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Purpose: To investigate the effect of continuous erector spinae plane block (ESPB) on postoperative sleep in patients undergoing
thoracoscopic lung lobe resection surgery.

Patients and Methods: Eighty-six patients were randomly assigned into two groups: ESPB group (Group E) or control group
(Group P). Group E received ESPB before induction, followed by continuous ESPB analgesia, while Group P received postoperative
intravenous controlled analgesia. The Pittsburgh Sleep Quality Index (PSQI) questionnaire was used to assess postoperative sleep
disturbance (PSD) on the postoperative day 3 (POD3). The St. Mary’s Hospital Sleep Questionnaire (SMH) evaluated sleep quality on
the day of surgery and postoperative day 1 (POD1) and postoperative day 2 (POD2). The Identity Consequence Fatigue Scale-10
(ICFS-10) was utilized to evaluate postoperative fatigue status. Numeric Rating Scale (NRS) scores at resting and coughing were
recorded at extubation, 6 h, 24 h, 48 h, 72 h after surgery. Consumption of propofol, remifentanil, and remedial analgesics
(bucinazine), hospital duration, occurrence of postoperative adverse reactions were documented. Interleukin-6 (IL-6) and interleu-
kin-10 (IL-10) serum levels were measured before surgery, 12 h, 24 h, 48 h after surgery.

Results: The incidence of PSD in group E on POD3 was significantly lower than group P (75% vs 25%). Patients in group E had
higher SMH scores than group P on the day of surgery and POD2. Compared with group P, the NRS scores of resting and coughing at
all time points, remifentanil and bucinazine consumption, postoperative ICFS-10 scores, the incidence of nausea and vomiting, IL-6
serum levels in group E were significantly decreased. The IL-10 serum levels in group E were significantly higher than those in group
P.

Conclusion: The continuous ESPB can improve postoperative sleep quality, alleviate pain, fatigue and inflammation, and reduce the
incidence of postoperative nausea and vomiting.
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Introduction
Postoperative sleep disturbance (PSD) is a common yet frequently overlooked issue.'> Various factors contribute to PSD,
including stress and inflammatory response triggered by surgical trauma,>* endocrine disorders, anesthesia and narcotic

drugs,>® postoperative pain and complications,”® noisy external environment, and preoperative anxiety and
1

. 9,10 . . . . 1
depression. Studies have reported that up to 78% of patients experienced PSD after thoracic surgery. " Sleep
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disruption can lead to early postoperative fatigue, paroxysmal hypoxemia, hemodynamic changes (such as hypertension,
arrhythmia, and myocardial infarction),'? hyperpathia and chronic pain,'* adverse mood (including anxiety and

depression),'* postoperative cognitive disorders and even stroke,'> '’

all of which negatively affect postoperative
recovery. Therefore, enhancing perioperative analgesia and mitigating stress and inflammation resulting from surgical
trauma are essential for improving sleep quality and facilitating patient recovery in thoracoscopic surgery. Strategies such
as reducing postoperative pain, surgical stress, and inflammatory responses through nerve afferent blockade and
minimally invasive techniques show significant promise.

The erector spinae plane block (ESPB) is a novel technique for fascia plane anesthesia that represents a safer, less
invasive, and technically simpler alternative to traditional trunk anesthesia methods. It has demonstrated effectiveness in

providing postoperative analgesia following thoracoscopic surgery,'® =

with its analgesic efficacy being non-inferior to
that of thoracic epidural analgesia.”®

Currently, most research on ESPB primarily focuses on postoperative analgesia, with limited investigation into the
quality of postoperative recovery, such as sleep. Therefore, this study aims to examine the effects of continuous ESPB on

postoperative sleep in patients undergoing thoracoscopic lung lobe resection and to explore its potential mechanisms.

Materials and Methods

Ethics and Registration

The study was conducted at the Affiliated Hospital of Xuzhou Medical University in Xuzhou City, Jiangsu Province,
China, from April 2020 to October 2020. It received approval from the hospital’s Research Ethics Committee
(XYFY2020-KL082) on March 18 and complied with the principles outlined in the Declaration of Helsinki. Written
informed consent was obtained from all patients participating in the study. Additionally, the study was registered with the
Chinese Clinical Trial Registry (ChicTR1900025979) prior to patient enrollment.

