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Abstract
Introduction: Postoperative hypertension resolution among 
patients with adrenal incidentalomas and normal hormone 
levels was unknown. Identifying the predictive factors was 
beneficial to the management of adrenal incidentalomas. 
Methods: We conducted a retrospective cohort study, re-
cruiting patients undergoing laparoscopic adrenal tumor re-
section for adrenal incidentaloma with hypertension and 
normal hormone levels. Demographic, clinical, treatment, 
and laboratory data were collected and compared. We used 
univariable and multivariable logistic regression methods to 
identify the predictive factors of postoperative hypertension 
resolution. Results: Of the 171 patients in our study, 130 
(76.0%) patients performed a resolution of hypertension, 
and 57 (33.3%) patients had a significant reduction. Multi-
variate logistic regression analysis showed that the male sex 
(odds ratio (OR) 0.305, 95% confidence interval (CI): 0.098–
0.948, p = 0.040), body mass index (BMI) (OR 0.973, 95% CI: 

0.670–0.938, p = 0.007), aldosterone and plasma renin activ-
ity ratio (APR) in erect position (OR 1.206, 95% CI: 1.042–
1.397, p = 0.012), and preoperative systolic pressure (OR 
1.044, 95% CI: 1.009–1.080, p = 0.014), were significantly as-
sociated with the outcomes of hypertension resolution. Dis-
cussion/Conclusion: Adrenal incidentalomas patients with 
hypertension and normal hormone levels would perform hy-
pertension resolution after laparoscopic adrenal tumor re-
section, especially for females with low BMI, high preopera-
tive systolic blood pressure, and high APR (erect position).

© 2022 The Author(s). 
Published by S. Karger AG, Basel

Introduction

Adrenal incidentalomas (AIs) are the most common 
adrenal gland diseases, which are harmful to health main-
ly by regulating hormone secretion and substance me-
tabolism [1, 2]. For patients diagnosed with AIs (<4 cm) 
with normal hormone levels, follow-up observation is 
usually recommended, remaining a small part received 
surgical treatment [1]. The long-term sequelae of untreat-
ed hypertension have been extensively reported, includ-
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ing potentially irreversible cardiovascular and renal dam-
age. During the follow-up of patients with AIs in our ter-
tiary care center, whether hypertension could be cured by 
surgical treatment was the primary concern of most pa-
tients. Interestingly, we note the varying degrees of reduc-
tion in blood pressure (BP) among these patients after 
surgical treatment.

Based on preoperative clinical variables, several models 
have been described to predict hypertension resolution, in 
which aldosterone-producing adenoma patients are most 
likely to be cured of their hypertension after adrenalec-
tomy [3–6]. Nevertheless, all the data sets included only 
adult aldosterone-producing adenoma patients who un-
derwent adrenalectomy, and the potential relationship be-
tween hypertension and AIs has been neglected. Herein, 
we conducted a retrospective cohort study of patients un-
dergoing laparoscopic adrenal tumor resection for AIs 
with hypertension and normal hormone levels to identify 
predictive factors of hypertension resolution.

Methods

Study Design and Participants
We designed a retrospective cohort study. The electronic data-

base of the Tongji Hospital, Tongji Medical College, was queried. 
A total of 2,211 patients with adrenal masses were diagnosed by 
CT/MRI scans between May 2005 and April 2018. Patients with 

nonsurgical treatment (n = 384), adrenal malignancy (n = 48) and 
incomplete medical records (n = 155) were excluded. Patients with 
bilateral adrenal masses (n = 9), aldosterone and plasma renin ac-
tivity ratio (APR) > 30 (n = 510), plasma cortisol >22.4 μg/dL (n = 
71), positive 24 h urinary catecholamines and their metabolites  
(n = 18) and those lacking all the above three tests (n = 412) were 
excluded. Finally, 171 AIs patients with hypertension and normal 
hormone levels were enrolled in the study (Fig. 1).

These patients requested surgical treatment and signed informed 
consent for surgery. All patients underwent laparoscopic adrenal 
tumor resection, precisely removing the hyperplastic gland or mass 
and preserving normal adrenal tissue. All surgical operations were 
carried out in our tertiary care center by 2–3 experienced urologists, 
and the surgeons were senior physicians with a cumulative volume 
of more than 200 completed laparoscopic adrenalectomy [7].

