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Objective The aim of this study was to measure the effect of obesity and systemic
opioids on respiratory events within the ﬁrst 24 hours following cesarean.
Methods Opioid-naive women undergoing cesarean between January 2016 and
December 2017 were included in this retrospective cohort study. The primary outcome
was the proportion of women experiencing at least one composite respiratory
outcome (oxygen saturation less than 95% lasting 30þ seconds or need for respiratory
support) within 24 hours of cesarean. The impact of obesity and total systemic opioid
dose in 24 hours (measured in morphine milligram equivalents [MMEs]) on the
composite respiratory compromise outcome were evaluated.
Results Of 2,230 cesarean births, 790 women had at least one composite respiratory
event. Predictors of the composite respiratory outcome included body mass index
(BMI) as a continuous variable (odds ratio ¼ 1.063 for every one unit increase in BMI
[95% conﬁdence interval (CI): 1.021–1.108], p ¼ 0.003), and MME (odds ratio ¼ 1.005
[95% CI: 1.002–1.008], p ¼ 0.003), adjusting for magnesium sulfate use. The interaction between obesity and opioid dose demonstrated an odds ratio of 1.000 (95% CI:
0.999–1.000, p ¼ 0.030).
Conclusion The proportion of women experiencing respiratory events following
cesarean birth increases with the degree of obesity and opioid dose.

Key Points
• Respiratory events increase with obesity.
• Respiratory events increase with systemic opioid use.
• Odds ratio of respiratory events is 1.063/unit BMI increase.
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Obesity, Opioids, and Respiratory Compromise after Cesarean
Obesity is associated with adverse pregnancy outcomes
including cesarean birth and anesthesia-related maternal
deaths.1–11 While the risk of obesity-related respiratory
depression and its relationship with postoperative opioid
use is well documented in the general surgical
literature,12–23 documentation in obstetric literature has
been limited.24 One study identiﬁed no instances of respiratory depression among postcesarean women receiving morphine,24 but the route of administration was neuraxial,
which has been found to rarely be associated with clinically
relevant respiratory depression.25 Reviews and recommendations that address the risk of respiratory depression from
systemic opioids among postcesarean women with obesity
often extrapolate data from nonobstetric postoperative
populations.26–29
Respiratory events can occur across a spectrum of severity, ranging from mild respiratory depression to life-threatening hypoxia. The aim of our study was to measure the
proportion of women experiencing at least one composite
respiratory event in the ﬁrst 24 hours after cesarean birth,
and to evaluate the effect of obesity (by body mass index
[BMI] class) and opioids on the occurrence of these respiratory events. We chose to focus on maternal respiratory
events during the ﬁrst 24 hours because this has previously
been shown to be the time period of highest risk for a
respiratory event to occur as a result of opioid use.30 Our
hypothesis was that postcesarean respiratory events would
increase with both increasing BMI and increasing opioid
dose.

