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AIM: Clinically, patients with adrenal tumors are prone to secondary hypertension. This study aimed to identify key factors influencing
the antihypertensive effect of surgery by retrospectively analyzing clinical data from patients with adrenal tumors complicated by hyper-
tension, to provide a reference for clinical prognosis evaluation, guide individualized treatment planning, and improve treatment success
rates.

METHODS: A total of 82 patients diagnosed with adrenal tumors by imaging and complicated by hypertension were included, and all
underwent laparoscopic adrenal tumor resection. According to the antihypertensive effect at 6 months postoperatively, patients were
divided into an effective antihypertensive group and an ineffective antihypertensive group. Clinical data of both groups were collected.
Univariate analysis was performed to screen differential variables, and variables with statistical significance were included in a multi-
variate logistic regression model to identify independent factors affecting the short-term surgical antihypertensive effect.

RESULTS: No significant differences were observed between the two groups in age, gender, other general characteristics, or perioperative
indicators of laparoscopic surgery (operative time, intraoperative blood loss, postoperative hospital stay, and complication rate) (p >
0.05). Univariate analysis showed significant differences between the two groups in hypertension disease course, tumor pathological
type, preoperative systolic blood pressure (SBP) level, preoperative aldosterone/norepinephrine levels, and tumor maximum diameter (p
< 0.05). Multivariate logistic regression analysis showed that hypertension duration >6 years, non-functional adenoma, and preoperative
SBP >170 mmHg were independent factors affecting the surgical antihypertensive effect (p < 0.05).

CONCLUSIONS: Laparoscopic surgery is an effective treatment for adrenal tumors complicated by hypertension. However, patients
with long-term hypertension, non-functional adenoma, and markedly elevated preoperative SBP may experience a poor short-term post-
operative antihypertensive effect.
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hypokalemia, thereby further increasing the risk of myocar-
dial injury and arrhythmia [3]. Pheochromocytoma, in con-

Introduction

Adrenal tumors are common endocrine-related neoplasms
in urology, and their clinical characteristics are closely
associated with endocrine function [1,2]. The primary
mechanism by which adrenal tumors induce hypertension
involves abnormal hormone secretion or the indirect ef-
fects of tumor mass. As the most common type of func-
tional adrenal tumor, aldosteroma can activate the renin-
angiotensin-aldosterone system (RAAS) through excessive
aldosterone secretion, leading to sodium and water reten-
tion as well as potassium loss. This process not only ele-
vates blood pressure but is also accompanied by refractory
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trast, induces marked vasoconstriction through the parox-
ysmal release of catecholamines (epinephrine and nore-
pinephrine). Patients with this tumor often experience sud-
den hypertensive crises, which are prone to triggering life-
threatening complications such as cerebral hemorrhage and
acute myocardial infarction [4,5]. Even adenomas clini-
cally classified as “non-functional” may contribute to blood
pressure fluctuations by compressing normal adrenal tissue
or indirectly modulating sympathetic nervous activity [6].

Previous studies have shown that approximately 60%—80%
of patients with functional adrenal tumors are complicated
by hypertension. This form of hypertension is often char-
acterized by poor responsiveness to pharmacological ther-
apy and significant blood pressure variability. Over time, it
may lead to severe complications, including cardiovascular
and cerebrovascular events (e.g., stroke and myocardial in-
farction) as well as renal dysfunction, thereby significantly
increasing the risks of mortality and disability [7,8].
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At present, surgical intervention remains the primary treat-
ment modality for adrenal tumors. In particular, the
widespread adoption of laparoscopic techniques has signifi-
cantly improved surgical safety and enhanced postoperative
recovery outcomes [9,10]. However, in clinical practice,
there is still a lack of robust and individualized evidence re-
garding key issues, including the determination of surgical
indications for patients with adrenal tumors complicated by
hypertension, the optimal monitoring intervals for postop-
erative blood pressure and hormone levels, and variations in
surgical efficacy among different pathological tumor types.
Based on this, the present study systematically summarized
the clinical characteristics and surgical outcomes of patients
by retrospectively analyzing clinical data from patients with
adrenal tumors complicated by hypertension. The aim was
to provide a scientific basis for optimizing individualized
treatment strategies, thereby improving patients’ quality of
life and reducing the risk of hypertension-related complica-
tions.

