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Background: Providing anesthesia for gastrointestinal (GI) endoscopy procedures in morbidly obese patients is a challenge 
for a variety of reasons. The negative impact of obesity on the respiratory system combined with a need to share the upper 
airway and necessity to preserve the spontaneous ventilation, together add to difficulties.
Materials and Methods: This retrospective cohort study included patients with a body mass index (BMI) >40 kg/m2 that 
underwent out-patient GI endoscopy between September 2010 and February 2011. Patient data was analyzed for procedure, 
airway management technique as well as hypoxemic and cardiovascular events.
Results: A total of 119 patients met the inclusion criteria. Our innovative airway management technique resulted in a lower 
rate of intraoperative hypoxemic events compared with any published data available. Frequency of desaturation episodes showed 
statistically significant relation to previous history of obstructive sleep apnea (OSA). These desaturation episodes were found 
to be statistically independent of increasing BMI of patients.
Conclusion: Pre-operative history of OSA irrespective of associated BMI values can be potentially used as a predictor of intra-procedural 
desaturation. With suitable modification of anesthesia technique, it is possible to reduce the incidence of adverse respiratory events 
in morbidly obese patients undergoing GI endoscopy procedures, thereby avoiding the need for endotracheal intubation.
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Introduction

“Out of operating room” anesthesia is one of the fastest 
growing areas of clinical practice. At the Hospital of the 
University of Pennsylvania, we have had an almost 300% 
increase [Figure 1] over the last 3 years, much of this 

attributable to gastrointestinal (GI) endoscopy [Figure 2]. 
Upper GI endoscopy, in particular, is challenging for the 
anesthesia provider. The shared airway, increased risk of 
aspiration, preference for spontaneous ventilation and relative 
non-availability of rapid help during an emergency due to the 
remote location, all increase anesthesia risks. The mortality 
and morbidity is relatively high and is mainly related to airway 
management.[1] It is to be expected that, morbidly obese 
patients as a group (individuals with a body mass index [BMI] 
greater than 40 kg/m2), are likely to have an even higher 
rate of perioperative complications. Although the American 
Society of Anesthesia (ASA) recommends that emergency 
help should be available at all times,[2] it does not specify the 
quality and nature of emergency support. Again, in the opinion 
of ASA’ task force on perioperative management of patients 
with obstructive sleep apnea (OSA), general anesthesia with a 
secured airway is preferable to moderate or deep sedation for 
most patients with OSA. A significant number of morbidly 
obese patients presenting for GI endoscopy have OSA. In 
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spite of this, our approach is one of providing intravenous 
general anesthesia without endotracheal intubation.

The goal of this study was to evaluate the optimum airway 
management for morbidly obese patients undergoing GI 
endoscopy under total intravenous anesthesia. In order to 
understand patient safety and risk in this setting, we evaluated 
the incidence of complications.

Materials and Methods

This was a retrospective cohort study of morbidly obese 

(BMI >40 kg/m2) adults who presented for outpatient GI 
endoscopy over a period of 6 months from September 2010 
to February 2011. Patients who were electively intubated 
for the procedure or under the age of 18 years were not 
included in this retrospective study. The perioperative records 
were reviewed to obtain the following patient-specific and 
procedure specific data: Demographics and comorbidities, 
method of airway management, endoscopic procedure 
performed, periods of oxygen saturation below 90 and 
95% respectively, cardiovascular complications, unexpected 
endoscope withdrawal to facilitate patients’ oxygenation and 
any procedure cancellation after the start of the procedure 

Figure 1: Total out of operating room anesthesia case load. EP: Electrophysiological procedures, GI: Gastrointestinal endoscopy, and RAD: Radiological procedures

Figure 2: Gastrointestinal endoscopy case load
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due to anesthesia issues. For statistical analysis, desaturation 
episode was defined as a fall of pulse oximeter saturation below 
95%. Pearson’s Chi-square test was used to relate frequency of 

desaturation to possible predictors (BMI groups and history of 
OSA). The degree of statistical significance was set at 95% 
thus taking a P value of less than 0.05 as significant. This 
retrospective study was approved by the Institutional Review 
Board of the University of Pennsylvania.