Variables and Definitions
Baseline clinical characteristics were collected, including age, sex, 

body mass index (BMI), smoking history, drinking history, history 
of diabetes, history of the cardia-cerebrovascular disease, preopera-
tive BP, hormone testing results, biochemical results, and tumor 
characteristics. Intraoperative and postoperative clinical indicators 
were reviewed, including intraoperative BP variables, operation 
time, estimated blood loss, postoperative BP, postoperative hospital 
stay, total expense, and histology. The dosage of antihypertensive 
drugs was recorded at admission and discharge to the hospital.

Hypertension was defined as systolic BP (SBP) ≥140 mm Hg or 
diastolic BP (DBP) ≥90 mm Hg [8]. Hypertension grade was de-
fined as follows: (i) Grade 0: SBP <140 mm Hg and DBP <90 mm 
Hg; (ii) Grade 1: SBP = 140–159 mm Hg and/or DBP = 90–99 mm 
Hg; (iii) Grade 2: SBP = 160–179 mm Hg and/or DBP = 100–109 
mm Hg; and (iv) Grade 3: SBP ≥180 mm Hg or DBP ≥110 mm Hg. 

Exclusion 1
• Non-surgical treatment (n = 384)
• Adrenal malignancy (n = 48)
• Bilateral adrenal masses (n = 9)
• Incomplete medical record (n = 155)

Exclusion 2
• Patients without hypertension

(n = 433)
• APR >30 (n = 510)
• Plasma cortisol >22.4 μg/dL (n = 71)
• 24 h urinary catecholamines, positive

(n = 18)
• Cases without complete hormone

testing (n = 412)

Adrenal masses detected by CT/MRI
(n = 2,211)

Included patients (n = 171)

Improvement of hypertension
(n = 130)

Non-improvement of hypertension
(n = 41)

Fig. 1. The flow of the patients.
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Average SBP and DBP were calculated from multiple measure-
ments. Hypertension resolution in these patients was defined as (i) 
postoperative BP decline to normal levels (<140/90 mm Hg) or (ii) 
doses of antihypertensive medication after laparoscopic adrenal 
tumor resection were reduced. Here, patients with a decline of SBP 
of more than 20 mm Hg after surgical resection were further clas-
sified as the significant reduction group [9].

Exploring the Clinical Characteristics of the Patients with 
Reduction of BP
The perioperative variables between the persistent hyperten-

sion group and the resolution group were compared. The statisti-
cally significant variables in comparing the two groups or reported 
to be significant based on the previous literature were first ana-
lyzed by univariable logistic regression and further explored by 
multivariate logistic regression analysis [10]. A nomogram was 
created using the R statistical software (the “rms” package), and the 
area under the curve was calculated.

Statistical Analysis
Continuous, normally distributed variables were described as 

the mean (standard deviation, min, max) and compared by the t 
test or paired t test; non-normally distributed variables were de-
scribed as the median (interquartile range) and compared with the 
Wilcoxon rank-sum test. Categorical data were presented as fre-
quencies (%) and compared using the χ2 test. SPSS 21.0 (IBM Cor-
poration, Armonk, NY, USA) and R statistical package (v.3.5.2; R 
Foundation for Statistical Computing, Vienna, Austria; https://
www.r-project.org) were used for all statistical analysis. A two-
sided p < 0.05 was considered to be statistically significant.

Results

Variation of Blood Pressure and Antihypertensive 
Drugs
Preoperative SBP and DBP were 145 (134, 156) and 91 

(81, 98) mm Hg, respectively. Meanwhile, postoperative 
SBP and DBP were 132 (123, 138) and 78 (72, 85) mm Hg, 
respectively, which were significantly reduced (p < 0.001 
and p < 0.001, respectively). The hypertension grade and 
the number of patients treated with antihypertensive 
drugs were significantly reduced after the surgery (p < 
0.001 and p = 0.001, respectively). The decreased value of 
SBP was 14.7 ± 18.4 mm Hg. A decline of postoperative 
SBP by 0–9 mm Hg, 10–19 mm Hg, 20–29 mm Hg, 30–39 
mm Hg, 40–49 mm Hg and >50 mm Hg was observed in 
41 (24.0%), 42 (24.6%), 27 (15.8%), 16 (9.4%), 7 (4.1%), 
and 7 (4.1%) patients, respectively (Table 1; Fig. 2).

