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Abstract: Median sternotomy remains a standard approach for cardiac surgery but is associated with significant postoperative pain and
increased opioid requirements. Inadequate pain control may contribute to respiratory complications, prolonged mechanical ventilation, and
delayed recovery. Ultrasound-guided fascial plane blocks, including the pecto-intercostal fascial block (PIFB) and the transversus thoracic
plane block (TTPB), have emerged as effective components of multimodal analgesia strategies. This narrative review compares PIFB and
TTPB for post-sternotomy analgesia, focusing on clinical outcomes, pharmacological properties, and interindividual variability. Available
clinical studies suggest that both techniques provide comparable analgesic efficacy and opioid-sparing effects, although some evidence
indicates that PIFB may be associated with reduced opioid consumption or prolonged time to first analgesic request. Anatomical differences
between techniques may influence dermatomal coverage, technical complexity, and risk profile. In addition, pharmacokinetic, pharmaco-
dynamic, and genetic factors may contribute to variability in analgesic response and should be considered when tailoring perioperative pain
management strategies. Practical considerations, including operator expertise, procedural feasibility, and patient-specific factors, further
influence block selection. Overall, both PIFB and TTPB are effective for post-sternotomy analgesia. Their optimal use should be guided by
an individualized approach that integrates clinical evidence, anatomical considerations, and patient-specific characteristics.
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Introduction
Median sternotomy has been the standard approach in many open-heart procedures, including CABG, valve repair and
replacement, and congenital heart surgeries. This approach allows access to the mediastinum but is associated with significant
postoperative pain due to disruption of the skin, sternum, and surrounding soft tissues, including the intercostal nerves and
costosternal joints. Inadequately controlled pain leads to impaired breathing, which may lead to prolonged mechanical
ventilation. This higher level of pain leads to increased opioid consumption, which correlates with respiratory depression,
postoperative nausea and vomiting, and possible delirium. One nationwide cohort study of sternotomy patients found that
25-50% of sternotomy patients develop persistent pain after coronary artery bypass surgery.' Optimizing pain management is
therefore a critical component of these procedures.

Historically, thoracic epidural analgesia has been the gold standard, but its use is associated with the possibility of
epidural hematoma. As a result, use has shifted toward ultrasound-guided fascial plane blocks, which offer a favorable
safety profile. The pecto-intercostal fascial block (PIFB) and the transversus thoracic plane (TTPB) both aim to block the

anterior cutaneous branches of intercostal nerves to reduce sternal and parasternal pain. A prospective randomized study
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found that PIFB resulted in lower 24-hour postoperative morphine usage when compared to TTPB.> A second rando-
mized controlled trial comparing PIFB and TTPB reported similar 24-hour morphine usage and pain scores between
groups, but with a longer time to pain control requests in the PIFB group.’

These results highlight the need for a second look at these blocks and their use in sternotomy patients. There is limited
data on long-term outcomes, chronic pain, and comparison of performance on the two blocks. So, this narrative review
aims to compare PIFB and TTP for pain management after sternotomy in cardiac surgery, focusing on pharmacodynamic,

kinetic, and possible individual genetic predispositions.

Methods

This study was conducted as a narrative review. A comprehensive, non-systematic literature search was performed to
identify relevant studies. Electronic databases including PubMed (MEDLINE) and Google Scholar were searched.
Additional relevant articles were identified through manual screening of reference lists.

The search strategy included combinations of keywords such as “pecto-intercostal fascial block”, “transversus
thoracic plane block”, “sternotomy”, “cardiac surgery”, “postoperative pain”, “opioid consumption”, “pharmacokinetics”,
“pharmacodynamics”, and “pharmacogenomics”. Boolean operators (AND, OR) were used to refine and combine search
terms. Articles published up to 2025 were considered, with emphasis placed on literature from 2020 onward. Earlier
foundational studies were included when necessary to support key pharmacologic concepts.

