CABG) aimed to provide optimized analgesia for both the
sternum and the chest tubes area by combining parasternal block (PSB) and serratus anterior plane block (SAPB).

Methods Ethics committee approval (E.Kurul-E2-24-6176, 07/02/2024) was received for the study. Then, the trial
was registered on www.clinicaltrials.gov (https://clinicaltrials.gov/) under the identifier NCT05427955 on 17/03/2024.
Twenty patients between the ages of 18-80, with ASA physical status classification II-lll, undergoing coronary artery
bypass grafting CABG with sternotomy, were included. While the patients were under general anesthesia, PSB

was performed through the second and fourth intercostal spaces, and SAPB was performed over the sixth rib. The
primary outcome was VAS (Visual Analog Scale) during the first 12 h after extubation. The secondary outcomes were
intraoperative remifentanil consumption and block-related side effects.

Results The average age of the patients was 64 years. Five patients were female, and 15 were male. For the sternum
area, only one patient had resting VAS scores of 4, while the VAS scores for resting for the other patients were below
4. For chest tubes area, only two patients had resting VAS scores of 4 or above, while the resting VAS scores for the
other patients were below 4. The patients'intraoperative remifentanil consumption averaged 2.05 mg. No side effects
related to analgesic protocol were observed in any of the patients.

Conclusions In this preliminary study where PSB and SAPB were combined in patients undergoing CABG, effective
analgesia was achieved for the sternum and chest tubes area.
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Background

Cardiac surgery is most commonly performed via median
sternotomy, which often leads to significant postopera-
tive pain [1]. In cardiac surgery, acute pain following ster-
notomy is particularly evident, especially within the first
2 days postoperatively [2]. Despite treatment with high
doses of opioids, most patients report moderate to severe
pain during the postoperative period [3, 4]. Several fac-
tors contribute to acute post-sternotomy pain, including
surgical incision, sternotomy itself, placement of medias-
tinal and chest tube drains, and potential rib fractures [4].
Inadequate pain control following median sternotomy
is associated with activation of the sympathetic nervous
system and increased hormonal stress response. This
can lead to various adverse postoperative events such as
myocardial ischemia, cardiac arrhythmias, pulmonary
complications, hypercoagulability and increased rates of
delirium. All of these contribute to prolonged hospital
stays for patients [1, 5].

Acute post-sternotomy pain can be managed using
various methods including thoracic epidural analgesia
(TEA), thoracic paravertebral block (TPVB), and inter-
costal blocks. Additionally, protocols administered via
intravenous patient-controlled analgesia (PCA) can also
be employed. Moreover, these methods can be com-
bined with multimodal analgesia protocols for enhanced
pain management [1]. Neuraxial anesthesia and deep
plexus blocks can provide excellent analgesia and reduce
the need for systemic analgesics. However, the admin-
istration of anticoagulants in cardiac surgery patients
increases the risk of epidural hematoma associated with
neuraxial procedures [6]. Therefore, the American Soci-
ety of Regional Anesthesia and Pain Medicine contin-
ues to advocate for a conservative approach to neuraxial
techniques and other deep blocks such as TPVB [7].

As an alternative, the fascial plane blocks of the chest
wall are gaining popularity in procedures requiring ster-
notomy due to their simplicity and low complication
risk. It is expected that the accumulation of local anes-
thetic (LA) within the fascial plane would block the tar-
geted nerves responsible for surgical incision-related
nociception. The spread of LA within the fascial plane is
influenced by the injected volume, with higher volumes
expected to provide better spread within the targeted
plane [8]. Superficial and deep parasternal intercostal
plane blocks, interpectoral plane and pectoserratus plane
blocks, superficial and deep serratus anterior plane block,
and erector spinae plane block are alternative plane
blocks used in cardiac surgery [9]. Parasternal block
(PSB) targets the anterior cutaneous branches between
the T2 to T6 levels, making it a suitable choice for ster-
notomy incisions. Serratus anterior plane block (SAPB),
on the other hand, targets the lateral cutaneous branches
of the intercostal nerves approximately between the T2
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to T9 levels. SAPB is a suitable choice for procedures
involving the lateral chest wall, for example the chest
tube area [9-11].