Baseline Characteristics and Preoperative Biochemical 
Test of Patients
Of the 171 patients treated with laparoscopic adrenal 

tumor resection, 130 (76.0%) and 41 (24%) were included 
in the hypertension resolution and persistent hyperten-
sion groups. In comparison with those in the hyperten-
sion resolution group, a higher BMI (26.2 ± 3.39 vs 23.9 

Table 1. Perioperative outcomes of the BP and antihypertensive drugs

Variable Overall (n = 171) p value

preoperative postoperative

BP, median (Q1, Q3), mm Hg
Systolic pressure 145 (134, 156) 132 (123, 138) <0.001
Diastolic pressure 91 (81, 98) 78 (72, 85) <0.001

Hypertension grade,ǂ n (%)
Grade 0 37 (21.6) 128 (74.9)

<0.001
Grade 1 82 (48.0) 33 (19.3)
Grade 2 39 (22.8) 10 (5.8)
Grade 3 13 (7.6) 0 (0.0)

Patients with antihypertensive drugs, n (%) 114 (66.7) 73 (42.7) <0.001
Preoperative-postoperative change

Change of SBP, mean ± SD (min, max), mm Hg 14.7±18.4 (−21, 79)
Decrease in SBP, n (%)

0–9 mm Hg 41 (24.0)
10–19 mm Hg 42 (24.6)
20–29 mm Hg 27 (15.8)
30–39 mm Hg 16 (9.4)
40–49 mm Hg 7 (4.1)
≥50 mm Hg 7 (4.1)

SD, standardized difference. ǂ The hypertension grade was based on the European Society of Hypertension and 
Joint National Commission.
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± 3.51 kg/m2, p = 0.001) and a lower APR (erect position) 
(3.3 [1.8, 8.4] vs. 6.3 [3.2, 10.8], p = 0.016) were detected 
in the persistent hypertension group. A significant in-
crease in hemoglobin levels was found in the persistent 
hypertension group (p = 0.049) (Table 2).

According to the decreased magnitude of SBP, patients 
in the hypertension resolution group were further divided 
into a significant reduction group (n = 57, 33.3%) and the 
general reduction group (n = 73, 42.7%). Lower BMI (26.2 
± 3.39 vs. 23.6 ± 3.44 kg/m2, p < 0.001), renin levels (erect 
position, 10.0 [5.78, 19.3] vs. 4.96 [2.11, 10.9] µIU/mL,  
p = 0.024), and hemoglobin (139 ± 17.9 vs. 131 ± 16.9 g/L, 
p = 0.010) were detected in significant reduction group 
than those of the persistent hypertension group. Some of 
the variables in the significant reduction group were high-
er, such as sex ratio (female, 15 [36.6%] vs. 36 [63.2%],  
p = 0.017), preoperative SBP (147 [136, 161] vs. 156 [148, 
164] mm Hg, p = 0.007), APR (erect position, 3.3 [1.8, 8.4] 

vs. 8.20 [4.70, 12.6], p < 0.001), and APR (supine position, 
7.65 [3.38, 13.3] vs. 11.6 [7.28, 16.6], p = 0.014) (online 
suppl. Table s1; for all online suppl. material, see www.
karger.com/doi/10.1159/000524803).

Factors Associated with Hypertension Resolution
Univariate logistic regression analysis screened out the 

factors: sex, BMI, preoperative SBP, hemoglobin, and 
APR (erect position). Multivariate logistic regression 
analysis showed that male sex (odds ratio (OR) 0.305, p = 
0.040), BMI (OR 0.793, p = 0.007), preoperative SBP (OR 
1.044, p = 0.016), and APR (erect position; OR 1.206, p = 
0.012) were significantly associated with resolution of hy-
pertension (Table 3).