Study Population

The estimated sample size was derived from the results of a preliminary study, which indicated an incidence of PSD of
78% in patients undergoing thoracic surgery. The expected effect size was calculated to detect a 30% reduction in PSD
following surgery, employing a two-sided a of 0.05 and a power of 90%. Consequently, a total of 78 patients were
deemed necessary for the study. To account for potential loss to follow-up or withdrawal of consent, a total of 86 patients
were enrolled in the trial. Participants were randomly assigned to either the Continuous ESPB group (Group E) or the
control group (Group P), with 43 cases in each group.

The study employed the following inclusion criteria: (1) Age: 18—75 years; (2) American Society of Anesthesiologists
physical status classification (ASA) grade I-1II. Patients were excluded based on the following criteria: (1) preoperative
Pittsburgh Sleep Quality Index (PSQI) scores greater than 7; (2) pre-existing central nervous system diseases or mental
illnesses; (3) obstructive sleep apnea syndrome (OSAS); (4) other endocrine and metabolic disorders (such as thyroid
dysfunction or adrenal insufficiency); (5) severe renal or hepatic insufficiency; (6) preoperative Self-Rating Anxiety
Scale scores exceeding 50; (7) preoperative Self-Rating Depression Scale cumulative scores greater than 50% of the
total; (8) use of sedatives or antidepressants; (9) significant hearing or vision impairments that hinder effective
communication with physicians; (10) inability to comprehend the scale’s content, resulting in participant rejection;
(11) allergies to local anesthetics, infections at the puncture site, abnormal coagulation function, or peripheral nervous
system diseases; (12) plans for intensive care unit (ICU) admission post-surgery. Patients were also excluded if they: (1)
experienced failure of continuous ESPB; (2) had a change in surgical method to thoracotomy; (3) underwent multiple
lobectomies or total lung resections; (4) had unplanned ICU admissions following surgery; (5) canceled the operation; (6)
required reoperation; (7) failed to complete follow-up.

Preoperative Visit, Anesthesia, Surgery and Postoperative Management
The PSQI questionnaire was employed to assess the patients’ sleep status during the month preceding surgery, with
a PSQI score greater than 7 indicating sleep disturbance. Preoperative sleep quality was evaluated using the St. Mary’s
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Hospital Sleep Questionnaire (SMH), where higher scores reflect better sleep quality. Additionally, preoperative fatigue
levels were measured using the Identity Consequence Fatigue Scale-10 (ICFS-10). Anxiety and depression were assessed
with the Self-Rating Anxiety Scale (SAS), where a score exceeding 50 indicates anxiety, and the Self-Rating Depression
Scale (SDS), with a cumulative score greater than 50% of the total score indicating depression.

All patients received preoperative sedation with dexmedetomidine at a dosage of 1 pg/kg. Group E underwent an
ultrasound-guided continuous ESPB prior to anesthesia induction. The TS spinous process was scanned in the median
sagittal position using a linear ultrasound transducer (Mindray DP 9900 plus; Mindray Bio-Medical Electronics,
Shenzhen, China). An 18-gauge Tuohy needle (Stimuplex A, B Braun, Melsungen, Germany) was inserted using an in-
plane superior-to-inferior approach. The tip of the needle was positioned within the fascial plane on the deep (anterior)
aspect of the erector spinaec muscle. An epidural catheter was then inserted to a depth of 5 cm, and 20 mL of 0.5%
ropivacaine was administered for the block. Pain and temperature block levels were assessed after 15-20 minutes, with
careful monitoring for complications such as pneumothorax and intraspinal block.

General anesthesia was induced using midazolam (0.04 mg/kg), etomidate (0.3 mg/kg), sufentanil (0.6 pg/kg),
rocuronium (0.8 mg/kg), and dorasetron (12.5 mg). Anesthesia was maintained with sevoflurane (1-2%), remifentanil
(0.1-0.3 pg/kg-min), and propofol (2—5 mg/kg-h). Following muscle relaxation, patients underwent double-lumen
bronchial tube insertion guided by bronchoscopy. In instances of hypotension, defined as systolic arterial pressure
<80 mmHg or mean arterial pressure <60 mmHg, additional fluids and intermittent boluses of ephedrine were
administered. Atropine was provided for severe bradycardia (<45 bpm). Flurbiprofen (100 mg) was administered
30 minutes prior to the conclusion of surgery. Both groups received patient-controlled analgesia (PCA) for 48 hours post-
surgery. The analgesia pump formulation for group P consisted of sufentanil (2 pg/kg) and tropisetron (10 mg) in 100 mL
saline, with a background infusion of 2 mL/h, a bolus of 2 mL, and a lockout time of 15 minutes. In contrast, the
formulation for group E included 0.3% ropivacaine (300 mL), with a background infusion of 6 mL/h, a bolus of 8 mL,
and a lockout time of 30 minutes. Bucinazine (50 mg) was administered as an adjuvant analgesic rescue medication if the
pain score was greater than or equal to four at rest. All patients received intravenous infusions of flurbiprofen axetil
(50 mg) every 12 hours while in the ward, along with metoclopramide (10 mg) in cases of persistent nausea (lasting more
than 30 minutes) and vomiting occurring more than twice. If severe nausea persisted despite medication, along with
urinary retention, dizziness, or pruritus, the PCA pump would be temporarily discontinued. Once these symptoms
improved, the PCA pump would be reconnected.