Inclusion criteria comprised peer-reviewed articles relevant to regional anesthesia in sternotomy, pharmacology of
local anesthetics and pharmacogenomic aspects of pain management. Eligible study designs included randomized
controlled trials, observational studies, systematic reviews and meta-analyses. Exclusion criteria included studies that
did not meet inclusion criteria or lacked relevance.

Study selection was based on relevance to the topic and clinical applicability. Preference was given to studies with
stronger levels of evidence when available. Articles were screened based on title and abstract for relevance, followed by
full-text review. Given the narrative nature of this review, a formal systematic screening process, flow diagram and risk-

of-bias assessment tools were not applied.

Individual Genetic Differences to Blocks
Emerging evidence suggests that interindividual variability in response to regional anesthesia may be explained by
genetic factors influencing pain perception, local anesthetic pharmacodynamics and systemic drug handling.

Polymorphisms in the catechol-o-methyltransferase (COMT) gene, particularly the Vall58Met variant, have been
associated with altered catecholamine metabolism and increased pain sensitivity, contributing to variability in post-
operative pain intensity and analgesic requirements.*> In the context of fascial plane blocks such as PIFB and TTPB,
patients carrying low COMT activity variants may report higher pain scores despite technically correct nerve blockade,
affecting overall efficacy.

Genetic variation may also influence the pharmacodynamic response to local anesthetics. Variants in genes encoding
voltage-gated sodium channels like SCN9A have been associated with altered nociceptive signaling differences in
sensitivity to sodium channel blockade.® As local anesthetics exert their effect through inhibition of these channels,
these polymorphisms may contribute to variability in block effectiveness.

Pharmacokinetic variability may further contribute to interindividual differences. Polymorphisms affecting cytochrome
P450 enzymes, such as CYP1A2 and CYP3 A4 may alter the metabolism of amide local anesthetics, influencing both systemic
exposure and duration of action.” Additionally, genetic variation in CYP2D6 enzyme may influence the metabolism of
commonly used opioid analgesics. Although it does not directly affect the performance of regional blocks, it can contribute to
variability in overall analgesic response when these techniques are used as part of a multimodal scheme.®’

Direct evidence linking these genetic factors to the efficacy of fascial plane blocks like PIFB and TTPB remain
limited, as most pharmacogenomic data has been derived from studies in systemic analgesics.
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Block Pharmacodynamics

Pharmacodynamics describes the interaction of local anesthetics with neuronal targets and their effects on nerve
conduction. In the context of regional anesthesia, local anesthetics produce analgesia by reversibly blocking sodium
channels in peripheral nerves.'®!'" Both the pecto-intercostal fascial block (PIFB) and the transversus thoracic plane
block (TTPB) rely on this pharmacological principle. Their distinction arises not from the drug itself, but from the
anatomical plane of injection and the distribution of neural blockade.

Mechanism of Action and Anatomic Targets
Local anesthetics act by reversibly blocking voltage-gated sodium channels, thereby stabilizing the neuronal membrane
and preventing propagation of action potentials along nociceptive fibers.'"'* This type of blockade is “use-dependent”,
which means local anesthetics bind with greater affinity to sodium channels in their open or inactivated state, making
rapidly firing pain fibers more susceptible to conduction block.'> By reducing excitability, local anesthetics inhibit
nociceptive signal propagation along peripheral nerve fibers.

In the pecto-intercostal fascial block, the injectate is deposited between the pectoralis major and internal or external
intercostal muscles, producing a spread that anesthetizes the anterior cutaneous branches of intercostal nerves T2-T6.

h, 1415 sometimes

This produces reliable superficial anesthesia to the parasternal region but is generally limited in dept
requiring multiple injections to extend cephalocaudal coverage.

