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Case Series: We report eight consecutive pediatric cases featuring a combination of serratus anterior plane block
(SAPB) or erector spinae plane block (ESPB) to general anesthesia (GA) for patent ductus arteriosus (PDA)
ligation through a left thoracotomy incision. Following induction of GA, the left-sided SAPB was performed
in five patients and the other three patients received left-sided ESPB, each with 0.5 mL/kg of 0.2% ropivacaine.
Demonstrating a mean intraoperative fentanyl requirement of 3.25 + 0.71 pg/kg, OTE could be successfully
contemplated in all the 8 patients. Subsequently, the post-operative face, leg, activity, cry, and consolability
(FLACC) score was recorded at 1, 2, 4, 6, 8, and 12 h. Meanwhile, all the patients depicted acceptable pain
scores till 4 h, administration of 0.5 ug/Kg rescue fentanyl was necessitated in three patients each at 6-h and

8-h postoperatively (given FLACC scores >4), amounting to a mean 0.375 + 0.23 pg/kg post-operative fentanyl
requirement. All patients received intravenous paracetamol at 8-h postoperatively. No block-related complication
or need for reintubation was discovered.

Conclusion: Incorporation of fascial plane blocks (SAPB or ESPB) to the conduct of GA for PDA ligation, allowed
for safe OTE in our experience, due to an opioid-sparing potential.

Keywords: Erector spinae plane block, On-table extubation, Serratus anterior plane block, Patent ductus
arteriosus, Pediatric cardiac surgery

INTRODUCTION

Multimodal analgesia is at the cornerstone of paving the way for enhanced recovery after cardiac
surgery (ERACS).!! Given fast-tracking is an important component of ERACS, it needs to be
understood that the former can efficiently materialize only in the background of safe opioid-
sparing analgesic regimens.” In this context, the literature highlights the growing role of novel
fascial plane blocks in formulating a regional-centric perioperative analgesic scheme."!
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At the same time, the subject of on-table extubation (OTE)
following cardiac surgery is being ardently researched with
respect to its feasibility and potential benefits.* Meanwhile
the advantage of resource utilization containment is
intuitive, the concurrent need for an appropriate patient
selection to ensure adequate perioperative safety can
also not be undermined.”” Focusing on the predictors of
success/failure of OTE in cardiac surgery, recent literature
suffices to suggest a prudent approach to decision-making
on the contextual possibility of OTE.**! Withstanding, we
attempted OTE following a closed-heart procedure of patent
ductus arteriosus (PDA) ligation under general anesthesia
(GA) wherein opioid-sparing was assisted by the inclusion
of fascial plane blocks (erector spinae plane block [ESPB]
and serratus anterior plane block [SAPB]), and report our
experience as a case series.

CASE SERIES

After discussing the anesthesia-analgesia plan with
the parents, written informed consent was obtained to
include eight consecutive patients posted for PDA ligation.
A standard posterolateral thoracotomy incision at the level of
the left fifth intercostal space was employed in all the patients.
In instances of combined procedure, non-thoracotomy
surgical approach, preexisting renal or hepatic impairment,
local anesthetic allergy, coagulopathy, and/or parental refusal
for consent, the patients were excluded.

The patients were premedicated with oral midazolam
0.5 mg/kg suspension half an hour before surgery. Routine
intraoperative monitoring with 5-lead electrocardiogram,
non-invasive blood pressure, and pulse oximetry was
instituted, and, a functioning peripheral intravenous (IV)
line was secured. All the patients received 2ug/kg IV fentanyl
prior to anesthetic induction with ketamine 2 mg/kg
and, muscle relaxation with cisatracurium 0.15 mg/kg to
facilitate smooth endotracheal intubation. While volume-
control ventilation with 6-8 mL/kg of tidal volume was
used to maintain an end-tidal carbon dioxide of around
35 mmHg, an invasive blood pressure monitoring access
was simultaneously established. Anesthesia was maintained
with supplemental cisatracurium doses and an admixture
of oxygen-air-sevoflurane to achieve the minimum alveolar
concentration of 1.0 alongside 0.5 fractions of inspired
oxygen concentration.

