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Purpose: Transverse thoracic block is a new perioperative analgesic method for post- 
sternotomy discomfort. This study discusses the efficacy of an ultrasound-guided transversus 
thoracic muscle plane block (TTPB) in patients undergoing heart surgery, including 
sternotomy.
Patients and Methods: In this prospective trial, 60 patients were randomly assigned to two 
groups: transversus (T) or general anesthesia (GA). Patients in the T group received TTPB 
with GA and 15 mL of 0.25% bupivacaine was administered on either side. Patients in the 
GA group received TTPB along with GA, but 15 mL saline was injected on either side 
instead. The patients were followed up postoperatively. The percentage of patients receiving 
additional opioids, extubation time, intensive care unit (ICU) length, postoperative morphine 
dose, and adverse events were documented.
Results: The percentage of patients requiring additional morphine was significantly lower in 
the T group (p<0.015). Pain scores were comparable between the groups at extubation time 
and 18 h postoperatively. At 8, 12, and 24 h after surgery, pain scores in the T group were 
significantly lower (P<0.001). The total amount of morphine required after surgery was much 
lower in the T group (8±0.74 mg), and the duration to initial analgesic necessity was 
significantly greater in the GA group (P<0.001). Patients in the GA group had 
a considerably longer ventilation time (11.07±0.64) (P<0.001). The ICU stay in the 
T group was substantially shorter (P<0.001), and postoperative complications were 
comparable.
Conclusion: For patients undergoing heart surgery, TTPB offers sufficient postoperative 
pain control, resulting in lower pain scores, lower postoperative analgesic doses, shorter 
extubation times, and shorter ICU stay lengths.
Keywords: transversus thoracic block, adult cardiac surgery, postoperative analgesia, 
sternotomy

Introduction
Cardiac surgery with a median sternotomy generates severe discomfort in the 
sternum, which may lead to delirium, hemodynamic instability, or pulmonary 
problems.1 Multimodal analgesic techniques for perioperative pain control in car-
diac surgery rely heavily on systemic opioids which cause side effects such as 
vomiting, respiratory depression and itching.2,3 Because of the risk of hematoma 
formation following full heparinization intraoperatively, regional methods such as 
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epidural or spinal blocks are not routinely employed in 
heart surgery but it drew the attention to increased use of 
plane blocks due to their safety and closeness to the field 
of surgery.4

The anterior branches of the T2–T6 intercostal nerves, 
which provide sensory supply to the internal mammary 
area, carry sternotomy-induced discomfort. It has been 
discovered that inhibiting nerves at the surgery site can 
relieve sternotomy discomfort while avoiding the hazards 
of more intrusive procedures.5

Ultrasound-guided transversus thoracic muscle plane 
block (TTPB), introduced by Ueshima in 2015, is 
a novel technique in which a local anesthetic (LA) is 
given as a single shot into the fascial plane between the 
transversus thoracic muscle (TTM) and the internal inter-
costal muscles (IIM) to block the anterior branches of T2- 
T6 as part of multimodal analgesic techniques.6,7 The goal 
of this prospective randomized trial was to determine the 
effectiveness of TTPB for adult patients undergoing heart 
surgery including sternotomy incision in terms of the 
percentage of patients requiring extra doses of morphine, 
postoperative pain scores, postoperative opioid consump-
tion, intensive care unit (ICU) stay length, and the inci-
dence of local or systemic complications of the technique 
or the agents injected.

Patients and Methods
The study was approved by the Research Ethics 
Committee of Ain Shams University (approval number 
FMASU R 20/2020/2021) done on January 21st, 2021. 
This study was registered at ClinicalTrials.gov (registra-
tion number NCT04872192).

Inclusion and Exclusion Criteria
All patients signed a written informed consent form. This 
prospective, double-blind, parallel-group clinical investi-
gation included 60 adult patients aged 55–74 years who 
were ASA (American Association of Anesthesiologists) II 
and III who underwent elective cardiac surgery with med-
ian sternotomy performed by the same surgical team at 
Ain Shams University Hospital, cardiothoracic academy, 
from May to August 2021.

Patients who had been intubated for more than 24 
h prior to surgery, patients undergoing complex cardiac 
procedures, patients with severe chronic obstructive pul-
monary disease, patients unable to communicate, patients 
with chronic pain and severe pulmonary hypertension, as 

well as any contraindication to regional anesthesia or drug 
allergy, were all excluded from the study.

