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Abstract: The prevention and treatment strategies for cervical cancer patients undergoing spinal epidural anes-
thesia have increasingly focused on early screening for high-risk factors associated with potential hypotension. We
analyze the general conditions and preoperative examination results of 312 cervical cancer patients who received
spinal epidural anesthesia, in order to identify independent risk factors for hypotension, assess their predictive
efficacy, and construct a nomogram. 312 patients with cervical cancer received spinal epidural anesthesia were
included in this study. Among them, 164 patients with hypotension after hysterectomy with spinal epidural anesthe-
sia were in a hypotension group. Important risk predictors of hypotension after hysterectomy with spinal epidural
anesthesia were identified using univariate and multivariate analyses, then a clinical nomogram was constructed.
The predictive accuracy was assessed by unadjusted concordance index (C-index) and calibration plot. Univariate
and multivariate regression analysis identified basal HR (295) (95% Cl 0.831-0.900; P = 0.000) and basal PVI (95%
Cl 0.679-0.877; P = 0.000) were the independent risk factors for hypotension in cervical cancer patients with spi-
nal epidural anesthesia. Those risk factors were used to construct a clinical predictive nomogram. The regression
equation model based on the above factors was logit (P) = -6.820 + 0.216 * basal HR + basic PVl * 0.312. The
calibration curves for hypotension risk revealed excellent accuracy of the predictive nomogram model. Decision
curve analysis showed that the predictive model could be applied clinically when the threshold probability was 20
to 75%. We surmised that the basal HR values and PVI values are the independent risk factors for hypotension in
cervical cancer patients with spinal epidural anesthesia. The construction of nomograms is beneficial in predicting
the risk of hypotension in these patients.

Keywords: Heart rate, pulse perfusion variability index, hypotension, cervical cancer, spinal epidural anesthesia,
predictive effect, nomogram

Introduction

Cervical cancer is a common tumor in the
female reproductive system and can occur at
any age, with incidence peaking in women at
the ages of 35 to 39 and 60 to 64. It is a malig-
nant tumor that is prone to occur in women
after breast cancer and rectal cancer. According
to data in 2023, there are 110,000 new cases
of cervical cancer and 60,000 death cases in
China, posing a serious threat [1, 2]. Research
has shown that persistent high-risk human
papilloma virus (HPV) infection is closely relat-

ed to the occurrence of cervical cancer [3].
Hysterectomy is the most common surgical
treatment method in clinical cervical cancer
[4]. Spinal anesthesia combined with epidural
anesthesia is a common anesthesia method for
cervical cancer surgery [5]. However, one poten-
tial complication of this type of anesthesia is
postoperative hypotension [6], which can have
a significant impact on patients. Postoperative
hypotension, or low blood pressure, can occur
as a result of the anesthesia affecting the
body’s autonomic nervous system. This can
lead to a decrease in blood flow to vital organs,
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including the heart and brain [7]. Low blood
pressure can result in symptoms such as dizzi-
ness, lightheadedness, and fainting, which can
be especially dangerous for patients recovering
from surgery. In severe cases, hypotension can
lead to organ damage or even be life-threaten-
ing [8, 9].

Hypotension in clinical intravertebral anesthe-
sia for hysterectomy is not resulted from a sin-
gle factor, but the dominant factors causing
hypotension vary from patient to patient [10].
It has been shown that various factors such
as vasodilation, fluid shifts, medications, pre-
existing conditions, autonomic dysfunction,
and hypovolemia may contribute to an incre-
ased incidence of hypotension [11]. Douglas
[12] et al. found that epidural anesthesia was a
risk factor for postoperative pheochromocyto-
ma and/or paraganglioma (HR = 3.49 (95% ClI:
1.25-9.76), P = 0.017). Kuok et al. [13] investi-
gated the relationship between abdominal girth
and uterine compression of the inferior vena
cava, as well as the plane of sensory block, dur-
ing lumbar anesthesia with low-dose, heavy
bupivacaine in pregnant women undergoing
cesarean delivery. Their study aimed to deter-
mine whether abdominal girth could predict
the incidence of hypotension during cesarean
delivery. The pulse perfusion variability index
(PVI), which reflects the respiratory variability of
the wave amplitude in pulse volume tracing, is
highly sensitive to changes in preload [14, 15].
Previous studies have shown that a higher
basal PVI before anesthesia is associated with
an increased likelihood of hypotension follow-
ing spinal epidural anesthesia [16, 17]. Addi-
tionally, Frolich et al. [18] demonstrated that
women with a higher basal heart rate (HR) are
more likely to develop hypotension after intra-
thecal block.

