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ABSTRACT
Background: Insufficient management of postoperative pain is a notable issue encountered 
by individuals after open-heart operations. The study aimed to evaluate the effect of ultra-
sound-guided pecto-intercostal fascial block (PIFB) and transversus thoracis muscle plane (TTB) 
on the analgesic efficacy in adult patients undergoing open-heart operations and the duration 
of mechanical ventilation (MV).
Methods: A randomized double-blind controlled trial was conducted on a cohort of 90 adult 
patients with elective open-heart surgery, namely valve replacement, with midline sternotomy. 
Patients were divided into three groups of similar size. The first group (control group) received 
conventional systemic analgesia alone, while the second group received bilateral TTB and the 
third group received bilateral PIFB, using ultra-sound guided technique.
Results: A significant reduction in NRS (Numeric Rating Scale) values was observed in both the 
TTB group and the PIFB group as compared to the control group at zero, three and 6-hour 
postoperative. The PIFB and TTB group exhibited an important delay in the initiation of first 
rescue analgesia, as well as a reduction in the overall intake of fentanyl for rescue purposes 
during a twenty-four-hour period. Additionally, the TTB group and the PIFB group demon-
strated considerably shorter durations of mechanical ventilation as compared to the control 
group.
Conclusions: The utilization of ultrasound TTB and PIFB demonstrated efficacy in providing 
postoperative analgesia compared to the control group. This was evidenced by the less 
requirement for additional analgesic medication, reducing postoperative pain scores and 
a shorter duration of mechanical ventilation.

ARTICLE HISTORY 
Received 26 November 2023  
Revised 7 January 2024  
Accepted 28 February 2024 

KEYWORDS 
Regional anesthesia; 
postoperative pain; cardiac 
surgery; PIFB; TTB

1. Introduction

Inadequate pain management may significantly 
impact the recovery process after surgery, resulting in 
various adverse outcomes such as pulmonary pro-
blems, heightened thromboembolic events, delayed 
wound healing and myocardial infarction [1,2]. These 
consequences subsequently contribute to prolonged 
stays in the intensive care unit (ICU) and hospital. In 
addition, it should be noted that the absence of appro-
priate treatment for acute pain has the potential to 
develop into chronic pain in a significant proportion, 
ranging from thirty to fifty percent of those who have 
had postcardiac surgical procedures [3–5].

Traditional approaches to managing pain during 
the perioperative period often include the administra-
tion of opioids and nonsteroidal anti-inflammatory 
medications (NSAIDs). NSAIDs have been associated 

with the potential occurrence of bleeding, hemorrha-
gic complications and renal failure. On the other hand, 
opiates have been known to induce adverse effects 
such as, over sedation, nausea, vomiting, ileus, and 
respiratory depression [6,7].

Alternative treatments, as acetaminophen, keta-
mine and lidocaine patches, have not shown definitive 
efficacy [8,9]. Several regional treatments have been 
used for the thoracotomy pain management, including 
thoracic epidural, paravertebral nerve block, intercos-
tal nerve block, and thoracic erector spinae plane block 
[10,11].

The Pecto-Intercostal Fascial Block (PIFB) is an inno-
vative and less invasive approach for regional fascial 
plane block. The procedure known as PIFB specifically 
focuses on the anterior intercostal nerves, which tra-
verse the fascial plane located between the external 
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intercostal aponeurosis and the pectoralis major mus-
cle, these neurons arise bilaterally across the ster-
num [12].

The transversus thoracis muscle plane block (TTB) is 
an innovative regional anesthetic method that offers 
analgesic effects specifically targeting the anterior 
chest wall [13,14].

The TTB block refers to a nerve block technique 
that administers a local anesthetic into the transver-
sus thoracis muscle plane, which is situated between 
the transversus thoracis and internal inter-costal 
muscles. In contrast to neuraxial blockade, both 
PIFB and TTB techniques do not exhibit an associa-
tion with nerve damage, dural puncture, or epidural 
hemorrhage [15].