Study Design and Participants
Induction of Anesthesia and Monitoring
A detailed medical history, including medications used, 
and full investigations were performed at the night of the 
surgical procedure. In the pre-induction room, midazolam 
(1–3 mg IV) was used as a premedication. Fentanyl (5–6 
g/kg), propofol (2 mg/kg), and rocuronium (0.6 mg kg–1) 
were used to induce anaesthesia, which was maintained 
with 1%-2% isoflurane. The heart rate and blood pressure 
were maintained within 20% of baseline levels. After 
intravenous catheterization and endotracheal intubation, 
arterial and central venous catheters were inserted. Pulse 
oximetry, esophageal temperature, and invasive arterial 
blood pressure by cannulating the radial and/or femoral 
artery to evaluate beat-to-beat changes in blood pressure 
with a 5-lead electrocardiogram with automatic ST seg-
ment analysis, transesophageal echocardiography, and coa-
gulation profile monitoring using activated clotting time.

Nerve Block and Grouping
After induction of anesthesia, patients were assigned to 
either the transversus group (T group) or general anesthe-
sia (GA) group at random (N group) using a computer- 
generated random number in various block sizes in a 1:1 
ratio. Randomization was performed using the SAS statis-
tical package version 9.3 (SAS Institute, Cary, NC, USA) 
by a statistician who was not involved in the study.

Patients in the T group (n=30) received a bilateral TTPB 
with general anesthesia and 15 mL of 0.25% bupivacaine 
administered on either side. The patient was placed in the 
supine position and after proper sterilization, a 12 L-RS 
linear probe of the Sonosite M Turbo ultrasonography sys-
tem was used prior to surgical incision (National Electrical 
Manufacturers, USA) and positioned in the sagittal plane 
under the clavicle lateral to the sternal edge and the ribs 
were counted by sliding the probe downward till the fifth rib 
was encountered. The probe was placed horizontally over 
the fourth intercostal space to identify the internal mam-
mary artery, transverse thoracic (TT) and internal intercostal 
muscles(II) as shown in Figure 1A. The probe then rotated 
vertically to identify internal mammary artery in parasagit-
tal view as seen in Figure 1 (B). After that the probe was 
slid more laterally to identify transverse thoracic plane 
between II and TT muscles Figure 1C. A 20-gauge Tuohy 
needle was advanced using inplane technique from caudal 

https://doi.org/10.2147/LRA.S338685                                                                                                                                                                                                                                  

DovePress                                                                                                                                                      

Local and Regional Anesthesia 2021:14 146

Shokri et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)

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


to cranial and its tip was adjusted in the transverse thoracic 
plane between the IIM and the TTM. To identify this plane, 
1 mL of normal saline was injected, followed by 15 mL of 
0.25% bupivacaine on each side following intermittent 
aspiration, monitoring of the LA spread and pressure on 
the pleura to confirm the accurate injection (Figure 1). To 
avoid unintended arterial puncture and subsequent bleeding, 
it is critical to identify the internal mammary artery (IMA), 
which is a hypoechoic pulsatile structure. Proper visualiza-
tion of the IMA can also help with the block. Patients in the 
GA group (n=30) received a bilateral ultrasound-guided 
TTPB technique combined with general anesthesia, but 
instead received 15 mL saline (control) on either side. The 
TTPB approach was used in both groups, along with general 
anesthesia. A single expert anesthetist performed all the 
blocks. A pharmacist who was uninformed of the nature 
of the study produced drug packs prior to the start of the 
study. Additional 0.5–1 micrograms/kg IV fentanyl dosages 
were administered if hemodynamic abnormalities, such as 
elevated blood pressure or severe tachycardia, were 
observed. All cardiac surgical techniques included medial 
sternotomy.

Recovery and Postoperative
After the cardiac surgical procedure, all patients were 
moved to the ICU to maintain hemodynamics, control 

bleeding, and correct hemoglobin levels, serum electro-
lytes, and acid-base balance. Standard postoperative 
analgesia was accomplished using acetaminophen (1 gm/ 
6 h).

All patients received postoperative care according to 
the protocol, which was implemented by well-trained, 
qualified bedside nurses who were overseen 1:1 by well- 
trained ICU specialists. When the patient was able to 
maintain spontaneous breathing following extubation, all 
patients were extubated when deemed clinically appropri-
ate according to the local ICU procedure by the ICU staff. 
The patients were encouraged to sit in a chair and move 
around with the help of health care workers in the ICU, 
after which the physiotherapist ensured the enhancement 
of the patients’ mobility and rehabilitation until they were 
discharged.

Patient demographics, medical status before surgery, 
left ventricular function, and surgical data (total ischemia 
duration and number of grafts) were recorded.

