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Risk factors for hypotension after general anesthesia induction in
elderly patients based on lipid parameters: a case-control study

YANG Yi-ying'", JIANG Hui', GONG Chao’, CHEN Yi-chao', ZHANG Long'
('Department of Anesthesiology, Qingpu Hospital , Fudan University,Shanghai 201700, China; *Department of Anesthesiology ,
Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China)

[ Abstract] Objective To investigate the risk factors for post-induction hypotension during general
anesthesia in elderly patients in consideration of lipid parameters in order to provide reference for the
prevention and management of post-induction hypotension in this population. Methods A retrospective
analysis was performed on elderly patients who underwent elective non-cardiac surgery with general
anesthesia in Qingpu Hospital, Fudan University from Feb 2019 to Apr 2023. After excluding missing
data, patients were divided into the hypotension group and the control group based on hypotension criteria.
General data, laboratory test results, hemodynamic indices, etc., were collected. Univariate and
multivariate Logistic regression analyses were used to identify risk factors, and sensitivity analysis
(excluding hypertensive patients) was conducted to validate the results. Results When unexcluding
hypertensive patients, univariate analysis showed that high total cholesterol (TC), high non-high-density
lipoprotein (non-HDIL.) , high mean arterial pressure (MAP) at baseline and concomitant use of midazolam

were associated with hypotension. Multivariate analysis indicated that high MAP at baseline and high TC
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were risk factors, while concomitant use of midazolam was a protective factor. After excluding
hypertensive patients (sensitivity analysis), univariate analysis showed that high TC, high non-HDL, high
MAP at baseline and concomitant use of midazolam were associated with hypotension; multivariate
analysis showed that high TC was a risk factor, while concomitant use of midazolam was a protective
factor. Conclusion High baseline mean arterial pressure and high total cholesterol are risk factors for
post-induction hypotension in elderly patients undergoing general anesthesia, while concomitant use of

midazolam during induction may act as a protective factor.
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Tab 1 Comparison of general data between the two groups

[Ttsorn(%)]

Age (y) 71.30+5.37
Sex
Male 399 (49.44)
Female 409 (50.68)
Height (cm) 160.85+9.13
Weight (kg) 62.67+11.14

BMI (kg/m?*)
Medical history

24.47£10.50

Hypertension 368 (45.60)
Diabetes 106 (13.14)
Kidney diseases 7 (0.87)
Pulmonary diseases 15 (1.86)
Coronary artery diseases 35 (4.34)
Other diseases 42 (5.20)
ABG 181 (22.43)
ASA
I 50 (6.20)
1l 677 (83.89)
Il 81 (10.04)

71.22 +5.30 71.42+5.47 0.612
0.068
259 (51.90) 140 (45.30)
240 (48.10) 169 (54.69)
161.23 + 8.85 160.24 + 9.54 0.134
63.08+11.13 62.01+11.14 0.188
24.65 % 12.99 24.18 +3.98 0.533
228 (45.69) 140 (45.30) 0.915
71 (14.23) 35(11.33) 0.235
6 (1.20) 1(0.32) 0.190
10 (2.00) 5(1.62) 0.693
21 (4.21) 14 (4.53) 0.827
27 (5.41) 15 (4.85) 0.729
112 (22.44) 69 (22.33) 0.970
0.727
30 (6.01) 20 (6.47)
422 (84.57) 255 (82.52)
47 (9.42) 34 (11.00)

HypoT: Hypotension; ASA: American Society of Anesthesiologists; ABG: Abnormal electrocardiogram.
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Tab 2 Comparison of laboratory test indicators between the two groups (T+5)

TC (mmol/L) 4.89+1.21 4.73+1.16 5.14+ 1.24 <0.001
HDL (mmol/L) 1.16 + 0.46 1.14+0.51 1.19+0.34 0.185
TG (mmol/L) 1.63+1.05 1.59+0.93 1.70 + 1.22 0.137
Non-HDL (mmol/L) 3.73+1.11 3.59+1.09 3.95+1.12 <0.001
TC/HDL 4,50+ 1.32 4.47+1.32 4.55+1.32 0.424
LDL (mmol/L) 2.84+1.86 2.83+2.25 2.85%0.95 0.891

HypoT: Hypotension; TC: Total cholesterol; HDL: High-density lipoprotein; TG: Triglyceride; Non-HDL: Non-high density lipoprotein;

LDL: Low-density lipoprotein.