The objective of this research was to assess and 
evaluate the impact of ultrasound-guided PIFB and 
TTB on pain scores as the major outcome, and 
secondary outcomes including 24-hour total opioid 
intake, duration of mechanical ventilation (MV), 
and incidence of complications in patients having 
elective open-heart operations.

2. Patients and methods

The present study was conducted on a sample of 
Ninety adult patients, including both females and 
males, aged between 21 and 60-years old. These 
patients were scheduled to have elective open-heart 
surgery, namely valve replacement, using midline ster-
notomy. The research design included blinding and 
randomization techniques to ensure control over any 
biases. The investigation was carried out between 
November 2021 and January 2023 subsequent to 
receiving clearance from the Ethical Committee 
of Tanta University Hospitals (approval number 
21/2/34494) and registering on clinical trial.gov 
(ID: NCT05115357). All patients provided informed 
written consent.

The exclusion criteria encompassed several fac-
tors, such as chronic analgesic usage, cognitive 
impairment, a past record of drug abuse and 
a history of allergic reactions to local anesthetics, 
emergency or repeat surgeries, pre-existing impor-
tant dysfunction of major organs including the liver 
or kidneys, pulmonary insufficiency, left ventricular 
ejection fraction (LVEF) below thirty%, known coagu-
lation disorders, reliance on inotropes or intra-aortic 
balloon pump support, hemodynamic instability and 
an extended period of postoperative ventilatory sup-
port more than six hours.

The patients were randomly assigned to one of 
three groups of equal size. The first group, referred to 
as the control group, received just postoperative con-
ventional systemic analgesia. The second group, 
referred to as the TTB group, received bilateral TTB 
along with an injection of 19 mL of 0.25% bupivacaine 

and one mL of 4-mg dexamethasone on each side. The 
third group, referred to as the PIFB group, received 
bilateral PIFB along with the same injection of bupiva-
caine and dexamethasone.

The process of randomization was conducted via 
the sealed opaque envelope method. The administra-
tion of the blocks was carried out by a single anesthe-
siologist, whilst the evaluation of outcome measures 
was conducted by another anesthesiologist who was 
unaware of the research groups.

The surgical and medical histories of the patient 
were assessed, followed by standard laboratory testing 
and clinical exams. The participants were instructed to 
observe an eight-hour fasting period for solid foods, 
a six-hour fasting period for semisolid foods, and 
a two-hour fasting period for clear fluids.

Upon entering the operating room, an IV line was 
established using an 18 G cannula. Routine monitor-
ing, which consisted of electrocardiography (ECG), 
pulse oximetry (SPO2) and non-invasive arterial 
blood pressure measurement was then started for 
the patient. The administration of sedation was per-
formed with midazolam at a dosage range of 0.01– 
0.05 mg/kg, arterial line was inserted under local 
anesthesia and invasive arterial blood pressure mon-
itoring was started.

The administration of general anesthesia began 
by administering IV fentanyl at a dosage of five µg/ 
kg. Subsequently, rocuronium was administered at 
a dosage range of 0.9–1.2 mg/kg to aid in the pro-
cess of endotracheal intubation. A central venous 
catheter was successfully placed. The maintenance 
of anesthesia was achieved by administering 
a combination of intravenous fentanyl, bolus doses 
of rocuronium (0.1–0.2 mg/kg) and isoflurane in oxy-
gen. Following the administration of sufficient 
heparin and the establishment of aortocaval cannu-
lation, complete cardiopulmonary bypass was com-
menced. Following the administration of protamine 
and the completion of decisive surgery to reverse the 
effects of heparin until the activated clotting time 
returned to normal values, the sites where mediast-
inal drains were inserted were infiltrated with 2–3 ml 
of lidocaine 2%.