Materials and Methods
This study was a retrospective cohort study of all cesarean
births that occurred from January 1, 2016, through December 31, 2017, at a single institution, UnityPoint Health –
Meriter in Madison, WI. UnityPoint Health – Meriter is
afﬁliated with the University of Wisconsin School of Medicine and Public Health and is the clinical obstetrics site for
the Department of Obstetrics and Gynecology. Institutional
Review Board (IRB) approval was obtained prior to data
collection (UnityPoint Health – Meriter IRB#: 2018-003).
We used a query of the hospital’s birth database (PeriData.
Net, Ancilla Partners, Inc., Milwaukee, WI) to generate a list of
all cesarean births that occurred during 2016 to 2017. Data
entry into PeriData are performed manually via review of
information submitted by parents and the hospital’s electronic health record. PeriData are audited by nursing perinatal data coordination staff and data were extracted by Kathy
Gollmar. We simultaneously queried the electronic health
record system (Epic, Hyperspace 2017, Epic Systems Corporation, Verona, WI) to compile clinical data from the ﬁrst
24 hours following cesarean birth. Data in the electronic
health record system accurately document vital signs, medication administration times and doses, and medical interventions at the point of clinical care; data were extracted by
Walter Bredl and Ruth Hallquist.
Inclusion criteria for the study necessitated that women
had undergone a cesarean birth. Inclusion in the obesity
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analysis required a prepregnancy BMI be listed in the medical record. Excluded from analysis were women who required intubation postcesarean for indications unrelated to
the exposures of interest (e.g., sepsis or following massive
transfusion) and women with opioid use disorder identiﬁed
by individual review of the electronic health record including
the intake history and physical examination, the “problem
list,” and medications prescribed. Additional data points
include the maternal height and weight, both prepregnancy
and at admission for delivery, maternal age, parity, race,
ethnicity, smoking status, gestational age at delivery, medical comorbidities (including obstructive sleep apnea and
asthma), and obstetric outcomes. Medical comorbidities
and obstetric outcomes, such as hypertensive disorders of
pregnancy and pregestational and gestational diabetes, were
diagnosed as per the deﬁnitions established by the American
College of Obstetricians and Gynecologists for the years of
data collection (2016–2017).31–33 A diagnosis of preeclampsia with severe features was used as a surrogate variable for
magnesium sulfate use because compliance at our institution
is 100% and because this is the exclusive indication for its
continuous use in the postpartum time period. Indications
for cesarean delivery were extracted from the electronic
medical record system into the birth information database
from the operative note. Intrathecal hyperbaric bupivacaine
with fentanyl for spinal anesthesia and bicarbonated lidocaine with fentanyl for epidural anesthesia are the standard
neuraxial analgesia regimens used at our institution. At the
time of this study, our institution did not use neuraxial
morphine or other long-acting hydrophilic opioids.
The primary outcome measure was the presence or
absence of a composite of the following respiratory events:
mild desaturation event (SpO2 less than 95% lasting for
30 seconds or longer); moderate desaturation event (SpO2
less than 90% lasting for 30 seconds or longer); severe
desaturation event (SpO2 less than 85% lasting for 30 seconds
or longer), documented in the electronic health record, and
need for respiratory support. Respiratory support was deﬁned as requiring any of the following: oxygen via nasal
cannula, nonrebreather mask, partial nonrebreather mask,
OxyMask, or Ventimask, new requirement for continuous
positive airway pressure (CPAP) support, bilevel positive
airway pressure, or intubation. The exact type of respiratory
event or requirement for support was recorded and analyzed
as secondary variables, including the requirement for “high
respiratory support,” which we deﬁned as requiring any of
the following: partial nonrebreather, nonrebreather, positive
airway pressure, OxyMask, or Ventimasks. A signiﬁcant
respiratory event was characterized by a new requirement
of face masks for respiratory support or presence of severe
oxygen desaturation (or both). To assess for respiratory
etiologies, we planned to analyze any maternal deaths.
We assessed the proportion of women having at least one
composite respiratory event by prepregnancy BMI, both as a
continuous variable and by BMI class as follows: nonobese
(BMI < 30 kg/m2), class I obesity (BMI 30–34.9 kg/m2),
class II obesity (BMI 35–39.9 kg/m2), and class III obesity
(BMI  40 kg/m2).34 We also analyzed if the occurrence of an
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event was associated with the total systemic opioid dose
administered in the ﬁrst 24 hours postcesarean. This dose
was calculated by converting all administered opioid doses
into oral morphine milligram equivalents (MMEs) and, once
converted, summing the doses into a single total MME for the
24-hour period.35–37
We observed the relationship of demographic variables
and respiratory measures with BMI and opioid use in crosstabulations to observe if these might be associated with
either outcome. We used Fisher’s exact and chi-square tests
to determine if there was an association between categorical
measures and responses, and analysis of variance F-test to
determine association between categorical measures and
continuous responses. An a priori power analysis was performed using rates of opioid-related adverse respiratory
events described in the nonobstetric literature. We assumed
a rate of opioid-related adverse respiratory events of 4.2%23
(from a nonobese, nonobstetric population) and an odds
ratio (OR) of 1.05 (range in the literature of 1.01–1.22) for
increased risk of an opioid-related adverse respiratory event.
Our estimated ratio of obese to nonobese was 1.3 (which
approximates our institution’s ratio of cesarean birth among
obese women to cesarean birth among nonobese women in
2016). Using these estimates, a sample size of 1,249 subjects
would be required to achieve 80% power to detect a 5%
increase in respiratory events. To assess our secondary outcomes and due to the retrospective nature of this study, we
included all patient charts who met the inclusion criteria.
We assessed the association of opioid dose on the presence
of a respiratory event adjusting for BMI in logistic regression
models adding MME, BMI, and magnesium sulfate use as
potential predictors of the composite respiratory outcome.
We also intended to observe the relationship of obstructive
sleep apnea on respiratory events. Respiratory events included
the presence or absence of any of the following: composite
respiratory outcome, oxygen desaturation, use of a nonrebreather mask, and high respiratory support. We performed
statistical calculations using R (Version 3.5.1. Released 2018. R
Foundation for Statistical Computing, Vienna, Austria). We
report our ﬁndings according to Strengthening The Reporting
of Observational Studies in Epidemiology.38