The procedure of ultrasound-guided fascial plane blocks
performed under aseptic precautions with an 8-13MHz
probe (Epiq 7 USA) and a 22-gauge 50 mm Stimuplex A
needle (B. Braun, Melsungen Germany) is described as
follows:

Ultrasound-guided SAPB was performed with the patients in
the right lateral decubitus position. A linear ultrasound probe

was placed over the mid-clavicular region of the thorax. The
ribs were counted down until the fifth rib was identified in
the mid-axillary line. Latissimus dorsi, teres major, and
serratus muscle were identified from the skin toward the
ribs. The needle was inserted in the plane with ultrasound
guidance and reached deep into the serratus anterior muscle.
Under real-time guidance, 0.2% ropivacaine 0.5 mL/kg was
injected below the serratus anterior muscle plane after careful
negative aspiration [Figure 1: al and a2].

Ultrasound-guided ESPB was contemplated with the
patient in a right lateral decubitus position under all aseptic
precautions. A high-frequency lineal ultrasound probe
was placed in a longitudinal position over the T, transverse
process lateral to the spinous process. All the structures
including the trapezius, rhomboid major, and erector spinae
muscle were identified above the underlying transverse
process, a 5 cm 22-gauge stimuplex A block needle was
inserted in-plane in a cephalo-caudad direction. When
the needlepoint reached below the erector spinae muscle
at the corresponding transverse process, 0.2% ropivacaine
0.5 mL/kg was injected under ultrasound guidance after
careful negative aspiration [Figure 1: bl and b2].

Across the perioperative period, the hemodynamics were
continuously monitored and recorded for all patients at these
specific time points: Baseline, skin incision, rib retraction,
intercostal drain (ICD) insertion, and skin closure. The time
points of skin incision, rib retraction, and ICD insertion
corresponded to the expected periods of surgical stimulation.
Herein, a concomitant increase in the systemic blood
pressure and heart rate of greater than 10% over the baseline
was managed with an intraoperative administration of
1ug/Kg fentanyl. Nonetheless, nitroglycerine 0.5 pg/kg/min
infusion was started 5 min prior to PDA clamping, to assist
the surgical conduct and then tapered off in all the patients.

On the completion of the procedure, the patients were
considered for extubation on ensuring hemodynamic
stability, normothermia, and no signs of upper airway
edema, electrolyte abnormality, or early surgical
complications, such as bleeding. Subsequently, residual
neuromuscular blockade was reversed with neostigmine
50 ug/kg and glycopyrrolate 10 ug/kg. The patients airway
was extubated once neuromuscular blockade was adequately
reversed and spontaneous breathing was accompanied with
acceptable respiratory and arterial blood gas parameters.
Post-extubation, oxygen was administered via nasal cannula,
and the patients were shifted to the cardiac intensive care
unit (ICU).

In the ICU, the post-operative pain scores of the patients
were assessed using face, leg, activity, cry, and consolability
score (FLACC scored from 0 to 10) at 1 h,2h,4h,6 h, 8 h,
and 12 h. Documentation of FLACC score >4 for a given
patient at any of the above time points was treated with a
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post-operative rescue analgesic dose of 0.5 ug/kg fentanyl IV.
All the patients received IV paracetamol, 15 mg/kg 8 hourly.

[Table 1] outlines the characteristics of the patients
included in the case series. Out of the eight patients, three
received ESPB with the other five receiving SAPB. With
the surgical duration ranging from 77 to 100 min, the
corresponding need for time-point based 1 pg/kg fentanyl
supplementation was as follows: Two at skin incision, six
at rib retraction, and two at ICD insertion. Therefore, the
mean intraoperative fentanyl cumulative dose amounted
to 3.25 + 0.71 pg/kg, given all patients were administered
2 pg/kg fentanyl at anesthetic induction [Table 2]. While
all the patients depicted acceptable post-operative pain
scores till 4 h, 3 patients each at 6-h and 8-h postoperatively

demonstrated FLACC scores >4. The former necessitated
administration of 0.5 pg/kg rescue fentanyl to these patients
accounting for a mean postoperative fentanyl requirement
of 0.375 + 0.23 pg/kg [Table 2]. The associated mean post-
operative FLACC scores of the eight patients at 1 h, 2 h, 4 h,
6 h, 8 h, and 12 h are also outlined in [Table 2]. No patient
developed the need for reintubation or any block-related
complications.