The aim of this study is to observe the postoperative
analgesic effectiveness of the combination of PSB and
SAPB for patients undergoing coronary artery bypass
grafting (CABG) with sternotomy.

Materials and methods

Study design and patients

The study was conducted with a prospective, observa-
tional design after obtaining approval from the Ankara
Bilkent City Hospital Ethical Committee (E.Kurul-
E2-24-6176, 07/02/2024) and written informed con-
sent was obtained from all subjects participating in
the trial. The trial was registered on www.clinicaltri-
als.gov (https://clinicaltrials.gov/) under the identifier
NCT05427955 on 17/03/2024.

Patients between the ages of 18 and 80 years, with
American Society of Anesthesiologists (ASA) physical
status classification II-III, with a body mass index (BMI)
between 18 and 30 kg/m? undergoing CABG on cardio-
pulmonary bypass (CPB) with sternotomy, were included
in our study.

Patients undergoing combined cardiac surgery pro-
cedures, with preoperative requirement for intraaortic
balloon pump or high inotropic support, with primary
pulmonary hypertension, with ejection fraction<40%,
with infection in the area of the injection site, having re-
exploration or ventilation for a prolonged period (>8 h)
were excluded from the study.

A total of 20 patients who agreed to sign the informed
consent form (ICF) were included in the study during
preoperative anesthesia assessment.

Patients were monitored for general anesthesia accord-
ing to ASA standards. Anesthesia induction included
propofol (1.5-2 mg.kg™'), fentanyl (1-2 pgkg™!), and
rocuronium (0.5-1 mg.kg™') after preoxygenation. Fol-
lowing muscle relaxation, patients were intubated with
an appropriately sized endotracheal tube. Subsequently,
under general anesthesia and in the supine position, PSB
and SAPB were performed under ultrasound (US) (PHIL-
IPS Affiniti 50 color Doppler ultrasound device, Philips
L12-5 50-mm linear array transducer) guidance.

The block applications was performed bilaterally.
Patients received a total of 50 ml of 0.25% bupiva-
caine injected from 6 separate points (Fig. 1). This dose
(125 mg) is below the upper dose limit according to the
product information (2 mg.kg™'). Additionally, the block
applications were applied to all patients by the same
anesthetist who had experience and was certified.

PSB The linear ultrasound probe was placed in the para-
sagittal midline at the 2" intercostal space, approximately
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Sternum

Intercostal Cartilage

Fig. 1 Anatomical view of the regions where PSB and SAPB will be ap-
plied. ICM, intercostal muscle; PSB: parasternal block; PM: pectoralis major;
SAM: serratus anterior muscle; SAPB: serratus anterior plane block

2-3 cm lateral to the midline. Subsequently, an US-guided
block needle (21-G Pajunk needle) was advanced using an
in-plane technique beneath the pectoralis major muscle
and above the internal intercostal muscles. Hydrodissec-
tion with 2 ml of saline solution was performed in this
area. After confirming the accuracy of the placement,
7.5 ml of 0.25% bupivacaine was injected. This procedure
was repeated at the 4" intercostal space (Fig. 1).

SAPB The linear ultrasound probe was placed over the
6" rib in the anterior axillary line. After visualizing the
muscle structures up to the rib, the needle was advanced
using an in-plane technique beneath the serratus anterior
muscle, up to the 6 rib. Hydrodissection with 2 ml of
saline solution was performed to ensure accurate place-
ment. Subsequently, 10 ml of 0.25% bupivacaine was
injected into this area. (Fig. 1).