Results

The records of 2035 consecutive patients that underwent 
outpatient GI endoscopy were reviewed. One hundred nineteen 
had a BMI greater than 40 and met all inclusion criteria. 
Characteristics of the 119 individuals included in the cohort are 
shown in Table 1. The majority of patients were female (61.3%). 
The mean BMI was 45.4 and ranged from 40 to 79.5. All 
patients in the cohort had co-morbidities, the most common 
of which was hypertension (68.1%). Pearson’s Chi-square 
test showed a significant correlation between frequency of 
desaturation (bellow 95% or a 5% fall) and previous history 
of OSA. (Chi-square = 11.05, P = 0.004, df = 2) with a 
likelihood ratio of patients with OSA desaturating 5.11 times 
the patients without OSA. No statistically significant relation 
could be established between increasing BMI groups [Table 2] 
and frequency of desaturation (Chi-square = 3.35, P = 0.76).

The various airway management techniques used are shown in 
Table 3. Nasal trumpet was the most commonly used approach 
among patients across all BMI [Figure 3]. Complications that 
occurred within the cohort are shown in Table 2. In total, nine 
individuals experienced periods of oxygen saturation below 
95% and two experienced periods of oxygen saturation below 
90%. The lowest saturation recorded in one of these two was 
89% and another was 82%. The duration of desaturation 
was very brief. Endoscopy was completed successfully in 
all patients. One of the patients experienced a very brief 
ventricular tachycardia that spontaneously reverted to sinus 
rhythm immediately (no drug administered). There were no 
airway problems in this patient and oxygenation was 98-99% 
throughout.

The duration of the procedure is important in trying to 
understand the significance of our findings. The mean 
standard deviation of each of the procedures is in Table 4. 

Table 1: Patient characteristics (N=119)

Patient details Mean SD or %
Sex

Female 73 61.3
Male 46 38.7

Age in years 54.6 11.0
Body mass index 45.4 6.2
Smoking status

No 91 76.5
Yes 8 6.7
Ex-smoker 5 4.2
Unknown 15 12.6

Comorbidities present
Hypertension 81 68.1
COPD 7 5.8
Asthma 29 24.3
Diabetes 27 22.6
Hypothyroidism 11 9.2

ASA score
2 27 22.7
3 55 46.2
Unknown 37 31.1

Procedure
EGD 41 34.4
Colonoscopy 55 46.2
EGD and colonoscopy 18 15.1
ERCP 5 4.3

EGD=Esophagogastroduodenoscopy, ERCP=Endoscopic retrograde 
cholangiopancreatography, COPD=Chronic obstructive pulmonary disease, 
ASA=American society of Anesthesia, SD=Standard deviation

Table 2: Relation between BMI, history of OSA and 
procedural complications

BMI Total number 
of patients 
per group

Positive 
OSA† 

history

SpO2
‡ 

≤95%
SpO2

‡ 
≤90%

Cardiovascular 
complications

40-49.9 101 60 8 2 0
50-59.9 14 10 1 0 1§

60-69.9 2 2 0 0 0
≥70 2 2 0 0 0

BMI=Body mass index, OSA=Obstructive sleep apnea. ‡Saturation of 
hemoglobin with oxygen as measured by pulse oximetry, §Ventricular tachycardia

Table 3: Airway types used by BMI group

BMI Nasal 
cannula

Nasal 
trumpet

Face 
mask

Face mask and 
nasal cannula

Laryngeal 
mask airway

Oral 
trumpet

Data not 
available

40-49 41 42 11 2 1 1 3
50-59 3 9 2 0 0 0 0
60-69 0 2 0 0 0 0 0
≥70 0 2 0 0 0 0 0
Total 44 55 13 2 1 1 3

BMI=Body mass index
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In general combined esophagogastroduodenoscopy with 
colonoscopy took much longer. The endoscopic retrograde 
cholangiopancreatography (ERCP) took longest and our 
data included all morbidly patients who underwent ERCP 
during this tile period. Considering the majority of ERCPs 
were in patients with either pancreatic malignancy or patients 
who had prior hepatic transplant, the number with morbid 
obesity was small in this sub group.