In contrast, the transversus thoracic plane block, local anesthetic is deposited between the internal intercostal and
transversus thoracic muscles, targeting anterior intercostal nerves in a deeper retrosternal plane.'®'” This deeper

distribution allows for broader neural coverage compared to PIFB.'®!'®

Variability in Response
The clinical efficacy of fascial plane blocks may vary depending on local tissue conditions. For instance, tissue acidosis
reduces the proportion of non-ionized (lipid-soluble) forms of the anesthetic, delaying onset and reducing effectiveness,
particularly relevant in inflamed or ischemic tissues.'”° Additionally, inflammation may enhance neuronal excitability,
potentially diminishing block effectiveness.'"-'?

Anatomical variation in the course of intercostal nerves and the extent of fascial spread further contributes to
heterogeneity in block performance. These factors may influence the distribution of neural blockade and help explain

differences in analgesic coverage between patients and techniques.

Clinical Implications

At the molecular level, the pharmacodynamics of local anesthetics are identical in both blocks. The difference lies in the
anatomical distribution of the injectate, which determines the dermatomal coverage achieved. PIFB provides more
superficial parasternal analgesia and is considered technically simpler. TTPB, while more technically demanding, offers
deeper retrosternal coverage and may provide superior analgesia in selected patients.

Block Pharmacokinetics
Pharmacokinetics is the study of the absorption, distribution, metabolism, and elimination (ADME) of drugs, describing
how the body processes an administered agent over time. It characterizes the relationship between drug dose and plasma
concentration and is essential for understanding drug duration and systemic exposure.'’

In fascial plane blocks, pharmacokinetics is influenced by both the physicochemical properties of local anesthetics
and the vascular characteristics of the injection site. Because both PIFB and TTPB blocks employ similar amide
anesthetics, differences in pharmacokinetics arise primarily from anatomical factors that influence systemic absorption.

Absorption

Systemic absorption of local anesthetics is directly correlated with the vascularity of the injection site.'? Intercostal and
parasternal regions are among the most vascular in the body, predisposing these blocks to higher plasma uptake. In PIFB,
local anesthetic is deposited in a relatively superficial fascial plane between the pectoralis major and intercostal muscles,
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producing moderate systemic absorption. In contrast, TTPB involves injection in a deeper plane adjacent to internal
thoracic vessels (internal mammary artery and vein), where richer vascularity facilitates faster uptake. This anatomical
relationship may result in higher systemic absorption and increased plasma concentrations compared to more superficial

techniques.

Distribution
Once absorbed, the distribution of local anesthetics depends on lipid solubility and plasma protein binding. Bupivacaine,
a highly lipophilic agent, exhibits extensive protein binding (up to 95%), which prolongs its duration of action and
influences the fraction of free drug circulating.?'** Lidocaine demonstrates moderate protein binding (60-80%), resulting
in more rapid distribution and shorter duration of effect, while prilocaine distributes more rapidly due to lower protein
binding.

In populations with altered protein levels, the unbound fraction of local anesthetic may increase, thereby increasing

systemic exposure.

Metabolism and Elimination

Amide local anesthetics, including lidocaine, bupivacaine, and ropivacaine, undergo hepatic metabolism via CYP450
enzymes, primarily CYP1A2 and CYP3A4.%'? Initial N-dealkylation generates metabolites that may retain pharma-
cologic activity. The metabolites are ultimately excreted, primarily via renal excretion. Hepatic dysfunction, renal
impairment, or genetic variability in metabolic capacity may prolong drug clearance and increase systemic

2
exposure. 3

Clinical Implications

From a pharmacokinetic perspective, both blocks share similar metabolic pathways, but differ in the extent of systemic
absorption due to their anatomical location. PIFB, being more superficial, entails lower systemic uptake. On the other
hand, TTPB may result in higher plasma concentrations due to its proximity to major thoracic vessels. These pharma-
cokinetic characteristics may increase the risk of local anesthetic systemic toxicity (LAST), particularly relevant in high-

risk populations, highlighting the importance of careful dose selection and monitoring.'%'¢'8

