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Abstract

:

Introduction: Patients receiving bariatric surgery are at risk for sleep apnea (OSA) and need extensive surveillance in the postoperative period. There is evidence of respiratory events (RE) several hours after leaving PACU. We analyzed the late onset of RE in patients recovering from bariatric surgery and their opiate requirements through the first night after surgery. Methods: We studied 52 patients with OSA and 38 non-OSA patients. Preoperative studies comprised meticulous OSA evaluation for all patients and computing the predictive score PRODIGY to stratify for the risk of RE. All patients received intraoperative multimodal non-opioid anesthesia. After PACU recovery, patients were admitted to a ward and continuously monitored for pulse oximetry, heart rate, and acoustic respiratory rate for up to 18 h using MASIMO RAD-97 and TRACE software (Masimo, USA). Results: All patients showed a progressing reduction in the frequency of RE after admission to the floor. Desaturations and bradypnea, however, increased significantly for a second peak between 14 and 16 h in the OSA group. The opiate doses administered to OSA and non-OSA patients were not different and remained low during the increases in RE. Discussion: After bariatric surgery, patients with OSA show significant late-desaturation and bradypnea events. Opiate administration cannot be invoked as the cause.
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1. Introduction


Patients undergoing bariatric surgery are at a particularly increased risk for obstructive sleep apnea (OSA), with a prevalence of OSA between 35 and 94% [1]. This high number, combined with a higher risk of postoperative complications following surgery in patients with OSA, has made screening for OSA a significant focus in bariatric surgery [2,3]. However, an analysis of perioperative management of OSA guidelines has found that only half of the guidelines could be recommended as published, with improvement needs, particularly within stakeholder involvement and applicability [4]. In particular, postoperative respiratory depression has become critical in caring for these patients. The recently derived PRODIGY score, which evaluates the risk for respiratory depression in inpatient wards, emphasizes sleep disorders, particularly OSA [5]. This score was derived from opioid-induced respiratory depression associated with an increased chance for readmission, cost, and longer length of stay [6]. These findings are particularly exacerbated in patients with OSA, with increased sensitivity to the respiratory depressive effects of opioids being proposed within this population [7]. The distribution of respiratory events has been unevenly distributed, with the frequency of these events peaking late, up to 16 h after surgery [8]. Ishikawa et al. also found that desaturation events peaked at 14 h following extubation, while the incidence of bradypnea continually decreased following extubation [9].



We sought to evaluate how the timing of opiate administration related to the frequency of respiratory events and compare differences in how patients with and without OSA reacted to opiate administration overnight following bariatric surgery. This group of patients was not previously studied regarding postoperative respiratory compromise.




2. Methods


The University of South Florida IRB approved this study with protocol number Pro00036836 (second extension). All patients signed the informed consent. Patients underwent bariatric surgery between February 2022 and May 2023, most commonly a Roux-en-Y gastric bypass (53 patients) or insertion of a gastric sleeve (23 patients). We included 52 patients with OSA and 38 patients without OSA. Patient’s (19–70 year) preoperative studies comprised meticulous OSA evaluation for all patients. Those screened high-risk for OSA, with STOP-BANG 3+ or ESS 10+, underwent polysomnography (PSG). Patients using CPAP were evaluated for compliance > 70% extended more than 4 days per week before surgery. Preoperative preparation included OSA evaluation for all patients, sleep studies for severe OSA grades, and evaluation of risk for respiratory depression (low, intermediate, or high) using the PRODIGY scoring. Moderate to severe OSA evaluation comprised STOP-bang value >3 or Epworth Sleepiness Scale (ESS) > 10. The majority of patients studied who received gastric bypass or gastric sleeve surgery had been diagnosed with obstructive sleep apnea (OSA). They were actively using a CPAP or nasal PAP during sleep. Patients with known OSA were required to comply with PAP therapy to qualify for surgery. PAP machine compliance was defined as >70% usage in the following categories: usage 5+ nights per week and used for 4+ hours a night; compliance maintenance was updated every 3 months in the preoperative period and again the week before surgery.



