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INTRODUCTION

Postoperative respiratory depression is a pulmo-
nary complication resulting from both decreased respiratory 
drive and upper airway obstruction and is typically secondary 
to sedating medications [1]. Respiratory depression during 
immediate anesthesia recovery in the postanesthesia care unit 
(PACU) is common [2], and while oftentimes believed to be 
self-limited, has been associated with serious postoperative 
pulmonary complications which can lead to severe morbidity 
and mortality [2,3]. Previous investigations on postoperative 

respiratory depression have found increased risk with male sex, 
obstructive sleep apnea, and gabapentinoids [2,4,5]. However, 
compared to men, women have a lower prevalence of obstruc-
tive sleep apnea [6,7] and typically lower postoperative analge-
sic requirements [8]; two characteristics which may be protec-
tive against post-operative respiratory depression. Gabapentin 
and pregabalin are frequently used as a part of multimodal 
pain therapy in gynecological procedures [9]. However, gab-
apentinoids have recently been recognized to lead to respira-
tory depression when used with other sedating medications 
[5]. Therefore, the incidence and risk factors for postoperative 
respiratory depression might exhibit sex-specific character-
istics. Although postoperative pulmonary complications fol-
lowing hysterectomy are infrequent (<4%) [10,11], given that 
over 600,000 women undergo this procedure annually in the 
United States [12], a substantial number may still be affected. 
The primary aim of this study was to determine the incidence 
and risk factors for postoperative respiratory depression among 
women undergoing hysterectomy during anesthesia recovery 
in the PACU. A secondary aim was to compare postoperative 
outcomes among patients who did or did not have respiratory 
depression during anesthesia recovery. 

MATERIALS AND METHODS

This study was approved by the Mayo Clinic Institutional 
Review Board (protocol No. 19-002835, approved on July 
25, 2019). Consistent with Minnesota Statute 144.295, at 
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ABSTRACT

To investigate if sex-specific physiologic characteristics could impact postoperative respiratory depression risks in women, we studied inci-
dence and risk factors associated with postoperative respiratory depression in a gynecologic surgical cohort. Only hysterectomies performed 
under general anesthesia from 2012 to 2017 were included to minimize interprocedural variability. Respiratory depression was defined as epi-
sodes of apnea, hypopnea, hypoxemia, pain-sedation mismatch, unplanned positive airway pressure device application, or naloxone adminis-
tration in the post-anesthesia care unit. Multivariable logistic regression was used to explore the association with clinical characteristics. From 
1974 hysterectomies, 253 had postoperative respiratory depression, yielding an incidence of 128 (95% confidence interval [CI], 114–144) per 1000 
surgeries. Risk factors associated with respiratory depression were older age (odds ratio 1.22 [95% CI 1.02–1.46] per decade increase, p=0.03), 
lower body weight (0.77 [0.62–0.94] per 10 kg/m2, p = 0.01), and higher intraoperative opioid dose (1.05 [1.01–1.09] per 10 mg oral morphine 
equivalents, p = 0.01), while sugammadex use was associated with a reduced risk (0.48 [0.30–0.75], p = 0.002). Respiratory depression was 
not associated with increased hospital stay, postoperative complications, or mortality. Postoperative respiratory depression risk in women 
increased with age, lower weight, and higher intraoperative opioids and decreased with sugammadex use; however, it was not associated with 
postoperative pulmonary complications.
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RASS≤3]) [2]. Patients who are witnessed to have a respiratory 
specific event have their phase I recovery prolonged by at least 
60 minutes for increased monitoring and may require inter-
vention with naloxone or application of positive airway pres-
sure devices. Also, standard PACU discharge criteria are used 
[14], and time achieved is precisely documented and used to 
determine anesthesia recovery duration.