Methods
Study Subjects

This retrospective study enrolled 82 patients with adrenal
tumors complicated by hypertension who received treat-
ment at Zhejiang Xin’an International Hospital between
March 2023 and March 2025. Inclusion criteria: (1) preop-
erative diagnosis of adrenal tumors confirmed by abdomi-
nal enhanced computed tomography (CT), magnetic reso-
nance imaging (MRI), or other imaging examinations, with
complete imaging data available; (2) fulfilment of the di-
agnostic criteria for hypertension as specified in the Chi-
nese Guidelines for the Management of Hypertension [11]
(systolic blood pressure (SBP) >140 mmHg and/or dias-
tolic blood pressure (DBP) >90 mmHg measured on three
non-consecutive days), with a clinical correlation between
hypertensive symptoms and adrenal tumors (i.e., biochemi-
cal or clinical evidence suggesting secondary hypertension
related to a functional adrenal tumor); (3) all patients under-
went laparoscopic surgery in Zhejiang Xin’an International
Hospital, and all procedures were performed by the same
team of experienced surgeons; (4) postoperative pathologi-
cal examination confirmed that the tumors originated from
adrenal tissue, with a definitive pathological diagnosis; (5)
postoperative follow-up duration >6 months, with com-
plete follow-up data.

Exclusion criteria: (1) presence of other types of secondary
hypertension (such as renal artery stenosis, primary aldos-
teronism not originating from adrenal tumors, or Cush-
ing’s syndrome not related to adrenal lesions); (2) presence
of surgical contraindications, including severe cardiopul-
monary insufficiency, hepatic or renal failure, and coagula-
tion disorders; (3) postoperative pathological findings indi-
cating that the tumor was a metastatic lesion from an extra-
adrenal site or of non-adrenal origin; (4) refusal to provide
informed consent.

Patients were divided into an effective antihypertensive
group and an ineffective antihypertensive group accord-
ing to the antihypertensive effect at 6 months after surgery
[12,13]. Marked effect: after treatment, the blood pres-
sure of patients returned to the normal range (SBP <140
mmHg and DBP <90 mmHg); Effective: after treatment,
blood pressure decreased significantly compared with the
preoperative level (SBP decreased by >20 mmHg or DBP
decreased by >10 mmHg) but did not reach the nor-
mal range; Ineffective: failure to meet the above criteria
for marked or effective response, i.e., no significant de-
crease in blood pressure compared with preoperative val-
ues (SBP decreased by <10 mmHg and DBP decreased
by <5 mmHg), or blood pressure rebounded to the pre-
operative level or even increased. The effective antihy-
pertensive group included patients with marked and effec-
tive responses, whereas the ineffective group included pa-
tients with ineffective responses. This study was approved
by the Ethics Review Committee of Zhejiang Xin’an In-
ternational Hospital (Approval No. XA-K-2025-021) and
strictly adhered to the principles outlined in the Declara-
tion of Helsinki. All patients included in the study provided
written informed consent.

Data Collection

Data for the 82 patients were collected through the hospi-
tal’s electronic medical record system. The collected vari-
ables included: basic information (age, gender, body mass
index (BMI), and disease duration); medical history (in-
cluding the presence of hypokalemia, hyperglycemia, en-
docrine disorders, smoking history, and history of alcohol
consumption); and tumor-related characteristics, including
maximum tumor diameter (measured by preoperative imag-
ing examinations), tumor laterality (left, right, or bilateral),
and pathological type (confirmed by postoperative patho-
logical diagnosis).

Indicators Monitoring and Follow-Up

All patients underwent continuous monitoring and follow-
up for 6 months postoperatively: (1) Blood pressure moni-
toring: blood pressure was measured four times daily (fast-
ing in the morning, at 10:00 AM, 4:00 PM, and before bed-
time) within 1-3 days before and after surgery, and changes
in systolic and diastolic blood pressure were recorded. Out-
patient follow-up was conducted at 6 months postopera-
tively; blood pressure was measured three times, and the
average value was used as the indicator for blood pressure
assessment. (2) Electrolyte and blood glucose monitoring:
serum potassium, serum sodium, and blood glucose levels
were measured before surgery to evaluate the improvement
of hypokalemia. (3) Endocrine hormone monitoring: lev-
els of aldosterone, epinephrine, norepinephrine, and corti-
sol were measured preoperatively.
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Table 1. Baseline characteristics of patients.

