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The incidence of maternal oxygen desaturation after 
cesarean delivery in the postanesthesia care unit 
(PACU) has not been thoroughly reported. The purpose 
of this study was to evaluate the incidence of desatu-
ration and to describe the frequency of supplemental 
oxygen administration in patients being monitored in 
the PACU. This study was conducted in a tertiary care 
hospital, and low-risk parturients undergoing cesarean 
delivery under spinal anesthesia were enrolled. None 
of the subjects received supplemental oxygen therapy 
on arrival at the PACU. Their oxygen saturation 
was continuously monitored using pulse oximetry. 
Desaturation was defined as an oxygen saturation 

at or below 94% for more than 30 seconds. The data 
of 324 healthy, term parturients were included in the 
analysis. The incidence of desaturation was only 0.3% 
(95% confidence interval = 0.01%-1.7%). No patient 
required supplemental oxygen therapy in the PACU. 
The incidence of postoperative oxygen desaturation 
in healthy parturients undergoing elective cesarean 
delivery under spinal anesthesia was uncommon. 
Routine administration of supplemental oxygen in the 
PACU is therefore unnecessary. 
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O
xygen desaturation is one of the 4 most 
common anesthetic-related adverse events 
in cesarean deliveries.1 It frequently occurs 
during transportation of patients from the 
operating room to the postanesthesia care 

unit (PACU). This adverse event is related to other com-
plications and changed anesthetic outcomes.2 Some stud-
ies have recommended the administration of supplemen-
tal oxygen during transport to the PACU and in the early 
postanesthetic period to all patients.3,4 The Royal College 
of Anesthesiology of Thailand issued a recommendation 
for supplemental oxygen administration via a nasal can-
nula or face mask while conducting spinal anesthesia.5 

However, the incidence of desaturation demonstrated by 
the Thai Anesthesia Incidents Study was rare. Oxygen 
desaturation occurred in only 6.46 per 10,000 spinal 
anesthetics (0.06%) in a general population of patients.6 
Several studies also have demonstrated that healthy partu-
rients undergoing cesarean delivery under spinal anesthe-
sia did well without supplemental oxygen.7-10

DiBenedetto et al11 found that supplemental oxygen 
was unnecessary in 63% of patients in the PACU with the 
advent of continuous noninvasive monitoring by pulse 
oximeter, thereby showing significant cost savings. Gift 
et al12 also concluded in their study that postoperative 

supplemental oxygen was inessential for patients with 
peripheral capillary oxygen saturation (SpO2) of more 
than 92% on arrival at the PACU. Furthermore, some pa-
tients complained of nausea as well as dryness of the nose, 
mouth, or throat while receiving supplemental oxygen.12

Nevertheless, supplemental oxygen administration was 
routine in our practice. Any patients who received supple-
mental oxygen via a face mask or nasal cannula during an 
operation under regional anesthesia would routinely con-
tinue to receive supplemental oxygen in the PACU, even 
though on arrival to PACU the patients had a good condi-
tion (ie, good consciousness, normal breathing, normal 
vital signs, and normal oxygen saturation in room air). 
The purpose of this study was to evaluate the incidence 
of desaturation (defined as SpO2 ≤ 94% for 30 seconds) 
and the frequency of supplemental oxygen administration 
during the PACU stay in low-risk parturients who under-
went cesarean delivery under spinal anesthesia. 

Methods
This study protocol was approved by the institutional 
review board, and informed consent was obtained from 
all participants enrolled in the study. Three hundred 
twenty-four adult, consecutive parturients with term sin-
gleton pregnancy who underwent elective cesarean de-



www.aana.com/aanajournalonline AANA Journal  October 2016  Vol. 84, No. 5 359

livery under spinal anesthesia were included. Parturients 
were excluded if they had any one of the following con-
ditions: preoperative hypoxemia (SpO2 < 94%), diabetes 
mellitus, hypertension, heart disease, morbid obesity 
(body mass index [BMI] ≥ 40 kg/m2), placenta previa, 
premature rupture of the membrane, or intrauterine 
growth retardation.

Standard monitoring, including electrocardiography 
leads, pulse oximeter, and noninvasive blood pres-
sure cuff, was applied intraoperatively. All parturients 
received spinal anesthesia with 0.5% of hyperbaric 
bupivacaine and 0.2 mg of morphine. Anesthetic level 
was achieved at the fourth thoracic dermatome. After 
delivery, sedatives and intravenous opioids such as 
midazolam, ketamine, pethidine, or fentanyl could be 
administered as required. All parturients were randomly 
allocated either to breathe oxygen at a rate of 3 L/min 
via a nasal cannula or to not receive oxygen during the 
intraoperative period. Intraoperative desaturation events 
have already been reported.13 Before parturients were 
transported to the PACU, oxygen administration was 
discontinued if the SpO2 exceeded 94%, allowing the 
patients to breathe the room air. 