Outcomes

The primary outcome of the study was the incidence of postoperative sleep disturbance (PSD) on postoperative day 3
(POD3). Postoperative sleep disturbance was defined as PSQI scores greater than 7. The secondary outcomes included:
SMH scores on the day of surgery (PODO), postoperative day 1 (POD1), and postoperative day 2 (POD2); resting and
coughing NRS scores assessed at the time of extubation, as well as at 6 hours, 24 hours, 48 hours, and 72 hours post-
surgery; ICFS-10 scores measured three days after surgery; remifentanil consumption; bucinazine consumption within
48 hours postoperatively; incidence of postoperative adverse reactions (including nausea, vomiting, dizziness, and
pruritus); length of hospitalization; and serum levels of IL-6 and IL-10.

The PSQI questionnaire consists of a total score and seven components, including subjective sleep quality, sleep
latency, sleep duration, habitual sleep efficiency, presence of sleep disorders, use of sleep medications, and daytime
dysfunction in the previous month. The total score ranges from 0 to 21, with higher scores indicating poorer sleep quality.
The SMH questionnaire is a self-rating tool to assess inpatients’ sleep status over 24 hours. It evaluates seven aspects:
depth, quality, satisfaction, daytime functioning, disturbance, and night wake frequency. A higher score on the SMH
questionnaire reflects better sleep.

Statistical Analyses

All data were analyzed using SPSS software, version 25.0 (IBM SPSS). We assessed the normality of quantitative
variables with the Shapiro—Wilk test and evaluated the homogeneity of variance using the Levene test. Quantitative
variables were expressed as mean (SD) or median (IQR). Student’s t-tests were employed to compare the mean values of
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age, weight, height, and duration of surgery. Mann—Whitney U-tests were utilized to analyze preoperative scores for the
SAS, SDS, PSQI, and SMH, as well as intraoperative remifentanil consumption, postoperative bucinazine consumption,
and duration of hospitalization. Qualitative variables were reported as frequencies and proportions. The y*test and
Fisher’s exact test were used to compare ASA classification, gender, and the incidence of PSD. Additionally, a two-way
repeated-measures analysis of variance, with a Bonferroni correction for multiple comparisons, was conducted to
evaluate postoperative pain scores, SMH scores, and serum levels of IL-6 and IL-10. P-values less than 0.05 for two-
tailed tests were considered statistically significant.

Results

A total of 86 cases were initially included in the study, with 5 cases subsequently excluded (3 cases converted to
thoracotomy and 2 cases admitted to the ICU post-surgery), resulting in 81 cases available for statistical analysis. The
demographic data, including gender, age, BMI, ASA grade, smoking status, and surgery duration, were comparable
between the two groups. Additionally, there were no significant differences in preoperative SAS and SDS scores, PSQI
scores, and ICFS-10 scores between the groups. Continuous ESPB was successfully performed on all patients in Group
E, and no ESPB-related adverse events (such as local anesthetic toxicity, pneumothorax, bleeding, or infection) were
reported in this study.

Patients in Group E exhibited higher SMH scores than those in Group P on both PODO0 and POD2 (P < 0.05), with
a more pronounced difference observed on PODO0. Additionally, when compared to preoperative baseline values, SMH
scores were lower in both groups on the day of surgery and 1-2 days postoperatively. The incidence of PSD in Group
E on POD3 was significantly lower than that in Group P (75% vs 25%, P < 0.01) (Table 1).

