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Introduction
Infantile hypertrophic pyloric stenosis is one of the most common 

gastrointestinal medical emergencies that occur during the first 2 months 
of life [1].  These patients typically present with non-bilious projectile 
vomiting; however, some infants may present with poor feeding and 
weight loss.  Dehydration, electrolyte imbalance, and metabolic alkalosis 
are commonly associated symptoms in these patients; thus, a period of 
rehydration and correction of electrolytes are often needed prior to surgical 
correction [2]. Surgical correction (Ramstedt pyloromyotomy; i.e., dividing 
the muscle of the pylorus to open up the gastric outlet) is a definitive 
correction [3] usually performed under general endotracheal anesthesia. 

Anesthetic induction and airway management of infants with pyloric 
stenosis can be challenging given that the obstruction of pyloric outlet can 
lead to a significant build up of gastric fluid in the stomach. This situation 
can predispose infants to pulmonary aspiration and limited oxygen 
reserve, which consequently can lead to rapid oxygen desaturation and 
potential cardiac arrest during induction of general anesthesia prior to 
the establishment of a secured airway with endotracheal tube [4].  Rapid 
sequence induction (RSI) and awake intubation (AI) are commonly used 
techniques by anesthesia practitioners to secure the airway of the infants 
undergoing pyrolomyotomy [5]; however, these techniques can lead to 
complications (e.g., failure to intubate at the first attempt, desaturation, and 
trauma to the airway) [6-8].  A previous study indicated that AI was not a 
better method of securing the airway compared to RSI or modified rapid 
sequence (MRSI) with respect to maintaining adequate oxygenation and 
heart rate or to the incidences of induction complications [6]. Inhalation 
anesthetic induction (II) technique was also described in the literature [8-

10] to secure these infants’ airway prior to pyloromyotomy; but, whether
it is still a form of anesthesia induction in current pediatric anesthesia 
practice in securing the airway of the infants undergoing pyloromyotomy 
or not remains to be determined. 

Thus, we were interested to know how many different types of anesthetic 
induction techniques were utilized and whether there were differences in 
induction complications between these techniques used in securing the 
airway of infants undergoing pyrolomyotomy in a children’s hospital. 
A retrospective chart review over a 10-year period was performed. The 
primary outcomes were any adverse events (e.g., aspiration, desaturation, 
and failed the first attempt intubation) during induction of anesthesia.

Materials and Methods
After receiving approval from the Human Investigation Committee 

at Yale School of Medicine, all anesthesia records of infants undergoing 
pyloromyotomy between January 1998 and May 2008 were reviewed. We 
were able to identify eligible charts through the billing code and all the 
correlated records were retrieved from the medical record office. The first 
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Abstract
Study background: Infants with pyloric stenosis are considered having a full stomach; however, rapid sequence 

induction has not been the only method used to secure the airway. A retrospective chart review was performed to 
evaluate the differences in incidences of adverse outcomes (e.g., desaturation, aspiration, and failed the first attempt 
intubation) between various induction and airway management techniques. 

Methods: A retrospective chart review over a 10-year period was conducted at a University affiliated children’s 
hospital. Induction and airway management techniques were abstracted from medical charts, and the incidences of 
aspiration, desaturation, failed the first attempt intubation, and duration of hospitalization were also recorded.

Results: One hundred patients received intravenous rapid sequence induction with succinylcholine (42.6%), 78 
patients received IV induction with non-depolarizing muscle relaxant (33.1%), 18 patients received IV propofol only 
(7.7%), 35 received inhalation induction (14.9%), and 4 received awake intubation (1.7%).  There was no incidence 
of aspiration (0%) for all inductions, while 27 (11.4%) infants that received intravenous induction experienced 
desaturation during induction. We found that patients that received awake intubation had longer postoperative stays 
as compared to patients that received rapid sequence induction (p=0.017) and inhalation induction (p=0.016).

Conclusions: This retrospective chart review concluded that there were no differences in the incidence of 
aspiration, desaturation, and the rate of successful first attempt intubation between various types of induction 
techniques. Rapid sequence induction with succhinylcholine was the most popular induction technique to secure the 
airway of infants with pyloric stenosis undergoing pyloromyotomy.
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Results
A total of 235 charts were identified and coded.  Table 1 displays the 

demographic data of the participants that the medical charts represented.  
Of the 235 charts reviewed, 187 (79.5%) patients received intravenous 
atropine prior to any intervention and 48 (20.5%) patients did not.   All 
patients were presented in OR with pre-existing OGT and the majority 
of patients (92.7%) received suction of stomach in various positions prior 
to induction. Five different anesthesia induction techniques were used to 
secure infants’ airway for pyloromyotomy: AI (n=4), anesthesia induction 
II (n=35), intravenous RSI with succinylcholine (n=100), intravenous 
induction with non-depolarizing muscle relaxant (n=78), and intravenous 
propofol (n=18). 