Data collection

Electronic medical records were abstracted using auto-
mated data software as previously described [15], and man-
ually confirmed. Baseline characteristics included demo-
graphics, the burden of comorbid conditions (determined 
by the Charlson comorbidity score [16]), and obstructive 
sleep apnea assessment [2]. Perioperative variables included 
surgical approach and duration, anesthetic medications, 
PACU course, postoperative complications, length of hos-
pital stay, rapid response team activation, and mortality 
related to the procedure. Respiratory depression in the 
PACU was defined as the occurrence of respiratory spe-
cific events, as well as any unplanned use of positive airway 
pressure devices, naloxone administration, or reintubation 
for respiratory failure. Oral morphine equivalents (OMEq) 
were calculated using standard conversions [17]. Severe 
pain was defined as a verbal pain score of ≥7, over-sedation 
was defined as a RASS score ≤−3, and postoperative nausea 
and vomiting (PONV) was defined if a rescue antiemetic 
was administered.

Data analysis

Data are presented as median (interquartile range) or 
mean±standard deviation for continuous variables and as 
the number of patients (percentage) for categorical vari-
ables. The primary endpoint was a binary variable indicat-
ing the occurrence of respiratory depression in the PACU. 
We compared patients with and without respiratory 
depression using the Student’s t-test or rank-sum test for 
continuous variables and the Chi-square test for categor-
ical variables. In addition, multivariable logistic regression 
analysis was performed to assess potential associations 
between patient and procedural characteristics and respi-
ratory depression in the PACU (Table  1). Potential con-
founders included in the analysis were based on existing 
literature and previous studies from our institution [4,18-
22]. Comparisons of outcomes between patients who had 
respiratory depression and those who did not were made 
using descriptive statistics. A two-tailed p<0.05 was con-
sidered statistically significant. Statistical analyses were 
performed with statistical software (JMP Pro version 
13.0.0, Cary, NC, USA).

enrollment, all participants had provided prior written autho-
rization for medical records use in retrospective studies.

Study setting

This study was done in a major academic facility.

Study design

This retrospective observational study was designed to 
determine the incidence, risk factors, and outcomes of respi-
ratory depression during anesthesia recovery following hys-
terectomy with general anesthesia.

Patient selection

Adult women who provided prior written research autho-
rization, underwent primary hysterectomy under general 
anesthesia, and were admitted to the PACU from January 
01, 2012, to December 31, 2017, were included in the study. 
Patients undergoing emergent procedures, combined obstet-
ric procedures, and extensive combined procedures (e.g., pel-
vic exenteration, liver resection, nephrectomy, bowel resec-
tion, and omentectomy) were excluded. 

Perioperative practice

All cases were performed under general anesthesia. 
Analgesia management was multimodal, consisting of opioid, 
acetaminophen, non-steroid anti-inflammatory drugs (cele-
coxib 200 mg orally before surgery or 15 mg ketorolac intrave-
nous at end of surgery), ketamine, and gabapentin. However, 
this management was not part of a protocol and left to the 
discretion of individual anesthesiologists. All patients were 
administered neuromuscular blocking drugs to facilitate sur-
gical exposure, typically vecuronium or rocuronium, which 
was reversed at the conclusion of surgery with either neostig-
mine combined with glycopyrrolate or sugammadex. At the 
end of the surgery, tracheas were extubated in the operating 
room, and all patients were discharged to the PACU.