Variable Effective group (n=65) Ineffective group (n=17) t/Z/x? value p-value
Age (years, mean & SD) 51.8 £ 10.2 545+ 11.3 0.950 0.345
Gender (male/female, n (%)) 35(53.8)/30 (46.2) 10 (58.8)/7 (41.2) 0.135 0.713
BMI (kg/m?, mean & SD) 254 +3.0 262 +33 0.959 0.340
Hypertension duration (years, median [IQR]) 5.0 (2.5-7.9) 7.9 (5.8-13.4) 2.842 <0.010
Diabetes mellitus (n (%)) 9(13.8) 4(23.5) 0.360 0.548
Coronary heart disease (n (%)) 6(9.2) 2 (11.8) 0.021 0.884
History of smoking (n (%)) 17 (26.1) 7(41.2) 0.833 0.361
History of alcohol consumption (n (%)) 10 (15.4) 4(23.5) 0.187 0.665
Preoperative SBP (mmHg, mean + SD) 1623 £ 17.8 178.5 £ 19.2 3.288 <0.010
Preoperative DBP (mmHg, mean 4 SD) 97.8 +10.1 101.2 £ 10.5 1.226 0.224
Tumor maximum diameter (cm, median [IQR]) 2.9(1.7-3.9) 4.0 (2.4-5.2) 2.030 0.042
Tumor laterality (left/right/bilateral, n (%)) 28 (43.1)/36 (55.4)/1 (1.5) 8 (47.1)/9 (52.9)/0 0.324 0.569
Pathological type (n (%)) 10.276 0.023

Aldosteronoma 28 (43.1) 4(23.5)

Pheochromocytoma 19 (29.2) 2 (11.8)

Non-functional adenoma 10 (15.4) 8(47.1)

Cortisoloma 6(9.2) 1(5.9)

Others 2.1 2 (11.8)
Surgical approach (simple resection/adrenalectomy, n (%)) 42 (64.6)/23 (35.4) 9 (52.9)/8 (47.1) 1.746 0.189
Operation time (minutes, mean £ SD) 94,5+ 253 98.6 + 26.9 0.586 0.558
Intraoperative blood loss (mL, mean & SD) 248 + 6.5 272459 1.380 0.171
Complications (n (%)) 4(6.1) 1(5.9) NA (Fisher’s exact test)  1.000
Transient hypotension (n (%)) 3(4.6) 1(5.9) - -
Infection 1(1.5) 0 - -

Note: SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; IQR, interquartile range; NA, not applicable.

Surgical Methods

All patients underwent laparoscopic surgery via the
transperitoneal approach, and the specific surgical strat-
egy was determined according to tumor size: (1) For pa-
tients with a tumor maximum diameter <2 cm, simple tu-
mor resection was performed. During the procedure, the
tumor was carefully separated from the surrounding nor-
mal adrenal tissue under laparoscopic guidance. After com-
plete tumor removal, meticulous hemostasis was performed
to avoid damage to the functional regions of the normal
adrenal gland. (2) For patients with a maximum tumor di-
ameter >2 cm, ipsilateral adrenalectomy was performed.
The resected tumor tissue was sent to the pathology depart-
ment for paraffin section staining and immunohistochemi-
cal examination to confirm the pathological type.

After surgery, patients received routine anti-infective treat-
ment. For patients whose blood pressure did not re-
turn to normal or exhibited fluctuations, antihypertensive
agents, such as calcium channel blockers and angiotensin-
converting enzyme inhibitors, were administered based on
blood pressure levels. Other treatments were provided on
an individualized basis according to the symptoms of pa-
tients.
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Statistical Methods

SPSS 26.0 statistical software (IBM Corp., Armonk, NY,
USA) was used for data analysis. Measurement data (e.g.,
age, blood pressure values, and laboratory indices) that con-
formed to a normal distribution based on the Shapiro-Wilk
test were expressed as mean =+ standard deviation (SD), and
comparisons between groups were performed using the in-
dependent samples ¢-test. Variables with non-normal distri-
bution were described as median (interquartile range) and
compared using the Wilcoxon rank-sum test. Count data
(e.g., gender, tumor laterality, pathological type distribu-
tion, and adrenal function recovery rate) were expressed as
the number of cases (percentage) [n (%)], and comparisons
were performed using the chi-square (?) test. Univariate
analysis was used to screen variables with significant differ-
ences between the two groups. Continuous variables should
be analyzed in their raw numerical form in univariate com-
parisons. For multivariate logistic regression analysis, the
selected continuous predictor variables should be binary-
classified based on pre-set clinically relevant thresholds or
cutoff values determined based on data distribution to im-
prove the model’s interpretability and clinical applicability.
Variables with p < 0.05 in the univariate analysis were in-
cluded in a multivariate logistic regression model (depen-
dent variable: postoperative antihypertensive efficacy; ef-
fective = 0, ineffective = 1) to identify independent factors
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Table 2. Comparison of preoperative laboratory indices.