In our study, we present a tool for more target-
ed monitoring and intervention strategies,
aimed at improving the safety and quality
of anesthesia management. Furthermore, the
development of a nomogram prediction model
offers clinicians a practical and visual tool for
making predictions and informed decisions,
which facilitates individualized treatment plans
and enhances patient outcomes. This approa-
ch also contributes to advancing anesthesia
research and clinical practice in cervical cancer
patients, paving the way for improved patient
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care and the reduction of potential complica-
tions related to hypotension.

The prevention and treatment strategies for
cervical cancer patients undergoing spinal epi-
dural anesthesia have increasingly focused on
early screening for high-risk factors associated
with potential hypotension. However, monitor-
ing indicators such as cerebral oxygen satura-
tion and HR variability are not widely adopted in
clinical practice due to the limitations of moni-
toring equipment or the complexity of calcula-
tion methods. As a result, there remains a need
for effective, rapid, reliable, and user-friendly
predictors. The purpose of this paper is to ana-
lyze the general conditions and preoperative
examination results of 312 cervical cancer
patients who received spinal epidural anesthe-
sia, in order to identify independent risk factors
for hypotension, assess their predictive effica-
¢y, and construct a nomogram. The goal is to
provide a theoretical basis for improving the
prevention of hypotension following hysterec-
tomy with spinal epidural anesthesia in clinical
practice.

Methods and materials
Study design and ethics

This retrospective analysis included patient
data between January 2019 and December
2021 from General Hospital of Taiyuan Iron &
Steel (Group) Co., Ltd. The patient selection
process is shown in the Figure 1. This study
has been reviewed and approved by the medi-
cal ethics committee of General Hospital of
Taiyuan Iron & Steel (Group) Co., Ltd.

Inclusion criteria

(1) Patients with age over 22 years; (2) Pa-
tients with cervical cancer who underwent hys-
terectomy under spinal epidural anesthesia; (3)
Patients in good maternal health condition; (4)
Patients with complete case records; (5) Pa-
tients with a confirmed diagnosis of cervical
cancetr.

Exclusion criteria

(1) Patients with abnormal liver or kidney func-
tion; (2) Pregnant females; (3) Patients requir-
ing fluid or blood transfusion for volume ex-
pansion during hysterectomy; (4) Patients with
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528 patients with spinal epidural
anesthesia

Excluded (n=200):

-45 cases aged<22 years old

-45 cases with mental disorders or
| cognitive impairment

-15 cases with pregnant females
-55 cases with cardiac diseases
-40 cases with renal edema, and other dural anesthesia, with the
primary or secondary diseases

until the end of the proced-
ure. The patient was posi-
tioned in the left lateral posi-
tion for combined spinal-epi-

puncture site at the L3-4

data

Excluded (n=16):
-16 cases with incomplete clinical

interspace. A 16G needle was
used to access the epidural

| 312 cases entered the analysis I

,/l\

Hypotension group, || Normotensive group,
patients diagnosed with || patients diagnosed with
Hypotension(n=164) normotension(n=148)

L J

|

Establish a nomogram incorporating
clinical characteristics for predicting
hypotension

Figure 1. Flow diagram detailing the selection of patients.

allergic reactions to anesthetic drugs; (5)
Patients with incomplete case records.