No aspiration was documented among the 235 medical records. 
However, 27 (11.4%) patients receiving a form of IV induction experienced 

desaturation: 16 patients received RSI, 8 patients received MRSI and 3 
patients received IVP.   The differences in incidences of desaturation did 
not reach statistical differences between different anesthesia induction 
techniques. The 17 infants whose charts did not reveal any documentation 
of stomach suction received RSI and had no documented adverse events.  
There were 11 incidences of failed intubation at the first attempt: 7 incidences 
occurred in RSI, 2 incidences in IVP, and 2 incidences in II group. There 
was no difference between the levels of training with respect to the number 
of incidences of desturation or failed the first attempt intubation. 

Discussion
Similar to previous studies examining anesthesia induction techniques 

to secure the airway of infants undergoing pyloromyotomy, rapid sequence 
induction with succinylcholine was the most common induction technique. 
Furthermore, inhalation anesthetic induction and awake intubation were 
still used by pediatric anesthesiologists. 

Although 17 infants did not receive suction of the stomach prior to 
induction, this technique and airway manipulation remains to be common 
practices among the majority of the pediatric anesthesiologists for infants 
with pyloric stenosis, as recommended by previous studies [4,5]. 

Five different anesthetic inductions were noted in our anesthesia 
practice, but no differences in the number of adverse events (i.e. aspiration, 
desaturation, and failed the first attempt intubated) were noted among 
the anesthesia induction techniques used to secure the airway of infant 
undergoing pyolormyotomy.  However, given that some of the techniques 
were utilized at low rates, there was an inadequate sample size to adequately 
detect any potential differences.   The most likely cause of desaturation 
during induction is the prolonged duration of airway instrumentation; 
however, there was no documentation in the medical record to test this 
association. Another potential reason could be aspiration of gastric 
contents; but, there was no documentation of aspiration among the charts 
reviewed. 

Lastly, the change of surgical techniques to a minimally invasive 
approach (i.e., laparoscopic approach) has shortened the recovery time.  
This was demonstrated by the significantly shorter duration of hospital stay 
for infants that received a laparoscopic approach as compared to those that 
received an open Ramstedt procedure [11].  In conclusion, even though 
majority of textbooks still state that RSI and AI are the primary anesthesia 
induction techniques to secure the airway in infants with pyloric stenosis 
undergoing pyloromyotomy, under the conditions of our study, other 
induction techniques have also been used successfully. 

Age (days) 34.5 ± 14
Weight (kg) 4.0 ± 0.7
Gender (%)

Female 20.5
Male 79.5

Prematurity (%)
Yes 3.8
No 86.8
Missing 9.4

Induction Technique (%)
RSI 42.6
MRSI 33.1
IVP 7.7
II 14.8
AI 1.3

 Level of training (%)
PGY 3                         21.2
PGY 4                         56.5
PGY 5                         22.3

Surgical Approach (%)
Open 83.8
Laparoscopic 16.2

Surgical Time (min.)
Open 35.0 ±11.9
Laparoscopic 32.5 ±15.0

Anesthesia Time (min.)
Open 68.8 ±16.2
Laparoscopic 77.0 ±19

Discharge from the Hospital (Day)*
Open 1.5 ±0.87 p=0.014
Laparoscopic 1.1 ±0.5

*Significant differences between the groups
  RSI-Rapid sequence induction
  MRSI-Modified rapid sequence induction
  IVP-IV propofol only
  II-Inhalation induction
  AI-Awake intubation 

Table 1: Demographic Data.

and second authors reviewed the anesthesia records and confirmed the 
surgical procedure.  Age, gender, birth history, types of anesthesia induction, 
types of muscle relaxant, duration of surgery, anesthesia time, and length 
of hospitalization were abstracted from the medical charts.  Additionally, 
incidences of anesthesia complications were identified and coded (e.g., 
failed the first attempt intubation, desaturation [<90% O2 saturation], and 
aspiration). All data were entered into in SPSS 16.0 (SPSS Inc, Chicago, IL) 
for subsequent analysis. Demographic data are presented with descriptive 
statistics using percentages or mean and standard deviations. 

Overall, there were no differences in the incidence of desaturation 
and failed the first attempt intubation in securing the airway as between 
RSI, MRSI, IVP, II and AI groups. The level of experience in anesthesia 
training did not influence the incidence of desaturation and failed the 
first attempt intubation. Infants undergoing pyloromyotomy with other 
medical problems (e.g., prematurity, congenital heart disease) had longer 
hospital stays as compared to those with no other pre-existing medical 
complications.  After removing infants with co-existing medical problems, 
we found that the duration of hospital stay was significantly longer for 
infants that received an open Ramstedt procedure compared to those that 
received a laparoscopic procedure (p=0.014). There were no differences 
in the incidence of adverse events during induction between the different 
surgical approaches. The duration of anesthesia time (i.e. the period from 
anesthesia induction to extubation) and surgical time (i.e. the period from 
incision to the completion of dressing the wound) were not significantly 
difference between an open  procedure and a laparoscopic Ramstedt 
procedure.
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