At the PACU, oxygen saturation was measured con-
tinuously by use of a pulse oximeter. Desaturation was 
defined as a reduction of SpO2 at or below 94% for more 
than 30 seconds without artifacts, which was assured by 
probe checking and a good signal quality. Hypoxemic 
events would be treated immediately by awakening the 
patients or administering supplemental oxygen to keep 
SpO2 above 94%. The respiratory rate, noninvasive blood 
pressure, Ramsay sedation score, and pain score were 
recorded at the patient’s arrival and every 15 minutes to 
90 minutes thereafter, or until the patient was discharged 
from the PACU. The time point of desaturation, seda-
tion score during the desaturation event, treatment of 
desaturation, analgesic agents given, complications in the 
PACU, and modified Aldrete score before discharge also 
were recorded.

A sample size of at least 164 patients was needed to 
detect a 4% incidence of desaturation in the PACU of 
the patients undergoing regional anesthesia,12 with an al-
lowable error of 3% based on a 95% confidence interval. 
Descriptive statistics were used to examine the preopera-
tive characteristics and perioperative variables. Data were 
presented as mean ± standard deviation or as number 
(percent), as appropriate. Descriptive statistics were 
applied to analyze the data using a statistical analysis soft-
ware program (SPSS for Windows, version 18, SPSS Inc).

Results
There were 324 parturients enrolled in the study. The 
parturients’ mean age (± SD) was 32.13 ± 4.49 years, and 
their mean BMI was 27.31 ± 3.10 kg/m2. None of the 
parturients were cigarette smokers. Other perioperative 
maternal characteristics are given in Table 1.

The incidence of maternal oxygen desaturation from 
this study was 0.3% (95% confidence interval = 0.01%-
1.7%). None of the patients required supplemental 
oxygen administration. Only 1 of the 324 patients ex-
perienced desaturation in the PACU. The patient was 
a healthy 38-year-old with a BMI of 25.7 kg/m2. The 
intraoperative period was uneventful, and she did not 
experience intraoperative desaturation. In the PACU, 
a brief period of desaturation (SpO2 = 88%) developed 
45 minutes after her arrival. The cause of desaturation 
was not apparent. She did not receive any sedatives or 
intravenous opioids intraoperatively or in the PACU. The 
Ramsay sedation score was 2, and there was no evidence 
of hypotension or bradycardia during the event. As soon 
as the desaturation was detected, the care team aroused 
her to ask her to breathe deeply. The SpO2 increased to 
99% without the need for supplemental oxygen. The 
patient was discharged from the PACU with a modified 
Aldrete score of 9, and the SpO2 on room air was above 
96%. No other complication was reported in the PACU 
or 24 hours postoperatively. The postoperative data of all 
parturients are presented in Table 2. (See also Table 3.)

Discussion
Our study demonstrated that the incidence of desatura-
tion in patients undergoing elective cesarean delivery 
under spinal anesthesia was very low (only 0.3%) in the 
PACU compared with the incidence of postoperative 
desaturation in previous nonobstetric studies (38%-
55%).14-16 The incidence of postanesthetic desaturation 
varied depending on the target population, type of op-
eration, anesthetic technique, and definition of oxygen 
desaturation. In our study, desaturation was defined 
the same as by O’Driscoll et al17 and Van de Louw et 
al,18 which was SpO2 at or below 94% for more than 30 
seconds after probe checking.

The desaturation event presented in this study was 
rare. There are many physiological changes in preg-
nancy, which make parturients prone to experience 
desaturation postoperatively. Examples include the fol-
lowing: decreased functional residual capacity; increase 
in oxygen consumption; airway engorgement that can 
easily develop into an upper airway obstruction; abrupt 
increase in cardiac output after delivery, which induces 
volume overload that worsens the oxygen supply from 
diffusion defects; high level of spinal anesthesia, which 
makes their lungs like a restrictive ventilatory defect19; 
and reduction in respiratory parameters following spinal 
anesthesia. Nevertheless, the healthy parturients toler-
ated changes in these respiratory parameters well, and 
oxygen saturation was maintained.7

Possible risk factors for postoperative desaturation 
have been reported as upper abdominal surgery, obesity, 
advanced age, a history of smoking, receipt of sedation, 
the anesthetic technique used, and the duration of the 
anesthesia.14,16,20-22 Our study sample was a low-risk 