The PACU is staffed by registered nurses trained in phase 
I anesthesia recovery with the attending anesthesiologist read-
ily available when advanced expertise is required. The nurses 
continuously monitor the patient for pain scores (based on a 
standard 11-point verbal pain scale [0 = no pain, 10 worst pain 
imaginable]), sedation scores (Richmond Agitation Sedation 
Scale [RASS] [13]), and postoperative signs of respiratory 
depression or “respiratory specific events” (hypoventilation 
[three episodes of <8 respirations/min]; apnea [episode of 
apnea of ≥10 s]; hypoxemia [3 episodes of capillary oxygen 
saturation <90% or <preoperative saturation with or with-
out oxygen]; episodes of moderate pain despite high seda-
tion, or “pain-sedation mismatch” [verbal pain scale >5 with 
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Postoperative outcomes between the groups are summa-
rized in Table 2. Per practice protocol (see methods), patients 
with respiratory depression had longer PACU stay (median 
[IQR] 2.6 [2.0, 3.3] vs. 1.5 [1.1, 2.1] hours, p<0.001). These 
patients were also more sedated. Patients with respiratory 
depression also had higher rates of severe pain and PONV. 
Twenty-three patients developed postoperative pulmonary 
complications, which did not differ between patients who 
did or did not have respiratory depression in the PACU; how-
ever, these complications were more frequent following open 
abdominal procedures (13 [2.2%] vs. robotic-assisted 7 [0.8%] 
vs. vaginal 3 [0.6%], p=0.02). There were also 22 rapid response 
team activations, which did not differ between respiratory 
depression groups. Only one of these rapid response team 
activations was for opioid-induced respiratory depression, an 
83-year-old woman who underwent a total abdominal hyster-
ectomy. She had signs of respiratory depression in the PACU 
(apnea and hypopnea), resulting in an extended PACU stay for 
monitoring and supplemental oxygen. After an hour of normal 
respiratory function, the anesthesia team assessed she was safe 
for discharge to the ward. Four hours later, she became som-
nolent, hypopneic, and was noted to have pin-point pupils; a 
rapid response team was activated, and she was administered 
0.4 mg of naloxone and fully regained normal breathing and 
alertness without any other complications during hospital-
ization. Only one in-hospital death occurred, a 68-year-old 
woman who underwent a total abdominal hysterectomy for 
metastatic carcinoid complicated by enterocutaneous fistula, 

TABLE 1. Patient and procedure characteristics

Characteristic Overall n=1974 Respiratory 
depression n=253

No respiratory 
depression n=1,721

p Multivariable 
logistic regression

p

Baseline characteristics
Age (years) 57±13 58±13 57±13 0.127 1.22 (1.02–1.46)* 0.030
Body mass index (kg/m2) 31±9 30±8 32±9 0.033 0.77 (0.62–0.94)* 0.010
Charlson comorbidity score 3 [2, 5] 4 [2, 5] 3 [2, 5] 0.090 0.97 (0.88–1.06) 0.502
Obstructive sleep apnea 285 (14.4) 40 (15.8) 245 (14.2) 0.503 1.28 (0.82–2.01) 0.281

Procedure characteristics
Surgical methods 0.768 0.769

Robotic-assisted 851 (43.1) 105 (41.5) 746 (43.4) Ref
Open abdominal 587 (29.7) 80 (31.6) 507 (29.5) 1.00 (0.71–1.42)
Vaginal 536 (27.2) 68 (26.9) 468 (27.2) 0.91 (0.63–1.32)
Surgery length (hours) 2.6 [1.9, 3.6] 2.5 [1.9, 3.6] 2.6 [1.9, 3.7] 0.203 0.90 (0.80–1.00)

Perioperative medications
Acetaminophen 1,705 (86.4) 221 (87.4) 1484 (86.2) 0.695 1.08 (0.66–1.77) 0.770
NSAIDs 1552 (78.6) 193 (76.3) 1,359 (79.0) 0.326 0.94 (0.66–1.34) 0.729
Gabapentin 1,440 (73.0) 185 (73.1) 1,255 (72.9) 0.999 1.37 (0.91–2.08) 0.134
Opioid OMEq (mg) 95 [76, 115] 101 [85, 115] 95 [75, 114] <0.001 1.05 (1.01–1.09)* 0.010