In addition, all patients received multimodal intraoperative non-opioid anesthesia; at our institution, low or no-opioid anesthesia is becoming the new standard for surgery and is in managing agreement with published consensus [1,10].



Additionally, we utilized the predictive score PRODIGY to stratify for the risk of respiratory depression events (RE) [5]. All patients received multimodal intraoperative non-opioid or very-low opioid anesthesia. Patients with OSA were treated with positive pressure therapy (PPT) after surgery. After PACU recovery, patients were admitted to a ward and continuously monitored utilizing the MASIMO RAD-97 (Masimo, Irvine, CA, USA), which uses acoustic respiratory monitoring to determine the respiratory rate. We carefully compiled every 2 h the postoperative opiate analgesics, which included small boluses of fentanyl (25 mcg), morphine (2 mg IV), or oxycodone (5 mg). Non-opiate analgesics included magnesium chloride, ketorolac, and cyclobenzaprine. All respiratory variables were continuously collected through TRACE software (Masimo, USA) for pulse oximetry, heart rate, acoustic respiratory rate, and perfusion index every 2 h up to 18 h, but with the termination of monitoring at 7:00 a.m. the morning following surgery. Patients’ data were only counted if the timing of respiratory monitoring exceeded 8 h, which excluded some patients from completing the initial collection. Table 1 shows the characteristics of all patients evaluated.



Masimo TRACE basic software-provided data were used to count RE (desaturation events: oxygen saturation < 89% for >30 s or desaturation of 3% below baseline for >30 s; bradypnea: respiratory rate < 10 breaths/min for >30 s).



Statistical Analysis


Statistical comparisons were obtained by Mann–Whitney U test, Wilcoxon signed-rank test, Kruskal–Wallis test, Dwass–Steel–Critchlow–Fligner test, 2 samples 2-sided T-test, Chi-squared test, and paired 2-sided sample T-tests for various criteria. Mann–Whitney U tests were performed to compare patients with OSA to patients without OSA for frequency of RE. Opioid usage between OSA and non-OSA patients was evaluated via 2-sample 2-sided T-tests. Wilcoxon signed-rank test and paired 2-sided sample T-tests were utilized to compare RE and opioid usage, respectively, between the various periods. The Kruskal–Wallis test was used to compare the three PRODIGY levels (low, intermediate, and high), and the Dwass–Steel–Critchlow–Fligner test was performed for specific post hoc contrast.





3. Results


Intraoperative MME (IV milligram morphine equivalents) were, on average, 1.7 mg during the 3 h and 20 min surgery and 4.4 mg, respectively, during the PACU stay, lasting 2 h and 26 min; the average duration of monitoring after PACU discharge was 15 h and 2 min. Patients’ REs are summarized in Table 2. There were 724 total desaturation events and 210 total bradypnea events. In our study group, 40% of patients experienced a desaturation event, while 49% experienced bradypnea. A total of 54% of patients with OSA experienced at least one desaturation event, and 56% had at least one bradypnea event. These numbers were 21% and 39% for patients without OSA, respectively.



The table shows that the number of RE in OSA patients was significantly higher than for non-OSA patients. Specifically, OSA status was significantly associated with a higher number of desaturation events (mean 12.7, median 1: IQR (0–11.25) vs. non-OSA (1.7, 0: IQR (0–0)) p < 0.001) and similarly for bradypnea (3.7, 1: IQR (0–3) vs. 1.0, 0: IQR (0–1) p = 0.035).



OSA patients had a progressive reduction in the frequency of RE during the first few hours after admission to the floor (Figure 1A). This peak for OSA patients from 0 to 6 h was significantly different from the trough from 6 to 10 h when the desaturation events of the periods were compared (p = 0.008). In addition, desaturations increased significantly for a second peak between 14 and 16 h compared to the trough between 6 and 10 h (p = 0.045). For bradypnea, a similar trend is seen; however, a comparison of the peak at 8 to 14 h and the trough at 6 to 8 h did not show any significant differences (p = 0.078) (Figure 1B). These previous two peaks are particularly evident in the eight patients with a high PRODIGY score, all of whom had OSA. However, the exact comparisons in this group with high PRODIGY scores were insignificant (p = 0.371, 0.289, respectively, for desaturations and bradypnea). The distribution during the overnight monitoring did not reveal increased doses of opioid administration in concert with increases in RE. In addition, the opiate doses administered at night to OSA and non-OSA patients were not different (Figure 2).