Results
A total of 2,264 cesarean births occurred at our institution
during 2016 to 2017. Five were excluded due to postcesarean
intubation for medical indications. Twenty-nine women
were excluded due to opioid use disorder or buprenorphine
or methadone use. Six women lacked BMI data and were not
included in the Fisher’s exact test or the chi-square test of
association, but they were included in other analyses. A total
of 2,230 births were included.
Demographic factors associated with BMI included race
and age (p < 0.001, ►Table 1). Those with any type of
hypertensive disorder were more likely to have higher BMI
than those without (p < 0.0001); diabetes was highly associated with higher BMI (p < 0.001). Sixteen women had a
previous diagnosis of obstructive sleep apnea identiﬁed in
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the medical record, the majority of whom had higher BMI
(association of sleep apnea and obesity, p < 0.001). Those
with asthma or who smoked were more likely to be obese
than those who did not have asthma or smoke (p ¼ 0.004 and
0.001, respectively). The mean MME dose was 103.0 (standard deviation [SD] 32.1) for women without obesity, 105.5
(SD 36.4) for class I obesity, 108.1 (SD 32.8) for class II obesity,
and 109.4 (SD 32.3) for class III obesity (p ¼ 0.021). There
were no maternal deaths.
Demographic factors associated with higher doses of opioid
dose included age (p < 0.001), obesity (p ¼ 0.026), and smoking
status (p < 0.001) (►Table 2). Obstetric characteristics
such as use of general anesthesia (p < 0.001), planned versus
unplanned cesarean (p < 0.001), mode of anesthesia
(p < 0.001), and hypertensive disorders of pregnancy
(p < 0.001) were also associated with higher opioid dose.
A total of 794 composite respiratory events were observed
across all women (►Table 3). The proportion of those with
respiratory events was lowest among those with normal BMI
(33%) and higher for women with obesity (38–42%) (Fisher’s
p ¼ 0.009). The majority of these respiratory events were
mild, but there were also more moderate and severe respiratory events for women with obesity (p ¼ 0.012). With the
exception of CPAP, there were no differences in the requirement for respiratory support by BMI class nor were there
increased prevalence of requiring high respiratory support.
No women required intubation.
The presence of composite respiratory event was associated with opioid dose (p ¼ 0.005, ►Table 4). The need for high
respiratory support also differed by opioid dose (p ¼ 0.012).
In a multivariate regression model, prepregnancy BMI
(OR ¼ 1.063 [95% conﬁdence interval (CI): 1.021–1.108],
p ¼ 0.003) and opioid dose (OR ¼ 1.005 [95% CI: 1.002–
1.008], p ¼ 0.003) were predictors of having a composite
respiratory event (►Table 5). A one unit increase in BMI
(deﬁned each 1 kg/m2 increase) had a 1.063 higher odds of an
oxygen desaturation event compared with no unit increase.
There was also a modest interaction between opioid dose
and BMI of OR ¼ 1.000 (95% CI: 0.999–1.000, p ¼ 0.030).
Magnesium sulfate use was also a predictor of the composite
respiratory outcome with an OR of 2.505 (95% CI: 1.687–
3.751). As only 16 women had documented sleep apnea, and
no interaction with this comorbidity could be assessed.