NMBA reversal <0.001 0.002
Neostigmine and glycopyrrolate 1586 (80.3) 228 (90.1) 1,358 (78.9) Ref
Sugammadex 388 (19.7) 25 (9.9) 363 (21.1) 0.48 (0.30–0.75)
Propofol infusion 244 (12.4) 26 (10.3) 218 (12.7) 0.307 0.89 (0.56–1.42) 0.633
Midazolam 1209 (61.3) 173 (68.4) 1036 (60.2) 0.013 1.20 (0.88–1.65) 0.252
Ketamine 1217 (61.7) 150 (59.3) 1067 (62.0) 0.407 0.85 (0.63–1.14) 0.279

Variables are summarized using mean±SD, median [IQR] or n (%).*Odds ratio was calculated per decade increase, per 10kg/m2 and per 10 mg 
of OME. NMBA: Neuromuscular blockade agent, OMEq: Oral morphine equivalents in milligrams

RESULTS

During the study time-frame, 1974 hysterectomies were 
performed under general anesthesia, with 803 (62.9%) total 
hysterectomies combined with bilateral salpingo-oophorec-
tomy. The surgical approach was robotic-assisted in 851 (43.1%) 
patients , laparotomy in 587 (29.7%) patients, and vaginal in 536 
(27.2%) patients. Two hundred fifty-three patients had respi-
ratory depression in the PACU, yielding an incidence of 128 
(95% confidence interval [CI] 114–144) per 1000 surgeries, and 
consisted of 162 (8.2%) episodes of hypoventilation, 94 (4.8%) 
episodes of hypoxemia, 75 (3.8%) episodes of apnea, 8 (0.4%) 
cases of pain-sedation mismatch, 2 (0.1%) cases of unplanned 
application of positive airway pressure devices, and 11 (4.3%, 
incidence 5.6 [3.1–10.0] per 1000 cases) naloxone administra-
tions (median [25%, 75% quartile] dose 0.4 [0.4–0.8] mg). No 
patient required reintubation in the PACU.

Clinical variables between patients who had or did not 
have PACU respiratory depression are presented in Table  1. 
Multivariable analysis was performed with the variables listed in 
Table 1, and respiratory depression was found to be associated 
with older age (odds ratio 1.22, 95% CI 1.02–1.46 per decade of life, 
p=0.03), lower body weight (0.77, 95% CI 0.62–0.94 per 10 kg/m2 
of body mass index, p=0.01), and higher intraoperative opioid 
dose (1.05, 95% CI 1.01–1.09 per 10 mg OME, p=0.01). Reversal of 
muscle relaxant with sugammadex, as opposed to neostigmine 
with glycopyrrolate, was also associated with a lower risk for 
respiratory depression (0.48, 95% CI 0.32–0.82, p=0.002).
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peritonitis, sepsis, cardiogenic shock, and died on the postop-
erative day 62.

Based on safety concerns of gabapentin in multimodal 
anesthesia, we performed a post hoc analysis of its associa-
tion with other PACU outcomes. Gabapentin was associated 
with increased rates of over-sedation (1.58, 95% CI 1.25–2.01, 
p<0.001), but not associated with a reduction in the rates of 
severe pain (0.81, 95% CI 0.64–1.02, p=0.089). 

DISCUSSION

The approximate rate of respiratory depression follow-
ing hysterectomy with general anesthesia was 12%. The most 
important finding is that the risk for respiratory depression 
was reduced with use of neuromuscular blockade rever-
sal with sugammadex and increased with older age, lower 
body weight, and higher use of opiates intraoperatively. 
These episodes of respiratory depression were not associ-
ated with increased risk for pulmonary complications during 
hospitalization. 

Similar to our previous mixed sex-cohort studies [4,18,20], 
we found in this female surgical cohort that older age, lower 
body weight, and a higher opioid dose increased risk for post-
operative respiratory depression. Older age and lower body 
weight could indicate frailty; however, the risk was not asso-
ciated with the Charlson comorbidity index. Studies have 
suggested that among women, opiates have higher analgesic 
potency, slower action onset and offset, and more impact on 
ventilatory control [23,24]. Differing from our previous studies 
[4,18-20], OSA was not associated with increased risk, raising 
the possibility of sex-specific interaction between OSA and 

postoperative respiratory depression. Supportive of this theory 
was our earlier observation of low rates of postoperative respi-
ratory depression (4.5%) in a bariatric surgical cohort, which 
consisted of 78% women with an OSA rate of 64% [25]. Also, 
contrasting from earlier studies [4,18,19,26], perioperative gab-
apentin was not associated with increased risk for respiratory 
depression; however, it was associated with increased rates of 
over-sedation in the PACU, which itself could increase the risk 
of respiratory complications in higher-risk patients [27].