DISCUSSION

The index case series highlighting the feasibility of OTE in a
pediatric cardiac surgical cohort undergoing PDA ligation is
pertinent to the modern-day context of ERACS.™? Notably,
the inclusion of ESPB or SAPB in the anesthesia regime and

—_———

LATISSINUS DORST

i, i~ ™~
= WUSERRATUS_ANTERIOR
L

RIB

Figure 1: Depiction of the serratus anterior plane block sonoanatomy (al); Ultrasonographic image
with the needle directed (at the level of the fifth rib) toward the optimal plane just below the serratus
anterior muscle (a2); Sonoanatomy of erector spinae plane block (b1); The in-plane needle tract and
tip can be visualized below the erector spinae muscle (b2).

Table 1: Baseline and operative characteristics of the patients.

S. Age/Sex Weight Regional Surgicalduration Intraoperative hemodynamics SBP/DBP (HR)

No. (kg)  anesthesia (Minutes) Baseline  Skin incision Rib retraction ICD insertion Skin closure
1. 3 m*/F 4.5 SAPB 80 82/42 (120)  84/44 (124) 85/43 (121) 87/50 (113) 88/52 (115)

2. 6m/F 5.5 ESPB 95 84/44 (118) 100/46 (131)° 102/48 (133)° 89/51 (113) 90/52 (110)

3. 9 m/F 6 SAPB 100 94/48 (111) 117/48 (130)° 115/51 (131)° 97/53 (101) 98/57 (102)

4, 10 m/F 6.5 SAPB 82 90/48 (109)  93/50 (111)  110/53 (133)* 96/55 (102) 95/58 (104)

5. 11 m/M 7.5 ESPB 85 96/48 (112)  97/49 (110) 94/51 (113) 113/57 (132)*  98/59 (104)

6. ly 2 m/M 8 SAPB 90 92/46 (109)  95/48 (113) 114/50 (127)%  116/56 (130)°  98/60 (105)

7. 1y 3 m/F 8 SAPB 80 102/48 (112) 107/50 (114)  124/50 (130)*  109/58 (107)  111/60 (109)
8. 1y 6 m/M 10 ESPB 77 98/48 (107)  102/50 (109)  118/51 (128)°  104/54 (104) 105/56 (106)
DBP: Diastolic blood pressure, ESPB: Erector spinae plane block, HR: Heart rate, ICD: Intercostal drain, SAPB: Serratus anterior plane block, SBP: Systolic

blood pressure.*Corrected age in view of 1-month preterm birth, *Simultaneous rise of >10% in SBP/DBP and HR
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Table 2: Perioperative analgesic requirements and postoperative
pain score.

Perioperative Analgesia Requirements

Intraoperative fentanyl 3.250+0.71 ug/kg
requirement
Rescue post-operative

fentanyl requirement

Post-operative FLACC

0.375+0.23 ug/kg

No. of patients requiring

score’ rescue in view of FLACC >4
1h 1.375+0.52 0
2h 1.625+0.52 0
4h 2.250+0.71 0
6h 3.125+1.13 3
8h 3.375+1.51 3
12h 3.000+0.00 0

*Values expressed as mean+SD. (FLACC: Face, Leg, Activity, Cry,
Consolability, scored from 0 to 10)

the consequential opioid-sparing facilitated safe OTE in our
patients.