Kruskal–Wallis test comparisons between various PRODIGY levels (low, intermediate, and high) revealed a significant difference between the three groups for RE, desaturation events, and bradypnea events in the whole cohort regardless of OSA status (p < 0.001 for all). The difference in total RE, desaturation events, and bradypnea for patients with OSA by PRODIGY score was also significant in this same analysis (p = 0.013 for all). Comparisons between high and low PRODIGY score patients were significant via the Dwass–Steel–Critchlow–Fligner test for each type of event both for the overall cohort and when performed for patients with OSA only (Table 3). A similar observation was also accurate for high and intermediate PRODIGY score patients, except for the whole cohort compared to bradypnea events (p = 0.051 for this analysis). No significant differences were discovered on the Dwass–Steel–Critchlow–Fligner test between intermediate and low PRODIGY score patients. OSA status was also a substantial factor significantly differentiating low PRODIGY Score patients in terms of desaturation events (median: 0 (IQR 0–4.25) for OSA; median: 0 (IQR 0–0) for non-OSA, p = 0.043).



Most patients with OSA received the first surgery of the day at a 7:30 a.m. induction time, leading to arrival on the general care floor by 17:00. This group of 39 patients could be evaluated by the absolute clock time for the onset of their RE, and it was re-analyzed separately (Figure 3). These patients saw a peak in desaturation events from 16:00 to 18:00 and a second surge from 04:00 to 06:00 the morning following surgery. This later peak again appears unrelated to opioid usage, as most opioids were administered while still in PACU, as seen in Figure 3, with most opiates on the general care floor given within the first 2 h only. The correlation coefficient between mean MME and respiratory events from 12:00 to 06:00 in the 2 h intervals was 0.049, demonstrating the lack of relationship. The trend shown in these patients matches those seen in Figure 1A.




4. Discussion


Patients with OSA have been consistently described as more likely to experience postoperative complications. Memtsoudis et al. found sleep apnea a risk factor for aspiration pneumonia, ARDS, and intubation/mechanical ventilation for orthopedic and general surgical procedures [11]. Patients with acute respiratory failure post-major abdominal surgery have a 40–65% mortality rate and decreased 5- and 10-year survival [12]. Thirty days after major noncardiac surgery, OSA had almost a 50% increased risk for cardiovascular complications (hazard ratio = 1.49; 95% CI = 1.19–2.01) [13]. For patients at high risk for atelectasis following major abdominal surgery, CPAP utilization prevents endotracheal intubation in those who develop early hypoxemia [14]. Despite these observations, a specific evaluation of the dangers of bariatric surgery patients has not been proposed. Our results demonstrate that obesity surgery similarly carries postoperative RE risks.



Previous studies have described the frequency and temporal distribution of postoperative respiratory events. A survey of 1024 patients utilizing an acoustic respiratory rate device to determine desaturation (SpO2 < 90% for > 10 s) and bradypnea (rate < 8 breaths/min for >2 min) saw 12.1% and 5.1% of patients experience desaturation and bradypnea, respectively [9]. In addition, they saw a peak for desaturation at 14 h post-extubation; this would be comparable to our 12–14 h interval given our average PACU stay exceeding 2 h. There also was a smaller peak from 6 to 8 h, like our 4–6 h interval. Their values progressively decreased after extubation for bradypnea, with their rise at 0–1 h post-extubation. This finding is similar to our own and suggests there may be an early peak 2–4 h after arrival on a general care floor, but we also see a second rise in bradypnea from the 10 to 12 h mark, which is less visible in their data [9].