A nomogram that incorporated the four significant 
risk factors was constructed. The total score of each pa-
tient was calculated based on sex, BMI, preoperative SBP, 
and APR (erect position) to estimate the probability of the 
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Fig. 2. Outcomes of the BP and antihypertensive drugs of the patients. a Perioperative BP changes of the overall 
patients, n = 171. b Proportion of patients taking hypertension drugs during the perioperative period, n = 171.
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Table 2. Baseline characteristics, biochemical test, and perioperative outcomes of patients

Overall 
(n = 171)

Persistent hypertension 
(n = 41, 24%)

Hypertension resolution 
(n = 130, 76%)

p value

Baseline characteristics
Age, mean ± SD (min, max), years 50.6±11.4 (14, 78) 50.4±13.2 (15, 78) 50.6±10.8 (14, 76) 0.934
Sex, female, n (%) 84 (49.1) 15 (36.6) 69 (53.1) 0.066
BMI, mean ± SD (min, max), kg/m2 24.5±3.61 (14.2, 34.0) 26.2±3.39 (18.0, 32.9) 23.9±3.51 (14.2, 34.0) 0.001
Preoperative BP, median (Q1, Q3), mm Hg

Systolic pressure 145 (134, 156) 147 (136, 161) 143 (133, 156) 0.348
Diastolic pressure 91 (81, 98) 94 (84, 104) 89 (80, 97) 0.053

Tumor size, median (Q1, Q3), cm 2.5 (1.7, 3.7) 2.1 (1.6, 3.3) 2.5 (1.7, 4.0) 0.397
Tumor laterality, n (%)

Left 84 (49.4) 19 (46.3) 65 (50.0) 0.652
Right 86 (50.6) 22 (53.7) 64 (49.2)

Diagnosis of diabetes, n (%) 18 (10.5) 7 (17.1) 11 (8.5) 0.202
Diagnosis of CCVD, n (%) 14 (8.2) 1 (2.4) 13 (10.0) 0.151
ASA, n (%)

I + II 135 (78.9) 32 (83.5) 103 (67.2) 0.871
III + IV 36 (21.1) 9 (16.5) 27 (32.8)

Smoking history, n (%) 28 (16.4) 8 (19.5) 20 (15.4) 0.533
Drinking history, n (%) 15 (8.8) 5 (12.2) 10 (7.7) 0.567

Preoperative biochemical test
ALD level (erect position), median (Q1, Q3), pg/mL 33.2 (16.3, 84.8) 32.3 (17.0, 82.4) 36.4 (16.3, 92.3) 0.807
ALD level (supine position), median (Q1, Q3), pg/mL 28.0 (13.1, 71.7) 29.1 (12.4, 55.4) 27.7 (13.5, 77.2) 0.483
Renin level (erect position), median (Q1, Q3), μIU/mL 7.5 (3.2, 19.1) 10.0 (5.78, 19.3) 6.9 (3.2, 19.1) 0.235
Renin level (supine position), median (Q1, Q3), μIU/mL 3.6 (1.2, 10.2) 4.40 (1.34, 11.4) 3.27 (1.05, 10.0) 0.477
APR (erect position), median (Q1, Q3) 5.5 (2.5, 9.5) 3.3 (1.8, 8.4) 6.3 (3.2, 10.8) 0.016
APR (supine position), median (Q1, Q3) 9.7 (4.7, 15.3) 7.2 (3.3, 13.3) 10.2 (5.3, 15.4) 0.081
Plasma cortisol, mean±SD (min, max), μg/dL 11.2±4.7 (2.3, 21.5) 11.5±5.32 (2.3, 21.0) 11.1±4.6 (2.8, 21.5) 0.728
Plasma noradrenaline, median (Q1,Q3), nmol/L 2.19 (1.93, 2.52) 2.36 (1.94, 2.79) 2.15 (1.93, 2.47) 0.364
Hypokalemia, median (Q1, Q3), mmol/L 3.98 (3.72, 4.23) 4.01 (3.72, 4.26) 3.98 (3.72, 4.22) 0.682
Hypernatremia, median (Q1, Q3), mmol/L 141 (139, 142) 142 (140, 143) 141 (139, 142) 0.128
Hemoglobin, mean ± SD (min, max), g/L 134±16.7 (81.0, 161) 139±17.9 (81.0, 161) 133±16.0 (86.0, 161) 0.049

Perioperative outcomes
Surgical approaches, n (%)