Measurements
The percentage of patients requiring additional doses of 
morphine was the primary outcome of the study. The 
secondary outcomes included the total dose of postopera-
tive morphine consumed, postoperative visual analogue 
pain scores obtained after patient extubation for pain 

Figure 1 The block technique. (A) The probe was placed horizontally over the 4th intercostal space to identify the internal mammary artery (IMA) in the horizontal view, 
(B) then rotated vertically to identify the IMA the in the longitudinal (parasagittal) view. (C) The probe was slide more laterally to identify the transversus thoracic plane, 
between the internal intercostal (II) and the transversus thoracic (TT) muscles, (D) where the needle (N) tip was adjusted. 
Abbreviations: CS, costal cartilage; P, pleura; PM, pectoralis major muscle; S, sternum.
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assessment at rest (0 = no pain, 10 = maximum unbearable 
pain) were recorded at the time of extubation, and at 8h, 
12 h,18 h and 24 h postoperatively. Pain scores >4 were 
recorded, and patients were given morphine (0.05 mg/kg) 
administered by a physician who was blinded to the nature 
of the study. Time needed for first rescue analgesic, post-
operative mean blood pressure, and heart rate were 
recorded in addition to extubation time, length of ICU 
stay, and incidence of complications related to the techni-
que such as hemothorax or pneumothorax, arrhythmias, 
and LA toxicity. The endpoints were unstable medical 
conditions such as difficult weaning from cardiopulmonary 
bypass, significant postoperative bleeding that necessitated 
re-exploration. All difficulties were dealt with in accor-
dance with surgical and medical protocols.

Sample Size Calculation
After accounting for a 20% dropout rate, software for 
statistics and data science (Stata program version 10; 
Stata Corp LLC, Texas, USA) revealed that 60 patients 
(30 per arm) were required (setting an alpha error of 5% 
and power of 90%). The percentage of patients who 
required extra analgesia (pentazocine) within 24 h after 
surgery was much lower in the T group (57%) than in the 
GA group8 (94%).

Statistical Analysis
SPSS Statistics version 23 (IBM Corp., Armonk, NY, 
USA) was used to analyze the data. The mean and stan-
dard deviation were used to represent normally distributed 
numerical data, whereas the median and interquartile range 
were used to represent skewed data. The number, percen-
tage, or ratio was used to present qualitative data. An 
unpaired t-test was used to compare normally distributed 
numerical data. The Mann–Whitney test was used to com-
pare skewed numerical data, and Chi-square test was used 
to analyze qualitative data. Statistical significance was 
defined as a P<0.05.

Results
This research was conducted by researchers from Ain 
Shams University Hospital from May to August 2021. 
As illustrated in the CONSORT flow diagram, a total of 
60 patients were enrolled and analyzed in this study 
(Figure 2).

No significant difference was observed between the 
study groups in terms of demographic, surgical, and pre-
operative data (Table 1). At the extubation time and 18 

h postoperatively, pain scores were similar between the 
study groups; on the other hand, pain scores were signifi-
cantly lower for the T group than the GA group at 8, 12, 
and 24 h postoperatively, P<0.001 (Table 2). The total 
dose of postoperative morphine required was significantly 
smaller in the T group than in the GA group, and the time 
to first analgesic requirement was markedly longer in the 
GA group (P<0.001) (Table 3). The percentage of patients 
requiring additional doses of morphine was higher in the 
GA group than in the T group (P<0.015) (Table 3).

Postoperative mean blood pressure and pulse rate were 
lower in the T group than in the GA group (P<0.001) 
(Table 4). The ventilation time was significantly longer 
in the GA group (P<0.001) (Table 4). The need for ino-
tropic support was comparable between groups (Table 4). 
ICU stay length was significantly shorter in the T group (p 
<0.001) (Table 5). Postoperative complications such as 
pneumothorax, arrhythmia, LA toxicity, and skin infection 
were not significantly different between the study groups. 
There were no recorded cases of hemothorax or anaphy-
lactic shock (Table 5).

Discussion
This study investigated the effectiveness of TTPB in the 
management of postoperative pain after cardiac surgery in 
adults with a median sternotomy.

The results of this prospective study showed that in the 
first 24 h after surgery, the percentage of patients needing 
extra morphine doses, postoperative morphine use, pain 
scores, and first analgesic requirement were significantly 
lower in the T group than in the GA group. Ventilation 
time and ICU stay were significantly shorter in the 
T group. There were no significant differences in post-
operative complications between the study groups.

