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Is regular oxygen supplementation
safe for obese postoperative patients?
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COMMENTARY

P ostoperative hypoxemia is common. A  
prospective blinded observational study1 

found that 21% of noncardiac postoperative 
patients had a pulse oxygen saturation less 
than 90% for at least 10 minutes per hour in 
the fi rst 48 hours after surgery, and 3% had 
severe hypoxemia (pulse oxygen saturation < 
80% for at least 30 minutes). Of note, most 
of the patients received supplemental oxygen 
for only a few hours after surgery, and standard 
observation by the nursing staff seriously un-
derestimated the severity of hypoxemia. 
 Hypoxemia is more likely to occur in pa-
tients breathing room air as opposed to 35% 
oxygen.2 The number of cases detected and 
treated might be higher if patients were moni-
tored by pulse oximetry, but correcting hypox-
emia has not been shown to improve morbid-
ity and mortality rates, cognitive function, or 
length of stay.3,4

 Hence, oxygen supplementation has be-
come the default clinical standard, as opposed 
to the more cumbersome and expensive option 
of continuous pulse oximetry after surgery. 

 ■ OBESITY, OBSTRUCTIVE SLEEP APNEA,  
AND CONTROL OF VENTILATION

Obese patients are more likely to need oxygen 
after surgery, possibly because they are more 
likely to have obstructive sleep apnea, obesity 
hypoventilation syndrome, or physiologic re-
strictive lung disease.5 Patients with known 
obstructive sleep apnea are also more likely to 
receive supplemental oxygen postoperatively 
than to be resumed on continuous or bilevel 
positive airway pressure therapy. 

 Complicating the picture, some patients 
with obstructive sleep apnea also have chron-
ic obstructive pulmonary disease. Although 
supplemental oxygen may improve nocturnal 
oxygenation in patients with chronic obstruc-
tive pulmonary disease with only slight hy-
percapnia, hypercapnia may be more severe 
in patients who have both diseases, in which 
case giving oxygen may increase the duration 
of apnea episodes, leading to hypoventilation. 

Asleep vs awake
Most patients with obstructive sleep apnea 
have enhanced chemorefl ex sensitivity, and 
both obesity and metabolic syndrome have 
been shown to enhance ventilatory responses 
to hypoxia and hypercapnia—during wakeful-
ness.6–8 On the other hand, obstructive sleep 
apnea in obese patients was associated with a 
blunted response to hypercapnia during sleep 
in a study by Yuan et al.9 
 This fi nding has been supported by evi-
dence that opioid-induced ventilatory de-
pression in postoperative bariatric patients is 
greater during sleep.10 Closer attention and 
ventilatory monitoring by the care staff in the 
immediate postoperative period, especially 
when patients are sedated or asleep, may help 
prevent the undesirable respiratory conse-
quences of opioids. 

Supplemental oxygen in postoperative 
patients with obstructive sleep apnea
Giving oxygen to patients with obstructive 
sleep apnea while they are asleep has been 
associated with variable outcomes, partly re-
fl ecting underlying differences in the mecha-
nisms of ventilatory control.11 
 Liao et al12 performed a trial in postop-
erative obese patients with obstructive sleep 
apnea, randomizing them to receive either 

Anthony G. Doufas, MD, PhD
Professor of Anesthesiology, Perioperative and 
Pain Medicine, Stanford University School of 
Medicine, Stanford, CA

The authors report no relevant fi nancial relationships which, in the context 
of their contributions, could be perceived as a potential confl ict of interest.

doi:10.3949/ccjm.87a.19051

Caution, 
but no evidence 
to support 
avoiding it 
altogether 
in obese 
patients

 on July 17, 2025. For personal use only. All other uses require permission.www.ccjm.orgDownloaded from 

http://www.ccjm.org/


724 CLEVELAND CLINIC JOURNAL OF MEDICINE VOLUME 87  • NUMBER 12  DECEMBER 2020

SUPPLEMENTAL OXYGEN

supplemental oxygen at 3 L/min or room 
air. The mean oxygen saturation was 95.2% 
with oxygen vs 91.4% with room air (P < 
.001), and the median apnea-hypopnea index 
was 8.0 vs 15.6 (P = .016). The duration of 
apnea-hypopnea events was not increased, 
transcutaneous partial pressure of carbon di-
oxide increased signifi cantly in only 11% of 
the patients on the fi rst postoperative night, 
and no life-threatening events were reported. 
The total opioid requirement varied between 
35 and 45 mg morphine equivalents over a 72-
hour period and did not differ between the 2 
groups. Of note, only 3% of the patients had 
a diagnosis of chronic obstructive pulmonary 
disease, and patients with presumed obesity 
hypoventilation syndrome (based on a serum 
bicarbonate level > 30 mmol/L) were exclud-
ed from the study. 