Following the block applications, the surgical proce-
dure commenced. Anesthesia was maintained using
sevoflurane and remifentanil infusion (0.05-0.25 pg.
kg™ L.min™'), with continuous monitoring of the bispec-
tral index to maintain it within the range of 40-50 and
according to the alpha wave analysis.

The left internal mammary artery was used in all of
our patients. CPB was initiated using a roller-pump,
open reservoir, and Nipro® oxygenator with a target
flow of 2.2—-2.4 L.min~! per m? at 36 °C (The Affinity
NT Integrated Trillium CVR/Membrane Oxygenator,
Medtronic, Minneapolis, MN). After decannulation, the
heparin effect was reversed by protamine, the cardio-
pulmonary bypass was terminated, and the sternum was
closed after bleeding control. At the end of the surgery,
pleural and mediastinal chest tubes were inserted in all
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patients. Before transfer to the intensive care unit (ICU),
all patients received 1 gram of acetaminophen and 1
mg.kg™! of intravenous tramadol. Subsequently, patients
received 4x1 g of acetaminophen in the first 24 h. Res-
cue analgesics were administered based on pain scores
reported in the ICU. If the visual analog scale (VAS) score
exceeded 3 in any patient, the initial treatment involved
administering tramadol (1 mg.kg™'). Following this, mor-
phine (0.05 mg. kg~') was added as needed.

Patients’ age, gender, BMI, operation duration, CPB
duration, cross-clamp (CC) duration, and separate VAS
scores for sternum and chest tube site during the post-
operative period were recorded. In addition, patients’
intraoperative remifentanil consumption, extubation
time (the time from the end of the surgery to extuba-
tion), the occurrence of any severe complications dur-
ing block application or postoperative follow-up (such as
nausea, vomiting, bleeding, pneumothorax, bradycardia,
tachycardia, hypotension, delirium), additional analgesic
requirements in the postoperative period, monitoring of
mean arterial pressure (MAP), heart rate (HR), oxygen
saturation (SpO,), as well as laboratory values such as
C-reactive protein (CRP), lactate, Neutrophil/Lympho-
cyte ratio (NLR) were also recorded.

Statistical analysis

All data obtained and recorded during the study were
analyzed using the Jamovi statistical program ver-
sion 2.3.21.0 (Sydney, Australia). The Shapiro-Wilk test
was used to assess whether the data were normally dis-
tributed. Normally distributed data were presented as
meantstandard deviation (SD), while non-normally dis-
tributed or ordinal data were presented as median and
quartiles (Q;-Qj). Categorical variables were presented
as counts and percentages. Wilcoxon test was used to
compare preoperative and postoperative dependent
group data that did not conform to normal distribution.
Statistical significance was considered for p values less
than 0.05.

Results
Twenty patients who underwent sternotomy for CABG
were included in the study in February and March 2024.
The average age and BMI of the patients was 64 years
and 28.1 kg/m?, respectively. Five patients were female,
and 15 were male. While the mean surgical duration was
270 min, the CPB duration was 98 min, and the CC dura-
tion was 76 min. The patients’ mean intraoperative remi-
fentanil consumption 2.05 mg. Patients were extubated
on average 330 min after the operation (Table 1).
Patients’ VAS scores for resting and coughing at the
sternum were evaluated at the 0, 274, 4 g8th and 12t
hours post-extubation. Only one patient had resting VAS
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Table 1 Demographic data, operative times of the patients
Case No Age Gender  ASA BMI kg/m? Operation CPB CCduration  Remifentanil Extu-
(Year) (F/M) duration duration consumption bation
(mg) Time
1 65 M 3 296 270 90 53 1.6 300
2 68 F 3 289 260 107 95 1.5 330
3 69 M 3 251 270 98 60 1.8 310
4 72 F 3 291 240 71 52 2.1 300
5 69 M 3 294 310 137 85 23 360
6 60 F 3 29 220 66 51 2.1 330
7 74 M 3 24.6 230 86 76 2.2 350
8 62 M 3 247 235 96 52 1.7 320
9 69 M 3 288 310 109 88 24 310
10 59 M 3 29.1 250 108 91 1.9 360
1 64 F 3 27 260 99 78 23 320
12 62 M 3 25 280 81 68 2.5 300
13 61 M 3 29.6 220 81 62 1.5 330
14 68 F 3 24 250 66 43 2 380
15 61 M 3 253 280 85 56 2 340
16 43 M 3 283 270 121 104 1.9 330
17 50 M 3 269 290 115 9 2.2 360
18 59 M 3 28 270 112 77 2.1 320
19 73 M 3 275 310 139 90 2.2 380
20 74 M 3 29.6 280 125 101 1.6 330
Median (Q,-Q;) 64.5 % 3 28.1 (25-29) 270 98.5 76.5 2.05 330
(60-69) 25/75 (248-280) (84-113) (55.3-90.3) (1.78-2.20) (318-
353)