Diagnosis and grouping

Hypotension was defined as a systolic blood
pressure (SBP) of <80 mmHg, a decrease of
more than 20% from baseline, or a mean arte-
rial pressure (MAP) of <60 mmHg, accompa-
nied by symptoms such as nausea, vomiting,
chest tightness, dizziness, and sweating [19].
Based on these criteria, the 312 women in the
study were divided into two groups: a normal
blood pressure group and a hypotension group.
Of these, 148 women (47.4%) were in the nor-
mal blood pressure group, while 164 women
(52.6%) were classified in the hypotension

group.

Intoxication methods

No preoperative medication was administered
to any of the women, and the operating room
temperature was maintained at 22°C. The
women were placed with the right hip elevated
and in a 15° left-leaning supine position. An
anesthesiologist continuously monitored HR,
SBP, diastolic blood pressure (DBP), MAP, oxy-
gen saturation (Sp0,), and electrocardiogram
(ECG). A peripheral vein in the right hand was
accessed without pre-expansion. Initially, 500
mL of hydroxyethyl starch was infused at a rate
of 0.2 ml/kg/min, followed by an infusion of
sodium lactate compound at the same rate
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space utilizing the saline re-
sistance loss method. After
confirming entry into the epi-
dural space, a 25G lumbar
puncture needle was advan-
ced through the lumen of the
epidural needle to punctu-
re the subarachnoid space.
The presence of cerebrospi-
nal fluid was confirmed by its
outflow. Next, 10 mg (2 mL) of
heavy bupivacaine was dilut-
ed with cerebrospinal fluid to a total volume of
2.5 mL and injected over 15-30 seconds. After
the bupivacaine was administered, an epidural
catheter was placed and secured. The patient
was then repositioned to a 15° left-leaning
supine position, and oxygen was administered
via a nasal cannula.

Hypovolemia was defined as an SBP below 80%
of the baseline value, and in such cases, the
patient was treated with oxygen administered
through a nasal cannula. Hypotension was also
defined in this context and treated with 100 ug
of intravenous phenylephrine as needed. If
severe bradycardia occurs (HR <50 beats/min),
the patient was treated with 0.5 mg of in-
travenous atropine. If the level of sensory
blockade did not reach the T6 level within 10
minutes, the block was considered insufficient,
and the patient was excluded from the study. In
cases of incomplete blockade, 5 to 10 mL of
1% lidocaine was injected through the epidural
catheter.

Data collection and measurement

We collected various clinical data, including
maternal basal HR, SBP, body mass index
(BMI), method of anesthesia, puncture site,
duration of preoperative fasting, and the vol-
ume of pre-anesthesia fluid administration.
Additionally, we gathered other relevant clinical
information. The PVI, which reflects the res-
piratory variability of the wave amplitude in
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Table 1. Comparison of clinical characteristics between hypotension and normotensive group

Hypotension group

Normotensive group

(n = 164) (n = 148) v P
Age (years) 30.51£5.0 30.25+5.6 0.386 0.700
BMI 21.9+1.2 21.7+¢15 0.836 0.404
ASA Level 2.719 0.099
I 84 (51.2%) 86 (58.1%)
Il 80 (48.8%) 62 (41.9%)
Fasting time (<16 h) 132 (80.5%) 118 (79.7%) 0.028 0.867
Preoperative infusion volume 382.2+161.4 387.9+115.4 0.353 0.724
Diabetes 32 (19.5%) 26 (17.6%) 0.087 0.985
Hypertension 14 (8.5%) 10 (6.8%) 0.347 0.556
Coronary heart disease 32 (19.5%) 30 (20.2%) 0.028 0.867
Anemia 78 (47.6%) 62 (41.9%) 1.011 0.315
Hypoproteinemia 83 (50.6%) 58 (39.2%) 4.097 0.043
Electrolyte disturbance 85 (51.8%) 73 (49.3%) 0.195 0.659
Dosage of bupivacaine (ml) 11.1+1.3 11.1+1.1 0.527 0.599
Sensory blockade time (min) 116.6+£20.2 116.1+13.4 0.256 0.798
The highest level of anesthesia T7.9+0.6 T7.8+0.6 1.443 0.150
Table 2. Comparison of general vital signs
Hypotension group (n = 164) Normotensive group (n = 148) t P