Discussion
We demonstrated there is an increased risk of respiratory
compromise in the ﬁrst 24 hours postcesarean birth for
women with obesity and also for women receiving higher
opioid doses. Of these, the majority of the episodes of
respiratory compromise were mild desaturation events.
While an event requiring signiﬁcant respiratory support
was not associated with obesity, the number of women
with an event was small. Our multivariate logistic regression
model demonstrated that using the linear predictors estimate, women with a BMI of 50 kg/m2 would have a 3.43 times
higher odds of the composite respiratory outcome than
women with a BMI of 30 kg/m2. While we found a signiﬁcant
American Journal of Perinatology Reports
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Table 1 Maternal characteristics by delivery BMI
BMI class

Nonobese

Class I obesity

Class II obesity

Class III obesity

p-Value

BMI < 30

BMI 30–34.9

BMI 35–39.9

BMI 40 or higher

n ¼ 1,528

n ¼ 321

n ¼ 195

n ¼ 186a

31.7 (4.9)

31.6 (4.9)

30.1 (5.3)

30.6 (5.0)

< 0.001

White

1,199 (78.5)

247 (76.9)

148 (75.9)

148 (79.6)

< 0.001

Black or African American

93 (6.1)

31 (9.7)

29 (14.9)

31 (16.7)

Asian

170 (11.1)

18 (5.6)

8 (4.1)

0 (0)

Other

18 (1.2)

5 (1.6)

2 (1.0)

3 (1.6)

Hispanic ethnicity

115 (7.5)

42 (13.1)

16 (8.2)

13 (7.0)

0.024

MME dose (mean, SD)

103 (32.1)

105 (36.4)

108 (32.8)

109 (32.3)

0.021

Parity 1, n (%)

1,047 (68.5)

235 (73.2)

127 (65.1)

131 (70.4)

0.224

Planned

908 (59.4

199 (62.0)

110 (56.4)

104 (55.9)

0.470

Unplanned

626 (41.0)

126 (39.3)

88 (45.1)

91 (48.9)

0.101

Spinal

971 (63.5)

211 (65.7)

117 (60.0)

112 (60.2)

0.759

Epidural

498 (32.6)

96 (29.9)

69 (35.4)

67 (36.0)

General

48 (3.1)

13 (4.0)

8 (4.1)

7 (3.8)

Age, y (mean, SD)
Race, n (%)

b

Cesarean indication, n (%)c

Anesthesia mode, n (%)d

Medical and obstetric comorbidities, n (%)
Hypertensione

233 (15.2)

78 (24.3)

60 (30.8)

87 (46.8)

< 0.001

Diabetes

147 (9.6)

67 (20.9)

42 (21.5)

60 (32.3)

< 0.001

13 (4.0)

7 (3.6)

12 (6.5)

0.004

Maternal respiratory conditions, n (%)
Asthma

28 (1.8)

Smoking

92 (6.0)

29 (9.0)

19 (9.7)

26 (14.0)

0.001

Sleep apneaf

2 (0.1)

3 (0.9)

3 (1.5)

7 (3.8)

< 0.001

Abbreviations: BMI, body mass index; MME, morphine milligram equivalent; SD, standard deviation.
Notes: p-Values in bold font indicate statistical signiﬁcance for analysis of variance, chi-square, or Fisher’s exact test as appropriate.
a
Six women did not have prepregnancy BMI data available.
b
Eighty women were missing data on race, 28 on ethnicity (no signiﬁcant difference for missing data by BMI).
c
Some women had more than one indication for cesarean (e.g., planned repeat cesarean births occurring at an unplanned time).
d
Data on anesthesia mode was missing for 13 women.
e
Hypertension included chronic hypertension, gestational hypertension, preeclampsia, and eclampsia. Diabetes included both pregestational and
gestational diabetes.
f
One woman with sleep apnea lacked a prepregnancy BMI.

