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Abstract

Objective: Characterize the types and doses of commonly administered perioperative drugs in 

inguinal hernia (IH) repair for premature infants.

Study Design: Single-center, retrospective cohort study

Results: In total, 112 premature infants underwent IH repair between 2010–2015. Twenty-one 

drugs were used during IH repair, with each infant receiving a median 7 drugs. Acetaminophen 

(88%), bupivacaine (84%), cisatracurium (74%), sevoflurane (72%), and propofol (71%) were the 

most commonly used agents. Thirty-two infants underwent additional procedures with IH repair. 

Additional procedures were not associated with a higher number of perioperative drugs, however 

infants with additional procedures were exposed to higher cumulative doses of cisatracurium 

(p<0.001) and fentanyl (p=0.002).

Conclusion: There is wide variability in the drugs and doses used for a common surgical 

procedure in this population, even within a single center. Future research should focus on the 

safety and efficacy of the most commonly used perioperative drugs described in this study.

Introduction

Among premature infants, early surgery is associated with more brain injury and adverse 

neurodevelopmental outcomes compared to infants who do not have surgery.1, 2, 3 However, 

infants undergoing early surgery may be more acutely ill and have additional risk factors for 

neurodevelopmental impairment than infants not undergoing surgery, thereby confounding 

the relationship between surgery and later development. Studies have also shown that 
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inadequately treated pain in premature infants can substantially increase stress responses, 

impair brain development, and negatively affect future pain response.4, 5 As such, the risk of 

potential neurodevelopmental impairment associated with surgery and exposure to anesthetic 

drugs must be weighed against evidence that inadequately treated pain may harm 

neurodevelopment.

In order to better assess the risks of anesthesia drug exposure among premature infants, 

more data evaluating this population are needed. Premature infants are a particularly 

vulnerable population at higher baseline risk of neurodevelopmental impairment compared 

to infants born at term. They also demonstrate a unique physiology that limits extrapolation 

of pharmacokinetic and pharmacodynamic data from older populations.6 Therefore, studies 

are needed to assess the safety of anesthesia drugs in premature infants, as well as the use of 

prolonged anesthesia and variability in drug protocols and doses. These studies should 

prioritize the most commonly used anesthetic drugs for surgeries in premature infants. The 

goal of this study is to characterize the types and doses of commonly administered 

perioperative drugs in inguinal hernia (IH) repair for premature infants at our center.

Materials / Subjects and Methods

After obtaining approval from the University of North Carolina at Chapel Hill (UNC) 

Institutional Review Board, we identified premature infants (gestational age <37 weeks) 

born between 2010 and 2015 who underwent IH repair prior to 1 year of age during their 

initial hospitalization in the 58-bed level IV neonatal intensive care unit (NICU) at UNC 

Children’s Hospital in Chapel Hill, NC. The NICU is part of a large academic medical 

center and serves as a regional referral center for the state. We chose IH repair in order to get 

a more homogenous sample in which we expected use of perioperative agents to be 

relatively similar across patients.

We performed a chart review of all infants meeting inclusion criteria and recorded 

demographics, intraoperative characteristics at time of IH repair, and characteristics at time 

of death or discharge. We identified the frequency and cumulative doses of perioperative 

drugs administered during the surgical procedure and 24 hours following the end of the 

repair. Pre-specified drugs of interest included general anesthetics, local anesthetics, inhaled 

anesthetics, neuromuscular blocking agents, opioid agents, anticholinergic agents, caffeine, 

dexamethasone, acetaminophen, and clonidine. We did not record exposures to antibiotics. 

For inhaled anesthetics, we recorded the duration of intraoperative use.

In addition to perioperative drug frequencies and doses, we recorded total anesthesia time 

and additional procedures performed along with the IH repair. Total anesthesia time was 

extracted from the operative anesthesia report and calculated from the time of induction to 

the recorded end anesthesia time. We did not consider circumcision to be an additional 

procedure due to its relative brevity and minimal impact on total anesthesia time.

Statistical Analysis

We used standard summary statistics, including medians, with interquartile values (IQV), 

and counts (percentages), to describe categorical study variables. We used Wilcoxon rank-
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sum test to compare the number of perioperative drugs received in infants who underwent IH 

repair alone to those receiving additional procedures at the time of IH repair. We also 

compared doses of the most commonly used drugs in infants who underwent IH repair 

compared to additional procedures using Wilcoxon rank-sum test. We manually abstracted 

data from the medical chart using REDCap electronic data capture tools hosted at UNC and 

reviewed outlying data points for accuracy through a second review of patients’ charts.7, 8 

We used Stata (version 15.1 StataCorp, College Station, Texas) to perform all analyses and 

considered p values <0.05 as significant.

Results

A total of 112 premature infants underwent IH repair between 2010 and 2015 at our center. 