The anesthesia technique was a provider and procedure 
dependent. The majority of patients undergoing upper 
endoscopy (with or without colonoscopy) were planned 
with supplemental oxygen through a nasal trumpet (unless 
anticoagulated or had gross deviated nasal septum). These 
patients were asked to breathe 100% oxygen with a face mask. 
In the vast majority (about two thirds), fentanyl (25-50 mcg) 
was administered 2-3 min before administering propofol. The 
dose of propofol (between 0.5 and 2 mg/kg) was based on 
patient’s weight, clinical response and comorbidity. As soon as 
the patients were unresponsive an attempt was made to insert 
an appropriate sized nasal airway. In the majority of patients, 
this was successful on first attempt. In a small minority, further 
administration of oxygen and propofol was required to facilitate 
tolerance to the insertion of nasal airway. Soon after insertion 
of the nasal airway, it was connected to the elbow of Mapleson 
breathing system (an oxygen flow of 8-10 l/min) as seen in 
Figure 3. Anesthesia was maintained on propofol infusion 

at 80-120 mcg/kg/min. In about one-third of the patients 
undergoing upper endoscopy, after 2-3 min of preoxygenation, 
propofol was administered until patient was unresponsive 
and nasal trumpet was inserted. However, the maintenance 
phase of anesthesia was achieved with a mixture of propofol 
and remifentanil (5 mcg of remifentanil mixed with each cc of 
propofol) started at 100-120 mcg/kg/min of propofol (ignoring 
any calculation for remifentanil). An effort was always made to 
time the endoscope insertion at peak clinical effect of propofol, 
which was usually soon after nasal trumpet was inserted. In 
some instances, oxygen was administered with nasal cannula 
at 4-6 l/min and nasal trumpet was inserted if saturations 
were seen to be dropping. An effort was made to keep the 
saturation close to 100% at all times. One of the patients was 
administered oxygen with a handheld jet ventilator via nasal 
trumpet. Although in this patient group (data collected over 
about 5 months), supraglottic jet ventilation was used on only 
one occasion, it is a technique used more often with some 
anesthesia providers for selected cases and procedures including 
morbidly obese. A colonoscopy was performed with a laryngeal 
mask airway and an endoscopy was provided supplemental 
oxygen with an oral trumpet. The “oral trumpet” refers to 
the nasal trumpet inserted in the mouth, beside the bite-block 
between the teeth, due to difficulty in inserting a nasal trumpet. 
The recovery time, from removal of the endoscope to verbal 
response, was short (3-5 min) with no unexpected prolongation 
in any of the patients.

The relation between the BMI and the airway is presented 
in Table 3. As can be appreciated, majority of patients with 
higher BMI were managed with a nasal trumpet. In additional, 
Table 5 shows that patients undergoing upper endoscopy got 
nasal airways significantly more often than patients undergoing 
colonoscopy alone. Table 6 shows the relationship between 
airway used and BMI for patients undergoing upper GI 
endoscopy alone. Clearly higher BMI patients were inserted 
with a nasal trumpet more often than patients with lower BMI.

For colposcopies (without esophagogastroduodenoscopy), 
oxygen was administered with a nasal cannula and the depth 
of anesthesia was adjusted to preserve the spontaneous 
ventilation. In case of apnea and (or) desaturation, either face 
mask or nasal trumpet was inserted.

Figure 3: A size 32 nasal trumpet connected to mapleson-C breathing system

Table 4: Relation between duration of the procedure, desaturation and the airway used

Procedure Duration 
mean (SD)

Facemask Nasal 
trumpet

Nasal 
cannula

Face mask and 
nasal cannula

LMA Oral 
trumpet

Patients with 
SpO2<95%

EGD 11.9 (11.7) 26 12 1 2
Colonoscopy 21.3 (12.7) 12 12 27 1 1 5
ERCP 30.2 (22.7) 4 1
EGD and colonoscopy 28.7 (10.6) 1 13 3 1 2

EGD=Esophagogastroduodenoscopy, LMA=Laryngeal mask airway, ERCP=Endoscopic retrograde cholangiopancreatography, SD=Standard deviation
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Discussion