interaction between BMI and MME dose, the OR was 1.00
with a 95% CI of 0.99 to 1.00 which suggests the effect of
higher BMI may be modestly protective rather than exacerbating the increased effect of higher opioid dose. Magnesium
sulfate use (as a dichotomous variable) also was a predictor
of the composite respiratory event with an OR of 2.5.
Our ﬁndings differ from the results of prior investigations,
which were typically performed in an older population with
more comorbidities. In the general surgical literature, numerous studies have discussed the compounding effect of
obesity and opioid use on adverse respiratory events.12–23
Published studies in obstetric literature discuss the impact of
neuraxial opioids on respiratory depression and respiratory
arrest and generally conﬁrm that the risk of respiratory
depression is low.24,25,39–41 Reports on respiratory arrest
American Journal of Perinatology Reports
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in postcesarean women are limited.42–44 Here, we found a
relationship between respiratory compromise and BMI, but
the relationship with opioid dose was less pronounced. It is
possible that opioids have a lesser effect on the obstetric
population because these women are generally younger,
healthier, and physiologically distinct from the broader
postsurgical population, but this is speculative. Results
from prior studies evaluating the effect of obesity on respiratory depression after cesarean are also mixed,45 but those
that do not show an increased risk only evaluated signiﬁcant
respiratory depression, deﬁned as requiring naloxone or
rapid response team activation.24 While the majority of
the composite respiratory events reported in this study
were mild, there were also more clinically relevant respiratory
events than reported elsewhere in the obstetric population.
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Table 2 Maternal characteristics by 24-hour opioid dose
0–90

90–110

(n ¼ 829)

(n ¼ 721)

(n ¼ 684)

Age, y (mean, SD)

32.0 (4.9)

31.2 (5.0)

31.0 (5.1)

< 0.001

White

641 (77.3)

568 (78.8)

536 (78.4)

0.193

Black or African American

58 (7.0)

61 (8.5)

66 (9.6)

Asian

91 (11.0)

58 (8.0)

48 (7.0)

Race, n (%)

110–415

p-Value

24-h morphine dose (mg)

a

Other
Hispanic ethnicity, n (%)a
Delivery body mass index, n (%)
< 30 kg/m2
30–34.9 kg/m

2

9 (1.1)

10 (1.4)

9 (1.3)

71 (8.6)

53 (7.4)

62 (9.1)

0.828

600 (72.4)

469 (65.0)

457 (66.8)

0.027

a

117 (14.1)

105 (14.6)

99 (14.5)

35–39.9 kg/m2

57 (6.9)

71 (9.8)

67 (9.8)

40 kg/m2 or higher

52 (6.3)

75 (10.4)

59 (8.6)

584 (70.4)

476 (66.0)

483 (70.6)

0.098

529 (63.8)

393 (54.5)

400 (58.5)

< 0.001

304 (36.7)

337 (46.7)

294 (43.0)

< 0.001

Spinal

583 (70.3)

417 (57.8)

410 (59.9)

< 0.001

Epidural

232 (28.0)

278 (38.6)

225 (32.9)

General

11 (1.3)

18 (2.5)

47 (6.9)

Parity 1, n (%)
Cesarean indication, n (%)b
Planned
Unplanned

b

Anesthesia mode, n (%)

c

Medical and obstetric comorbidities, n (%)
Hypertensiond

138 (16.6)

155 (21.5)

167 (24.4)

< 0.001

Diabetes

115 (13.9)

107 (14.8)

95 (13.9)

0.831

Asthmaa

18 (2.2)

19 (2.6)

23 (3.4)

0.197

Smoking

41 (4.9)

50 (6.9)

74 (10.8)

< 0.001

Sleep apnea

4 (0.5)

5 (0.7)

7 (1.0)

0.441

Maternal respiratory conditions

Abbreviation: SD, standard deviation.
Note: p-Values in bold font indicate statistical signiﬁcance for analysis of variance, chi-square, or Fisher’s exact test as appropriate.
a
Seventy-nine women were missing data on race, 28 on ethnicity, 6 on body mass index, 2 on asthma (no signiﬁcant difference for missing data by
opioid dose).
b
Some women had more than one indication for cesarean (e.g., planned repeat cesarean births occurring at an unplanned time).
c
Data on anesthesia mode were missing for 13 women.
d
Hypertension included chronic hypertension, gestational hypertension, preeclampsia, and eclampsia. Diabetes included both pregestational and
gestational diabetes.