First, the literature surrounding OTE in cardiac surgery
is intriguing, to say the least.**! Talking beyond a lower
resource utilization with OTE, there remain concerns about
safe adoption across high-risk cardiac surgical patients.
This is hinted by the findings of the recent Hawkins et al.
study delineating a significantly higher rate of reintubation
in the background of OTE when compared to the patients
extubated within 6 h of ICU admission (4.3% vs. 1.8%,
P = 0.008).”" While the aforesaid findings are concerning
enough to emanate from a large decade-long society of
thoracic surgeons database, Baehner et al. study impresses
on the other side of the story!®! The latter attributes
merit to OTE in pediatric cardiac surgery due to the
elucidation of improved postoperative outcomes in their
patients.”! This emphasizes an inherent need for prudent
patient selection. Appropriate to the context, Fukunishi
et al. propose accentuated chances of OTE feasibility in the
lower Risk Adjustment in Congenital Heart Surgery method
categories.”®! Withstanding, we chose a homogenous surgical
subset undergoing a closed-heart procedure of PDA ligation.

Second, the feasibility of OTE must be addressed in close
conjunction with the general perioperative anesthesia
management and opioid-sparing, in particular.21012
Mittnacht et al. propound curtailing the cumulative fentanyl
dose to 3-5 pg/kg while contemplating OTE following cardiac
surgery.” The overall fentanyl requirements (3.25 + 0.71 pug/kg
intraoperative and 0.375 + 0.23 ug/kg post-operative) were
well within the pre-specified limits in our patients.

Third, the role of novel and safe fascial plane blocks in
limiting the perioperative opioid requirements in cardiac
surgery is captivating attention.”**! In our own previously

published experiences with SAPB in thoracotomies and
ESPB in sternotomies for pediatric cardiac surgery, we could
achieve opioid-sparing and fast-tracking with the same.®*
This motivated us to contemplate OTE with the use of ESPB
and SAPB, as a follow-up of our previous work. Interestingly,
a systematic review of the role of ESPB in diverse pediatric
surgeries by Holland and Bosenberg revealed 70.1% of the
included patients manifested <10% hemodynamic response
to skin incision (surrogate definition of a successful block,
as proposed by the authors).™ Much in accordance, 75%
(6/8 of our patients) demonstrated <10% hemodynamic
response to skin incision. With regards to the period of
adequate analgesia, the pattern of post-operative rescue
requirements in our patients implies an analgesic duration
congruent to the relevant literature on fascial plane
blocks.!'>1¢]

Talking of the literature specific to PDA ligation, Nishinaka
et al. reported a single case of OTE assisted by thoracic
epidural anesthesia combined with GA for PDA ligation.!"”)
However, with the advent of safer fascial plane blocks, the
motivation toward employing regional techniques with GA
is escalating in the cardiac surgical arena.'®”! Carvalho
et al. published case reports of pre-term twins wherein
they combined ESPB with GA for PDA ligation.”! They
could attain opioid-sparing with ESPB and could extubate
the premature neonates at 24 h and 34 h, respectively.
Understandably, PDA has links with prematurity which
further adds the incremental need for achieving opioid-
sparing.® Nonetheless, the youngest infant in our case series
had a corrected age of 3 months, adjusted for 1-month pre-
term birth [Table 1]. Having said that, our experience adds to
the existing literature™”*"! elaborating on the role of fascial
plane blocks in ensuring safe OTE following PDA ligation
by accomplishing effective pain management alongside
predictable opioid-sparing. As far as the extrapolation of
the plausible benefits to a more inclusive cardiac surgical
subset is concerned, prospective research is warranted
drawing motivation from our case series and a very recent
retrospective cohort analysis by Revollo et al. hinting
reduced extubation times with fascial plane blocks.?"?
Herein, the use of analgesic adjuvants and fascial plane
catheters can indeed be of additional help in achieving the
aforementioned.

CONCLUSION

Incorporation of fascial plane blocks like ESPB or SAPB to the
conduct of GA for PDA ligation, allowed for safe OTE in our
experience, due to an opioid-sparing potential. Meanwhile,
the role of fascial plane blocks in facilitating early tracheal
extubation appears promising, future research is mandated
with a concurrent focus on perioperative efficacy and safety
across diverse cardiac surgical settings.
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