The prevalence of morbid obesity is increasing world-wide. 
Of all patients presenting for outpatient GI endoscopy in 
our hospital, nearly 6% were morbidly obese, i.e., had a 
BMI of over 40 kg/m2. We could not find any studies 
that have specifically reviewed the intraoperative airway 
management and outcomes in morbidly obese patients 
presenting for GI endoscopy under anesthesia. However, 
at least two studies have shown that obese patients run 
a higher perioperative risk for adverse airway events. In 
a prospective observational study involving 79 patients 
undergoing endoscopy under “conscious sedation,” Qadeer 
et al.[3] found a 51% overall incidence of hypoxemia (defined 
as saturation below 90% any time during the procedure, 
irrespective of the duration of hypoxia). They also found 
a significant difference in the rates of desaturation between 
non-obese (46%) and obese group (BMI >30 kg/m2 where 
it was 71%). In patients undergoing upper GI endoscopy 
with a BMI of over 28,[4] the baseline oxygen saturations 
were 94.86 ± 0.63% with a fall to 92.57 ± 1.06% after 
premedication. Endoscope insertion was associated with a 
further fall to 90.57 ± 1.27%. The saturation decreased 
below 90% for about 15% of total endoscopy time. In this 
study, only patients desaturating below 85% were provided 
supplemental oxygen. Patients in both of these studies 
were provided conscious sedation, administered by nurses 
under the supervision of gastroenterologists. One of the key 
finding in our study was that BMI did not directly relate 
to the tendency of desaturation. A logical explanation that 
distinguishes our finding from the previous studies[4,5] is that, 
anesthesiologist rather than gastroenterologists administered 
sedation in the present cohort. Our finding supports the 

ASA directive of propofol use only by practitioners trained 
in airway management (anesthesia providers in our case). 
Even the highest BMI subgroups (>60 kg/m2) did not show 
desaturation episodes in our study. Obesity has previously 
been reported as an independent risk factor for sedation 
related complications during propofol-mediated anesthesia 
for advanced endoscopic procedures.[5] In their prospective 
study, Wani et al. analyzed data of 1016 patients undergoing 
advanced endoscopic procedures. In obese subgroup, they 
found an incidence hypoxemia significantly higher than 
our practice. However, unlike our practice, wherein use of 
airway maneuvers is considered routine and part of anesthesia 
practice, Wani et al. used airway manipulations on an as 
needed basis.

The incidence of diagnosed OSA in our morbidly obese 
patient population was 64%. Predictably, this incidence 
increased with increasing severity of obesity, with incidence 
of 78% in patients above a BMI of 50 kg/m2. Although the 
number of patients with a BMI of over 60 was only 4, the 
incidence of OSA in this group was 100%. This incidence 
is similar to the one reported by Frey and Pilcher[6] In 
morbidly obese patients presenting for bariatric surgery, they 
found a 71% incidence of OSA. OSA rather than BMI 
values in our study was found to have significant relation to 
patients desaturation. OSA leads to significant alterations 
airway (narrowing) and central nervous system. Small doses 
of sedatives (propofol) can cause exaggerated response leading 
to airway obstruction. Thus, both dose titration and airway 
management are challenging in this subgroup. We were able 
to bypass the airway obstruction by use of nasal trumpet in 
these patients, but their physiologically altered responses 
can still lead to desaturation. Majority of our patients were 
using CPAP or BIPAP at home. Expectedly, treated OSA 
patients have a lower incidence of perioperative anesthetic 
complications, which is highlighted by the fact that patients 
with the highest OSA associated with highest BMI were not 
the ones who desaturated, as treatment of OSA probably 
improves physiological responses to sedation and decreases 
the likelihood of developing apnea.

The notion that the “administration of supplemental oxygen 
can suppress respiratory drive”, although true, should not, in 

Table 5: Airway device used for the procedure

Procedure Nasal 
cannula

Nasal 
trumpet

Face 
mask

Face mask and 
nasal cannula

Laryngeal 
mask airway

Oral 
trumpet

Data not 
available

EGD with or without colonoscopy 15 40 1 1 1 3
Colonoscopy 23 12 13 1 1
ERCP 0 4 1
Total 38 56 14 2 1 2 3

EGD=Esophagogastroduodenoscopy, ERCP=Endoscopic retrograde cholangiopancreatography

Table 6: Relation between BMI and airway used 
for esophagogastroduodenoscopy with or without 
colonoscopy

BMI Nasal 
trumpet

Nasal 
cannula

Face mask and 
nasal cannula

Oral 
trumpet

40-49.9 23 11 1 1
50-59.9 6
60-69.9 1
70+ 2

BMI=Body mass index
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and of itself, be a reason to avoid administration of supplemental 
oxygen. Consequently, we suggest that all measures should be 
taken to prevent hypoxemia especially in morbidly obese with 
OSA as their functional residual capacity (FRC) is relatively 
lower and oxygen consumption is relatively higher, on account 
of higher body weight. In the event of a hypoxemic event, these 
patients are most challenging to treat as well.