Different phenotypes 
of obstructive sleep apnea?
Differences in response to supplemental oxygen 
in patients with obstructive sleep apnea have 
been attributed to differences in “loop gain,” an 
engineering term that describes the gain of the 
negative feedback loop that regulates ventila-
tion.13 If loop gain is high, ventilatory control 
is relatively unstable, and vice versa. Giving 
oxygen lowers a high loop gain, hence leading 
to moderation (or elimination) of an excessive 
postobstruction hyperventilatory response that 
may have precipitated further hypocapnia-re-
lated cycles of airway obstruction. 
 Wellman et al13 gave supplemental oxy-
gen overnight to 12 patients with obstructive 
sleep apnea (not postoperative patients), of 
whom 6 had high loop gain and 6 had low. 
Oxygen lowered the apnea-hypopnea index 
in those with high loop gain but not in those 
with low loop gain. 
 At present, however, the extent to which 
certain phenotypes of obstructive sleep apnea 
infl uence the risk of adverse postoperative 
outcomes in obese patients remains unknown.  

 ■ OPIOIDS AND OXYGEN 

Postoperative patients experience a state of 
relative hypoventilation due to the residual 
effects of anesthesia and to opioid analgesics. 
Depending on the dose and route of admin-
istration, patient-related characteristics, the 

monitoring method, and the defi nition used, 
the incidence of postoperative opioid-induced 
ventilatory depression ranges from less than 
1% to up to 40%.1,14–16 
 In a series of 92 cases of severe opioid-
induced ventilatory depression associated 
with signifi cant morbidity and mortality that 
were identifi ed through insurance malprac-
tice claims,17 only a third of the patients were 
monitored with pulse oximetry, and only 15% 
were receiving supplemental oxygen; 42% of 
these events occurred within 2 hours of the 
last nursing check, and only a quarter of the 
patients either had a diagnosis of obstructive 
sleep apnea or were at high risk of it (with a 
STOP-BANG score ≥ 3). This evidence sug-
gests that during hypoxemia, patients may 
benefi t from closer monitoring, supplemental 
oxygen, or both to prevent hypoxic insults 
from escalating to more serious morbidity.
 Similarly, a randomized trial18 comparing 
supplemental oxygen at a regular fl ow rate 
(2–4 L/min to maintain pulse oxygen satura-
tion ≥ 93%) vs a high fl ow rate (45 L/min) in 
postcardiac surgery patients did not show any 
advantage in postoperative oxygenation, but 
decreased the need for escalation of respira-
tory support. 
 Intermittent pulse oximetry has been 
shown to substantially underestimate venti-
latory depression compared with continuous 
oximetry and capnography monitoring.1,19 
 Recently, investigators in an internation-
al prospective trial16 (Prediction of Opioid-
induced Respiratory Depression in Patients 
Monitored by Capnography; PRODIGY) de-
veloped a risk tool to predict opioid-induced 
respiratory depression. It is derived from data 
from 1,335 hospitalized patients on general 
medical-surgical fl oors who were monitored 
by continuous capnography and oximetry, of 
whom 614 (46%) had 1 or more episodes of 
respiratory depression. Points are awarded for 
age, male sex, no prior use of opioids, sleep dis-
ordered breathing, and chronic heart failure. 
Patients with a high PRODIGY score (≥ 15 
of a possible 39) were more likely to develop 
respiratory depression than those with a score 
less than 8 (odds ratio 6.07, 95% confi dence 
interval 4.44–8.30). The area under the re-
ceiver-operating curve was 0.74. Patients with 
respiratory depression were 2.5 times more 
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likely to need rescue action (including rapid- 
response-team activation) and 1.4 times more 
likely to need prolonged hospitalization. 
 Pharmacologic  models need to be devel-
oped and validated for opioids in morbidly 
obese patients to link drug dose and effect and 
to interrogate the physiology behind the dif-
ferential sensitivity of these patients for opi-
oid-induced analgesia, sedation, and ventila-
tory depression.

 ■ DOES SUPPLEMENTAL OXYGEN 
MASK HYPOVENTILATION?

