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Perioperative management and circadian rhythm of surgery time jointly influence
delayed PACU discharge in elderly patients after general anesthesia: a case-control

study of 1 469 cases

CHEN Chunmei, CHEN Yan, ZHAO Benhui, ZOU Wenzhong, LU Sunshan, QUAN Junxian, LI Yirong, LIU
Xiangfeng, LIU Guanglei, QIU Fang, YANG Ziheng, LIU Mingyuan, GU Jianteng Department of Anesthesiology,
First Affiliated Hospital, Army Medical University (Third Military Medical University) , Chongqing, China

[Abstract] Objective To investigate the independent influencing factors for delayed discharge from
the post-anesthesia care unit (PACU) in elderly patients undergoing non-cardiac surgery under general
anesthesia, encompassing preoperative status, intraoperative management, and innovative circadian rhythm
dimensions, to provide references for optimizing perioperative management. Methods This study adopted a
retrospective case-control design. A total of 1 469 elderly patients (aged =60 years) who underwent non-
cardiac surgery under general anesthesia and were admitted to the PACU for recovery at our department
between January 2021 and December 2023 were enrolled. Based on whether the time from PACU admission
to achieving a modified Aldrete score =9 exceeded 120 min, patients were divided into a delayed group (n=
709) and a non-delayed group (n=760). Data on demographic characteristics, preoperative comorbidities,
American Society of Anesthesiologists (ASA) physical status classification, intraoperative management
indicators, postoperative monitoring indicators, PACU admission-related indicators and surgery/PACU
admission time rhythm data were collected via the Hospital Inpatient Management System and the Anesthesia
Clinical Information System. Univariate comparisons of various indicators between the 2 groups were
performed using the Chi-square test or binary logistic regression. Subsequently, variables with P<0. 05 in the
univariate analysis were included in a binary logistic stepwise regression model to analyze the independent
factors influencing delayed PACU discharge. Results Univariate analysis showed that the delayed group
had significantly higher rates of male sex, ASA class Il - IV, preoperative respiratory disease, intraoperative
use of vasoactive drugs and colloids, total intraoperative fluid intake and output, intraoperative blood loss,
postoperative use of intravenous and nerve block analgesia, surgery and anesthesia duration, and body
temperature upon PACU admission compared to the non-delayed group (P<0.05). Conversely, the delayed
group had a significantly lower rate of using the neuromuscular reversal agent neostigmine and lower
postoperative hemoglobin levels (P<0.05). Regarding circadian rhythm, significant differences were found
between the 2 groups in the distribution of surgery start time and PACU admission time (P<0.001).
Multivariate analysis revealed that preoperative respiratory disease (8=0.616, P<0.001), ASA class -V
(B =0.501, P=0.002), intraoperative colloid use (B=0.626, P<0.001), increased total intraoperative fluid
intake (8=0. 001, P<0.001), surgery initiation during the Si period (9:00-11:00) (8=0. 353, P=0. 005), and
PACU admission during the Shen period (15:00-17:00) (8=0. 660, P<0. 001) were independent risk factors for
delayed discharge. In contrast, the use of the neuromuscular reversal agent neostigmine (8=-0.327, P=
0.007) and PACU admission during the Xu period (19:00-21:00) (8=-0. 468, P=0. 042) were independent
protective factors. Conclusion Delayed discharge from the PACU after general anesthesia in elderly
patients is jointly influenced by multiple factors, including preoperative patient status, intraoperative
management, recovery-phase interventions, and surgical timing rhythm. Implementing individualized
anesthesia and fluid management for high-risk elderly patients, using neuromuscular reversal agents, and
considering the time rhythm effects in surgical scheduling and PACU resource allocation may reduce the
incidence of delayed PACU discharge after general anesthesia.

[Key words | aged; general anesthesia; post-anesthesia care unit; delayed recovery
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Table 1 Variable types and definitions

Variable type

Specific variable definitions

Basic information

Preoperative status and comorbidities

Intraoperative monitoring and

management indicators

Postoperative monitoring and

management indicators

PACU management and monitoring

indicators

Circadian rhythm-related indicators

(D Sex: Female=0, Male=1; @ Agelyears: 60~69 years=1, 70~79 years=2, =80 years=3

D ASA grade: 1 -1=1, M-IV=2; @ Preoperative cardiovascular disease (excluding hypertension) : No=0,

Yes=1; @ Preoperative respiratory disease: No=0, Yes=1; @ Preoperative hypertension: No=0, Yes=1

(D Anesthesia method: Intravenous general anesthesia=1; Inhalation combined with intravenous anesthesia=2;
@ Use of vasoactive drugs: No=0, Yes=1; @ Intraoperative colloid use: No=0, Yes=1; @ Intraoperative
potassium supplementation: No=0, Yes=1; & Surgery duration, anesthesia duration, total intraoperative input
(crystalloids + colloids + blood cells + plasma) , intraoperative blood loss, total intraoperative output (blood

loss + urine output + insensible loss) were treated as continuous variables

D Postoperative electrolyte levels normal: No=0, Yes=1; @ Postoperative hemoglobin value, treated as a

continuous variable

(D Use of flumazenil: No=0, Yes=1; ) Use of neuromuscular blockade reversal (neostigmine) : No=0, Yes=
1; @ Use of opioid antagonist (naloxone) : No=0, Yes=1; @ Intravenous analgesia: No=0, Yes=1; 3 Nerve
block analgesia: No=0, Yes=1; © PACU admission body temperature and PACU admission heart rate were

treated as continuous variables

(D Surgical season: Spring=1, Summer=2, Autumn=3, Winter=4; ) Surgery start time: Chen period (7:00—
9:00)=1, Si period (9:00-11:00)=2, Wu period (11:00-13:00)=3, Wei period (13:00-15:00)=4, Shen
period (15:00-17:00)=5, You period (17:00-19:00)=6; 3 PACU admission time: Si period=1, Wu period