Interestingly, sugammadex reversal of neuromuscular 
blockade was associated with a lower risk of post-operative 
respiratory depression. Recently, a large multicenter mixed-
sex study found that sugammadex reversal, compared to 
neostigmine, reduced the risk of postoperative pulmonary 
complications by 30% and respiratory failure by 55% [28]. Two 
other recent studies found sugammadex decreased postopera-
tive hypoxic episodes and intervention rates for postoperative 
respiratory failure, reducing both postoperative reintubation 
and non-invasive ventilation requirements [29,30]. The appar-
ently emerging benefit of this relatively newer reversal agent 
will need to be examined in future prospective trials. 

In this study, the rate of respiratory depression in PACU 
(12%) was substantially lower than our previous report of 
mixed-sex patient population undergoing lower extremity 
arthroplasty under general anesthesia (31%) [4], but similar to 
that observed after various laparoscopic operations (15%) [18], 
and higher than the rate observed following bariatric sur-
gery  [25]. While most episodes of respiratory depression in 
this study were self-limited, more serious episodes required 
interventions such as naloxone administration. The rate of 
naloxone administration in this study (0.6%) was similar to the 

TABLE 2. Perioperative outcomes

Characteristics Respiratory depression

Overall (n=1974) Yes (n=253) No. (n=1721) p
PACU events

Length of stay (hours) 1.6 [1.2, 2.3] 2.6 [2.0, 3.3] 1.5 [1.1, 2.1] <0.001
Oversedation† 525 (26.6) 86 (34.0) 439 (25.5) 0.006
Severe pain‡ 442 (22.4) 83 (32.8) 359 (20.9) <0.001
Opioid rescue 1,272 (64.4) 169 (66.8) 1,103 (64.1) 0.439
Opioid dose, OMEq (mg) 23 [12, 40] 26 [12, 46] 23 [12, 40] 0.073
Naloxone 11 (0.6) 11 (4.4) 0 ---
Post-operative nausea and vomiting 211 (10.7) 48 (19.0) 163 (9.5) <0.001

Rapid response team activation§ 22 (1.1) 6 (2.4) 16 (0.9) 0.052
Pulmonary complications¶ 23 (1.2) 2 (0.8) 21 (1.2) 0.759
Length of hospital stay (days)

Robotic-assisted 1.3 [1.2, 1.4] 1.3 [1.2, 1.4] 1.3 [1.2, 1.4] 0.185
Open abdominal 2.3 [2.2, 3.4] 2.4 [2.2, 3.9] 2.3 [2.2, 3.4] 0.620
Vaginal 1.3 [1.2, 1.6] 1.4 [1.3, 2.1] 1.3 [1.2, 1.5] 0.038
In-hospital mortality 1 (0.05) 0 (0) 1 (0.06) >0.999

Data are median [interquartile range] or number (percentage). †Defined as Richmond Agitation Sedation Score ≤−3. ‡Defined as a verbal pain score 
≥7 on an 11 point numeric pain scale. §Reasons for activations included 10 cases of vasovagal syncope, 3 post-operative nausea and vomiting, 
2 respiratory distress, 2 atrial fibrillation with rapid ventricular response, 2 altered mental status, 1 surgical bleeding, 1 hypertension, and 1 opi-
oid-associated respiratory depression reversed with naloxone. ¶Pulmonary complications included 14 cases of atelectasis, 4 cases of pneumonia, 3 
pulmonary embolisms, and 2 cases of acute respiratory distress syndrome. PACU: Post-anesthesia care unit, OMEq: Oral morphine equivalents
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rate (0.5%) observed in our study of respiratory depression fol-
lowing laparoscopic procedures [18]. It was unexpected that 
PACU respiratory depression rates would be similar among 
the three surgical approaches (robotic, vaginal, and laparot-
omy), though the laparotomy was associated with increased 
risk for postoperative pulmonary complications. 