The PRODIGY score was developed to subdivide patients into categories of high, intermediate, or low to stratify for the risk of opiate-induced respiratory depression [5]. The opiates utilized in our patients were low, with a median IV MME value of 2.5 (7.5 oral MME) during monitoring. In Khanna et al., patients with no respiratory depression episodes had a median MME value of 20 mg, which would be almost double ours if referring to oral MME (however, their duration of monitoring was longer with a median of 24 h). Our findings suggest that the difference between high and intermediate/low patients is much more significant than between intermediate and low PRODIGY scores. In addition, with careful OSA screening as we performed, it is worthwhile to consider patients with OSA at higher risk, regardless of their PRODIGY category. Our discussion for the intermediate/high PRODIGY score patients is more limited, as there were only four non-OSA patients with an intermediate PRODIGY score and none with a high PRODIGY score.



Driver et al. evaluated postsurgical patients in the PRODIGY trial at two hospital sites. They utilized capnography to record respiratory events and observed a peak in respiratory events between 2:00 and 4:00 a.m. In addition, they saw a single rise in the number of respiratory depression episodes they watched, with a median value of 15.7 h after surgery. However, we noted a bimodal distribution; this can at least be partly explained by the methodology utilized in their process. They did not mandate the application of capnography at a particular point, nor did they record when admission to the general care floor was [8]. Thus, if monitoring was started later for patients than in our analysis, they may have missed the first peak described from 0 to 6 h after arriving on the general care floor. For patients in our study who were within the first group of patients undergoing surgery each day, the trend for desaturation events seen after PACU discharge for patients with OSA was again noted when the time was altered to the time of day.



We previously evaluated the presence of respiratory events during a shorter observation time limited to the PACU stay following bariatric surgery [15]. There was no difference in the number of respiratory events depending on the PRODIGY score, but patients with OSA had significantly more respiratory events than patients without OSA (1.8 vs. 0.5, p = 0.0002). We attributed this to the early CPAP utilization in the PACU and opioid-free or opioid-sparing analgesia [14]. Of note, we previously utilized capnography and pulse oximetry to detect respiratory events (Capnostream 35, Medtronic Inc., Minneapolis, MN, USA and Profox Respiratory Oximetry software), in contrast to our current approach utilizing acoustic respiratory monitoring and pulse oximetry (MASIMO RAD 97 with TRACE software). Compliance was much higher using this new approach, with no patient removing the acoustic monitor during the screening. On the other hand, it was common for patients under capnography monitoring to remove the device, citing discomfort. This advantage for acoustic respiratory tracking was noted, though capnography and acoustic monitoring were comparable in efficacy [16].



Robotic surgery was exclusively utilized in our patients, with either the Roux-en-Y gastric bypass or the sleeve gastrectomy most performed. Using robotics in fields other than bariatric surgery has shown decreased pain compared to other approaches [17]. However, research in bariatric surgery regarding pain or opiate consumption utilizing a robotic approach is lacking.



Opiate usage has the potential to increase following bariatric surgery, particularly in patients who previously were daily opioid users before surgery [18]. There is also a small population with no preoperative opiate usage, which increases use afterward [19]. Thus, recommendations to prescribe fewer and shorter-duration opiate analgesics have been popularized [18]. As a result, our patients received low to no opiate analgesia during and after surgery.



Monitoring of opiate usage in patients concurrently with respiratory events has not been previously described in the literature to our knowledge. Thus, our data suggest that there may be a strong relationship between opiate usage and respiratory events, particularly within the first 6 h post-admission to the floor after PACU discharge. Despite this appearing to be the case, it is of note that we used particularly low doses of opiates in our patients. Patients received only 5 MME (IV morphine equivalents) on average (median = 2.5 IV MME) within the duration of their monitoring; the peak opiate usage was seen within the first two hours of monitoring and was most commonly 12.5 or 25 mg fentanyl boluses. However, opiate use does not increase, with the last peak in respiratory events seen later from 12 to 16 h. Therefore, we suggest that OSA patients tend to desaturate and experience bradypnea regardless of positive pressure therapy and despite low or no opiate usage.