Open 15 (8.8) 4 (9.7) 11 (8.5) 0.665
Laparoscopic 122 (71.3) 27 (65.9) 95 (73.0)
Retroperitoneal laparoscopic 34 (19.9) 10 (24.4) 24 (18.5)

Operative time, median (Q1, Q3), min 158 (134, 193) 170 (135, 214) 156 (131, 190) 0.341
Estimated blood loss, median (Q1, Q3), mL 100 (50, 188) 100 (50, 125) 100 (50, 200) 0.624
Intraoperative BPV, median (Q1, Q3), mm Hg

Systolic pressure variability 70 (60, 90) 70 (50, 90) 70 (60, 100) 0.949
Diastolic pressure variability 40 (30, 50) 40 (25, 50) 40 (35, 53) 0.229

Drainage time, median (Q1, Q3), day 3 (3, 4) 3 (3, 4) 3 (3, 4) 0.448
Postoperative hospital stay, days 6 (5, 7) 6 (5, 7) 6 (5, 8) 0.782

Histology
Adrenal cortical adenoma 109 (6.7) 27 (65.9) 82 (63.1) 0.511*
Pheochromocytoma 39 (22.8) 7 (17.1) 32 (24.6)
Nodular adrenal cortical hyperplasia 11 (6.4) 4 (9.8) 7 (5.4)
Adrenal medullary lipoma 5 (2.9) 0 (0.0) 5 (3.9)
Lipoma 2 (1.2) 0 (0.0) 2 (1.5)
Ganglion neurocytoma 1 (0.6) 0 (0.0) 1 (0.8)
Schwannoma 1 (0.6) 0 (0.0) 1 (0.8)
Nodular adrenal medulla hyperplasia 1 (0.6) 1 (2.4) 0 (0.0)
Medullary hyperplasia with cortical adenomatous hyperplasia 2 (1.2) 2 (4.8) 0 (0.0)
Total expense (CNY) 43,100 (36,800, 50,400) 43,600 (36,900, 53,600) 41,800 (36,800, 49,700) 0.432

SD, standardized difference; BP, blood pressure; CCVD, the cardia-cerebrovascular disease; LD, aldosterone; AP, aldosterone and plasma renin activity 
ratio; BPV, blood pressure variability. *Nodular adrenal cortical hyperplasia, various lipoma, and other rare tumor types were treated as the same type when 
analyzing the differences between the two groups.
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improvement of postoperative hypertension (Fig.  3a). 
The calibration curve of the nomogram was presented in 
Figure 3b, in which the two curves fitted well. The two 
curves represented the predicted probability of improv-
ing postoperative hypertension, indicating that the no-
mogram showed robust discrimination. By analyzing the 
receiver operating characteristic curve (Fig. 3c), the area 
under the curve was calculated as 0.849 (95% confidence 
interval: 0.806–0.894). When the probability value was 
0.509, the sensitivity and specificity of the predicted re-
sults were optimal.

Discussion

Therapeutic strategies for AIs patients with normal 
hormone levels were conservative. It is recommended 
against performing surgery in patients with an asymp-
tomatic, nonfunctioning unilateral adrenal mass and ob-
vious benign features on imaging studies [1, 11]. In rele-
vant studies, after surgical resection, hypertension resolu-
tion in patients diagnosed with primary aldosteronism is 
42–84% [12–14], and the rate of hypertension resolution 
in patients diagnosed with Cushing’s syndrome is about 
39–87% [15–17]. According to our study, 130 patients 
(76.0%) performed the resolution of hypertension, and 57 
patients (33.3%) significantly reduced BP. The hyperten-
sion grade and the rate of treatment with antihyperten-
sive drugs were also significantly reduced. Notably, this 
study indicated that AIs patients with normal hormone 
levels could benefit from surgical treatment.