Investigating only moderate and severe events (SpO2 < 90%),
here we report 41 events among 2,230 births for a rate of
184/10,000; in the literature, among women receiving neuraxial opioids such events occur in 1.08 to 1.63/10,000 cases.25
Thus, we observed at least 112 times more moderate to severe
respiratory events than would be expected with neuraxial
opioids. The doses of systemic opioids utilized in our population is also higher than reported elsewhere.46
The results of our study have several important clinical
practice implications. Many hospitals already have increased
respiratory monitoring of postoperative women with obesity, but this is not standardized.41 This study also has impli-

cations regarding the safety and the intensity of
postoperative monitoring when using systemic opioids
versus neuraxial opioids as a primary strategy for postcesarean analgesia. Our institution opted for systemic opioids
because prior recommendations for respiratory monitoring
following neuraxial hydrophilic opioids were burdensome to
patients and providers.47 However, more recent data from
several sources indicate that signiﬁcant respiratory depression is rare among women managed with neuraxial morphine for cesarean birth.25 This is a relevant counterpoint to
our ﬁndings of frequent clinically relevant respiratory depression using systemic rather than neuraxial hydrophilic
American Journal of Perinatology Reports
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Table 3 Proportion of women requiring respiratory support in the ﬁrst 24 hours postcesarean birth by prepregnancy BMI
BMI class

Composite respiratory event
Oxygen desaturation

p-Value

Nonobese
BMI < 30

Class I obesity
BMI 30–34.9

Class II obesity
BMI 35–39.9

Class III obesity
BMI  40

(n ¼ 1,528)
n (%)

(n ¼ 321)
n (%)

(n ¼ 195)
n (%)

(n ¼ 186)a
n (%)

504 (33.0)

135 (42.1)

74 (37.9)

77 (41.4)

0.009
0.012

a

Normal

1,087 (71.1)

198 (61.7)

135 (69.2)

116 (62.4)

Mild

404 (26.4)

118 (36.8)

56 (28.7)

66 (35.5)

Moderate

25 (1.6)

3 (0.9)

3 (1.5)

4 (2.2)

Severe

3 (0.2)

2 (0.6)

1 (0.5)

0 (0)

Cannula

117 (7.7)

24 (7.5)

19 (9.7)

19 (10.2)

0.716

Nonrebreather mask

8 (0.5)

0 (0)

0 (0)

1 (0.5)

0.782

CPAP

0 (0)

0 (0)

2 (1.0)

3 (1.6)

< 0.001

New CPAP

0 (0)

0 (0)

0 (0)

2 (1.0)

< 0.001

11 (0.7)

2 (0.6)

3 (1.5)

4 (2.1)

0.228

Respiratory support modality

High respiratory support

Abbreviations: BMI, body mass index; CPAP, continuous positive airway pressure.
Note: Bold signiﬁes statistical signiﬁcance, or p-value < 0.05.
a
Data on oxygen desaturation was missing for nine women.

Table 4 Proportion of women requiring respiratory support in the ﬁrst 24 hours postcesarean birth 24-hour opioid dose
24-h morphine dose (mg)

p-Value

0–90

151–299

300þ

(n ¼ 829)
n (%)

(n ¼ 721)
n (%)

(n ¼ 684)
n (%)

283 (34.1)

229 (31.8)

282 (41.2)

0.004

Normal

567 (68.4)

518 (71.8)

454 (66.4)

0.254

Mild

250 (30.2)

187 (25.9)

210 (30.7)

Moderate

8 (1.0)

12 (1.7)

15 (2.2)

Severe

1 (0.1)

2 (0.3)

3 (0.4)

Composite respiratory event
Oxygen desaturationa

Respiratory support modality
Cannula

41 (4.9)

