

[image: image1]
Longitudinal impact of cross-clamp duration on postoperative sleep disturbance and quality of life in elderly cardiac surgery patients: a secondary analysis of the MINDDS trial












	
	TYPE Original Research

PUBLISHED 22 January 2025
DOI 10.3389/fanes.2024.1483837






[image: image2]

Longitudinal impact of cross-clamp duration on postoperative sleep disturbance and quality of life in elderly cardiac surgery patients: a secondary analysis of the MINDDS trial

Grace E. Namirembe1†, Jamie Sparling1†, Alexis Novak1, Ariel Mueller1, Julia Bertsch1, Kwame Wiredu1, Jason Z. Qu1, M. Brandon Westover2, Timothy T. Houle1 and Oluwaseun Akeju1*

1Department of Anesthesia, Critical Care and Pain Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, MA, United States

2Department of Neurology, Beth Israel Deaconess Medical Center, Boston, MA, United States

EDITED BY
Stefano Turi, San Raffaele Hospital (IRCCS), Italy

REVIEWED BY
Valentina Ajello, Policlinico Tor Vergata, Italy
Alessandro Russo, Integrated University Hospital Verona, Italy

*CORRESPONDENCE Oluwaseun Akeju oluwaseun.akeju@mgh.harvard.edu

†These authors have contributed equally to this work

RECEIVED 20 August 2024
ACCEPTED 16 December 2024
PUBLISHED 22 January 2025

CITATION Namirembe GE, Sparling J, Novak A, Mueller A, Bertsch J, Wiredu K, Qu JZ, Brandon Westover M, Houle TT and Akeju O (2025) Longitudinal impact of cross-clamp duration on postoperative sleep disturbance and quality of life in elderly cardiac surgery patients: a secondary analysis of the MINDDS trial.
Front. Anesthesiol. 3:1483837.
doi: 10.3389/fanes.2024.1483837

COPYRIGHT © 2025 Namirembe, Sparling, Novak, Mueller, Bertsch, Wiredu, Qu, Brandon Westover, Houle and Akeju. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Objectives: This study aimed to assess the enduring impact of cross-clamp duration on postoperative sleep disturbance and functional outcomes (up to 180 days) in cardiac surgery patients.



Design: This is a secondary analysis of data from a randomized, double-blind trial comparing dexmedetomidine to placebo for delirium prevention (Minimizing ICU Neurological Dysfunction with Dexmedetomidine-induced Sleep).



Setting: Data from patients recruited at a tertiary medical center in Boston, Massachusetts, between March 2017 and February 2022 were analyzed in January 2024.



Participants: The study included 394 patients aged ≥60 who underwent cardiac surgery with cardiopulmonary bypass.



Interventions: The primary exposure was cross-clamp time, while secondary exposures included surgical type [isolated coronary artery bypass graft (CABG) or not] and dexmedetomidine randomization.



Measurements and main results: The primary outcome was sleep quality, assessed using the PROMIS Sleep Disturbance questionnaire at 30, 90, and 180 days postoperatively. Secondary outcomes encompassed cognitive function and health-related quality of life in various domains. Sleep quality, measured by PROMIS scores, showed improvement over time, and did not differ based on cross-clamp duration (MD 0.74 points, 95% CI: −0.57, 2.07), procedure type (MD 2.14 points, 95% CI: 0.29, 3.99), or dexmedetomidine (MD 0.9 points, 95% CI: −1.33, 1.5). However, isolated CABG patients reported sleep disturbance at all time points. Notably, extended cross-clamp time (>90 min) significantly worsened the trajectories of mental health (90-day: MD −2.37 points, 95% CI: −4.35, −0.39; 180-day: MD −2.68 points, 95% CI: −4.62, −0.73) and applied cognition (180-day: MD: −2.59 points, 95% CI: −4.49, −0.68).