£RIFSHE AAERSHEXERIER 8084
ACE I NI B A e 2 g g ] (1.60 £0.44)
mg/kg (0.15~3.21 mg/kg) 1 (0.29+0.08) mg/kg
(0.03~1.13 mg/kg) , &5 I HHKFERK TR FIDK A e 1)
BE A 10241 (12.64 %) F1 13541 (16.73 %) sMAP,
9 (101.10+ 11.95) mmHg (65.67~148.33 mmHg) ,

HR, }(74.30 + 13.04) K /53 (45~165 1K /41 ) -

558 HEZH M e AR I P 2 B I ol R R e 1
%585 > (P<<0.001) ,MAP 4 85 (P<<0.001) . P4l
Z I8 HR, P90 B A 0 e & 45 O (0 AR FE K
B 5] 55 22 S ¥ T 4t it & B L (P=0.302,0.696,
0.091.0.191,%3).

®3 FWHEE2KRFSHEREEXERBLER

Tab 3 Comparison of anesthesia-related indicators during general anesthesia induction between the two groups

[Ttsorn(%)]

HR, (beat/min) 74.30 £ 13.04

MAP, (mmHg) 101.10+ 11.95

Induction agents for anesthesia

Propofol (mg/kg) 1.60+ 0.44
Morphine equivalent (mg/kg) 0.29 £ 0.08
Etomidate 102 (12.64)
Midazolam 135 (16.73)

74.68 £ 12.95 73.70+13.18 0.302
99.79 +10.90 103.22+13.23 <0.001
1.61£0.43 1.60 £ 0.45 0.696
0.29+0.07 0.30+ 0.09 0.091
57 (11.42) 45 (14.56) 0.191
111 (22.24) 24 (7.77) <0.001

HypoT: Hypotension; HR: Heart rate; MAP: Mean arterial pressure.

ZEEEERFESHALAERODENERE
S R RN A R E Logistic mH 4347,
% Bl TC .non-HDL \MAP, } & I i F bk 1k s £ 22
S¥A G FE L (PY<0.001,%4),

EEEEERFSHEALEROLENBEE
E59W BHHENZENHH P<0207% 8, 1F 4
W v B R E | TC.HDL.TG . non-HDL .
MAP, M MEY & A Il B AR FE R R LG T fdf FH ok
KM, A £ [ E Logistic i& A [0 I 43 #r (1] A
), 45 R R B MAP, R TC & & 4F B 4RO E
B F AR v 4 R 5 S 300 1) & A AR L R i B LR
M G I Al FH DR SR e MR PR P R (£ 5) .

ZERELRFESYPEALERMLENHBE
ST 808 M AF R A HERR i IR S L % 440 ) B #E

PEATHUBAE 0 A o 5 % BB A AH BE A6 I R 41 5 i A
K (P=0.015) . kil &40 3 TC(P=0.002) Fl non-
HDL K- (P=0.004) 8 55 o AR IR 21 4 5 K ik
W £ 1) 151 B A 2 (P<<0.001) AR IfL TR 41 5 % MAP,
B (P=0.046) . PIALETEAFSE ) B AR
BMI 5% \ABG . A [H ASA 434 .LDL . TC/HDL .
HDL . TG HR, .8 & MR 5 5 IRl K
FERKTR 5 b 22 F gt L (R 6).