360 AANA Journal  October 2016  Vol. 84, No. 5 www.aana.com/aanajournalonline

group. They were young, healthy, nonsmokers, and they 
underwent lower abdominal surgery. Moreover, patients 
who receive regional anesthesia carry a lower risk of 
hypoxemia compared with those who receive general 
anesthesia.14,20 In our study, the possible factor resulting 
in desaturation was not apparent, and the hypoxic event 
was not confirmed by an arterial blood-gas sampling. 
Generally, hypoxemia might be caused by sedation, 
which has induced hypoventilation. The previous studies 
demonstrated a correlation between postoperative hy-

poxemia and the sedation score.16,23 However, sedation-
related hypoxemia can be easily treated by arousing the 
patient and stimulating deep breathing.13,23

We suggest that the routine application of supple-
mental oxygen to healthy parturients who undergo un-
complicated cesarean delivery under spinal anesthesia 
is unnecessary because a pulse oximeter has become a 
standard of care in the PACU.24 This device is used clini-
cally to indirectly measure arterial oxygen saturation. 
In addition, SpO2 can be continuously measured, and 
desaturation can be detected early. The pulse oximeter 

Table 1.  Perioperative Maternal Characteristics (N = 324)

Variable Measure

Age, y (mean ± SD) 32.13 ± 4.49

Body mass index, kg/m2 (mean ± SD) 27.31 ± 3.10

Indication for surgery, No. (%) 

 Previous cesarean delivery 196 (60.5)

 Elective cesarean delivery 79 (24.4)

 Breech presentation 18 (5.6)

 Cephalopelvic disproportion 5 (1.5)

 Other 26 (8.0)

Smoking, No. (%) 0 (0)

Baseline hematocrit, % (mean ± SD) 35.68 ± 2.95

Intraoperative hypotension, No. (%) 245 (75.4)

Intraoperative sedative/analgesic drug, No. (%) 

 Not received  µ300 (92.6)

 Midazolam, 1-2 mg 5 (1.6)

 Ketamine, 25-50 mg  3 (0.9)

 Ketamine, 25-50 mg, plus midazolam, 2 mg 4 (1.2)

 Pethidine, 15-25 mg 10 (3.1)

 Fentanyl, 25-50 µg 2 (0.6)

Duration of surgery, min (mean ± SD) 52.62 ± 14.78

Estimated blood loss, mL (mean ± SD) 344.33 ± 124.94

Intraoperative oxygen desaturation, No. (%) 12 (3.7)

Table 2.  Postoperative Data of 324 Parturients
Abbreviation: PACU, postanesthesia care unit.
aPercentages may not total to 100 because of rounding.

Variable Number (%)a

Desaturation in PACU 1 (0.3)

Analgesia in PACU 

 Fentanyl, 40 µg 1 (0.3)

 Pethidine, 20 mg 7 (2.2)

 Pethidine, 25 mg 1 (0.3)

 Not received 315 (97.2)

Other complications in PACU: 

shivering 3 (0.9)

Anesthetic level before discharge 

 T6-T12 301 (92.9)

 L1-L5 23 (7.1)

Table 3.  Ramsay Sedation Score for Assessment of 
Level of Sedationa
aRamsay MA, Savege TM, Simpson BR, Goodwin R. 
Controlled sedation with alphaxalone-alphadolone. Br Med J. 
1974;2(5920):656-659.

Score Level of activity

1  Patient is anxious and agitated or restless, or 
both.

2 Patient is cooperative, oriented, and tranquil.

3 Patient responds to commands only.

4  Patient exhibits brisk response to light glabel-
lar tap or loud auditory stimulus.

5  Patient exhibits a sluggish response to light 
glabellar tap or loud auditory stimulus.

6 Patient exhibits no response.
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provides the objective data to determine the requirement 
for oxygen administration. 

Hernández et al25 demonstrated the validity of using 
pulse oximetry to avoid the indiscriminate administra-
tion of supplemental oxygen in patients admitted to 
the PACU. The pulse oximeter reading should be used 
along with other clinical variables such as a parturient’s 
vital signs and sedation score to determine the require-
ment for supplemental oxygen. The study also implied 
an economic impact on patient care. Without routinely 
administering oxygen supplementation, healthcare pro-
viders can save the additional costs of oxygen supply and 
devices. However, we cannot generalize the results of our 
study to high-risk parturients or to hospitals that have 
limitations in staffing or equipment that would enable 
the continuous monitoring of oxygen saturation. Further 
study should be conducted to investigate the incidence of 
postoperative desaturation in high-risk parturients.

In conclusion, the incidence of postoperative de-
saturation in healthy parturients who underwent elective 
cesarean delivery under spinal anesthesia was rare in 
this study. The routine administration of supplemental 
oxygen in the PACU is therefore unnecessary.
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