Conclusion: Regardless of the duration of the cross-clamp, sleep quality tends to improve over time following cardiac surgery. However, cross-clamp times that last longer than 90 min have been identified as a risk factor for self-reported declines in mental health and applied cognition.
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Introduction

Elderly surgery patients face a unique set of challenges during recovery (1). Specific to cardiac surgery, the duration of cross-clamp has been associated with adverse outcomes such as prolonged requirement for ventilatory support, renal dysfunction, extended hospitalization, and elevated mortality risk (2–5). Looking beyond the immediate postoperative phase, the impact of cross-clamp time is unclear. Further, it is also unclear what role cross-clamp time may play in patient reported outcomes in the postoperative period. A characterization of the association between prolonged cross-clamp time and patient-reported outcomes is needed to further our understanding of modifiable outcomes.

The Minimizing ICU Neurological Dysfunction with Dexmedetomidine-induced Sleep (MINDDS) trial aimed to investigate whether a nighttime loading dose of dexmedetomidine could reduce the occurrence of postoperative delirium among elderly cardiac surgery patients who were extubated within twelve hours of being admitted to the ICU (6, 7). The trial reported a significant decrease in the incidence of postoperative delirium on the day after surgery (7). Data on patient-reported outcomes and cognitive function were gathered from MINDDS trial participants for a duration of up to six months post-surgery. Consequently, this dataset provides an opportunity to explore hypotheses regarding the trends in patient-reported outcomes.

Therefore, this post hoc analysis of the MINDDS trial aimed to evaluate whether the trajectories of patient-reported outcome measures were different based on the duration of cardiopulmonary bypass. It was hypothesized that longer cross-clamp times would both be associated with heterogeneity in the trajectory of sleep disturbance over time, and differences in sleep disturbance scores at each time point.



Methods


Study design and participants

This was a secondary analysis of the MINDDS clinical trial. Secondary use of this data, consistent with the parent trial aims, was approved by the Mass General Brigham Institutional Review Board. The MINDDS trial was a randomized placebo-controlled, double-blinded, single-site, parallel-arm superiority trial. Patients aged 60 years or older, who underwent cardiac surgery with planned cardiopulmonary bypass and planned postoperative admission to the intensive care unit (ICU) for at least 24 h were enrolled and randomized to receive either dexmedetomidine or placebo. Briefly, patients were excluded if they were allergic to dexmedetomidine, had renal or liver failure, were on antipsychotic or chronic benzodiazepine therapy, recently underwent cardiac surgery or were admitted to the ICU, underwent a procedure requiring total circulatory arrest, or those in whom follow up could not be performed reliably (e.g., blind, deaf, unable to communicate, etc.). Specific details of the inclusion and exclusion criteria were reported elsewhere (6). All patients provided written informed consent for the primary trial and subsequent use of their data.



Study intervention and exposure of interest

In the parent trial, enrolled patients were randomized to receive either dexmedetomidine or placebo, which was administered intravenously after extubation and every night that the patient was in the ICU for up to three days. A dosage of 1 ug/kg over 40 min was administered at each time point. Delirium cases were identified with twice-daily use of the confusion assessment method, which was designed based on DSM-IV diagnostic criteria (8).

In the present analysis, cross-clamp time was considered the exposure of primary interest. Exposures of secondary interest were surgical type [isolated coronary artery bypass graft (CABG) vs. valvular surgery] and treatment assignment (dexmedetomidine or placebo). The randomization definition of exposure (rather than per-protocol administration) was utilized given the infrequency of non-adherence while leveraging the robust randomization used in the modified intention-to-treat design. Exploratory analyses were performed considering patient characteristics, including age, sex, and postoperative delirium status, defined as any instance of delirium within the first three post-surgical days.



Outcome measures

The primary outcome of the present analysis was sleep quality, given previous findings that major surgery is associated with sleep and circadian phase disruption (9, 10). Sleep quality was assessed using the patient-reported outcome measures (PROMIS) Sleep Disturbance SF 4A V.1 at 30, 90 and 180 days. The PROMIS Sleep Disturbance – which can be administered via telephone - is an eight-item assessment of the patient's sleep disturbance over the prior seven days, with lower scores indicating better sleep quality. The assessment is scored on a range of 8–40, which was translated to a T-score for analysis, with a mean of 50 and a standard deviation of 10.