PR E A KRR A R E Logistic
[\ 09 4 47, & B TC (P=0.003) . non-HDL (P=
0.005) \MAP,(P=0.034) . & I F 0k ik mk ¢ (P<<
0.000) M 2ZFAHGIFEL(ET).

e B E oA KRR P<0.2 148
i CRPPE S B R E B R 2 . TC \non-HDL |



WAL EE 55 R T LG8 AR 04 28 48 R 3 A R VS 5 A0 LS 8 6 TR 38 40 091 e MR AT 5 79

T4 ZEEEERFSHELERLERN
B [A £ Logistic [B] 13 5 47

Tab 4 Univariate Logistic regression analysis on hypotension

after general anesthesia induction in elderly patients

Age

Sex

Height

Weight

BMI

Hypertension
Diabetes

Kidney diseases
Pulmonary diseases
Other diseases
Coronary artery diseases
ABG

ASA

TC

LDL

HDL

TG

Non-HDL
TC/HDL

HR,

MAP,

Propofol

Morphine equivalent
Etomidate

Midazolam

1.303 (0.980—1.732)
1.303 (0.980—1.732)
0.988 (0.972—1.004)
0.991 (0.978—1.004)
0.994 (0.975-1.014)
0.985 (0.741-1.309)
0.236 (0.500—1.168)
0.267 (0.032—2.227)
0.804 (0.272-2.375)
0.892 (0.467—1.705)
1.080 (0.541-2.157)
0.993 (0.707-1.396)
1.072 (0.753—1.528)
1.332 (1.177-1.507)
1.005 (0.933—1.084)
1.231 (0.900—1.684)
1.106 (0.967—1.265)
1.358 (1.184—-1.557)
1.045 (0.939-1.162)
0.994 (0.983—1.005)
1.024 (1.012-1.037)
0.937 (0.678-1.296)

4.657 (0.755—28.742)

1.322 (0.869—2.011)
0.294 (0.185-0.470)

0.069
0.069
0.137
0.189
0.563
0.915
0.236
0.222
0.693
0.729
0.827
0.970
0.699
<<0.001
0.891
0.193
0.143
<<0.001
0.424
0.302
<20.001
0.695
0.098
0.192
<20.001

ASA: American Society of Anesthesiologists; ABG: Abnormal
electrocardiogram; TC: Total cholesterol; HDL: High-density
lipoprotein;  TG: Triglyceride; Non-HDL: Non-high density

lipoprotein; LDL: Low-density lipoprotein; HR: Heart rate; MAP:

Mean arterial pressure.
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Tab S Multivariate Logistic regression analysis on hypotension

after general anesthesia induction in elderly patients

11.600  <<0.001 1.022 (1.009—1.035)

MAP, 0.022
Midazolam — —1.194
TC 0.272

24.204 <20.001 0.303 (0.188—0.488)
18.199  <<0.001 1.313 (1.158—1.487)

Variables with P<C0.2 in the univariate analysis were included.

MAP: Mean arterial pressure; TC: Total cholesterol.
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Tab 6 Comparison of data between the two groups excluding hypertensive patients

Age (y) 71.06 +5.24
Sex

Male 223 (50.68)

Female 217 (49.32)
Height (cm) 161.33+9.26
Weight (kg) 61.75+10.97
BMI (kg/m?) 23.69 + 3.45
Diabetes 31 (7.05)
Kidney diseases 2 (0.45)
Pulmonary diseases 6 (1.36)
Other diseases 11 (2.50)
Coronary artery diseases 12 (2.73)
ABG 93 (21.14)
ASA

T 37 (8.41)

11 370 (84.09)

Il 33 (7.50)
TC (mmol/L) 4.99+ 1.21
LDL (mmol/L) 2.94+2.38
HDL (mmol/L) 1.20+ 0.52
TG (mmol/L) 1.65+1.15
Non-HDL (mmol/L) 3.79+1.17
TC/HDL 4.47+1.35
HR, (beat/min) 72.81+12.08
MAP, (mmHg) 101.07 £ 11.50
Propofol (mg/kg) 1.64+0.43