Per practice guidelines, patients in this study who had 
respiratory depression in PACU had longer anesthesia recov-
ery. These patients also had higher rates of severe pain and 
PONV. Whether this longer PACU stay contributed to these 
other complications is not clear. Further, patients with severe 
pain may have been administered more opioids, leading 
to subsequent respiratory depression. Unfortunately, cau-
sality cannot be distinguished from our retrospective data. 
Fortunately, postoperative complications were not increased 
among patients with respiratory depression in the PACU, dif-
fering from our previous reports where these episodes were 
strongly correlated with serious episodes of opioid-induced 
respiratory depression on the wards [19,21].

Limitations

This study has all limitations related to its retrospective 
design and potential errors associated with automated data 
extraction. The use of nurse-diagnosed respiratory specific 
events relies on witnessing and recognizing signs of respiratory 
depression and therefore is a somewhat subjective measure. 
Lastly, the anesthetic management was left to the discretion 
of the supervising anesthesiologist, introducing the possibility 
of treatment bias (e.g., using a more protective anesthetic with 
shorter-acting agents in patients deemed higher risk).

CONCLUSION

In conclusion, respiratory depression in the PACU is asso-
ciated with increased age, lower body mass index, and greater 
intraoperative opioid dose. The neuromuscular blockade 
reversal with sugammadex, as opposed to neostigmine, was 
associated with decreased risk for respiratory events in the 
recovery room. 

ACKNOWLEDGMENTS

We would like to acknowledge the Anesthesia Clinical 
Research Unit study coordinators Mr. Timothy J. Weister, 
M.S.N., R.N, and Ms. Erica R. Portner R.R.T., LRT for their 
help with data extraction.

REFERENCES

[1] Canet J, Gallart L. Postoperative respiratory failure: Pathogenesis, 
prediction, and prevention. Curr Opin Crit Care 2014;20(1):56-62.

 https://doi.org/10.1097/mcc.0000000000000045.
[2] Gali B, Whalen FX, Schroeder DR, Gay PC, Plevak DJ. Identification 

of patients at risk for postoperative respiratory complications using 
a preoperative obstructive sleep apnea screening tool and postanes-
thesia care assessment. Anesthesiology 2009;110(4):869-77.

 https://doi.org/10.1097/aln.0b013e31819b5d70.
[3] Lee LA, Caplan RA, Stephens LS, Posner KL, Terman GW, Voepel-

Lewis T, et al. Postoperative opioid-induced respiratory depression: 
A closed claims analysis. Anesthesiology 2015;122(3):659-65.

 https://doi.org/10.1097/aln.0000000000000564.
[4] Weingarten TN, Jacob AK, Njathi CW, Wilson GA, Sprung J. 

Multimodal analgesic protocol and postanesthesia respiratory 
depression during phase i recovery after total joint arthroplasty. Reg 
Anesth Pain Med 2015;40(4):330-6.

 https://doi.org/10.1097/aap.0000000000000257.
[5] Food and Drug Administration. FDA Warns about Serious 

Breathing Problems with Seizure and Nerve Pain Medicines 
Gabapentin (Neurontin, Gralise, Horizant) and Pregabalin (Lyrica, 
Lyrica CR). United States: Food and Drug Administration; 2019.