Secondary outcomes including telephonic Montreal Cognitive Assessment (t-MOCA), health-related quality of life in several domains, namely global physical and mental health, physical function, and pain, were also assessed using validated patient-reported outcome measures (PROMIS) at 30, 90 and 180 days. This included the PROMIS Global Health SF V.1.1 (which results in both a physical and mental score), PROMIS Physical Function SF 8b V.1.2, and PROMIS Pain Interference SF 8a V.1.0. As above, PROMIS measures were elicited from patients via phone and translated to a T-score for analysis. For physical and mental health PROMIS measures, higher scores were indicative of better function, whereas lower scores on the PROMIS Pain Interference short form was indicative of better outcomes.



Statistical analysis

For this analysis, continuous data are reported as mean (± standard deviation) or median [interquartile range] depending on their distribution, and as frequency counts (percentages) for categorical variables. Normality of continuous data was assessed visually using histograms. For all analyses, generalized linear mixed effect models were utilized, with a gaussian distribution and identify link. Separate models were constructed to evaluate each exposure and outcome of interest. In this model framework, a random intercept was included for each subject to account for the repeated outcomes collected within the same subject. In these models fixed effects were included for timepoint of measure, baseline scores and the exposure of interest, and the interaction of exposure with time. By including an interaction term, this allowed evaluation of whether or not the observed associations with the exposure varied at each time point or followed a consistent trajectory. In the event that no interaction was present, interaction terms were removed from the final model to allow evaluation of the main model effects. Final model results were interpreted, with values reported as a mean difference (MD) and its associated 95% confidence interval. Given the exploratory nature of this secondary analysis, evidence of an interaction was considered present if the p-value for the omnibus test for an interaction was less than 0.10. For all other analyses p-values <0.05 were considered statistically significant. All analyses were conducted in SAS version 9.4 (SAS Institute Inc., Cary NC). No imputation for missing data or adjustment for multiple testing was performed given the exploratory nature of this secondary analysis.

Given the design within the context of a larger randomized controlled trial, no a priori power calculation was performed for this analysis. Instead, all available data from the modified intention-to-treat cohort was utilized.




Results


Patient and surgical characteristics

A total of 394 subjects were included in the modified intention-to-treat cohort and are included in this analysis. The median baseline score on the PROMIS Sleep Disturbance was 51 [IQR 44, 56], with only 26.9% of the cohort being female (Table 1). Overall, 197 (50.0%) participants underwent a surgical procedures with cross clamp time exceeding 90 min and 75 (19.0%) underwent an isolated CABG procedure. Of the 394 included participants, 188 (47.7%) were randomized to receive dexmedetomidine. Ultimately 275 patients could be contacted at 30 days, as well as 237 at 90 days and 242 subjects at 180 days. For each patient reported PROMIS functional outcomes, including sleep disturbance, scores improved from 30 to 90 days (Table 2).


TABLE 1 Participant characteristics.
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TABLE 2 Surgical characteristics and outcomes.
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Heterogeneity in the trajectory of sleep disturbance over time

Over time patients reported a decrease in PROMIS Sleep Disturbance scores, representing improved sleep quality (Figure 1). Despite this, the trajectory of sleep disturbance throughout the six-month period was not modified by the duration of cross-clamp (p = 0.69; Figure 1A) or by the type of procedure (p = 0.81; Figure 1B). Although there was a trend suggesting that the randomization assignment modified the trajectory of sleep disturbance over time, particularly driven by the observations at 90 days, this was not statistically significant (p = 0.13; Figure 1C).


[image: Figure 1]
FIGURE 1
Heterogeneity time. Heterogeneity in the trajectory of sleep, as defined with the PROMIS sleep disturbance questionnaire, is reported for several covariates of interest, including cross clamp time (A), procedure type (B), randomization assignment (C), age (D), sex (E) and delirium status (F) error bars represent the standard error of the estimate. All estimates have been adjusted for baseline PROMIS Sleep Disturbance scores. P-values in the figure represent the omnibus test evaluating the presence of an interaction between the exposure of interest and time. CABG, coronary artery bypass graft; CCT, cross clamp time.




