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Abstract
Purposes: Pediatric open cardiac surgical patients usually suffer from acute pain after operation. The aim of this study was to investigate the effect of bilateral PIFB in children undergoing open cardiac surgery.
Methods. A group of 110 pediatric patients were randomly allocated to either receive bilateral PIFB (PIF group) or no nerve block (SAL group). The primary endpoint was postoperative pain at rest and exercise. Secondary outcomes included time to drain removal, time to extubation, intraoperative and postoperative fentanyl consumption, time to first feces, length of stay in the ICU and the length of hospital stay.

Results. The trends of MOPS were significantly higher at 24 hours after operation 
both at rest and during coughing in SAL group compared with PIF group. The PIF 
group reported significantly less intraoperative and postoperative fentanyl 
consumption. Time to extubation, time to first flatus, length of stay in the ICU and the 

length of hospital stay were significantly decreased in the PIF group.
Conclusion. Bilateral PIFB in pediatric open cardiac surgical patients provide effective analgesia and reduce the length of hospital stay .
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Introduction

  Pediatric open cardiac surgical patients usually suffer from acute pain after operation and major source of the pain is the median sternotomy incision
. Insufficient postoperative analgesia may lead to prolonged immobilization , hypertension, hypoxia , pulmonary hypertensive crisis, tachyarrhythmia, the inability to cough due 
to median sternotomy , increased length of intensive care unit (ICU) stay and length of hospital stay
. Noninvasive and invasive methods are used in children undergoing open cardiac surgery for postoperative pain management
, such as intravenous opioids , thoracic epidural block (TEA), paravertebral block techniques and the transversus thoracis muscle plane (TTMP) block
,
. Intravenous opioids for acute pain can cause side effects including profound sedation ,delayed tracheal extubation, ileus , respiratory depression, nausea/vomiting ,immunosuppression, cough suppression and drowsiness
.
  Paravertebral block techniques and TEA provided effective analgesia in pediatric cardiac surgical patients3.But sympathectomy-induced hypotension , block failure, pneumothorax, devastating side effects such as epidural hematoma after full heparinization or infection, injury to the spinal cord have limited the application of them in cardiac surgical patients
.TTMP block could be used in pediatric cardiac surgery for postoperative pain
 , but there was a risk of vascular damage and pneumothorax.
  The ultrasound-guided Pecto-intercostal Fascial Block (PIFB) was a newly developed technique and has been used in cardiac surgery
. To the best of our knowledge, there was no randomized controlled trial of PIFB block for pediatric patients undergoing open cardiac surgery . The aim of our study was to assess whether bilateral PIFB provide effective analgesia and reduce length of hospital stay in cardiac surgery.

Methods

  Our study was approved by the ethics committee of First Affiliated Hospital of Nanchang University and it was registered in the Chinese Clinical Trial Registry (ChiCTR) (registration number ChiCTR 2000030609). The study protocol was explained to the parents of participants with a written informed consent obtained from the parent and assent procured from the participant children of appropriate age.
  This double-blind, randomized, controlled study was performed with children between the age groups of 2 and 6 years who undergo elective open heart operation via median sternotomy. The exclusion criteria in our trial was as follows: congestive heart failure, allergic to ropivacaine, hepatic or renal failure , psychiatric problems, redo surgery and preoperative inotropic support. The pediatric patients enrolled in our trial were randomly divided into two groups: PIF group receiving bilateral PIFB with 0.2% ropivacaine and SAL group receiving the same block with saline.
Surgery and anesthesia

   Premedication was given 30 min before anesthesia with oral 1 mg/kg midazolam (maximum 20 mg) to all pediatric patients. After entering the operating room, initial monitoring included electrocardiography, invasive arterial blood pressure, pulse oximetry ,end-tidal carbon dioxide, central temperature, central venous pressure.  General anesthesia was induced with midazolam 0.05 mg/kg , fentanyl 6-10µg/kg , etomidate 0.3mg/kg and rocuronium 0.6 mg/kg, then endotracheal intubation was performed. The maintenance of anesthesia was achieved with fentanyl, propofol and rocuronium, and the BIS was maintained between 45 and 55 in all pediatric patients. Intravenous fentanyl and acetaminophen were used to perform postoperative analgesia in our study. All surgeries were performed by the same group of surgeons in our trial. After the operation, the patients were sent to the cardiac surgery ICU as scheduled.