The majority (n=81, 72%) were male and the median gestational age at birth was 27 weeks 

(IQV 25–30) (Table 1). Median age at time of IH repair was 81 days (IQV 61–107) and 

median anesthesia time was 131 minutes (IQV 102–165). Twenty-seven premature infants 

underwent circumcision along with IH repair and 32 (29%) underwent one or more 

additional procedures along with the repair. The median age at discharge was 90 days (IQV 

68–122) and 2 infants (2%) died prior to discharge to causes unrelated to IH repair.

A total of 21 drugs from the pre-specified drug classes of interest were used in the 

perioperative period for the IH repair, and the median number administered to each infant 

was 7 (IQV 2–12). The most commonly used drugs were acetaminophen (88%), bupivacaine 

(84%), cisatracurium (74%), sevoflurane (72%), and propofol (71%) (Table 2). For local/

regional anesthetics, a variety of anesthetic techniques were used, including intrathecal or 

epidural administration of bupivacaine in 72 infants, intravenous administration of lidocaine 

in 4 infants, and infiltration of bupivacaine in 22 patients, lidocaine in 1 patient, and 

ropivacaine in 1 patient.

When comparing infants who underwent IH repair alone to those who underwent additional 

procedures, there was no significant difference in the number of perioperative drugs received 

(p=0.55) (Figure 1). However, infants who underwent additional procedures at the time of 

IH repair were exposed to significantly higher cumulative doses of the following most 

commonly used drugs: cisatracurium (p<0.001) and fentanyl (p=0.002) (Figure 2).

Discussion

In December 2016, the United States Food and Drug Administration (FDA) released a 

statement warning that the prolonged or repeated use of sedative and general anesthetic 

drugs may adversely affect brain development in children <3 years of age.9 This 

announcement was based on animal studies demonstrating that exposure to anesthetic and 

sedative drugs for >3 hours caused neuronal apoptosis and alterations in neurogenesis, 

resulting in long-term neurocognitive deficits in behavior and learning.9, 10, 11, 12, 13 While 

animal studies on anesthetic agents inform the potential impact on children, evidence is 

limited on neurodevelopmental outcomes associated with anesthesia drugs in infants. Two 

cohort studies, the Mayo Anesthesia Safety in Kids (MASK) study and the Pediatric 

Anesthesia Neurodevelopment Assessment (PANDA) study, found that short exposure to 

Dorismond et al. Page 3

J Perinatol. Author manuscript; available in PMC 2021 April 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



general anesthesia did not result in adverse neurodevelopmental outcomes in healthy 

children born at term.14, 15 Similarly, the General Anesthesia compared to Spinal (GAS) 

Trial determined that use of sevoflurane for < 1 hour in children younger than 6 months is 

unlikely to have an impact on neurocognitive development at 5 years of age when compared 

to awake-regional anesthesia.16

In this study, we describe the perioperative drugs and doses administered to premature 

infants undergoing IH repair between 2010 and 2015 at a single center. We determined that 

there is wide variability in the number of drugs and doses administered to premature infants. 

We found that infants received a median of 7 perioperative drugs during the procedure and 

24 hours following and that there was no significant difference in the number of agents used 

when an infant underwent IH repair alone versus IH repair with additional procedure(s). 

However, we did determine that additional procedures were associated with higher 

cumulative doses of two of the most common agents. To our knowledge, our study is the 

first to characterize the most common perioperative drugs and doses used in IH repair in 

premature infants. This has important implications for future research, highlighting the need 

to not only investigate the anesthetic drugs’ effects on neurodevelopmental outcomes in the 

preterm infant population, but to assess whether a dose-dependent effect exists.

Propofol was the most commonly used general anesthetic drug in our cohort. Propofol is 

frequently used for intubations, induction and maintenance of anesthesia, and procedural and 

prolonged sedations.17, 18 It has been associated with many adverse events in children, 

including hypotension, pain on injection, Propofol-Related Infusion Syndrome, apneic 

events, and oxygen desaturations, among others.17 Studies have also shown that induction 

with IV propofol is less likely to cause adverse respiratory events than inhaled sevoflurane in 

high-risk children and that the risk of adverse events in healthy children is similar between 

propofol and other anesthetic agents.19, 20 However, there is a paucity of data on the safety 

of propofol in premature infants.21, 22

Additionally, bupivacaine, sevoflurane, and cisatracurium were the most commonly used 

local anesthetic, inhaled anesthetic, and neuromuscular blocking agents. However, data for 

the use of these drugs in premature infants are similarly lacking.22 Moreover, while 

sevoflurane and cisatracurium are FDA-approved in this population, the remainder of the 

most commonly used drugs identified in this study are used off-label, highlighting the need 

for further research.

There are several limitations to this study. First, this study was limited to 112 patients from 

one center and may not be generalizable to other centers. As management guidelines often 

change from center to center, it is possible that drug exposures described in our study do not 

reflect practices at other hospitals. In addition, our study included charts up to 2015 and does 

not include more recent data. Moreover, the majority of our study population was male. 