In comparison to Group P, the NRS scores for resting and coughing in Group E were significantly reduced at all time
points following surgery (P < 0.01) (Table 2). The total consumption of remifentanil and bucinazine in Group E was
significantly lower than that in Group P (P < 0.05). Furthermore, the postoperative ICFS-10 scores and the incidence of
postoperative nausea and vomiting in Group E were significantly lower than those in Group P (P < 0.05) (Table 3). While

Table I Comparison of PSQI Scores, PSD Incidences and
SMH Scores After Surgery

Group E (n=41) | Group P (n=40)
PSQI score [M(IQR)] | 4 (2)** 10 (5)
PSD (%) 25 75
SMH PODO [M(IQR)] | 23.5 (8)* 17.5 (5)
SMH PODI [M(IQR)] | 27 (6) 25 (10)
SMH POD2 [M(IQR)] | 29 (6)* 26 (9)

Notes: *: P < 0.05, **: P < 0.01.

Abbreviations: PSQI, Pittsburgh Sleep Quality Index questionnaire; PSD,
Postoperative Sleep Disturbance; SMH, St. Mary’s Hospital Sleep question-
naire; PODO, surgery day; PODI, postoperative day |; POD2,
postoperative day 2.

Table 2 Comparison of NRS Scores at Each Time Point After Surgery (x & s)

Extubation 6h 24h 48h 72h
Resting NRS Group E (n=41) 2.34+0.82%* 2.54+0.84** 2.22+0.87%* 1.71£0.5** 1.1940.40%*
Group P (n=40) 3.28+0.78 3.30£0.82 3.38+0.98 2.70£0.91 1.93+0.57
Coughing NRS Group E (n=41) 3.15+0.82°%* 3.10£0.74%* 2.51+0.64** 2.1240.40%* 1.63+0.49%*
Group P (n=40) 3.85+0.58 3.95+0.71 3.50+0.82 2.98+0.69 2.08+0.47

Note: *: P < 0.01.
Abbreviation: NRS, Numeric Rating Scale.
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Table 3 Comparison

of Anesthetic

Drugs,

Consumption, Hospital Duration, and Adverse Reactions

Bucinazine

Group E (n=41) | Group P (n=40)
Propofol (mg, ¥ £ ) 346.47+125.72 397.50+138.60
Remifentanil [mg, M(IQR)] | 1.2 (0.73)* 1.5 (1)
Bucinazine [mg, M(IQR)] 0 (0)* 0 (100)
ICFS-10 (x £5) 29.34+1.35% 32.85+2.20
Hospital duration (d) 7(2) 73)
Nausea, n (%) 3 (7.3)* 10 (25)
Vomiting, n (%) 2 (4.9)* 9 (22.5)

Note: *: P < 0.05.
Abbreviation: ICFS-10, The Identity Consequence Fatigue Scale-10.

Table 4 IL-6 and IL-10 Serum Levels at Different Time Points After Surgery

Pre-Operation | 12h 24h 48h
IL-6 (pg/mL) | Group E (n=41) | 47.92+15.12 126.68+40.13 | 178.64+95.07** | 87.95+24.48*
Group P (n=40) | 45.1611.18 150.39£52.75 | 269.92+108.10 | 113.50+47.30
IL-10 (pg/mL) | Group E (n=41) | 115.98+34.58 183.11£31.26 | 215.52+45.04** | 158.87+35.78*
Group P (n=40) | 113.14+32.39 138.85+24.10 | 183.61£32.79 137.20£35.91

Notes: *: P < 0.05, **: P < 0.01.
Abbreviations: IL-6, Interleukin-6; IL-10, Interleukin-10.

the incidences of adverse reactions such as dizziness, dyspnea, pruritus, and drowsiness of the two groups were similar.
The serum levels of IL-6 at 24 hours and 48 hours post-surgery were significantly lower in Group E compared to Group
P. Additionally, the serum levels of IL-10 in Group E were higher than those in Group P (Table 4). There was no
significant difference in propofol consumption or duration of hospital stay between the two groups.

Discussion
Our study showed that continuous ESPB can improve postoperative sleep quality, alleviate pain, fatigue and inflamma-
tion, and decrease the occurrence of postoperative nausea and vomiting.