Randomization and blinding

  Using a computer generated random number table, the enrolled pediatric patients were randomly divided into PIF group or SAL group with either 0.2% ropivacaine or saline, and the group allocation was kept in the sealed envelope. The saline and ropivacaine were prepared in the post anesthesia care unit by a nurse, the saline and ropivacaine solutions looked identical. The skilled anesthesiologist injected the liquid into pecto-intercostal fascial plane within 20 min and he didn’t know whether the liquid is ropivacaine or saline. Postoperative data collection was recorded by another researcher who was also blinded to group allocation . The patients, surgeons, anesthesiologist, intensive care unit staff, nurses and other investigators were not aware of medication assignment. This was a double-blind, randomized, controlled study.
Ultrasound-guided PIFB

The PIFB was performed in a supine position using high-frequency linear ultrasound probe (Mindray, Shenzhen, China). The probe was placed at 2 cm lateral from sternum and parallel to the sternum, then we could find the pectoralis major muscle, the external intercostal muscle , the costal cartilage, the pleura and the lungs .The pecto-intercostal fascial plane was located between the pectoralis major muscle and the external intercostal muscle or the costal cartilage. A 22-gage, 70 mm needle (Tuoren, Henan, China) was placed under the pectoralis major and above the external intercostal muscle with in-plane approach and a test bolus of saline (1 mL) was injected to determine that the tip has been placed in the correct fascial layers. Finally, 1.5 mg/kg of 0.2% ropivacaine was injected to this plane in two locations, over 2nd and 4th rib. The method on the other side of the PIFB was the same. 

Study Parameters

The primary endpoint was postoperative pain, which was measured by Modified Objective Pain Score (MOPS)
 at 3, 6, 9, 12, 24 and 48 hours after extubation at rest and exercise (defined as pain experienced during coughing). Secondary outcomes included time to drain removal, time to extubation, intraoperative and postoperative fentanyl consumption, time to first feces, length of stay in the ICU ,the length of hospital stay and possible complications of PIFB.
Statistical analysis

  The authors calculated the sample size of the trial on the basis of a pilot study(n=12 children per group), which compared the postoperative pain scores. So, 92 pediatric patients were needed to achieve a type I error of α=0.05, a type II error of β=0.1 and a power of 90%, and the dropout rate was 20%. Finally, a minimum of 110 children were needed in our study.
  Data were analyzed using SAS software (version 9.1.3, North Carolina, USA). The Student t test/Mann-Whitney U test were used to compare the two groups in case of continuous data. The qualitative data were compared with the Chi-square or Fisher’s exact test. MOPS after extubation was compared with repeated-measures (two-way) analysis of variance between PIF group and SAL group. A probability value of less than 5% was considered significant.

Results

One hundred and ten children were randomized (55 in per group). Four patients 
from the PIF group and five patients from the SAL group were excluded from the 
trial for the following reasons: redo surgery (three) and hepatic or renal failure (six). 

Finally, 101 children were left in our study, with 51 in the PIFB group and 50 in the 

SALI group for data analysis (Fig 1). Perioperative baseline characteristics showed no 
statistically significant differences between between PIF group and SAL group 
(Table 1). No complications of PIFB were occurred in our patients.
  MOPS were significantly higher at 3, 6, 9,12 and 24 h after extubation both at rest 
and during coughing, and had no differences at 48h after extubation in SAL group 
compared with PIF group (Fig 2, Fig3). The PIF group reported significantly less 
intraoperative and postoperative fentanyl consumption (Table 2). Time to extubation, 
time to first flatus, length of stay in the ICU and the length of hospital stay were 
significantly decreased in the PIF group (Table 2). There were no significant 
differences between the groups in time to drain removal (Table 2).
Discussion