=2, Wei period=3, Shen period=4, You period=5, Xu period (19:00-21:00)=6

A RAR A T A B — AN K, A S A
ST, WA A4 SER A B 8 5
TARIERA . PRI A AL, Y DL 60~69 %5 4T 1%
BBE N T, 80 % LU I Mt R B . FERRTA
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AHOCEE W , LR B TR Z T A B A By, (H
FARIFRIR S A PACU BRI/ TE L RIFFAE 2552,
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Table 2 Comparison of categorical variables between delayed and non-delayed groups|n( % ) |

Variable Delayed group(n=709)  Non-delayed group(n=760) X2 P

Male 431(60.79) 403(53.03) 9.01 <0.01
Agelyears 1. 65 0. 44

60~69 412(58.11) 466(61.32)

70~79 259(36.53) 254(33.42)

=80 38(5.36) 40(5.26)
ASA grade ITI-IV 129(18. 19) 92(12.11) 10. 64 <0.01
Preoperative cardiovascular disease (excluding hypertension) 100(14. 10) 118(15.53) 0.59 0. 44
Preoperative respiratory disease 190(26. 80) 118(15.53) 28.13 <0.01
Preoperative hypertension 223(31.45) 234(30.79) 0.19 0.78
Anesthesia method 4.02 0.05

Intravenous general anesthesia 367(51.76) 433(56.97)

Inhalation combined with  intravenous anesthesia 342(48.24) 327(43.03)
Use of vasoactive drugs 535(75. 46) 484(63. 68) 23.93 <0.01
Intraoperative colloid use 539(76.02) 394(51. 84) 92.55 <0.01
Intraoperative potassium supplementation 134(18. 90) 136(17. 89) 0.25 0.62
Postoperative electrolyte levels 702(99. 01) 752(98.95) 0.02 0. 90
Use of flumazenil 509(71.79) 557(73.29) 0.41 0.52
Use of neuromuscular blockade reversal (neostigmine ) 447(63.05) 530(69.74) 7.37 0.01
Use of opioid antagonist (naloxone) 8(1.13) 6(0.79) 0.45 0. 50
Intravenous analgesia 181(25.53) 154(20. 26) 5.78 0.02
Nerve block analgesia 316(44. 57) 283(37.24) 8.17 <0.01
Surgical season 5.28 0.15

Spring 189(26. 66) 208(27.37)

Summer 178(25. 11) 202(26. 58)

Autumn 158(22. 28) 190(25. 00)

Winter 184(25.95) 160(21. 05)
Surgery start time period 57.79 <0.01

Chen period 32(4.51) 57(7.50)

Si period 414(58.39) 325(42.76)

Wu period 76(10.72) 88(11.58)

Wei period 131(18. 48) 146(19.21)

Shen period 44(6.21) 100(13. 16)

You period 12(1. 69) 44(5.79)
PACU admission time period 66. 41 <0.01

Si period 18(2.54) 58(7.63)

Wu period 123(17. 35) 163(21. 45)

Wei period 172(24. 26) 173(22.76)

Shen period 234(33.00) 140(18. 42)

You period 123(17.35) 142(18. 68)

Xu period 39(5.50) 84(11.05)

a: Mann-Whitney U test



http://aammt. tmmu. edu. cn P 2275 5 R 2273, 2026, 48(5) 597
*3 WRASKREREZEZETEI L (vs)
Table 3 Comparison of continuous variables between delayed group and non-delayed group (x+s)
Delayed group(n=709) Non-delayed group(n=760) P

Variable Median Median
Postoperative hemoglobin value 116. 14+17.75 118. 00 118.36+16. 61 120. 00 0.01
Total intraoperative input 1 760. 76+947. 76 1 600. 00 1 266. 70+684. 64 1 200. 00 <0.01
Intraoperative blood loss 275.91£393. 07 200. 00 159. 85+206. 34 100. 00 <0.01
Total intraoperative output 1 410. 93+890. 06 1200. 00 957.57+648. 67 900. 00 <0.01
Surgery duration 3.59+1.83 3.27 2.64+1.68 2.35 <0.01
Anesthesia duration 4.44+1.93 4.18 3.36=x1. 81 3.25 <0.01
PACU admission body temperature 36.42+0. 35 36. 40 36. 38+0. 20 36. 40 0.03
PACU admission heart rate 73.28+16. 09 71. 00 74.12+15. 17 73.00 0.30

x4 FMZEBELRFEH PACUR % FEE Logistic X 47 B I3 5 #r 45 R
Table 4 Results of multifactorial logistic stepwise regression analysis influencing delayed discharge from PACU in elderly patients
Variable B SE Wald x2 P

PACU admission time period_6. 0 -0. 468 0.230 4.139 0.042
PACU admission time period_4. 0 0. 660 0. 141 22.047 <0. 001
Surgery start time period_2. 0 0.353 0.125 7.897 0. 005
ASA grade 0. 501 0. 161 9. 691 0. 002
Preoperative respiratory disease 0.616 0. 141 19. 168 <0. 001
Intraoperative colloid use 0. 626 0.131 22.849 <0. 001
Use of neuromuscular blockade reversal (neostigmine ) -0.327 0.121 7.255 0. 007
Total intraoperative input 0. 001 <0. 001 38.274 <0. 001
Intercept -2.082 0.258 65. 344 <0. 001
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