Sleep disorders following thoracic surgery are primarily linked to postoperative pain, discomfort caused by the
drainage tube, coughing, sputum production, and postoperative nausea and vomiting. Additionally, disturbances such as
alarms from ward monitors and infusion pumps, the snoring of other patients in the same ward, and noise from medical
work areas—including treatment carts and ringing phones—can also contribute to sleep disorders in postoperative
patients. Furthermore, complications such as pneumonia, atelectasis, and hypoxia may impact sleep quality for these
patients to varying degrees. In our study, patients undergoing thoracoscopic lobectomy experienced significant sleep
disturbances from the first to the third postoperative night. Sleep quality was poorest on the first night but showed notable
improvement by the third night, although it remained lower than preoperative levels. This finding aligns with the research
conducted by Gogenur.**

Pain following thoracic surgery primarily comprises incisional pain and discomfort associated with drainage tubes.
Research indicates that the ESPB effectively alleviates both incision-related pain and visceral pain resulting from
thoracoscopy.'®!? The discomfort associated with chest drainage tubes is largely attributed to irritation of the parietal
pleura. Additionally, ESPB can help mitigate this discomfort. Both groups exhibited postoperative NRS scores within the
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clinically acceptable range. According to the minimal clinically important difference proposed by Myles et al,> an
improvement of 1 point is considered clinically significant. In Group E, the reduction in rest pain observed after
extubation, as well as at 24 and 48 hours post-surgery, demonstrates clinical significance. Furthermore, the improvement
in cough pain at both 6 and 24 hours after surgery also reaches clinical significance. Although opioids are effective in
relieving pain, they can also alter sleep patterns.”®*’ Since preoperative ESPB in Group E can produce effects similar to
those of a paravertebral nerve block, it is reasonable to conclude that the intraoperative dosage of remifentanil was lower
than that in Group P. Group E primarily relied on ESPB for postoperative analgesia, thereby avoiding the use of
sufentanil, and the dosage of bucinazine was also reduced. Thus, it can reduce the sleep disturbance caused by opioids
and the adverse reactions such as nausea and vomiting.

Research indicates that pro-inflammatory cytokines, such as interleukin-6 (IL-6), interleukin-1 (IL-1), and tumor
necrosis factor-a (TNF-a)), which are triggered by surgical trauma and postoperative pain, can directly affect the central
nervous system, thereby disrupting normal sleep patterns.”* Conversely, interleukin-10 (IL-10) serves as a crucial anti-
inflammatory factor that promotes neutrophil apoptosis. Notably, the postoperative IL-6 levels in Group E were
significantly lower compared to those in Group P, while the IL-10 levels were higher in Group E than in Group P,
aligning with the findings of Qiao et al.”® Consequently, another potential explanation for the reduced incidence of PSD
in Group E may be the attenuation of the inflammatory response through continuous ESPB, which mitigates its adverse
effects on sleep.

Postoperative fatigue is significantly correlated with the postoperative circadian sleep-wake rhythm pattern.** Group
E exhibited notably lower postoperative fatigue scores compared to Group P, indicating that the use of ESPB can
effectively reduce fatigue in patients following surgery. One possible explanation for this finding is that patients in the
experimental group experienced improved sleep quality and reduced pain, which enabled them to participate in early
mobility and lung function exercises. This positive feedback loop not only enhanced patient satisfaction during
hospitalization but also facilitated earlier recovery. However, the duration of the postoperative hospital stay did not
differ significantly between the two groups in this study, likely due to the standard duration of hospital stays following
thoracic surgery at our facility, as well as the individual preferences of the patients regarding hospitalization.

This study had several limitations: (1) Polysomnography and electroencephalography were not employed to assess
sleep quality among patients due to the complexity and high costs associated with monitoring. (2) Blinding was
incomplete, there were significant differences in the connection positions and parameter settings of the postoperative
analgesia pump between the two groups. (3) The absence of single rooms led to unavoidable noise, light, and medical
activities in collective wards, which hindered the maintenance of a consistent postoperative hospital environment and
may have influenced sleep outcomes. (4) The study focused solely on the sleep status of patients who underwent
thoracoscopic surgery within three days post-surgery, without exploring the potential impacts beyond one month or
longer.

Conclusion
The continuous ESPB can reduce the incidence of postoperative sleep disturbances, improve overall postoperative sleep
quality, alleviate pain, fatigue, and inflammation, and decrease the occurrence of postoperative nausea and vomiting.

Data Sharing Statement

The individual deidentified participant data in our study could be shared with readers. Readers can obtain the data by
emailing the corresponding author (zyy0218@126.com). We did not include specific data and documents from previous
reports in our study. All the data in our study are available for 10 years.
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