ASA: American Society of Anesthesiologists; BMI: Body mass index; CC: Cross-Clemp; CPB: cardiopulmonary bypass; F: Female; M: Male

scores of 4, while the VAS scores for resting for the other
patients were below 4 (Table 2).

Patients’ VAS scores for resting and coughing at the
chest tube site were evaluated at the 0, 279, 4™, 8t and
12" hours post-extubation. Only two patients had resting
VAS scores of 4 or above, while the resting VAS scores
for the other patients were below 4 (Table 3).

Patients’ post-extubation MAP, HR, and SpO, values
remained stable (Table 4).

When evaluated for additional analgesic requirements,
only two patients required supplementary analgesia. Fur-
thermore, no side effects related to analgesic protocol
were observed in any of the patients (Table 5).

The CRP, lactate, and NLR values of the patients were
recorded during both preoperative and postoperative
periods (at the 48" hour), and they are presented in
Table 5.

Discussion

This prospective observational study suggests that the
combination of superficial PSB and deep SAPB may pro-
vide effective analgesia in patients with sternotomy and
bilateral chest tube insertion. We see the significance of
our results in shedding light on prospective randomized
trials to be conducted.

Insufficient pain control can lead to increased systemic
inflammation and thus to increased early (e.g. respiratory
tract infections) and late (e.g. persistent postoperative
pain) complications. In this light, multimodal analgesia
involving opioid-sparing locoregional analgesia tech-
niques appears particularly promising. The gold standard
is thoracic epidural anesthesia or the use of thoracic-
paravertebral blocks. There are limitations for both tech-
niques in cardiac surgery, particularly due to the use of
anticoagulants with the risk of epidural hematomas. In
recent years, it has been thought that US-guided thoracic
wall blocks, when used in conjunction with multimodal
analgesia, can become an effective component of analge-
sic management in cardiac surgery [2, 8, 12, 13].

The US-guided PSB is a regional anesthesia tech-
nique that targets the anterior branches of the intercos-
tal nerves, which innervate the anterior thoracic wall.
In a study, where Pascerella et al. [14] injected 20 ml of
0.5% Ropivacaine for each region, they observed that the
PSB provided effective analgesia compared to the control
group and significantly reduced extubation time. In our
study, VAS scores were found to be quite low, with only
two patients experiencing VAS scores of 4 or higher in
the early postoperative period, including coughing.

Studies indicate that the two most significant com-
ponents of pain following cardiac surgery are surgical
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Table 2 Postoperative pain scores for sternotomy

VAS while coughing

Oth

VAS at rest

Oth

Case No

12th

8th

4th

2nd

12th

8th

4th

2nd

— N MmN < 1n O N 0 Oy

0.5

0.5

Median (Q,-Q;)

(1-3) (1-3) (1-3) (1-2.2)

(1-3)

0-2) (0-2) (0-2)

(0-2)

VAS: Visuel analog skala

Table 3 Postoperative pain scores for chest drain

VAS while coughing

VAS at rest

Oth

Case No

4th 8th 12th Oth 2nd 4th 8th 12th

2nd

— N N < 1n O N~ 0 O

O — N N < 1n O NN 0 O

25

1.5(0.7-2)