Earlier studies reported that post-sternotomy pain was 
conducted through the T2-T6 intercostal nerves; thus, 
blocking these nerves can efficiently control sternotomy- 
induced pain and reduce ICU and hospital stay length.4

In a study by Chaudhary et al, pediatric patients sched-
uled for cardiac surgery received parasternal block to 
block the T3-T6 intercostal nerves prior to sternal closure. 
They found that ventilation time was significantly shorter.9 

In addition, pain scores and postoperative opioid require-
ments were significantly lower.9 These results support the 
findings of the present study.

A retrospective study by Ueshima et al who underwent 
single-shot TTPB for patients undergoing cardiac surgery 
through sternotomy, revealed fentanyl doses as rescue 
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analgesics and pain scores were significantly reduced. 
These findings are consistent with ours.6

Kendigelen et al demonstrated that TTPB has 
a duration of more than 48 h because it is one of the 
interfascial blocks known for prolonging analgesia.10

After reviewing the literature, no complications related 
to TTPB have been reported, such as hemothorax, pneu-
mothorax, wound infection, or hematoma.11

Previous studies reported that a large volume of diluted LA 
must be injected to ensure adequate diffusion of the drug and 
increase its efficacy without exceeding the maximum dose.12

A retrospective study by Cakmak et al studied the 
analgesic efficacy of TTPB in pediatric patients under-
going congenital cardiac surgery through median 
sternotomy.13 They found that pain scores and postopera-
tive fentanyl doses were significantly lower in the T group 
than in the non-T group.13 Extubation time was signifi-
cantly shorter in the T group (p<0.001). These results are 
consistent with the findings of the present study.

Severe postoperative pain following cardiac surgery 
lasts for 1–7 days originally caused by median sternotomy, 
as mentioned by Mueller et al.1 In addition, Lahtinen et al 
reported that 75% of patients experienced postoperative 
chest pain.14

The superficial technique of TTPB reduces the inci-
dence of bleeding, especially with heparinization and the 
presence of coagulopathy.15

Earlier studies showed that the optimal place of adminis-
tration of LA was the T4–T5 intercostal space because it 
resulted in better spread from the manubrium to the fifth 
intercostal space than injection at the T3-T4 intercostal 
space.16

The duration of action of the TTB can last approximately 
24 h postoperatively because of the roughness of the TTM and 
LA spread intramuscularly; thus, its absorption is slower.17

A study by Ueshima et al studied 299 patients receiv-
ing TTPBs and reported that there were only two cases of 
mild skin infection at the puncture site of the block.18

Figure 2 CONSORT flow diagram. 
Notes: Adapted from: Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated Guidelines for Reporting Parallel Group Randomised 
Trials. PLoS Med. 2010;7(3):e1000251. Copyright: © 2010 Schulz et al. Creative Commons Attribution License.
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Satoru et al studied single-shot TTPB efficacy in adult 
patients undergoing elective cardiac surgery. They 
revealed that pain scores were significantly lower in the 
block group than in the control group. On the other hand, 

24-hour total hydromorphine doses were similar in both 
groups, unlike the current study that showed lower mor-
phine doses required for the block group.19

Ueshima et al investigated the effectiveness of TTB in 
female patients undergoing breast surgery and found that the 
pain scores as well as the number of patients requiring further 
doses of analgesics were lower in the T group than in the GA 
group.8

A study by Abd Elbaser et al20 performed TTB in 
pediatric patients undergoing cardiac surgery with median 
sternotomy, and found that postoperative fentanyl require-
ments were significantly lower in the T group than in the 
saline group, and pain scores were significantly lower in 
the T group at all time points. These findings are consis-
tent with our results.

Table 1 Demographic Data, Surgical Data and Comorbidities

N Group 
(N=30)

T Group 
(N=30)

Tests

t/ X2 P-value

Sex

Female 12(40%) 13(43.3%) 0.069 0.793
Male 18(60%) 17(56.7%)

Age 65.57±5.65 65.13±5.59 0.299 0.766

ASA

II 22(73.3%) 20(66.7%) 0.317 0.573
III 8(26.7%) 10(33.3%)

Procedure duration (min) 461.87±1.72 460.97±2.22 1.756 0.084

Cross clamp time (min) 70.27±3.5 71.87±4.05 1.637 0.107

CPB time (min) 145.73±0.74 145.47±0.9 1.254 0.215

Hypertension 7(23.3%) 10(33.3%) 0.739 0.390
Diabetes mellitus 5(16.7%) 3(10%) 0.577 0.448