[6] Peppard PE, Young T, Barnet JH, Palta M, Hagen EW, Hla KM. 
Increased prevalence of sleep-disordered breathing in adults. Am 
J Epidemiol 2013;177(9):1006-14.

 https://doi.org/10.1093/aje/kws342.
[7] Lin CM, Davidson TM, Ancoli-Israel S. Gender differences in 

obstructive sleep apnea and treatment implications. Sleep Med Rev 
2008;12(6):481-96.

 https://doi.org/10.1016/j.smrv.2007.11.003.
[8] Ready LB. Acute pain: Lessons learned from 25,000 patients. Reg 

Anesth Pain Med. 1999;24(6):499-505.
 https://doi.org/10.1016/s1098-7339(99)90038-x.
[9] Kalogera E, Dowdy SC. Enhanced recovery pathway in gynecologic 

surgery: Improving outcomes through evidence-based medicine. 
Obstet Gynecol Clin North Am 2016;43(3):551-73.

[10] Gali B, Bakkum-Gamez JN, Plevak DJ, Schroeder D, Wilson TO, 
Jankowski CJ. Perioperative outcomes of robotic-assisted hys-
terectomy compared with open hysterectomy. Anesth Analg 
2018;126(1):127-33.

 https://doi.org/10.1213/ane.0000000000001935.
[11] Graybill WS, Frumovitz M, Nick AM, Wei C, Mena GE, Soliman PT, 

et al. Impact of smoking on perioperative pulmonary and upper 
respiratory complications after laparoscopic gynecologic surgery. 
Gynecol Oncol 2012;125(3):556-60.

 https://doi.org/10.1016/j.ygyno.2012.03.020.
[12] Whiteman MK, Hillis SD, Jamieson DJ, Morrow B, Podgornik MN, 

Brett KM, et al. Inpatient hysterectomy surveillance in the United 
States, 2000-2004. Am J Obstet Gynecol 2008;198(1):34.e1-.7.

 https://doi.org/10.1016/j.ajog.2007.05.039.
[13] Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, 

Keane  KA, et al. The richmond agitation-sedation scale: Validity 
and reliability in adult intensive care unit patients. Am J Respir Crit 
Care Med 2002;166(10):1338-44.

 https://doi.org/10.1164/rccm.2107138.
[14] Aldrete JA. The post-anesthesia recovery score revisited. J Clin 

Anesth 1995;7(1):89-91.
[15] Herasevich V, Kor DJ, Li M, Pickering BW. ICU data mart: A non-iT 

approach. A team of clinicians, researchers and informatics person-
nel at the Mayo Clinic have taken a homegrown approach to build-
ing an ICU data mart. Healthc Inform 2011;28(11):42, 4-5.

[16] Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method 
of classifying prognostic comorbidity in longitudinal studies: 
Development and validation. J Chronic Dis 1987;40(5):373-83.

 https://doi.org/10.1016/0021-9681(87)90171-8.
[17] Dowell D, Haegerich TM, Chou R. CDC Guideline for 

Prescribing Opioids for Chronic Pain--United States, 2016. JAMA 
2016;315(15):1624-45.

 https://doi.org/10.1001/jama.2016.1464.
[18] Cavalcante AN, Sprung J, Schroeder DR, Weingarten TN. 

Multimodal analgesic therapy with gabapentin and its associa-
tion with postoperative respiratory depression. Anesth Analg 
2017;125(1):141-6.



Mariana L. Laporta, et al.: Respiratory events after hysterectomy

Bosn J Basic Med Sci. 2021;21(3):346-351 351 www.bjbms.org

 https://doi.org/10.1213/ane.0000000000001719.
[19] Deljou A, Hedrick SJ, Portner ER, Schroeder DR, Hooten WM, 

Sprung J, et al. Pattern of perioperative gabapentinoid use and 
risk for postoperative naloxone administration. Br J Anaesth 
2018;120(4):798-806.

 https://doi.org/10.1016/j.bja.2017.11.113.
[20] Weingarten TN, Chong EY, Schroeder DR, Sprung J. Predictors and 

outcomes following naloxone administration during Phase I anes-
thesia recovery. J Anesth 2016;30(1):116-22.