Limitations of our observations stem from the variety of surgical interventions, from gastric bypass to insertion of gastric sleeve, the variable range of patients’ BMI, from 25 up to 67 kg/m2, to the diverse techniques of three surgeons. However, anesthesia methods and drugs were closely standardized, and opioid utilization was limited. All patients received laparoscopic robot-aided surgery, postoperative respiratory pressure support if OSA-positive, and active early mobilization. Variations in the duration of respiratory monitoring and the end of the surgery made it more challenging to establish a pattern of what time of day is most risky for patients. Despite these limitations, there were also no respiratory depression events that required clinical nursing or physician intervention during monitoring, so it is unclear as to the significance of these events postoperatively. Due to software limitations, we could not measure direct apnea events as reported in previous studies; thus, bradypnea events encompass bradypnea and apnea. Finally, the patient population undergoing bariatric surgery at our hospital was predominantly female with lower PRODIGY scores than what was seen in the initial study by Khanna et al. This observation makes it more challenging to pinpoint conclusions based on the PRODIGY score, particularly seeing only four non-OSA patients with an intermediate score and none with a high score.




5. Conclusions


After bariatric surgery, patients with OSA have significantly more desaturation and bradypnea events, displaying a bimodal peak. A second peak was previously described in the literature for different groups of patients [8,9]. In our patients, however, opioid administration did not increase during the monitoring period and cannot be invoked as a cause for the increased number of respiratory depression events. Systematic OSA screening can also correctly identify patients at risk for respiratory depression events. Despite optimization with preoperative screening, opioid-sparing, and ERAS protocols, these patients still experience respiratory depression, though, fortunately, at a mild level. OSA is thus a significant obesity-related co-morbidity requiring careful and extended monitoring, which could not be provided in an ambulatory setting.
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Figure 1. (A) Mean desaturation events (oxygen saturation < 89% for >30 s or desaturation of 3% below baseline for >30 s) by OSA status vs. time after leaving PACU. (B) Mean bradypnea events (Respiratory rate < 10 breaths/min for >30 s) by OSA status vs. time after leaving PACU. (OSA 52 patients; non-OSA 38 patients.) 
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Figure 2. Average MME (IV morphine) for OSA and non-OSA patients every 2 h after leaving PACU: OSA 52 patients, non-OSA 38 patients (* = significantly different MME from 0 to 2 h when compared to 2–18 h, p < 0.001; error bars represent a 95% confidence interval). 
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Figure 3. Mean desaturation events and MME (IV morphine) vs. clock time (time of day) for 1st surgery of the day patients with OSA (39 patients). 
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Table 1. Patient characteristics.
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	Patient Characteristics
	OSA
	Non-OSA
	p-Value





	Number
	52
	38
	



	Female (%)
	44 (85)
	37 (97)
	N.S. (p = 0.073 a)



	Age
	47
	39
	* p < 0.001 b



	Mean BMI
	45.3 [43.0–47.5]
	44.3 [42.3–46.4]
	N.S. (p = 0.559 b)



	Mean Surgery Duration in (h: min) [95% CI]
	3:21 [3:01–3:41]
	3:01 [2:30–3:32]
	N.S. (p = 0.276 b)



	Mean PACU Length of Stay (h: min) [95% CI]
	2:23 [2:06–2:40]
	2:29 [2:12–2:47]
	N.S. (p = 0.616 b)



	Respiratory Monitoring Duration (h: min) [95% CI]
	15:08 [14:18–15:59]
	14:52 [13:57–15:48]
	N.S. (p = 0.674 b)



	Chronic Heart Failure (%)
	2 (4)
	1 (3)
	N.S. (p = 1.00 a)



	Opioid Naïve (%)
	24 (46)
	17 (45)
	N.S. (p = 0.894 c)







a = Comparison performed by Fisher’s Exact test; b = comparison performed by 2 sample 2-sided T test; c = comparison performed by Chi-squared test; N.S. = not significant (p > 0.05); * = significant; CI = confidence interval.