Variable Effective group (n=65)  Ineffective group (n=17)  ¢value p-value
Aldosterone level (pg/mL, mean + SD) 298.5 £ 58.6 2253 £ 52.1 4.685 <0.010
Norepinephrine level (pg/mL, mean £ SD) 442.6 + 88.5 3582 +£76.3 3.594  <0.010
Cortisol level (ug/dL, mean £ SD) 262 +5.8 245452 1.098 0.275
Serum potassium (mmol/L, mean £ SD) 29+04 3.1+04 1.835 0.070
Serum sodium (mmol/L, mean + SD) 1425 +£12.8 141.8 £ 13.2 0.199 0.842
Blood glucose (mmol/L, mean & SD) 65+£12 6.8+ 1.5 0.870 0.386

affecting the surgical antihypertensive effect. A p-value <
0.05 was considered statistically significant.

Results
Baseline Characteristics of Patients

A total of 82 patients with adrenal tumors complicated by
hypertension were treated by laparoscopic surgery. Af-
ter 6 months of follow-up, patients were grouped accord-
ing to antihypertensive efficacy (Fig. 1). The results of
univariate analysis showed significant differences between
the effective and ineffective groups in hypertension du-
ration, tumor pathological type, preoperative SBP level,
and tumor maximum diameter (p < 0.05). However, no
statistically significant differences were observed between
the two groups in age, gender, BMI, comorbidities (di-
abetes mellitus/coronary heart disease), smoking history,
history of alcohol consumption, tumor laterality, preopera-
tive DBP level, surgical approach, operation time, intraop-
erative blood loss, or complication rate (p > 0.05). Detailed
data are presented in Table 1.

St

65

W Ineffective group

Fig. 1. Classification of patients according to postoperative
antihypertensive outcomes.

Comparison of Preoperative Laboratory Indices

The preoperative aldosterone level and norepinephrine
level in the effective group were significantly higher than
those in the ineffective group (p < 0.010), while there were
no significant differences in preoperative serum potassium,
serum sodium, blood glucose, or cortisol levels between the
two groups (p > 0.05). Detailed data are shown in Table 2.

Multivariate Logistic Regression Analysis of Factors
Influencing the Surgical Antihypertensive Effect

To enhance clinical interpretability, some important contin-
uous variables were binary-classified based on their clinical
significance and data distribution characteristics before per-
forming multivariate regression analysis. Variables with p
< 0.05 in univariate analysis were included in the multivari-
ate logistic regression model (assignment criteria: hyper-
tension duration: <6 years =0, >6 years = 1; tumor patho-
logical type: functional tumor = 0, non-functional adenoma
= 1; preoperative SBP: <170 mmHg =0, >170 mmHg=1;
preoperative aldosterone: <280 pg/mL =0, >280 pg/mL =
1; preoperative norepinephrine: <400 pg/mL = 0, >400
pg/mL = 1; tumor maximum diameter: <3 cm = 0, >3
cm = 1). The results showed that hypertension duration
>6 years, non-functional adenoma, and preoperative SBP
>170 mmHg were independent factors affecting the surgi-
cal antihypertensive effect in patients with adrenal tumors
complicated by hypertension (p < 0.05). Detailed data are
presented in Table 3.

Discussion

Clinically, active surgical intervention is recommended for
endocrine-related adrenal tumors and large non-functioning
tumors [14]. Previous studies have reported that the hy-
pertension remission rate after surgical resection in pa-
tients with primary aldosteronism ranges from 42% to
84% [15], while the remission rate after surgery in pa-
tients with cortisol-secreting tumors is approximately 70%
[16]. In the present study, the overall effective rate of
blood pressure reduction was 79.3% among 82 patients at
6 months postoperatively, further supporting laparoscopic
surgery as a preferred treatment approach for these condi-
tions. Laparoscopic surgery can effectively reduce blood
pressure, which is closely associated with tumor resec-
tion and the correction of hormonal abnormalities follow-
ing surgical intervention [17,18]. Analysis based on patho-
logical type revealed that the frequency of patients with
aldosterone-secreting adenoma was higher in the effective
group than in the ineffective group. The underlying mecha-
nisms are that aldosterone-producing adenomas secrete ex-
cessive aldosterone, leading to sodium and water reten-
tion; surgical resection reduces aldosterone levels, thereby
resulting in a corresponding decrease in blood pressure
[19]. Pheochromocytomas release large amounts of cate-
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Table 3. Multivariate logistic regression analysis of factors affecting surgical antihypertensive efficacy.