 https://doi.org/10.1007/s00540-015-2082-0.
[21] Weingarten TN, Herasevich V, McGlinch MC, Beatty NC, 

Christensen ED, Hannifan SK, et al. Predictors of delayed postop-
erative respiratory depression assessed from naloxone administra-
tion. Anesth Analg 2015;121(2):422-9.

 https://doi.org/10.1213/ane.0000000000000792.
[22] Weingarten TN, Warner LL, Sprung J. Timing of postoperative 

respiratory emergencies: When do they really occur? Curr Opin 
Anaesthesiol 2017;30(1):156-62.

 https://doi.org/10.1097/aco.0000000000000401.
[23] Albert MD, Sarton E, Teppema L, Olievier C. Sex-related dif-

ferences in the influence of morphine on ventilatory control in 
humans anesthesiology. J Am Soc Anesthesiol 1998;88(4):903-13.

 https://doi.org/10.1097/00000542-199804000-00009.
[24] Sarton E, Olofsen E, Romberg R, den Hartigh J, Kest B, Nieuwenhuijs D, 

et al. Sex differences in morphine analgesia: An experimental study in 
healthy volunteers. Anesthesiology 2000;93(5):1245-54.

 https://doi.org/10.1097/00000542-200011000-00018.
[25] Weingarten TN, Hawkins NM, Beam WB, Brandt HA, Koepp DJ, 

Kellogg TA, et al. Factors associated with prolonged anesthesia 

recovery following laparoscopic bariatric surgery: A retrospective 
analysis. Obes Surg 2015;25(6):1024-30.

 https://doi.org/10.1007/s11695-014-1468-7.
[26] Hardman MI, Kruthiventi SC, Schmugge MR, Cavalcante AN, 

Jensen JB, Schroeder DR, et al. Risk factors and outcomes of postop-
erative emergency response team activation: A matched case-con-
trol study. Crit Care Resusc 2020;22(1):6-14.

[27] Wu A, Drummond GB. Sleep arousal after lower abdominal 
surgery and relation to recovery from respiratory obstruction. 
Anesthesiology 2003;99(6):1295-302.

 https://doi.org/10.1097/00000542-200312000-00010.
[28] Kheterpal S, Vaughn MT, Dubovoy TZ, Shah NJ, Bash LD, 

Colquhoun DA, et al. Sugammadex versus neostigmine for reversal 
of neuromuscular blockade and postoperative pulmonary com-
plications (STRONGER): A multicenter matched cohort analysis. 
Anesthesiology 2020;132(6):1371-81.

 https://doi.org/10.1097/aln.0000000000003256.
[29] Krause M, McWilliams SK, Bullard KJ, Mayes LM, Jameson LC, 

Mikulich-Gilbertson SK, et al. Neostigmine versus sugammadex 
for reversal of neuromuscular blockade and effects on reintubation 
for respiratory failure or newly initiated noninvasive ventilation: An 
interrupted time series design. Anesth Analg 2020;131(1):141-151.

 https://doi.org/10.1213/ane.0000000000004505.
[30] Moon TS, Reznik S, Pak T, Jan K, Pruszynski J, Kim A, et al. 

Sugammadex versus neostigmine for reversal of rocuronium-in-
duced neuromuscular blockade: A randomized, double-blinded 
study of thoracic surgical patients evaluating hypoxic episodes in 
the early postoperative period. J Clin Anesth 2020;64:109804.

 https://doi.org/10.1016/j.jclinane.2020.109804.

Related articles published in BJBMS
1. Respiratory depression in the post-anesthesia care unit: Mayo Clinic experience
 Mariana L. Laporta., BJBMS, 2020
2. Postoperative pulmonary complications in contemporary cohort of patients with pulmonary hypertension.
 S. Chandralekha Kruthiventi et al., BJBMS, 2019