The administration of transversus abdominis plane 
blocks and femoral, guided by US was performed 
inside the operating theater after the closure of skin, 
before the patients were transferred to the critical care 
unit. The blocks were executed in a supine posture, 
with the chest area exposed, while maintaining strict 
aseptic conditions. The ultrasonic imaging was con-
ducted using a Philips C×50machine equipped with 
a linear transducer operating at a high frequency 
range of seven-twelve MHz. The local anesthetic solu-
tions were formulated inside twenty mL syringes, com-
prising nineteen mL of 0.25% bupivacaine combined 
with one mL of four mg dexamethasone.
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3. PIFB

The transducer was positioned in a longitudinal man-
ner, about 2 cm lateral to the sternal border, inside the 
fourth or fifth intercostal area. The parasternal sagittal 
view allowed for visualization of the pectoralis major 
muscle and the external intercostal muscles located 
between the fourth and fifth rib. Under the direction 
of ultrasonography, a needle measuring 22-gauge and 
50 mm in length was placed in-plane. The needle was 
inserted into the pectoralis major muscle, and the local 
anesthetic solution was injected into the pecto- 
intercostal fascial plane, which is situated between 
the pectoralis major muscle and the external intercos-
tal muscles, following a process of negative aspiration. 
The ultrasound imaging allowed for the observation of 
the separation of the fascial plane and the dispersion 
of the medication. To achieve bilateral blockage, the 
operation was repeated on the contralateral side [16]. 
(Figure 1(a,b))

4. TTB

The probe was positioned in the longitudinal plane, 
namely 1 cm laterally from the sternal boundary. The 
intercostal gap between the fourth and fifth ribs was 
detected using US imaging. The parasternal sagittal 
view allowed for visualization of the transversus thor-
acis muscle, and the internal intercostal muscle located 
between the fourth and fifth rib, positioned superior to 
the pleura. A needle with a diameter of 22-gauge and 
a length of 50 mm was put into the body in a specific 
direction until its tip reached the transversus thoracis 
muscle plane, which is situated between the 

transversus thoracis and internal intercostal muscles. 
Following the negative aspiration of air and blood, the 
administration of local anesthetic was carried out in 
aliquots of five mL, with intermittent aspiration. The 
procedure mentioned above was replicated on the 
contralateral side to achieve a bilateral blockage 
(Figure 1(c)).

4.1. Management of postoperative ICU

Following the completion of the PIFB and TTB proce-
dures, patients were then moved to the ICU for 
ongoing medical attention. In this setting, patients 
received routine analgesic treatment in the form of 
IV administration of paracetamol at a dosage of 1 
g every 6 hours, as well as tramadol at a dosage of 50 
milligrams. The patients in the ICU were maintained 
under sedation until they met the necessary require-
ments for extubation.

Following extubation, all patients underwent pain 
assessment using the numeric rating scale (NRS) for 
pain, which encompasses a range from zero (indicating 
the absence of pain) to 10 (representing the most 
severe pain possible). In cases where the NRS score 
was equal to or greater than four rescue analgesia 
was administered intravenously in the form of fentanyl 
at a dosage of 0.5 µg/kg. The moment at which the first 
request for analgesia was made and the cumulative 
amount of fentanyl administered as rescue medication 
were recorded. The duration of mechanical ventilator 
(MV) in the ICU was documented as the period from 
the patient’s admission to the ICU to their successful 
weaning off MV. The research documented the 

Figure 1. (a) sonoanatomy of anterior chest wall, (b): pecto-intercostal fascial plane block, (c) transversus thoracis plane block. 
PPM, pectoralis major muscle; ICM, intercostal muscle; TTM, transverse thoracic muscle, LA, local anesthetic
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occurrence of postoperative sequelae, including 
hematoma, pneumothorax, and local anesthetic toxi-
city, within 24 hours after the administration of blocks.

4.2. Sample size calculation

The main dependent variable in our research was the 
ratings measuring postoperative discomfort. The sam-
ple size of 27 patients was determined based on the 
findings of a prior investigation [17]. This sample size 
was considered sufficient to identify a difference of 
2.26 in the pain score, with a statistical power of 80% 
and an SD of 2.92, while maintaining an α error of 0.05. 
We enrolled a total of 30 individuals in each group, 
accounting for potential dropouts.