 





Table 2. Comparison of respiratory events and MME after PACU discharge (mg IV morphine equivalents).






Table 2. Comparison of respiratory events and MME after PACU discharge (mg IV morphine equivalents).





	

	
OSA

	
Non-OSA

	
p-Value






	
Number of Patients

	
52

	
38

	




	
Total Median Desaturation Events (IQR)

	
658; 1 (0–11.25)

	
66; 0 (0–0)

	
* (p < 0.001 a)




	
Total; Median Bradypnea Events (IQR)

	
175; 1 (0–3)

	
35; 0 (0–1)

	
* (p = 0.035 a)




	
Mean Intra-Op MME (95% CI)

	
1.9 (0.9–3.0)

	
1.5 (0.5–2.4)

	
N.S. (p = 0.526 b)




	
Mean PACU MME (95% CI)

	
4.4 (3.3–5.5)

	
4.4 (3.3–5.4)

	
N.S. (p = 0.989 b)




	
Total Mean MME on General Care Floor (95% CI)

	
(0–18 h)

	
241.8; 4.7 (3.3–6.0)

	
171.5; 4.5 (3.1–5.9)

	
N.S. (p = 0.989 b)




	
Pt with Desat Events

	
28 (54%)

	
8 (21%)

	
* (p = 0.002 c)




	
Pt with Bradypnea Events ^

	
27 (56%)

	
14 (39%)

	
N.S, (p = 0.115 c)








N.S. = not significant; * = significant (p < 0.05); IQR = interquartile range; ^ = not including 4 patients with OSA and 2 patients without OSA with incomplete respiratory rate data; a = Mann–Whitney U test; b = 2 samples 2-sided T test; c = Chi-squared test.













 





Table 3. PRODIGY score and respiratory depression events.
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	PRODIGY Score
	High (n = 8)
	Intermediate (n = 26)
	Low (n = 56)
	p-Value





	# with OSA
	8
	22
	22
	



	Patients with ≧1 RE
	8 (100%)
	17 (65%)
	31 (55%)
	N.C.



	Median RE (IQR)
	27 (10.25–103.5)
	2 (0–9.75)
	1 (0–3)
	* p < 0.001 a; H vs. L * p < 0.001 b, H vs. I * p = 0.015 b, I vs. L p = 0.211 b



	Median Desaturation Events (IQR)
	19 (4.25–102)
	0 (0–7.25)
	0 (0–1)
	* p < 0.001 a; H vs. L * p < 0.001 b, H vs. I * p = 0.020 b, I vs. L p = 0.204 b



	Median Bradypnea Events (IQR)
	5 (1.5–8)
	0 (0–5.25)
	0 (0–1)
	* p < 0.001 a; H vs. L * p < 0.001 b, H vs. I p = 0.051 b, I vs. L p = 0.592 b



	By OSA Status
	High (H)
	Intermediate (I)
	Low (L)
	p-value



	OSA Median RE (IQR)
	27 (10.25–103.5)
	2 (0–9.75)
	2 (0–7.5)
	* p = 0.013 a; H vs. L * p = 0.014 b, H vs. I * p = 0.024 b, I vs. L N.S. p = 0.985



	OSA Median Desaturation Events (IQR)
	19 (4.25–102)
	0.5 (0–8.25)
	0 (0–4.25)
	* p = 0.013 a; H vs. L * p = 0.014 b, H vs. I * p = 0.034 b, I vs. L N.S. p = 0.918



	Non-OSA Mean Desaturation Events (IQR)
	N/A
	0 (0–5.25)
	0 (0–0)
	N.S. p = 0.764 c



	OSA Median Bradypnea Events (IQR)
	5 (1.5–8)
	0 (0–2)
	1 (0–2)
	* p = 0.013 a; H vs. L * p = 0.016 b; H vs. I * p = 0.030 b; I vs. L p = 0.954 b



	Non-OSA Median Bradypnea Events (IQR)
	N/A
	7 (3.5–7)
	0 (0–1)
	N.S. p = 0.106 c







N.C. = not compared; N.S. = not significant; * = sign