Median (Q,-Q;)

(2-3.2) (2-3.2) (2-3) (2-3)

(2-4)

(1-2) (1-2) (1-2)

(1-2)

VAS: Visuel analog skala
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Table 5 Patients'additional analgesic requirements, side effect situations, and laboratory values
Case No AAR (Yes/No) Side effects (Yes/No) CRP Lactate NLR

mg/L mmol/L

Pre Post Pre Post Pre Post
1 No No 104 253 1.51 1.08 2.68 9.13
2 No No 0.6 145 083 1.02 341 3.88
3 No No 0.5 207 0.90 157 2.00 3.36
4 No No 64.6 284 1.63 1.24 2.69 4.85
5 No No 17.7 280 093 217 142 23.80
6 No No 59 312 1.09 1.01 1.34 512
7 No No 1.6 141 1.00 414 3.80 8.99
8 No No 6.1 152 1.00 1.74 3.80 11.79
9 No No 18.8 196 1.06 0.87 3.95 12.57
10 No No 7.0 161 140 1.54 2.16 22.04
1M No No 3.7 150 0.25 2.89 224 10.14
12 No No 0.6 256 0.50 223 4.71 5.81
13 No No 22 287 1.02 1.67 218 6.32
14 No No 12 N 047 091 113 6.96
15 No No 10.0 171 0.74 148 241 6.40
16 No No 343 349 0.51 032 227 3.19
17 Yes No 2.5 211 0.68 0.45 3.02 4.84
18 Yes No 0.5 184 061 0.90 1.65 591
19 No No 15 251 1.72 .11 1.68 5.00
20 No No 279 335 0.73 127 1.90 6.22
Median (Q,-Q;) % - 480(14-12) 209 091 125 225 6.27

10/90 (159-281)  (066-1.07) (0.98-1.69)  (1.84-3.12)  (4.96-9.38)

p value* - - <0.001 0.023 <0.001

AAR: Additional analgesic requirements; CRP: C-reactive protein; NLR: Neutrophil/Lymphocyte Ratio

* Wilcoxon test. p<0.05 statistically significant

incision pain and pain at the chest tube drain area [15,
16]. This pain impedes movement, deep breathing, and
coughing and therefore has a negative impact on post-
operative recovery [17]. An important aim of our work
was to cover not only the sternotomy but also the chest
drain sites with a combined analgesic blockade tech-
nique. Despite the lack of a control group, we interpret
the results as promising. While only two patients had
VAS scores of 4 or higher while at rest, acceptable levels
of VAS scores were observed in all other patients.

Several authors used PSB in cardiac surgery [14, 18,
19]. McDonald et al. [18] first described PSB for cardiac
surgery in 2005 in a small, prospective randomized trial
comparing block placement techniques. In this study,
patients were administered either 54 ml 0.25% levobu-
pivacaine with 1:400,000 epinephrine or 54 ml saline
(without epinephrine). Initially, intercostal blocks were
placed lateral to the sternal border, with 2 mL admin-
istered for each of the 5 interspaces bilaterally (total of
20 ml). Subsequently, a continuous line of the study solu-
tion was infiltrated just above the periosteum along the
lateral borders of the sternum, with 12 ml per side (total
of 24 ml). Finally, 10 ml of the study drug was infiltrated
deeply and evenly around the mediastinal tubes. In our
study, whereas, low VAS scores were observed with a

total of 50 ml of 0.25% bupivacaine (30 ml for PSB, 20 ml
for SAPB). This outcome might be attributed to the
addition of SAPB to PSB application, which could have
prevented both drain-related pain and pain due to retrac-
tions in the tissues surrounding the sternum.