Type of cardiac surgeries

Aortic valve replacement 3(10%) 4(13.3%) 0.630 0.730
Mitral valve replacement 12(40%) 14(46.7%)
CABG (3 grafts) 15(50%) 12(40%)

Preoperative EF (%) 55.2±1.19 54.77±1.07 1.484 0.143

Preoperative mean blood pressure 68.7±1.21 69.27±1.23 1.801 0.077

Preoperative mean pulse rate 77.6±3.07 78.67±2.89 1.385 0.171

Re-exploration (no significant bleeding or collection was 
found)

1(3.3%) 2(6.7%) 0.351 0.554

BMI kg/m2 23.35±0.95 23.23±1.74 0.332 0.741

Abbreviations: ASA, American Association of Anesthesiologists; CPB, cardiopulmonary bypass; EF, ejection fraction; BMI, body mass index.

Table 2 Postoperative Pain Scores

Pain Score N Group 
(N=30)

T Group 
(N=30)

Mann– 
Whitney Test

Z P-value

At extubation time (0–0) 0 (0–0) 0 0.000 1.000
8 h (2–6) 4 (0–3) 0 6.188 <0.001*

12 h (3–4) 4 (1–4) 2 4.427 <0.001*

18 h (1–2) 2 (0–2) 2 1.105 0.269
24 h (0–4) 4 (0–4) 2 3.960 <0.001*

Notes: Data are median (interquartile range). h, hours. *Mann–Whitney test.
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There are few limitations to the present study. Firstly, the 
efficiency of TTPB in patients undergoing high risk cardiac 
procedures was not determined in this study. Also, the sample 
size was modest, thus necessitating more clinical trials with 
a larger number of patients to identify the occurrence of rare 
side effects and we did not record any failures in the blocks 
because the blocks were delivered under ultrasound guidance 
by an expert.

Lastly, the blocks were performed after induction of 
anesthesia, so the sensory levels could not be measured.

Conclusion
For adult patients undergoing heart surgery, TTPB offers 
sufficient postoperative pain control, resulting in lower 
pain scores, lower postoperative analgesic requirements, 
faster extubation time, and shorter ICU stay length without 
any major consequences.

Funding
There is no funding to report.

Table 3 Total Postoperative Morphine Dose, Time to First Analgesic Dose and Percentage of Patients Receiving Extra Doses of 
Morphine

N Group (N=30) T Group (N=30) T-test

t P-value

24 h postoperative morphine (mg) 13.9±0.66 8±0.74 32.484 <0.001*

Time to first analgesic dose (hours) 5.57±0.5 9.07±0.69 22.404 <0.001*

Chi-square test P-value

N group (N=30) T group (N=30)

Patients receiving extra doses of morphine 15 (50%) 24 (80%) 5.934 <0.015*

Notes: Postoperative morphine dose and time to first analgesic dose were presented as Mean±SD and compared using Independent t-test, patients receiving extra doses of 
morphine presented as percentage and compared by chi-square test. *Significant.

Table 4 Postoperative Hemodynamic Values, Need for Inotropic Support and Ventilation Time

N Group (N=30) T Group (N=30) Tests

t/ X2 P-value

Postoperative mean blood pressure 80.83±0.75 78.57±1.01 9.908 <0.001*

Postoperative mean pulse rate (beats/min) 96.40±1.00 94.63±0.96 6.953 <0.001*
Need for inotropic support 2(6.7%) 4(13.3%) 0.741 0.389

Ventilation time (hours) 11.07±0.64 7.50±0.51 23.905 <0.001*

Notes: All data were presented as Mean±SD and compared using Independent t-test while need for inotropic support presented as percentage and compared using Chi- 
square test. *Significant.

Table 5 ICU Stay Length and Postoperative Complications

N Group (N=30) T Group (N=30) Tests

t/ X2 P-value

ICU stay length (days) 2.40±0.50 1.57±0.50 6.440 <0.001*

Pneumothorax 1(3.3%) 0(0.0%) 1.017 0.313

Hemothorax 0(0.0%) 0(0.0%) 0.000 1.000
Postoperative arrythmia 5(16.7%) 3(10.0%) 0.577 0.448

Local anesthetic toxicity 0(0.0%) 0(0.0%) 0.000 1.000

Anaphylactic shock 0(0.0%) 0(0.0%) 0.000 1.000
Skin infection 0(0.0%) 3(10.0%) 3.158 0.076

Notes: All data were presented as percentage and compared by Chi-square test except for ICU stay length presented as Mean±SD and compared by T-test. *Significant.
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