4.3. Statistical analysis

The statistical analysis was performed using SPSS v27 
software (IBM©, Chicago, IL, USA). The assessment of 
the normality of the data distribution was conducted 
using the histograms and Shapiro–Wilks test. The 
research provided quantitative parametric data, 
namely in the form of average and SD. The data under-
went statistical analysis using the analysis of variance 
(ANOVA) test, followed by a post hoc test (Tukey) to 
ascertain any significant disparities. The research used 
a quantitative non-parametric approach to analyze the 
data, with the results presented in terms of the inter- 
quartile range (IQR) and median. The statistical 
research included the use of the Kruskal–Wallis test, 
followed by the Mann Whitney-test, in order to com-
pare the various groups. The qualitative variables were 
expressed in terms of percentage (%) and frequency 
and were analyzed using the chi-square test. A two- 
tailed p-value below 0.05 was considered statistically 
important.

5. Results

One hundred and two patients were evaluated for 
eligibility, nine patients did not meet the inclusion 
criteria (six patients on inotropic support, two patients 
had hemodynamic instability with left ventricular ejec-
tion fraction (LVEF) < thirty%, one patient had cogni-
tive impairment) and three patients refused to 
participate in the study. The remaining 90 patients 
were randomly allocated in three groups (30 patients 
in each one). All the 90 patients were followed-up and 
their data were analyzed statistically (Figure 2).

There were no significant differences between the 
three groups as regards their duration of operations, 
demographic characteristics, type and intraoperative 
fentanyl consumption (Table 1).

The findings of this research indicate that there 
were lower values of NRS values in both the PIFB 
group and the TTB group when compared to the 

control group at zero 3 and 6 hours. (p = 0.002, 
<0.001, and <0.001, respectively). However, there 
were no significant differences observed among the 
three groups at 12 and 24 hours (p value = 0.068 and 
0.053, respectively). No statistically significant differ-
ences were observed between the group receiving 
the PIFB intervention and the group receiving the 
TTB intervention at various measurement time points 
(Table 2).

There was an important delay in the onset of 1st 

analgesic request along with an important decline in 
the total 24-hour analgesic consumption in the PIFB 
group and TTB group as compared to control group 
(p value = 0.001 and <0.001 respectively). While no sig-
nificant differences were observed between PIFB 
group and TTB group (p3 = 0.172 and p3 = 0.467 
respectively). The duration of MV was significantly 
decreased in the PIFB group with average ± SD of 
79.17 ± 26.13 hour and the TTB group with average ± 
SD of 66.07 ± 19.76 hour as compared to control group 
with average ± SD (134.0 ± 30.92) and (p < 0.001). 
There were no significant differences in the duration 
of MV between the PIFB group and the TTB group 
(P3 = 0.131). (Table 3).

6. Discussion

The findings of this research revealed that the TTB and 
PIFB were associated with lower NRS and with 
decreased postoperative rescue analgesic consump-
tion and delayed onset of 1st analgesic request as 
well as shorter duration of MV as compared to control 
group with variances observed among PIFB and TTB at 
all measurements.

Our research demonstrated that the use of ultra-
sound guided PIFB and TTB provided effective post 
operative analgesia in patients undergoing valve repla-
cement surgery. PIFB and TTB were associated with 
reduced postoperative NRS at (zero, three, six hr) and 
declined post operative rescue fentanyl consumption 
as well delayed the onset of first rescue analgesia as 
compared to the control group with no significant 
differences between PIFB and TTB.

Our results were supported by Zhang et al.; [18], 
Kumar et al.; [19] and Hamed et al.; [20] who concluded 
that bilateral PIFB provides effective analgesia in 
patients undergoing open cardiac surgery.

Moreover, Zhang et al. [21] used continuous PIFB to 
provide effective analgesia in adult patients under-
going open cardiac surgery. The study concluded 
that bilateral continuous PIFB provided effective post-
operative pain relief for 3 days.

Khera et al. [22] found that patients receiving PIFB 
showed a statistically important reduction in visual 
analog scale scores. However, there was no difference 
in the -hour cumulative opioid (morphine) 
requirement.
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Figure 2. The CONSORT flow graphic illustrates the progression of participants at each stage of the randomized study.