In another study where PSB was applied with ropiva-
caine, researchers found significantly lower intraopera-
tive remifentanil consumption compared to the control
group [19]. Although they aimed for hemodynamic-
controlled propofol/remifentanil infusion during anes-
thesia, considering the duration of surgery, it can be said
that there were similar remifentanil consumptions to our
study. This indicates that preoperative PSB application
contributes positively to intraoperative anesthesia and
analgesia.

In a study after induction, 10 ml of 0.5% ropivacaine
was applied for PSB from 4 points, and at the end of
surgery, infiltration analgesia with 20 ml of 0.25% ropi-
vacaine was applied to the drain site [14]. In our study,
however, 50 ml of 0.25% bupivacaine, was applied. VAS
scores were similarly found to be acceptably low in both
studies. Additionally, while the need for additional opi-
oids in the postoperative period was found to be 30% in
the aforementioned study, it was 10% in our study. Fur-
thermore, while side effects such as nausea, vomiting,
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and delirium were observed in the referenced study, no
side effects were observed in our study. Although intra-
operative remifentanil consumption was lower compared
to our study, the high dose of fentanyl used during the
anesthesia induction and the high postoperative opioid
requirement in the referenced study may explain this dif-
ference. Moreover, the high postoperative opioid require-
ment suggests that SAPB used for drain pain may be
more effective than local infiltration.

In a study where only superficial SAPB block was
applied, 40 ml of 0.25% bupivacaine was used. Despite
similar operation durations, higher VAS scores were
found. In this study, drain pain was not evaluated. The
authors mentioned that SAPB may limit drain site pain,
but the lower VAS scores in our study suggest that the
addition of PSB may provide more effective analgesia by
limiting sternal pain as well [11].

To reduce perioperative complications, it is crucial to
limit this stress response as much as possible. For this
purpose, protocols for Enhanced Recovery After Surgery
(ERAS) are implemented in many disciplines, and one of
the most important of these is cardiac surgery. In a recent
study, it was observed that bilateral erector spinae plane
block (ESPB) applied for analgesia significantly limited
the increase in CRP and lactate levels [20]. In our study,
while lactate levels were similarly low, CRP levels were
found lower in this study. This result regarding CRP lev-
els may be associated with the effective implementation
of an ERAS protocol in this study.

In another study on pain management in cardiac
surgery, the application of bilateral ESPB resulted in
NLR levels of 2.96+1.1 in the preoperative period and
17.2247.3 in the postoperative period [21]. In our study,
however, preoperative NLR levels were 2.46, while post-
operative levels were 8.57. Based on this, we can infer
that PSP and SAPB can be effectively used as compo-
nents of multimodal analgesia in cardiac surgery.

Anxiety particularly results in serious patient dissat-
isfaction, especially with multiple injections. Although
pre-procedural analgesic and sedative medications are
administered for this purpose, anxiety cannot be com-
pletely eliminated [22]. In our study, block applications
were performed under general anesthesia to mitigate this
issue. Furthermore, performing the blocks before surgi-
cal incision contributed to preemptive analgesic effects.
Another advantage of this approach is that since the pro-
cedure is conducted in the supine position, there is no
need to provide a specific position for the patient.

Limitations

There are some limitations to our study. Our study was
conducted at a single center and with a limited number
of patients. Secondly, the absence of a control group has
limited the optimal assessment of block effectiveness.
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Additionally, performing the block application under
general anesthesia to mitigate adverse effects such as
pain and anxiety in patients has made it impossible to
assess the blocks with sensory testing. Finally, the long-
term effects of the administered blocks have not been
evaluated.

Conclusions

In conclusion, in this preliminary study where PSB and
SAPB were used together in patients undergoing CABG,
effective analgesia was achieved. When evaluated along-
side limited increases in inflammatory parameters, this
combination may contribute to multimodal analgesia as
an effective analgesic method. We believe that this study
will shed light on the evaluation of drain/chest tube pain,
which is often overlooked but significantly discomforting
for patients, guiding prospective randomized trials to be
conducted.
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