Role of Opioids in Multimodal Analgesia

Opioid analgesics remain an important component of postoperative pain management following cardiac surgery,
particularly as part of multimodal analgesic strategies. However, their use is associated with well-known adverse effects,
including respiratory depression, nausea, ileus, and the risk of prolonged opioid dependence. In this context, regional
anesthesia techniques such as the pecto-intercostal fascial block (PIFB) and the transversus thoracic plane block (TTPB)
have gained increasing relevance due to their opioid-sparing potential.”**> Interindividual variability in opioid response
is influenced by genetic factors affecting both pharmacodynamics and pharmacokinetics. Polymorphisms in the p-opioid
receptor gene (OPRMI1) have been associated with differences in analgesic sensitivity, while variations in drug
metabolizing enzymes, particularly cytochrome P450 CYP2D6, play a key role in the bioactivation and clearance of
several commonly used opioids, such as codeine and oxycodone.”?*?®?” These genetic differences may lead to
variability in both analgesic efficacy and the risk of adverse effects among patients.In the setting of PIFB and TTPB,
these pharmacogenomic factors are particularly relevant, as regional anesthesia aims to reduce reliance on systemic
opioids. Patients with altered opioid metabolism or increased susceptibility to opioid-related side effects may obtain
greater benefit from effective regional techniques. Conversely, variability in opioid response may still influence overall
pain control when these blocks are incorporated into multimodal analgesic regimens.>**> Therefore, understanding the
interaction between regional anesthesia and opioid pharmacogenomics may help optimize individualized pain manage-
ment strategies. This approach further supports the role of PIFB and TTPB in reducing opioid exposure while

maintaining effective analgesia after sternotomy.’>>°
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Discussion

Effective regional anesthesia has clear clinical importance due to its role in reducing opioid consumption, adverse events, and
prolonged persistent pain. Both PIFB and TTPB have been shown to significantly reduce post-sternotomy pain. PIFB is a more
superficial block and is easily performed, whereas TTPB targets deeper structures and may provide broader intercostal
coverage.”*?? Despite these differences, current literature suggests that both blocks achieve comparable analgesic effects, with
subtle variations that may be tailored based on patient and procedural factors. These findings are supported by available
clinical data. Randomized controlled trials have reported comparable postoperative pain scores and opioid consumption
between PIFB and TTPB, with some studies demonstrating reduced 24-hour morphine requirements or prolonged time to
rescue analgesia in PIFB groups.”” However, variability across studies remains, which may reflect differences in technique,
patient populations, and perioperative analgesic protocols. A summary of key clinical studies is presented in Table 1.

In addition to anatomical considerations, the pharmacological properties of the local anesthetic used can influence the
clinical performance of these blocks. Differences in lipid solubility, protein binding, and intrinsic potency among agents
such as bupivacaine and ropivacaine may affect time onset, duration of analgesia and systemic absorption. Bupivacaine,
with higher lipid solubility and protein binding, is associated with a prolonged duration of action but carries a higher risk
of cardiotoxicity at elevated plasma concentrations.>® >* In contrast, ropivacaine demonstrates a safer profile due to its
reduced cardiotoxic potential, even though it may provide slightly less potent sensory blockade. Clinical studies
evaluating fascial plane blocks and truncal techniques have reported comparable analgesic efficacy across these agents.
However, differences in duration of action and safety profiles have been reported, particularly in relation to bupivacaine
and ropivacaine use in cardiac and thoracic surgery populations.>>° Therefore, both the choice of local anesthetic and
the anatomical plane of injection should be considered when tailoring regional anesthesia strategies.

Interindividual variability in genetic response may also be influenced by genetic factors. Polymorphisms such as those
affecting COMT may alter pain perception, while genetic variation in sodium channel function may influence the

Table 1 Summary of Major Clinical Studies Relevant to PIFB and TTPB After Sternotomy

Study Design/ Sample Size Intervention Main Outcome Measures Key Findings
Population

Kaya C et al Prospective 39 (PIFB n=19; Bilateral ultrasound- 24-h morphine consumption; NRS Both techniques provided similar analgesic

20223 randomized TTPB n=20). guided PIFB vs bilateral pain scores; time to first analgesic efficacy, but PIFB resulted in a significantly
double-blind ultrasound-guided TTPB. request; rescue analgesia. longer duration before first analgesic
pilot study. demand.