Basal HR 99.06+7.71 79.50+£15.34 14.380 0.000
Basal SBP 124.92+8.19 125.18+7.72 -0.287 0.774
Basal PVI 19.51+2.62 17.19+2.50 7.932 0.000
Basal DBP 69.98+4.61 69.91+4.50 0.142 0.887
Basal MAP 80.57+4.47 80.14+6.07 0.710 0.478

Note: HR, heart rate; SBP, systolic blood pressure; PVI, pulse perfusion variability index; DBP, diastolic blood pressure; MAP,

mean artery pressure.

pulse volume tracing, was monitored using the
Masimo Radical-7 device. Basal values for HR,
PVI, SBP, DBP, and MAP were recorded three
times at 3-minute intervals before anesthe-
sia and again 5 minutes after stabilization.
Following anesthesia, HR, PVI, SBP, DBP, and
MAP were recorded every minute for 10 min-
utes. Additionally, the temperature measured
by an alcohol swab was recorded at 10 minutes
after the start of anesthesia, along with the
total volume of fluid administered.

Statistical analysis

IBM SPSS 17.0 statistical software was used
for data analysis. The Kolmogorov-Smirnov
(K-S) test was employed to assess the normali-
ty of the data. Data with a normal distribution
were presented as mean z standard devi-
ation (SD). For comparisons between multiple
groups, one-way ANOVA was used, with the
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Least Significant Difference (LSD) test applied
for pairwise comparisons. Data not normally
distributed were described using median (P25,
P75), and comparisons between groups were
conducted using nonparametric tests, spe-
cifically the Kruskal-Wallis test for multiple
groups. Categorical variables were expressed
as frequencies (percentages), and compari-
sons between groups were performed using
the chi-square test. Identified risk factors were
entered into R software (version 3.6.3) to con-
struct a nomogram model for predicting the
risk of hypotension after hysterectomy with
spinal epidural anesthesia. The variables and
regression coefficients from the model were
determined, and the receiver operating charac-
teristic (ROC) curve was generated for valida-
tion. The ROC curve was used to evaluate the
diagnostic performance of the nomogram
model.
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Table 3. Binary logistic regression analysis

Factor Hypotension group (n = 164) Normotensive group (n = 148) X2 P

Age 2.673 0.102
<35 years 114 (69.5%) 115 (77.7%)
>35 years 50 (30.5%) 33(22.3%)

BMI 0.031 0.860
>20 129 (78.7%) 123 (83.1%)
<20 35 (21.3%) 25 (16.9%)

Fasting time 0.028 0.867
<16 h 132 (80.5%) 118 (79.7%)
>16 h 32 (19.5%) 30 (20.3%)

Preoperative infusion volume 2.380 0.123
<400 93 (56.7%) 71 (48.0%)
2400 71 (43.3%) 77 (52.0%)

Diabetes 0.087 0.985
Had 32 (19.5%) 12 (8.1%)
No 132 (80.5%) 136 (91.9%)

Hypertension 0.347 0.556
Had 14 (8.5%) 10 (6.8%)
No 150 (91.5%) 138 (93.2%)

Coronary heart disease 1.011 0.315
Had 32 (19.5%) 30 (20.2%)
No 132 (80.5%) 114 (79.8%)

Anemia 0.798 0.373
Had 78 (47.6%) 62 (41.9%)
No 86 (52.4%) 86 (58.1%)

Hypoproteinemia 4.097 0.043
Had 83 (50.6%) 58 (39.2%)
No 81 (49.4%) 90 (60.8%)

Electrolyte disturbance 0.195 0.659
Had 85 (51.8%) 73 (49.3%)
No 79 (48.2%) 75 (50.7%)

Basal HR 113.57 0.000
>95 122 (74.4%) 21 (14.2%)
<95 42 (25.6%) 127 (85.8%)

Basal SBP 0.251 0.617
>125 80 (48.8%) 68 (45.9%)
<125 84 (51.2%) 80 (54.1%)

Basal PVI 23.043 0.000
>19 100 (61.0%) 50 (33.8%)
<19 64 (39.0%) 98 (66.2%)