Differences in sleep disturbance

In models adjusting only for the time and the baseline sleep disturbance score, patients with cross-clamp time greater than 90 min experienced no difference in their sleep quality as compared to patients with shorter cross-clamp times (MD 0.74 points, 95% CI: −0.57, 2.07; p = 0.27). On the contrary, isolated CABG patients exhibited worse sleep quality at all time points as compared to patients who underwent a valvular procedure (MD 2.14 points, 95% CI: 0.29, 3.99; p = 0.02). Patients randomized to dexmedetomidine experienced similar sleep quality levels as compared to placebo (MD 0.09 points, 95% CI: −1.33, 1.50; p = 0.90). These data are summarized in Table 3. These results were conserved in sensitivity analyses adjusting for delirium occurring within the first three days postoperatively (Supplementary Table S1).


TABLE 3 Models evaluating the association with PROMIS sleep disturbance.
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Trajectory of other functional outcomes after cardiac surgery

Over time, the trajectory of t-MOCA and patient-reported outcomes in various domains improved after surgery (Figure 2). However, cross-clamp time greater than 90 min significantly modified the trajectory of PROMIS Global Mental Health (p = 0.02). At 90 and 180 days, mental health scores were more than two points lower in those experiencing a longer cross-clamp time (90-day: MD −2.37 points, 95% CI: −4.35, −0.39; 180-day: MD −2.68 points, 95% CI: −4.62, −0.73; Figure 2G). Similarly, cross-clamp time greater than 90 min significantly modified the trajectory of PROMIS Applied Cognition, with those undergoing longer cross-clamp times experiencing a decrease in their applied cognition by 2.59 additional points at 180 days as compared to those with shorter durations at 180 days (MD: −2.59 points, 95% CI: −4.49, −0.68; Figure 2P).
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FIGURE 2
Heterogeneity in the trajectory of PROMIS functional outcomes and neurocognition. Heterogeneity in the trajectory of Patient-Reported Outcomes Measurement Information System (PROMIS) and cognition variables are assessed in the first 180 days postoperatively for (A–C) telephonic Montreal Cognitive Assessment, (D–F) global physical and (G–I) mental health, (J–L) physical function, (M–O) pain interference, and (P–R) applied cognition. This is reported separately for cross clamp time (blue), procedure type (green) and randomization assignment (purple). Error bars represent the standard error of the estimate. All estimates have been adjusted for their baseline scores, respectively. PROMIS, patient-reported outcomes measurement information system; CABG, coronary artery bypass graft; CCT, cross clamp time.


No heterogeneity in the trajectory of other functional outcomes was observed based off the procedure type (isolated CABG or not) or treatment assignment, with one exception. After adjusting for baseline function, randomization to dexmedetomidine modified the trajectory of pain interference over time, such that at 30 days patients who received dexmedetomidine had less pain interference as compared to patients who received placebo (MD −1.77, 95% CI: −3.83, 0.30), however this direction and magnitude did not persist through 90 and 180 days (Figure 2O).



Exploratory analyses for age, sex and delirium status

Results for the exploratory analyses considering age, sex, and delirium status are shown in Supplementary Figure S1. Both age and sex significantly modified the trajectory of global physical function over time (p = 0.06 and 0.02, respectively), with similar scores through three months postoperatively, but with younger participants (Supplementary Figure S1D) and females (Supplementary Figure S1E) reporting higher scores at 180 days. Sex was also noted to modify the trajectory of pain and mental health over time (Supplementary Figures S1H, N, respectively). No other interactions were observed.

At each time point, patients who experienced delirium reported worse scores (applied cognition, tMOCA, physical function) than patients who did not. However, these associations were not modified over time (all p-values >0.52).




Discussion

In this secondary analysis of the MINDDS trial, we explored whether sleep disturbance at each time point and its trajectory over time would be affected by longer cross-clamp time, procedural type, and nighttime dexmedetomidine. While overall sleep quality improved for all patients over time, the hypotheses that cross-clamp time exceeding 90 min would be associated with heterogeneity in the trajectory of sleep disturbance, and differences in sleep disturbance were not supported. This finding aligns with the general improved postoperative recovery trajectory after cardiac surgery (11). However, despite the improved sleep quality trajectories, patients undergoing isolated coronary CABG procedures consistently reported poor sleep quality at all time points compared to those undergoing valvular procedures.