Variable B SE Wald OR 95% CI p-value
Hypertension duration >6 years 1.508 0.562 7.199 4517 1.501-13.592 <0.010
Non-functional adenoma 1.636 0.585 7.821 5.134 1.631-16.161 <0.010
Preoperative SBP >170 mmHg 1.356  0.542 6258 3.880  1.341-11.226 0.010
Preoperative aldosterone >280 pg/mL -0.852  0.528 2.604 0.426  0.151-1.201 0.106
Preoperative norepinephrine >400 pg/mL.  —-0.785  0.512 2.351 0456  0.167-1.224 0.125
Tumor maximum diameter >3 cm 0.985 0.536 3377 2.677 0.936-7.656 0.066

OR, odds ratio.

cholamines, causing marked vasoconstriction; after tumor
resection, catecholamine levels decline rapidly, leading to
significant improvement in blood pressure [20]. Hyper-
glycemia in patients with cortisol-secreting adenomas is as-
sociated with excessive cortisol secretion, which antago-
nizes insulin action; surgical tumor resection reduces corti-
sol levels, thereby improving glycemic control [21].

Multivariate logistic regression analysis identified three in-
dependent factors affecting postoperative antihypertensive
efficacy: hypertension duration >6 years, non-functional
adenoma, and preoperative SBP >170 mmHg. Patients
with hypertension lasting >6 years had a significantly in-
creased risk of poor blood pressure reduction after surgery.
The primary mechanism may be that long-term hyperten-
sion induces vascular wall remodeling, characterized by
atherosclerosis, vascular smooth muscle cell proliferation,
and disruption of elastic fibers, leading to reduced vascular
compliance and increased peripheral resistance [22]. Even
if hormonal abnormalities are corrected surgically, the im-
paired vascular regulatory function may be difficult to re-
store. Moreover, long-term hypertension may involve tar-
get organs such as the kidneys and heart; for example, renal
parenchymal damage can cause abnormal sodium and wa-
ter excretion, further weakening blood pressure regulation
capacity [23].

In the ineffective group, the frequency of patients with non-
functional adenomas was higher. This may be attributed to
the fact that such tumors secrete little or no hormones, and
the associated hypertension is often concurrent essential hy-
pertension, or may result from tumor mass compression of
periadrenal tissues and sympathetic plexuses, leading to al-
tered sympathetic nerve activity [24]. Surgical treatment
primarily relieves the mass effect but cannot reverse the un-
derlying pathological basis of essential hypertension, such
as genetic predisposition and insulin resistance, thereby re-
sulting in limited antihypertensive efficacy [25]. Preopera-
tive SBP >170 mmHg indicates severe impairment of blood
pressure regulation mechanisms. On the one hand, there
may be an overlap of essential and secondary hypertension,
which increases the difficulty of blood pressure control. On
the other hand, sustained high-pressure states can exacer-
bate vascular remodeling and may activate inflammatory
pathways through oxidative stress responses, thereby ag-
gravating vascular endothelial injury [26].
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This study still has several limitations. First, as a single-
center retrospective study conducted in a tertiary hospital,
the sample size is relatively small. This may limit represen-
tativeness and make it difficult to fully reflect differences
in postoperative efficacy among patients with varying dis-
ease severity. For example, critically ill patients who could
not tolerate surgery were excluded, and the generalizability
of the findings requires further validation in multi-center
studies with larger sample sizes. Second, due to practical
constraints in clinical follow-up, the observation period was
limited to 6 months, which is insufficient to evaluate long-
term surgical outcomes (e.g., S-year survival and tumor re-
currence rates). Future studies should extend the follow-
up period to obtain more comprehensive long-term prog-
nostic data. Third, potential confounding factors, such as
postoperative antihypertensive medication use, were not in-
cluded in the analysis. Individual differences in drug reg-
imens and medication adherence may mask or amplify the
antihypertensive effect of surgery, thereby introducing bias
in the assessment of independent risk factors. In addition,
other confounders, including metabolic abnormalities, the
degree of target organ damage, and preoperative lifestyle
interventions, may indirectly influence postoperative blood
pressure recovery through mechanisms such as vascular re-
modeling and hormonal regulation. The potential impact
of these factors on surgical antihypertensive efficacy war-
rants further investigation. Finally, methodological limita-
tions should be considered. The relatively small sample size
may increase the risk of overfitting in the logistic regression
model, and dichotomizing continuous variables may lead to
loss of information and potential bias in the results.

Conclusions

The overall effective rate of laparoscopic surgery for
adrenal tumors complicated by hypertension is relatively
high. A hypertension course of >6 years, the presence of a
non-functional adenoma, and a preoperative SBP of >170
mmHg are significantly associated with short-term postop-
erative antihypertensive efficacy.
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