Basal DBP 0.275 0.600
>70 78 (47.6%) 66 (44.6%)
<70 86 (52.4%) 82 (55.4%)

Basal MAP 0.020 0.888
>80 94 (57.3%) 86 (58.1%)
<80 70 (43.7%) 62 (41.9%)

Note: HR, heart rate; SBP, systolic blood pressure; PVI, pulse perfusion variability index; DBP, diastolic blood pressure; MAP,
mean artery pressure.
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Table 4. Multivariate regression analysis

Factor B SE P OR 95% CI
Basal HR -0.145 0.020 51.588 0.000 0.865 0.831-0.900
Basal PVI -0.260 0.065 15.777 0.000 0.771 0.679-0.877
Constant 17.861 2.001 79.641 0.000 - -

Note: HR, heart rate; PVI, pulse perfusion variability index.

Results

Clinical characteristics of hypotension and nor-
motensive group

The characteristics of the two groups, including
age, BMI, ASA level, first pregnancy time, fast-
ing time, preoperative infusion volume, dos-
age of bupivacaine, sensory blockade time,
highest level of anesthesia, and past me-
dical history, were similar (P>0.05). However,
there was a significant difference in hypopro-
teinemia between the two groups (P<0.05)
(Table 1).

Comparison of general vital signs

As shown in Table 2, the hypotension group
had significantly higher basal values for HR and
PVI compared to the normotensive group
(P<0.05). Specifically, the basal HR was signifi-
cantly faster and the basal PVl was significantly
higher in women with hypotension (P<0.05).
However, the differences in basal values for
maternal SBP, DBP, and MAP between the
two groups were not statistically significant
(P>0.05).

Univariate and multivariate analysis

Univariate and multivariate analyses identified
risk factors associated with hypotension after
hysterectomy with spinal epidural anesthesia
(Tables 3 and 4). The independent risk factors
included basal HR (95% CI 0.831-0.900; P =
0.000) and basal PVI (95% CI 0.679-0.877; P =
0.000).

Clinical characteristics of the training set and
the validation set

The characteristics of the training set and the
validation set were similar to those observed
in the hypotension and normotensive groups.
Specifically, factors such as age, BMI, ASA level,
first pregnancy time, fasting time, preoperative
infusion volume, dosage of bupivacaine, sen-

4403

sory blockade time, highest level of anesthesia,
and past medical history were comparable
between the two groups (P>0.05). However,
there was a significant difference in hypopro-
teinemia between the two groups (P<0.05)
(Table 5).

Development of nomogram model

The risk predictors for hypotension after hyster-
ectomy with spinal epidural anesthesia were
included in a prediction model established
using R software (version 3.6.3). The risk value
for hypotension was determined by the sum of
the integrals of each factor, as illustrated in
Figure 2. The regression equation model based
on these predictors was: logit (P) = -6.820 +
0.216 * basal HR + basal PVl * 0.312.

Validation of a nomogram model

The unadjusted concordance index (C-index)
for the training set was 0.892 (95% confidence
interval (Cl), 0.715-0.984), while for the valida-
tion set, it was 0.882 (95% Cl, 0.733-0.994).
These values indicate strong discriminatory
ability of the model. The calibration plots for
both the training set and validation set are
shown in Figure 3, demonstrating the model’s
accuracy in predicting hypotension risk. The
area under the curve (AUC) for the training
set was 0.8356 (Figure 4A), and for the valida-
tion set, it was 0.7876 (Figure 4B). These AUC
values suggest that the nomogram model
exhibits good discrimination and consistency in
predicting the risk of hypotension in cervical
cancer patients undergoing spinal epidural
anesthesia.