[Txsorn(%)]

70.82 % 4.97 71.44 +5.64 0.236
0.192

144 (53.14) 79 (46.75)

127 (46.86) 90 (53.25)
162.18 +7.87 159.97 + 11.01 0.015
62.30 % 10.84 60.87 £ 11.16 0.184
23.61+3.23 23.82+3.78 0.544
23 (8.49) 8 (2.95) 0.135
1(0.37) 1 (0.59) 0.736
4(1.48) 2(1.18) 0.797
7 (1.59) 4(2.37) 0.888
8 (2.95) 4(2.37) 0.714
57 (21.03) 36 (21.30) 0.946
0.733

24 (8.86) 13 (7.69)
225 (83.03) 145 (85.80)
22 (8.12) 11 (6.51)

4.85+1.19 5.21+1.21 0.002
2.98+2.94 2.86+0.91 0.610
1.19 £ 0.61 1.22+0.34 0.568
1.61+0.93 1.71+1.42 0.360
3.66+1.20 3.99+1.08 0.004
4.48+1.44 4.45+1.19 0.852
72.89 + 11.64 72.69 +12.78 0.867
100.15 + 10.15 102.54 + 13.29 0.046
1.64+0.43 1.63 + 0.44 0.628

HypoT: Hypotension; ASA: American Society of Anesthesiologists; ABG: Abnormal electrocardiogram; TC: Total cholesterol; HDL:

High-density lipoprotein; TG: Triglyceride; Non-HDL: Non-high density lipoprotein; LDL: Low-density lipoprotein; HR: Heart rate; MAP:

Mean arterial pressure.
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Tab 7 Univariate Logistic regression analysis excluding

hypertensive patients

Age 1.023 (0.986—1.061) 0.222
Sex 1.292 (0.879-1.898) 0.193
Height 0.972 (0.949-0.994) 0.015
Weight 0.988 (0.970—1.006) 0.184
BMI 1.017 (0.962-1.076) 0.544
Diabetes 0.536 (0.234—1.227) 0.140
Kidney diseases 1.607 (0.100—25.867) 0.738
Pulmonary diseases 0.799 (0.145-4.413) 0.797
Other diseases 0.914 (0.264-3.171) 0.888
Coronary artery diseases 0.797 (0.236-2.688) 0.715
ABG 1.016 (0.635-1.626) 0.946
ASA 0.972 (0.601-1.574) 0.909
TC 1.287 (1.089-1.520) 0.003
LDL 0.975 (0.880—1.080) 0.624
HDL 1.111 (0.774—1.594) 0.569
TG 1.080 (0.914-1.276) 0.366
Non-HDL 1.289 (1.080—1.539) 0.005
TC/HDL 0.986 (0.855-1.139) 0.852
HR, 0.999 (0.983-1.015) 0.866
MAP, 1.018 (1.001-1.036) 0.034
Propofol 0.896 (0.574-1.397) 0.627
Morphine equivalent 5.233 (0.359-76.23) 0.226
Etomidate 1.484 (0.817-2.698) 0.195
Midazolam 0.250 (0.127-0.492) <<0.001

ASA: American Society of Anesthesiologists; ABG: Abnormal
electrocardiogram; TC: Total cholesterol; HDL:
lipoprotein;  TG: Triglyceride; Non-HDL: Non-high density

lipoprotein; LDL: Low-density lipoprotein; HR: Heart rate; MAP:

Mean arterial pressure.

High-density
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Tab 8 Multivariate Logistic regression analysis excluding

hypertensive patients

Midazolam —1.406 16.092  <<0.001 0.245 (0.123-0.487)

TC 0.254 8.991 0.003 1.245 (1.092-1.522)

Variables with P<C0.2 in the univariate analysis (gender, height,
weight, history of diabetes mellitus, TC, non-HDL, MAP,,
combined use of etomidate, and combined use of midazolam) were

included in the stepwise Logistic regression analysis.
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