Table 1. Demographic characteristics, type of operations, cross-clamping time, duration of operations, type and intraoperative 
fentanyl consumption in three studied groups.

Control 
(n = 30)

PIFB 
(n = 30)

TTB 
(n = 30)

Age (years) 48 ± 11 46 ± 10 47 ± 10
Sex Male 18 (60.0%) 15 (50.0%) 16 (53.3%)

Female 12 (40.0%) 15 (50.0%) 14 (46.7%)
Weight (kg) 85 ± 8 86 ± 8 85 ± 9
Type  

of operations
Mitral valve replacement 9 (30.0%) 12 (40.0%) 10 (33.3%)
Aortic valve replacement 3 (10.0%) 5 (16.7%) 7 (23.3%)
Mitral valve replacement and tricuspid valve repair 11 (36.7%) 9 (30.0%) 8 (26.7%)
Double mitral and aortic replacement 7 (23.3%) 4 (13.3%) 5 (16.7%)

Cross clamping time (min) 61 ± 12 59 ± 14 60 ± 16
Duration of operation (min) 275 ± 50 276 ± 56 268 ± 55
Intraoperative fentanyl (µg) 601 ± 58 602 ± 60 594 ± 64

Data are demonstrated as mean ± SD or frequency. PIFB: pecto-intercostal fascial block, TTB: transversus thoracis muscle plane. There were no statistically 
significant differences between the three groups.
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Our outcomes were consistent with that of Aydin 
et al.; [23] who studied the efficacy of ultrasound 
guided TTB on postoperative opioid consumption 
after cardiac surgery concluded that a single preopera-
tive TTB provided effective analgesia and decreased 
opioid requirements in patients undergoing cardiac 
surgery.

Zhang et al.; [24], Hamed et al.; [25] and Deng et al.; 
[26] concluded that bilateral TTB blocks can provide 
good perioperative analgesia for patients undergoing 
open cardiac surgery and promote postoperative 
recovery.

In contrast to the findings of our study, Fujii et al. 
[27] reported that there was no significant difference in 
the 24-hour opioid requirement between patients who 
received the block and those who did not. The authors 
attributed their results to the absence of control over 
intraoperative and ICU opioid administration, which 
was used to manage sedate patients, hypertension, 
and alleviate non-surgical musculoskeletal discomfort 
caused by immobility. These factors may have influ-
enced the overall opioid requirement.

Up to our knowledge only one pilot study of Kaya 
et al. [28] indicate that there was no statistically impor-
tant variation in the first 24-hour administration of 
morphine between the TTB and the PIFB groups. 
Additionally, no significant difference was observed 
in the NRS scores between the two groups. Moreover, 
both groups exhibited comparable needs for supple-
mentary analgesia within the first 24 hours. However, 
in contrast to our research, they ascribed the cause for 
this disparity to the utilization of internal thoracic 

artery (ITA) harvesting in 85% of patients undergoing 
transversus TTB. This ITA harvesting procedure 
impacted the dispersion of LA along the transversus 
thoracic muscle, thereby impeding the injection from 
reaching the level of intended thoracic.

Our findings demonstrated that the duration of MV 
was significantly decreased in the PIFB group and the 
TTB group as compared to the control group. This may 
be due to minimal consumption of opioids in the ICU, 
to sedate patients, to maintain hemodynamic stability 
and to treat hypertension. High-dose opioid may cause 
prolonged ventilation, respiratory depression and 
delayed recovery.

Our results showed that the duration of MV was 
significantly decreased in the PIFB group and the TTB 
group as compared to the control group. This may be 
due to minimal consumption of opioids in the ICU to 
treat hypertension, to sedate patients and to maintain 
hemodynamic stability. High-dose opioid may cause 
respiratory depression, delayed recovery and pro-
longed ventilation.

Our results were in agreement with previous 
researches [18,21] which revealed that the time to extu-
bation, the length of hospital stay and length of stay in 
the ICU were significantly decreased in the PIFB group.