Decision curve analysis (DCA)

DCA indicated that the model’s validity incre-
ased when the threshold probability for hypo-
tension was set between 20% and 75% (Figure
5). This suggests that the model provides a
clinically useful prediction within this range of
threshold probabilities.
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Table 5. Clinical baseline characteristics of the training set and the validation set

Training set (n = 218) Validation set (n = 94) t/x? P

Age 1.921 0.166
<35 years 152 (69.7%) 58 (61.7%)
>35 years 66 (30.3%) 36 (38.3%)

BMI 0.590 0.443
>22 171 (78.4%) 70 (74.5%)
<22 47 (21.6%) 24 (25.5%)

Fasting time 0.010 0.921
<16 h 175 (80.1%) 75 (74.5%)
>16 h 43 (19.9%) 19 (25.5%)

Preoperative infusion volume 1.704 0.192
<500 164 (75.2%) 64 (68.1%)
>500 54 (24.8%) 30 (31.9%)

Diabetes 0.016 0.899
Had 45 (20.6%) 20 (21.3%)
No 173 (79.4%) 74 (78.7%)

Hypertension 0.456 0.499
Had 18 (8.3%) 6 (6.4%)
No 190 (91.7%) 88 (93.6%)

Coronary heart disease 0.010 0.921
Had 43 (19.9%) 19 (20.2%)
No 175 (80.1%) 75 (79.8%)

Anemia 0.702 0.402
Had 104 (47.7%) 40 (42.6%)
No 114 (52.3%) 54 (57.4%)

Hypoproteinemia 3.901 0.048
Had 110 (50.5%) 36 (38.3%)
No 108 (49.5%) 58 (61.7%)

Electrolyte disturbance 0.156 0.692
Had 112 (51.4%) 46 (48.9%)
No 106 (48.6%) 48 (51.1%)

Basal HR 3.583 0.060
>95 162 (74.3%) 79 (84%)
<95 56 (25.7%) 15 (16%)

Basal SBP 0.293 0.588
>125 107 (49.1%) 43 (45.7%)
<125 111 (50.9%) 51 (54.3%)

Basal PVI 0.686 0.407
>19 133 (61.0%) 62 (66.0%)
<19 85 (39.0%) 32 (34.0%)

Basal DBP 0.241 0.623
>70 104 (47.7%) 42 (44.7%)
<70 114 (52.3%) 52 (55.3%)

Basal MAP 0.898 0.343
>80 124 (56.9%) 48 (51.1%)
<80 94 (43.1%) 46 (48.9%)

Note: HR, heart rate; SBP, systolic blood pressure; PVI, pulse perfusion variability index; DBP, diastolic blood pressure; MAP,
mean artery pressure.
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Figure 2. The nomogram for predicting the risk of hypotension after hysterectomy with spinal epidural anesthesia.

HR, heart rate; PVI, pulse perfusion variability index.

ROC curve analysis

Based on the results of the regression analysis,
we performed ROC curve analysis to evaluate
the predictive value for hypotension following
hysterectomy with spinal epidural anesthesia.
The results showed that the AUC values for HR,
and PVl were 0.887 and 0.735, respectively. All
AUC values were greater than 0.5 (Figure 6 and
Table 6), indicating that HR and PVI have good
diagnostic value for predicting hypotension.

Discussion

This study identified basal HR (=95) (95% ClI,
0.831-0.900; P = 0.000) and basal PVI (=19)
(95% Cl, 0.679-0.877; P = 0.000) as in-
dependent risk factors for hypotension follow-
ing hysterectomy with spinal epidural anesthe-
sia. We developed a predictive nomogram
model to estimate the risk of hypotension in
these patients. The calibration plot showed
that the nomogram model demonstrated good
accuracy and clinical applicability, supported
by a high C-index and AUC. Additionally, the
DCA confirmed the clinical usefulness of
the nomogram in predicting hypotension risk.
This model facilitates early identification of
high-risk patients, thereby enhancing preven-
tive measures and improving patient out-
comes.

Multivariate logistic regression analysis re-
vealed that the risk of hypotension after hyster-
ectomy with spinal epidural anesthesia was
1.916 times higher in patients with a basal HR
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greater than 95 beats per minute compared to
those with a basal HR between 60 and 95
beats per minute (P<0.05). This indicates that
a higher basal HR is an independent risk factor
for hypotension following the procedure. A fast-
er HR typically reflects increased sympathetic
nervous system activity. Consequently, women
with faster HRs may rely more on sympathetic
tone to maintain blood pressure before anes-
thesia [20, 21]. Conversely, hypotension in-
duced by spinal anesthesia can affect the car-
diovascular system through sympathetic block-
ade. Research has shown a correlation bet-
ween changes in basal HR and the occurrence
of hypotension, with elevated HR associated
with increased risk [22].