In spite of  evidence that supplemental oxygen 
improves oxygenation in postoperative pa-
tients receiving opioids by patient-controlled 
devices, concern has been expressed that it 
could hamper our ability to promptly detect 
opioid-induced ventilatory depression and 
thus prevent morbid outcomes. This concern 
is based on experimental20 and clinical19,21,22 
evidence that, in contrast to room air, oxygen 
supplementation may delay oxygen desatura-
tion associated with ventilatory depression and 
associated hypercapnia. 
 Thus, some have suggested giving oxygen, 
but no more than 30% (which would increase 
arterial oxygen tension from 30 mm Hg to 94 
mm Hg, with a carbon dioxide tension of 98 
mm Hg), when a patient who is breathing 
room air (which contains 21% oxygen) be-
comes hypoxemic due to hypoventilation.23 
 On the other hand, Taenzer et al24 dem-
onstrated that, compared with room air, 
supplemental oxygen at 1 to 6 L/min neither 
infl uenced the magnitude or duration of desat-
uration events nor impaired the effectiveness 
of pulse oxygen saturation monitoring in de-
tecting those events in postoperative patients. 
 The PRODIGY trial16 reported a higher 
overall incidence of opioid-induced ventila-
tory depression (46%) than other studies, 
possibly because the patients underwent com-
bined continuous capnography and oximetry 
monitoring, which detected more apneic and 
hypoventilation episodes. Notably, only 8% of 
the patients with episodes of opioid-induced 
ventilatory depression experienced hypox-
emia. This low incidence was attributed to 
use of supplemental oxygen in most of the pa-
tients.

 Current evidence does not agree as to the 
best monitoring method for promptly detecting 
a potentially serious respiratory event. An array 
of monitors may be the answer, to the extent 
that information they produce is both predic-
tive and congruent between the instruments. 
Taenzer et al,25,26 in an opportunity cost-based 
analysis modeled only on reduction of intensive 
care unit transfers and days spent in intensive 
care, reported that although universal continu-
ous monitoring using a patient surveillance 
system would be cost-effective on certain units 
like the thoracovascular unit, it would be neu-
tral or even more costly on medical units.

 ■ OBESITY HYPOVENTILATION SYNDROME 
AND 100% OXYGEN 

A double-blind, randomized, placebo-con-
trolled crossover study27 concluded by advis-
ing extreme caution in giving 100% oxygen 
to patients with suspected but untreated obe-
sity hypoventilation syndrome and reported 
a signifi cant decrease in minute ventilation 
with consequent worsening of hypercapnia, 
as measured by transcutaneous carbon dioxide 
tension. The carbon dioxide tension rose by 
5 mm Hg after 20 minutes, and a few patients 
showed a higher rate of rise, needing with-
drawal from the study. However, there are no 
observations beyond 20 minutes to determine 
if carbon dioxide would continue to rise or re-
spiratory acidosis ensue. 
 Up to one-third of morbidly obese patients 
may have hypercapnia from presumed obesity 
hypoventilation syndrome, which is often un-
recognized.27 The lower the pulse oxygen satura-
tion in obese patients, the more likely they are 
to receive a high fraction of inspired oxygen, 
potentially leading to a larger increase in hyper-
capnia. Also, up to 40% of patients with obesity 
hypoventilation syndrome may need additional 
oxygen in a nonsurgical environment, despite 
being adequately treated with positive airway 
pressure.28 Interestingly, in patients who have 
obesity hypoventilation syndrome with hypoxia 
during sleep despite adequate long-term non-
invasive positive-pressure ventilation therapy, 
supplemental oxygen therapy was found to be 
the only independent predictor of death.29 
 No studies to date have reported on the ef-
fect of supplemental oxygen in patients with 
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obesity hypoventilation syndrome while they 
are treated with intravenous opioids in the post-
operative period, nor are there any data report-
ing the effect of high oxygen concentration or 
fl ow (> 3 L/min) in postoperative patients with 
obstructive sleep apnea receiving intravenous 
opioids for pain. Recently, however, it has been 
shown that patients with obstructive sleep ap-
nea associated with hypercapnia had worse post-
operative outcomes than those with obstructive 
sleep apnea alone, regardless of the severity of 
the sleep apnea or the body mass index.30

 ■ CONCLUSIONS

We advise caution in giving high-fl ow supple-

mental oxygen to obese postoperative patients 
who have known or suspected obstructive sleep 
apnea or obesity hypoventilation syndrome, 
especially when they are sedated, asleep, or re-
ceiving intravenous opioids. The concern is that 
giving high concentration oxygen could mask 
hypoventilation and hypoxemia, lead to greater 
hypercapnia, and delay needed treatment. 
 That said, there is no evidence to date to 
support withholding supplemental oxygen al-
together in obese patients, even those with 
obesity hypoventilation syndrome, although 
evidence regarding the optimal fraction of in-
spired oxygen or target oxygen saturation in 
these patients is currently lacking. 
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