Sleep is a state of altered arousal that offers cardiovascular, immune, and cognitive benefits (12, 13). However, few studies have reported on sleep disturbance after cardiac surgery. Overall, these studies suggest an increase in sleep disruption after CABG, with improvement as early as one month afterward (14–16). Patients who reported low-quality sleep after CABG were more likely to self-report worse quality of life (11). In the present study, patients who underwent isolated CABG did not report worse outcomes in the cognitive function and health-related quality of life evaluated. Consequently, the reason for the self-reported increase in sleep disturbance following isolated CABG procedures in this study remains unclear. Given objective and subjective sleep quality may differ (17), future polysomnography studies may provide additional valuable insights.

Our investigation went beyond studying sleep disturbance to evaluate various other functional outcomes. We found that patients who had cross-clamp times of greater than 90 min showed noticeably different patterns in their PROMIS Global Mental Health and Applied Cognition scores. These patients had lower scores in later time points, which indicates that longer cross-clamp times may lead to mental and cognitive health difficulties during the recovery phase. Considering the potential overlap between mental health and subjective cognitive items, further research would be advantageous to elucidate the particular constructs under scrutiny, such as anxiety and depression. Should these findings be validated through broader investigations, they could enhance our comprehension of the biological underpinnings of mental health. For instance, investigating the reasons behind significant variances observed at the 90-day mark and uncovering the biological mechanisms responsible for this delay, as well as determining whether they are modifiable, may substantially enrich our understanding of perioperative stressors an how they affect these outcomes. It is important to note however that reasons for an increased cross-clamp time are likely multifactorial. It is possible this could represent differences in the surgical approach, potential intraoperative characteristics or commplications, or even differences in technical skills. Thus, cross-clamp time may serve as proxy for these different scenarios and their association with mental and subjective cognitive abilities.

In this study, despite the observed associatons for mental health and applied cognition, no heterogenety was observed in physical function for those with increased cross-clamp times or different surgery types (e.g., valve vs. isolated CABG surgeries). It is possible that this is simply the result of an underpowered association, though the magnitude of any effect is likely not clinically meaningful. The rationale for this finding is less clear, particularly as there is some evidence that age and sex may play a role in global physical function, particularly at a year after surgery. Future studies may be required to replicate these findings, or to aid in our undstanding of this surprising finding.

Postoperative delirium, characterized by acute confusion and cognitive dysfunction following surgery (18–25), has been previously associated with impaired cognitive recovery (26–29). Despite dexmedetomidine's demonstrated role in reducing postoperative delirium incidence in the parent trial (7) and in other populations (30–36), the reported findings in this manuscript indicate that nighttime dexmedetomidine did not improve post-hospital discharge quality of life. It is possible that patients experiencing delirium may have had underlying vulnerabilities affecting their quality of life long before their hospital admission and postoperative delirium diagnosis, given that current evidence implies a lack of a direct causal association.


Limitations

This study is not without limitations, including those inherent to the primary trial design and the study design as a nested cohort analysis within the context of a randomized controlled trial, including the possibility of residual confounding from other surgical or anesthetic characteristics that were not included in the exploratory analysis. Additionally, this was a secondary analysis of the MINDDS trial, so it was not powered for assessing long-term sleep disturbance or other functional outcomes. While it was possible that the results we observed are a result of an underpowered interaction analysis, we did identify some evidence of an interaction, and those lacking evidence were not likely of a clinically meaningful magnitude. Further limiting this analysis was the presence of missing data, in which follow-up patient interviews were not completed for various reasons, which could have created bias if patients with missing data were worse off than those retained in the study. Lastly, this analysis is limited to assessing function to six months after surgery, therefore we are unable to comment on longer term follow up.



Conclusion

In conclusion, our findings highlight the nuanced nature of postoperative recovery after cardiac surgery patients. While sleep disturbance improved over time for all patients, procedural factors such as cross-clamp time and type of surgery had varying impacts on sleep quality and broader functional outcomes such as mental health. These findings emphasize the significance of conducting prospective studies that aim to better comprehend the underlying associations between surgical factors and long-term patient-related outcomes. Additionally, these studies should explore the potential modifiability of these associations through preoperative interventions, such as comprehensive perioperative mental health intervention bundles (37).
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