During a hysterectomy with spinal epidural
anesthesia, the body is already under stress
from the surgical procedure itself. An elevated
HR in this context can exacerbate the drop
in blood pressure commonly observed after
anesthesia is administered. This increased risk
of postoperative hypotension can lead to symp-
toms such as dizziness, lightheadedness, and
even fainting [23]. Therefore, it is crucial for
healthcare providers to closely monitor the
patient’'s HR throughout the surgery and take
appropriate measures if it becomes elevated.
This may include administering medications to
stabilize HR and blood pressure, as well as pro-
viding fluids to enhance blood volume and
improve circulation. By addressing the elevated
HR, healthcare providers can help mitigate the
risk of postoperative hypotension and support
a smoother recovery for the patient.
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tors such as preoperative
sympathetic tone [28-30] and
intravascular  volume can
affect the extent of hypoten-
sion. In this diagnostic evalua-
tion, HR and PVI were used
together. HR reflects intravas-
cular volume, with an HR >95
indicating high sympathetic
activity, while PVI reflects
sympathetic tone, with a PVI
>19 suggesting insufficient
intravascular volume. Patients
exhibiting either of these con-
ditions are considered at high
risk for hypotension following
hysterectomy with spinal epi-
dural anesthesia.

The advantages of monitoring
HR and PVI compared to
supine stress tests and
transinfrared cerebral SpO,
include their low cost, nonin-
vasiveness, and ease of use.
These features make HR
and PVI practical for routine
clinical application, enabling
effective screening of patients
at high risk for post-spinal
anesthesia hypotension. This
approach allows for more tar-
geted administration of vaso-
active drugs to prevent hypo-
tension while minimizing the
risk of developing hyperten-
sion.

Our findings indicate that
hypotension is likely to occur
in cervical cancer patients
undergoing spinal epidural
anesthesia if their predicted
risk value (y) from the model
exceeds 0.6, and they have a
(HR) greater than 95 beats
per minute and a PVI of 19 or
higher. Conversely, hypoten-
sion is unlikely to occur in

Hypotension resulting from spinal anesthesia patients if their predicted risk value (y) is less
primarily occurs due to a reduction in peripher- than 0.1, and they have an HR less than 95
al vascular resistance following sympathetic beats per minute and a PVI below 19.
blockade [24]. Spinal anesthesia induces vaso-

dilation at the site of the block, leading to a This study has several limitations. First, being a
decrease in MAP [25-27]. Consequently, fac- retrospective study, it is subject to inherent
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Table 6. The predictive value of HR and PVI for the risk of hypotension

Sensitivity Specificity AUC (95% Cl) p Cut-off
HR 79.30 85.80 0.887 (0.851-0.922) 0.000 94.04
PVI 34.10 53.52 0.735 (0.681-0.788) 0.000 20.99

Note: HR, heart rate; PVI, pulse perfusion variability index.

biases and limitations. Additionally, since the
research population is derived from a single
hospital, the generalizability of the prediction
model to other populations remains uncertain.
Thus, further validation through multicenter,
large-scale studies is needed. Second, the un-
derlying mechanisms explaining the prognostic
effect of the nomogram require further investi-
gation to fully understand its predictive accu-
racy and applicability.

In conclusion, our study identified basal HR
>95 beats/min and PVI 219% as independent
risk predictors for hypotension following hys-
terectomy with spinal epidural anesthesia.
Additionally, we developed a predictive homo-
gram model that demonstrates good accuracy
and clinical applicability. This model can assist
in assessing the risk of hypotension in patients
undergoing hysterectomy with spinal epidural
anesthesia, potentially improving risk manage-
ment and patient outcomes.
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