50 (6.9)

89 (13.0)

< 0.001

Nonrebreather mask

1 (0.1)

3 (0.4)

5 (0.7)

0.149

CPAP

0 (0)

0 (0)

5 (0.7)

0.003

2 (0.2)

3 (0.7)

13 (1.9)

0.012

High respiratory support

Abbreviation: CPAP, continuous positive airway pressure.
Note: Bold signiﬁes statistical signiﬁcance, or p-value < 0.05.
a
Data on oxygen desaturation was missing for seven women.

opioids. Our ﬁndings support the more recent recommendations that neuraxial opioids are not only more effective,
but likely safer, than systemic opioids when used in a
multimodal strategy for postcesarean analgesia.25,41 This is
also consistent with revised recommendations that allow
less surveillance following neuraxial hydrophilic opioids.41
Future analyses of multi-institutional datasets are needed
to allow adequate power to analyze rare events, such as
severe respiratory depression and maternal deaths. Such
analyses would ideally include women with a wider range
American Journal of Perinatology Reports
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of total 24-hour opioid dose and more women with identiﬁed obstructive sleep apnea.
Strengths of our study include the high number of women
included, which allowed for adequate statistical power in our
calculations. Our hospital also did not use extended release
intrathecal morphine during the time period of this study;
therefore, the systemic opioid doses used in our population is
higher than that is typically seen in the obstetric population.46 While this makes the study less generalizable, it does
allow us to examine the impact of higher parenteral opioid
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Table 5 Predictors of the composite respiratory outcome in the ﬁrst 24 hours postcesarean birth
Predictor

Linear predictors estimate (SE)

OR (95% CI)

Pr (> |z|)

Intercept

1.188 (0.172)

0.305 (0.217–0.426)

< 0.001

MME by unit increase of 1 mg

0.005 (0.002)

1.005 (1.002–1.008)

0.003

0.062 (0.021)

1.063 (1.021–1.108)

0.003

BMI by unit increase of 1 kg/m

2

Magnesium sulfate use

0.918 (0.203)

2.505 (1.687–3.751)

< 0.001

MME: BMI interaction

0.0004 (0.0002)

1.000 (0.999–1.000)

0.03

Abbreviations: BMI, body mass index; CI, conﬁdence interval; MME, morphine milligram equivalent; OR, odds ratio; SE, standard error.
Note: Bold signiﬁes statistical signiﬁcance, or p-value < 0.05.

doses than that are typically seen in the postcesarean
population.46 Findings in other populations with less systemic opioid use may be less pronounced.
Our study also had signiﬁcant limitations. First, this is a
retrospective analysis using data available through the electronic medical record system and our hospital’s birth reporting
database with inherent limitations in the available data.
Nevertheless, data from the electronic medical record does
accurately reﬂect objective measurements entered, such as
BMI and vital signs, including pulse oximetry readings. This
record also accurately captures every dose of postoperative
opioids administered. Our population is predominantly nonHispanic white, which is not representative of populations in
other parts of our state and country. Sleep apnea was likely
both underdiagnosed and underdocumented with only 16
individuals (< 1%) carrying this diagnosis in the electronic
medical record. This limited our ability to assess this exposure
on respiratory outcomes. Finally, the high dose of systemic
opioids may have limited our ability to compare low to higher
doses as the 24-hour dose was overall high for the majority of
women.

Conclusion
Our study concluded that obesity, and to a lesser degree
systemic opioid dose, was positively correlated with the incidence of respiratory events in the postoperative period following cesarean birth. We also detected considerably more
instances of clinically signiﬁcant respiratory depression
among our population than has been reported among postcesarean women managed with neuraxial morphine, and we
are using these results to inform changes to our postcesarean
analgesia regimen.25 Our results are congruent with other
investigations that have suggested a relationship between
obesity and respiratory compromise in the nonobstetric population.12,15,29 More data in the form of multi-institutional
studies are needed to deﬁnitively impact practice patterns.
However, given our results, we assert that enhanced caution
should be taken in the care of women with obesity in the
postoperative period following cesarean birth.
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