The following is the most likely explanation for incidence of 
hypoxemia that was significantly less than published study.
• Practice of using a nasal airway connected to a Mapleson 

breathing system [Figure 3] allows administration of 
high concentration of oxygen at the tracheal inlet. High 
inflow of oxygen at the supraglottic area (10-15 l) could 
create sufficient positive pressure, thereby preventing the 
collapse of soft tissue in the velopharynx. This technique 
also provides apneic insufflation of oxygen thereby delaying 
hypoxemia and allowing more time to treat apnea/hypopnea

• Use of supraglottic jet ventilation using a hand held jet device 
to treat apnea or hypopnea (although in this series, only one 
patient was supplemented with supraglottic jet ventilation). 
The actual device and the connections are represented in 
the picture [Figure 4]. The entrained air from the reservoir 
bag of the attached breathing system (connected to the nasal 
trumpet) contains a high percentage of oxygen

• Ultra morbidly obese are anesthetized and endoscopy 
performed in supine-head up position. This position can 
help in preserving FRC by limiting basal lung atelectasis

• By using a combined opioid (fentanyl-remifentanil)- 
propofol technique, propofol requirements are reduced 
and coughing is suppressed. In the majority of the cases, 
spontaneous ventilation can be maintained.

The dose of propofol is controversial in morbidly obese 
patients.[7,8] All dosing methods have one aim, to predict the 

relationship between infusion rates and plasma concentrations 
(or more accurately, brain concentrations). The various 
theoretical pharmacokinetic compartments will not increase 
at the same rate as bodyweight and are likely a function of 
the percentage of muscle and fat mass, among other factors. 
The induction dose is likely to be a function of cardiac output 
with a tendency to use lean body weight for this part of the 
calculation. However, clearance and volumes of distribution 
are more likely related to total body weight than lean body 
weight and the infusions should be based on this. In our study, 
dosing was largely based on patient’s clinical response with 
the aim of preserving spontaneous respiration. Preserving 
spontaneous ventilation is important since apnea signifies 
deeper anesthesia and positive pressure ventilation requires 
withdrawal of the endoscope in patients undergoing upper 
GI endoscopies.

Use of remifentanil-propofol mixtures is another controversial 
area. The mixture is likely to remain stable for at least 
30 min.[9] Although the context sensitive halftimes are different 
for both, given that most GI procedures are under 60 min, it 
is unlikely to be of any clinical significance. The need to vary 
the dose of individual components (hypnotic and opioid) is 
not relevant as GI procedures are not painful like surgeries 
that involve a skin incision. Based on our findings, propofol 
along with a short acting opioid, based anesthesia seems to 
work best in the setting of morbidly obese patients presenting 
for endoscopy.

Several studies have looked at the mode of delivery 
of supplementary oxygen for patients undergoing upper 
GI endoscopy.[10-15] No data is available regarding the 
best mode of delivery of supplementary oxygen for 
patients undergoing GI endoscopy let alone morbidly 
obese patients. Based on our findings, we recommend 
a sequence of “preoxygenation-induction-insertion of 
nasal trumpet (connected to a Mapleson-C breathing 
system)-gastroduodenoscope insertion” for all upper GI 
endoscope procedures in morbidly obese patients.

Our study could be criticized for its retrospective nature. 
However, to do a study of this nature prospectively will be 
extremely difficult. Moreover, the results may be confounded 
by the presence of an observer. It might be ethically challenging 
to do a prospective study in this high risk area of anesthesia.

Conclusions

Increasing BMI does not bear direct correlation to the 
likelihood of patient’s desaturating under sedation for GI 
procedures. Preoperative history of OSA irrespective of 
associated BMI values can be potentially used as a predictor 

Figure 4: CO2 out port of an elbow adapter used to deliver supraglottic jet ventilation 
via nasal trumpet during an endoscopic retrograde cholangiopancreatography
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of intra-procedural desaturation. With suitable modification 
of anesthesia technique, it is possible to reduce the incidence 
of adverse respiratory events in morbidly obese patients 
undergoing GI endoscopy procedures. Contrary to popular 
teaching, it is possible to anesthetize these patients without 
endotracheal intubation. The need to abort the procedure or 
withdraw the endoscope to facilitate treatment of apnea or 
hypopnea can be minimized.
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