Mansour Comparative 80 (PIFB n=40; Bilateral ultrasound- 24-h opioid (morphine) PIFB significantly reduced 24-h morphine

et al, 20242 clinical study TTPB n=40). guided PIFB vs bilateral consumption; time to first analgesic | consumption and prolonged time to first
in open ultrasound-guided TTPB. request; rescue analgesia; analgesic request compared to TTPB.
cardiac postoperative complications.
surgery.

Hamed et al, | Randomized 70 (PIFB n=35; Bilateral ultrasound- 24-h morphine consumption; time PIFB significantly reduced 24-h morphine

2022%° controlled Control n=35). guided PIFB vs control to first analgesic request; pain consumption and prolonged time to first
study; adult (dry needling). scores; oxygenation; ICU and analgesic request compared to control.
open-heart hospital length of stay.
surgery.

Shokri et al, Pediatric 60 (TTPB n=30; Bilateral ultrasound- Postoperative morphine TTPB significantly reduced postoperative

20213 randomized Control n=30). guided TTPB vs sham/ consumption; pain scores; time to morphine consumption and pain scores,
study in open control (saline injection) first analgesic request; extubation and shortened extubation time and ICU
cardiac with general anesthesia. time; ICU length of stay; adverse stay compared to control.
surgery. events.

Xue J et al Systematic 454 (9 RCTs). TTMPB vs no block/sham | Postoperative pain (rest and TTMPB significantly reduced

2023% review and block. movement); opioid consumption; postoperative pain, opioid consumption,
meta-analysis. ICU length of stay; postoperative ICU length of stay, and incidence of nausea

nausea and vomiting. and vomiting compared to no block/sham.

Abbreviations: PIFB, pecto-intercostal fascial block; TTPB, transversus thoracic plane block; NRS, numeric rating scale; ICU, intensive care unit; sham, saline injection.
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pharmacodynamic response to local anesthetics. In addition, variability in drug metabolism, including CYP450 and
CYP2D6 pathways, may affect both local anesthetic handling and the efficacy of adjunct opioid therapy. These
mechanisms may help explain differences in postoperative pain control despite technically adequate regional blocks.

Both PIFB and TTPB contribute to opioid-sparing effects as well as fewer reports of nausea, vomiting, respiratory
depression, and constipation.®” Clinically, these effects translate into earlier extubation, shorter ICU stays, and improved
mobilization.? However, the magnitude of opioid reduction varies across studies, which may reflect differences in
technique, timing, patient populations and underlying biologic variability.

From a safety perspective, PIFB is generally considered easier to perform with a lower risk of complications such as
pleural puncture due to its superficial approach.®® In contrast, TTPB involves a deeper fascial plane and therefore carries
a higher risk of pneumothorax, vascular injury, or local anesthetic systemic toxicity, although these complications remain
rare when performed under typical ultrasound guidance by experienced clinicians.*

Preliminary data suggest that both blocks can improve patient satisfaction, reduce perioperative anxiety, and facilitate
earlier ambulation, supporting enhanced recovery after cardiac surgery.>*® However, direct comparative trials remain
limited, and long-term outcomes have been inconsistently reported.'®