Several models have been described to predict the res-
olution of hypertension. The Wachtel et al. [4] scoring 

system was created based on a single American tertiary 
hospital center data set. The authors determined that fe-
male sex, BMI ≤25 kg/m2, duration of hypertension <5 
years, serum creatinine ≤0.8 mg/dL, and <2 preoperative 
antihypertensive medications were the most critical fac-
tors in terms of long-term BP control [4]. Utsumi et al. 
[5] used a multi-institutional data set of Japanese patients 
to construct a nomogram. They used multivariate logistic 
regression analysis to identify predictors, such as age, du-
ration of hypertension, and the number of antihyperten-
sion drug classes [5]. Zarnegar et al. [6] constructed a pre-
dictive logistic regression model based on two databases 
from the USA. A total of four factors were identified: fe-
male sex, duration of hypertension ≤6 years, BMI ≤25 kg/
m2, and two or fewer antihypertensive medications [6]. 
Multivariate logistic regression analysis showed that male 
sex, BMI, preoperative SBP, and APR (erect position) 
were significantly associated with reducing BP in our 
study. A nomogram model was also established to predict 
the resolution of hypertension based on multivariate lo-
gistic regression analysis. Our results were close to the 
results of the three clinical trials and could be considered 
an essential addition to the models predicting the resolu-
tion of hypertension. The nomogram model shows prom-
ising clinical applicability, which can screen appropriate 
patients for surgery from AIs patients with normal hor-
mone levels.

By comparing the clinical data of the hypertension res-
olution group and the persistent hypertension group, we 
noted higher BMI and lower APR (erect position) in the 
persistent hypertension group. It is well known that a 
high BMI is a typical signal in patients with hypertension 
[18–20]. Patients in the hypertension resolution group 

Table 3. Factors associated with hypertension resolution

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

lower upper lower upper

Male sex 0.337 0.146 0.774 0.010 0.305 0.098 0.948 0.040
BMI* 0.801 0.699 0.916 0.001 0.793 0.670 0.938 0.007
Preoperative SBP* 1.034 1.008 1.060 0.011 1.044 1.009 1.080 0.014
Renin (erect position)* 0.958 0.924 0.994 0.022 0.982 0.941 1.025 0.407
APR (erect position)* 1.150 1.050 1.259 0.003 1.206 1.042 1.397 0.012
APR (supine position)* 1.079 1.013 1.149 0.018 0.967 0.865 1.080 0.550
Hemoglobin* 0.973 0.948 0.999 0.043 0.996 0.963 1.030 0.821

OR, odds ratio; CI, confidence interval; SBP, systemic blood pressure; APR, aldosterone and plasma renin activity ratio. * Continuous 
variable. D
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have higher APR (erect position), which indicates that 
hypertension might be related to aldosterone secretion 
from the adrenal mass. Primary aldosteronism has 
emerged as one of the most common correctable causes 

of secondary hypertension, with prevalence ranging from 
6% to 20% in the hypertensive population [21], and uni-
lateral laparoscopic adrenal tumor resection is the treat-
ment for patients.
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Fig. 3. Nomogram, calibration of the nomogram for anastomotic 
leakage, and the receiver operating characteristic curve. The nomo-
gram was created using the R statistical software (the “rms” pack-
age). a Draw a line perpendicular to the corresponding axis of each 
risk factor until it reaches the top line labeled “Points.” Sum up the 
number of points for all risk factors, then draw a line descending 

from the axis labeled “Total Points” until it intercepts the “Probabil-
ity.” b The x-axis shows the predicted probability of significant im-
provement of hypertension, and the y-axis shows the observed 
probability of significant improvement of hypertension. The appar-
ent curve coincided well with the ideal curve. c The AUC was calcu-
lated as 0.849 (95% CI: 0.806–0.894). AUC, area under the curve.
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Our study has several limitations. The sample size of 
eligible cases was small, and the nomogram model has not 
been validated against other large sample databases. Since 
the retrospective study design, not all needed laboratory 
findings were collected, such as ethnic background, fam-
ily history of hypertension, pathological results, etc. 
Therefore, their role might be undervalued. We lack the 
long-term follow-up outcomes of the patients. So, the 
findings of this study should be interpreted as explorato-
ry and descriptive. A multicenter, large sample size, and 
prospective study will be required. However, such pa-
tients are rare, and the results are somewhat interpretable, 
so we present the study results.

Conclusion

We first reported that hypertension is effectively re-
solved for AIs patients with normal hormone levels after 
laparoscopic adrenal tumor resection, especially for fe-
males with low BMI, high preoperative SBP, and high 
APR (erect position). Our research is based on single-
center data, which needs to be verified by external data.
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