However, this is consistent with previous studies showing a higher incidence of IH repair 

among male preterm infants and is likely representative of the population undergoing IH 

repair.23 Another limitation is that our perioperative period included 24 after surgery. As 

such, our analysis likely included drugs that infants were receiving per clinical care, 

independent of surgery. Another limitation is that we did not differentiate between open and 
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laparoscopic IH repair, which may have influenced length of surgery and post-operative pain 

control. Finally, our study was subject to similar limitations as other retrospective studies 

including information bias and errors in data entry.

In conclusion, we determined that there is wide variability in the number and doses of 

perioperative drugs used in IH repair in preterm infants at our center. This variability likely 

reflects a lack of standard protocols for perioperative management in premature infants. Our 

study informs the selection of perioperative drugs for future studies in this population and 

highlights the need for additional prospective studies exploring their efficacy and safety, 

specifically the effects on neurodevelopment, in this vulnerable population.
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Figure 1: 
Number of perioperative drugs received by premature infants undergoing inguinal hernia 

(IH) repair alone compared to infants undergoing IH repair and additional procedure(s).
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Figure 2: 
Cumulative doses of acetaminophen, cisatracurium, fentanyl, and propofol in infants 

undergoing inguinal hernia (IH) repair alone compared to infants undergoing IH repair and 

additional procedure(s).
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Table 1.

Premature infant demographics and perioperative characteristics (N=112).

n (%)

Demographics

 Male 81 (72)

 Gestational age in weeks, median (IQV) 27 (25–30)

 Birth weight in grams, median (IQV) 855 (695–1218)

 Maternal race/ethnicity

  White 62 (55)

  African-American 34 (30)

  Hispanic 8 (7)

  Other 9 (8)

Characteristics at time of IH repair

 Age in days, median (IQV) 81 (61–107)

 Weight in grams, median (IQV) 2632 (2125–3225)

 Anesthesia time in minutes, median (IQV) 131 (102–165)

 Number of drugs of interest received, median (IQV) 7 (5–8)

 Additional procedures:

  Abdominal surgery (gastrostomy tube, laparotomy, or peritoneal drain) 18

  Orchiopexy 6

  Abdominal/umbilical hernia repair 6

  Bronchoscopy/laryngoscopy (airway evaluation) 4

  Esophageal sounding 2

  Orchiectomy 2

  Hydrocelectomy/hydrocele drainage 2

  Pyloromyotomy 1

  Ileostomy takedown 1

  Central venous catheter placement 1

  Tracheostomy 1

Discharge Characteristics

 Age in days at discharge, median (IQV) 90 (68–122)

 Days from IH repair to discharge, median (IQV) 6 (4–11)

 Mortality within 48 hours of IH repair 0

 Hospital mortality > 48 hours after IH repair 2 (2)

IQV, interquartile values; IH, inguinal hernia
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Table 2.

Frequency and doses of perioperative drugs in 112 premature infants undergoing IH repair.

Infants exposed: n (%) Cumulative dose in mg/kg: Median (IQV)

General anesthetics

 Propofol 79 (71) 3.6 (2.3–5.3)

 Ketamine 1 (1) 1.8

Local/Regional anesthetics

 Bupivacaine 94 (84) 1 (0.9–1.1)

 Lidocaine 5 (4) 1 (0.5–1.7)

 Ropivacaine 1 (1) 0.8

Inhaled anesthetics

 Sevoflurane* 81 (72) 105 (62–149) minutes

 Desflurane 26 (23) 105 (74–131) minutes

 Isoflurane 9 (8) 78 (23–180) minutes

Neuromuscular blocking agents

 Cisatracurium* 83 (74) 0.21 (0.15–0.34)

 Vecuronium* 4 (4) 0.47 (0.27–1.38)

 Rocuronium* 2 (2) 1 (0.97–1.05)

 Succinylcholine* 1 (1) 2

Opioid agents

 Fentanyl 42 (38) 2.7 (1.2–12.2) mcg/kg

 Morphine 3 (3) 0.1 (0.08–0.18)

 Remifentanil* 1 (1) 8.2 mcg/kg

Respiratory stimulant

 Caffeine* 56 (50) 19 (16–20)

Airway anti-inflammatory agent

 Dexamethasone 33 (29) 0.49 (0.48–0.56)

Anti-cholinergic agents

 Neostigmine 66 (59) 0.06 (0.05–0.07)

 Glycopyrrolate 56 (50) 0.01 (0.01–0.01)

Other medications

 Acetaminophen 99 (88) 32 (25–48)

 Clonidine 2 (2) 3.2 (1.7–4.7) mcg/kg

IH, inguinal hernia; IQV, interquartile values; mg, milligrams; kg, kilograms; mcg, micrograms

*
Indicates US Food and Drug Administration (FDA) approval for use in infants
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