From a practical standpoint, selection between PIFB and TTPB may be guided by patient-specific and procedural factors.
PIFB may be preferred in patients with higher procedural risk or when a safer and more superficial approach is desired. In
contrast, TTPB may be considered in patients where broader retrosternal analgesia is required, such as those undergoing
extensive sternotomy or with higher anticipated pain burden. Operator experience with ultrasound-guided techniques,
equipment availability, and procedural time may also influence block selection, as more technically demanding approaches
may be less feasible in resource-limited settings or in urgent clinical scenarios. Additional considerations, including patient
comorbidities, bleeding risk, and need for rapid recovery may further influence block selection. Pharmacological factors,
including the choice of local anesthetic and patient-related variables, including genetic variability in pain perception and drug
metabolism, may influence both the perceived efficacy of regional blocks and the overall effectiveness of multimodal
analgesic strategies. Although these considerations do not yet constitute a formal decision algorithm, they provide a clinically
relevant framework to support a more individualized approach to regional anesthesia in cardiac surgery patients.*'**
A comparative overview of PIFB and TTPB is summarized in Table 2.

Table 2 Comparative Characteristics of PIFB and TTPB for Post-Sternotomy Analgesia

Feature

PIFB

TTPB

Anatomical target /
Injection plane

Local anesthetic deposited between pectoralis major and

internal/external intercostal muscles to target anterior

cutaneous branches of intercostal nerves.**

Local anesthetic deposited between the internal intercostal and

transversus thoracis muscles in a deeper retrosternal plane.***”

Dermatomal / Analgesic

coverage

Superficial parasternal coverage: good sternal wound
analgesia.z'3

Deeper retrosternal/anterior intercostal coverage: may provide broader

parasternal coverage.”?

Technical difficulty

Simpler, more superficial with an easier sonographic view. >4

More technically demanding because of the deeper plane and proximity

to pleural/internal thoracic vessels. *4¢

Ultrasound proficiency
required

Basic to intermediate parasternal block skills. *¢47

Higher level of ultrasound-guided precision because of deeper target and

adjacent critical structures.*¢*’

Procedure time

Shorter and more feasible in urgent or resource-limited
settings.

Potentially longer because of a deeper target and more careful needle
trajectory.

Major procedural
concerns

Incomplete spread/block, superficial vascular puncture/

hematoma uncommon.*¢4”

Pneumothorax, vascular injury and LAST due to deeper location and

L. 4647
vascular proximity.*®

Postoperative pain scores

Effective reduction in pain scores after sternotomy; in head-to
-head studies often similar to TTPB.2?

Effective reduction in pain scores after sternotomy; in head-to-head
studies often similar to PIFB.2?

Opioid sparing effect

Significant reduction in postoperative opioid use; some studies

suggest lower 24-hour morphine use or longer time to rescue

analgesia vs comparator.>*%3'

Significant opioid-sparing effect; effective compared with control and

comparable to PIFB in some studies.>3%3!

Abbreviations: PIFB, pecto-intercostal fascial block; TTPB, transversus thoracic plane block; LAST, local anesthetic systemic toxicity.
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Future studies should incorporate larger patient cohorts, standardized techniques, and long-term follow up to better
define the comparative effectiveness of PIFB and TTPB. In addition, further research exploring the role of genetic
variability may help refine patient selection and optimize individualized analgesic strategies.

Conclusion

Both the pecto-intercostal fascial block (PIFB) and the transversus thoracic plane block (TTPB) are effective regional
anesthesia techniques for the management of post-sternotomy pain, demonstrating comparable analgesic efficacy and
significant opioid-sparing effects in the current literature. While TTPB may offer broader retrosternal coverage, PIFB is
generally considered technically simpler and associated with a more favorable safety profile.

The choice between these techniques should not rely solely on anatomical considerations but also incorporate clinical
evidence, pharmacological factors, and patient-specific characteristics. Variability in analgesic response may be influ-
enced by interindividual differences in pain perception, drug metabolism, and genetic factors, highlighting the impor-
tance of a more personalized approach to perioperative pain management.

Although current evidence supports the use of both blocks, further high-quality, large-scale studies are needed to
better define their comparative effectiveness and long-term outcomes. Future research integrating pharmacogenomic
insights may contribute to more precise and individualized analgesic strategies in cardiac surgery patients.
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