The present results observed in this research mirror 
those of the previous research [24,29,30] which 
revealed that the time to extubation were significantly 
shorter in the bilateral TTB blocks groups as compared 
to no nerve block groups. which might be attributed to 
the significantly lower postoperative opioid use in the 
TTB group than in the control group.

Table 2. Comparison among the three studied groups according to (NRS).

NRS
Control group 

(n = 30)
PIFB group 

(n = 30)
TTB group 

(n = 30) p

Significance among groups

p1 p2 p3

Zero hr. 3 (2.0 – 3.0) 1 (1 – 2) 2 (1 – 3) 0.002* 0.001* 0.011* 0.359
Three hr. 5 (3.0 – 6.0) 1 (1 – 2) 2 (1 – 3) <0.001* <0.001* <0.001* 0.194
Six hr. 4 (3 – 5) 1 (1 – 3) 2 (1 – 3) <0.001* <0.001* 0.001* 0.360
Twelve hr. 4 (3 – 4) 3 (2 – 4) 3 (2 – 4) 0.068 – – –
Twenty-four hr. 4 (3 – 4) 3 (3 – 4) 3 (2 – 4) 0.053 – – –

Data are demonstrated as Median (IQR). NRS: numeric rating scale, PIFB: pecto-intercostal fascial block, TTB: transversus thoracis muscle plane, p1: p, p2: p, 
p3: p, * Significant compared to the Control group (p value < 0.05).

Table 3. Comparison between the three studied groups according to time to postoperative 
analgesia, first analgesic request, and consumption of postoperative analgesia.

Control PIFB TTB

Time to 1st analgesic request (min.)
Min. – Max. 10 – 720 10 – 1440 12 – 1440
Median (IQR) 180 (180 – 360) 720 (360 – 1440) 360 (180 – 1440)
H 14.473*
p 0.001*
Significance among groups p1 <0.001*, p2 = 0.018*, p3 = 0.172

Consumption of postoperative analgesia(ug)
Min. – Max. 40.0 – 212 0 – 243 0 – 205
Median ((IQR)) 92 (83 – 140) 40.5 (0 – 53) 44 (38 – 80)
H 27.588*
p <0.001*
Significance among groups p1 <0.001*, p2 <0.001*, p3 = 0.467

Data are demonstrated as Median (IQR). PIFB: pecto-intercostal fascial block, TTB: transversus thoracis muscle 
plane, p1: p, p2: p, p3: p, * Significant compared to the Control group (p value < 0.05). H: H for Kruskal Wallis 
test.
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Cardinale et al.; [31] It was determined that the use 
of a multimodal treatment approach, which included 
the use of a TTB, for patients having median sternot-
omy, led to a notable proportion of patients being 
extubated in the operating room, without any 
observed rise in the occurrence of postoperative re- 
intubations.

In contrast to our results, the studies of Deng et al.; 
[26] and Hamed et al.; [25] concluded that the reason 
was likely because extubation is not solely dependent 
on pain management; other parameters, such as 
hemodynamic stability and the neuromuscular block-
er’s (NMB) complete reversibility, can influence the 
extubation time.

Our investigation has several limitations: it is impor-
tant to note that providing good pain management 
after surgery has the potential to mitigate the onset of 
chronic pain. However, it is crucial to acknowledge that 
our research did not include a follow-up period 
beyond three to 6-month post-operation to assess 
the incidence of chronic pain. The catheter approach 
was not used in our study. However, it should be noted 
that continuous PIFB has the potential to provide sus-
tained postoperative analgesia after heart surgery. Our 
study only focused on individuals who had valve repla-
cement surgery. Consequently, more research is 
required to investigate the effects on patients follow-
ing open-heart surgery.

7. Conclusion

The utilization of ultrasound TTB and PIFB demon-
strated efficacy in providing postoperative analgesia 
compared to the control group. This was evidenced 
by the less requirement for additional analgesic med-
ication, reducing postoperative pain scores and 
a shorter duration of mechanical ventilation.
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