  The randomized controlled trial demonstrated that the use of ultrasound-guided

bilateral PIFB in pediatric patients undergoing open cardiac surgery could provide

effective analgesia for 24h after extubation and reduce perioperative fentanyl 

consumption. It also could reduce time to extubation, time to first flatus, length of 

stay in the ICU and the length of hospital stay in our study.
  High-dose fentanyl was most widely used as bolus dosing or infusion regimes in 

pediatric cardiac surgery anesthesia with hemodynamic stability and effective 

postoperative analgesia
. However. High-dose opioid techniques could cause adverse 

effects including respiratory depression, pruritus, delayed recovery, ileus, prolonged 

ventilation, increased ICU stays
,and it prolonged the the length of hospital stay in 

cardiac patients
. In the present study, our data revealed that the ultrasound-guided bilateral PIFB greatly reduced perioperative fentanyl dosage without adverse events. Postoperatively, the average time to extubation in PIF group was significantly shorter compared with the SAL group and the difference probably was caused by reducing dosage of perioperative fentanyl. The decreased length of stay in the ICU was related to effective analgesia of ultrasound-guided bilateral PIFB in our study, significant reduction of fentanyl dosage and earlier extubation after operation. Therefore, reducing the consumption of fentanyl was the basis for the enhanced recovery of open cardiac surgery.

  The PIFB provided effective analgesia for thymectomy via median sternotomy
,
 and cardiac surgery8. What’s more, there are some reports describing PIFB for sternal fracture pain
, rib cage pain in ICU patients
, breast surgery
 and the subcutaneous-implantable cardioverter defibrillator system implantation
. To the best of our knowledge, this was the first double-blind, randomized, controlled study to identify that bilateral PIFB provides effective perioperative pain relief in pediatric patients undergoing cardiac surgery without adverse events. The ultrasound-guided bilateral transversus thoracic muscle plane (TTMP) block was also used in pediatric cardiac surgery for poststernotomy pain 7. The advantages of PIFB over TTMP block in patients undergoing open cardiac surgery were as follows
,
. First, the internal mammary artery and vein passed through TTMP and it associated with the risk of vascular laceration when blocking. Second, transversus thoracic muscle is usually very thin, especially in children. So it is difficult to visualize transversus thoracic muscle under ultrasound and the transversus thoracic muscle is also very close to the pleura
. That's why there's a risk of pneumothorax in TTMP block. Third, in patients with previous chest surgery, the scar tissue would affect the spread of local anesthetic 
. 
  Pediatric open cardiac surgical patients usually suffered from severe and prolonged postoperative pain, especially at the median sternotomy site
. Poorly controlled postoperative pain in pediatric open cardiac surgical patients could result in devastating consequences such as pulmonary hypertensive crisis , tachyarrhythmia,

prolonged immobilization , hypertension, hypoxia , increased length of ICU stay and length of hospital stay2. Our study demonstrated that the ultrasound-guided PIFB provided effective analgesia for 24h after extubation to children. PIFB is less invasive and risk than thoracic epidural analgesia, paravertebral nerve block or TTMP block due to concern of epidural or spinal hemorrhage and hematoma, pneumothorax, vascular laceration and hypotension. And PIFB could reduce the sympathetic excitement and opioid consumption perioperatively, so it could reduce time to first flatus in our study. Therefore, PIFB was a novel, effective, promising, and safe regional analgesic technique in pediatric patients undergoing open cardiac surgery.
  Finally, bilateral PIFB in pediatric open cardiac surgical patients could reduce perioperative consumption of fentanyl, decreased the time to extubation, time to first flatus and length of stay in the ICU. And these results were the basis for reducing the length of hospital stay.

This study was limited by the uncertain optimal volume and concentration and the short duration impairing the ability to assess long-term postoperative chronic pain.

And, Continuous PIFB block may provide persistent postoperative analgesia for the median sternotomy, but our study do not use this technique. In further study, we should gradually solve these three problems for pediatric cardiac surgery patients. 
  In conclusion, our study demonstrated that ultrasound-guided bilateral PIFB in pediatric open cardiac surgical patients reduce the length of hospital stay by providing effective postoperative analgesia, greatly reducing perioperative fentanyl dosage, decreasing time to extubation, time to first flatus and length of stay in the ICU.
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