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Abstract. Retroperitoneal laparoscopic resection is the 
preferred minimally invasive surgery for adrenal tumors. 
Patients vary greatly in postoperative drain output, but no 
clear criteria exist to select candidates for a drainage‑free 
strategy. The objective of the present study was to establish 
clinical screening criteria for identifying patients eligible for 
a drainage-free strategy after retroperitoneal laparoscopic 
adrenal tumor resection and verify the clinical value of the 
criteria. A retrospective analysis was first conducted on 
126  patients who underwent the aforementioned surgery. 
Patients were divided into two groups based on total post‑
operative drain output: The drainage-free group (≤60 ml, 
40 cases) and the drain group (>60 ml, 86 cases). Indicators 
such as age and tumor diameter were compared with identify 
factors influencing postoperative drain output. Subsequently, 
a prospective validation study was carried out involving 
54  patients, with 20  patients meeting the preliminary 
screening criteria assigned to the experimental group and 
34 ineligible patients to the control group. Perioperative data 
and complication rates of the two groups were compared. The 

retrospective univariate analysis identified seven indicators 
(including age and tumor diameter) associated with postop‑
erative drain output (P<0.05). Multivariate logistic regression 
confirmed five independent risk factors for postoperative drain 
output: Age [odds ratio (OR)=1.062; 95% confidence interval 
(CI) 1.005-1.123; P=0.033], tumor diameter (OR=2.199; 95% 
CI: 1.162-4.159; P=0.015), locking clip application for adrenal 
tissue or central vein (OR=12.081; 95% CI: 1.772-82.385; 
P=0.011), saponification and adhesion of adipose tissue in the 
surgical area (OR=0.092; 95% CI: 0.026-0.319; P<0.001) and 
intraoperative blood loss (OR=10.48; 95% CI: 1.025-1.072; 
P<0.001). In the prospective validation study, only one patient 
in the experimental group had postoperative drain output 
>60 ml (recovered with conservative treatment). The experi‑
mental group also had significantly less total drain output, 
shorter drain removal time and shorter hospital discharge time 
than the control group (P<0.05), with no significant difference 
in complication rates (P>0.05). In conclusion, the established 
screening criteria may accurately identify eligible patients. 
This strategy appears to safely shorten hospital stays and 
facilitate stratified management and may have clinical value.

Introduction

Adrenal tumors are relatively common in adults, and can 
originate from the adrenal cortex, medulla or adjacent tissue 
structures, including adrenocortical carcinoma, non-functional 
adenoma, lymphoma, paraganglioma and pheochromocytoma. 
However, in the pediatric population, adrenal malignancies are 
rare and heterogeneous, mainly comprising neuroblastoma, 
ganglioneuroblastoma, adrenocortical carcinoma and malig‑
nant pheochromocytoma. Neuroblastoma alone accounts for 
nearly 10% of all childhood cancers, with ~35% arising from 
the adrenal medulla. These tumors are often aggressive and are 
frequently diagnosed at an advanced stage with local invasion 
or distant metastasis (1-3). Traditionally, open surgical resec‑
tion was the main treatment, but it involves large incisions, long 
recovery and marked complication risk. With the evolution 
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of surgical techniques, minimally invasive procedures have 
been widely adopted owing to advantages including less tissue 
trauma, faster postoperative recovery, shorter hospital stay, 
lower perioperative morbidity and other related benefits (4). 
In recent years, with minimally invasive advances, laparo‑
scopic surgery has become the preferred treatment for adult 
adrenal tumors  (5); robot-assisted laparoscopic adrenalec‑
tomy, a specialized minimally invasive approach, is also used 
clinically (6,7). Compared with transabdominal laparoscopy, 
retroperitoneal laparoscopy reduces intraoperative injury to 
the intestines/liver and postoperative complications; therefore, 
more centers now use it as the preferred approach for adrenal 
tumor resection (8,9). Despite its clinical value, early data 
show some patients need reoperation due to bleeding after 
laparoscopic adrenal tumor resection, prompting clinical 
exploration of strategies to reduce postoperative bleeding and 
drain output (10).

In clinical practice, patients undergoing retroperitoneal 
laparoscopic adrenal tumor resection have notable individual 
differences in postoperative drain output; some patients have 
a relatively large output, while others have almost none. 
Stratifying patients by postoperative drain output characteris‑
tics and applying individualized diagnosis and treatment can 
optimize medical resource allocation and accelerate patient 
recovery. Against this background, the present study first 
explored factors influencing drain output after the surgery 
via retrospective analysis; then formulated clinical screening 
criteria for patients with no postoperative drain output; and 
finally verified these criteria through a prospective study. 
Specifically, the present research aimed to provide a reliable 
evidence-based foundation for making precise, postoperative 
drain output-related patient management decisions in clinical 
practice, such as determining whether to place or remove a 
drain or optimizing drain management strategies.

Materials and methods

Inclusion and exclusion criteria. Inclusion criteria for the 
retrospective study: i) Patients who underwent retroperitoneal 
laparoscopic adrenal tumor resection; and ii) aged >18 years. 
Exclusion criteria for the retrospective study: i) Abnormal 
coagulation function; ii) cardiopulmonary dysfunction, severe 
hepatic or renal insufficiency or other comorbidities that 
render patients unable to tolerate surgery; iii) total adrenalec‑
tomy; iv) prolonged operation time due to specific instrument 
failures (damage to energy devices such as ultrasonic scalpels, 
breakdown of camera systems or light sources confirmed by 
intraoperative inspection) or other unavoidable intraopera‑
tive reasons; v) adrenal cysts; vi) adrenal hemangiomas; and 
vii) Conversion to open surgery or other surgical methods. 
The inclusion criteria and exclusion criteria for the prospective 
study were the same as those for the retrospective study.

Study population and grouping in the retrospective study. 
A retrospective analysis was conducted on 126 patients who 
underwent retroperitoneal laparoscopic adrenal tumor resec‑
tion at Xuzhou Cancer Hospital (Xuzhou, China) from March 
2023 to April 2025. All data were collected from electronic 
and paper medical records. All patients completed preop‑
erative hormone tests and had electrolytes adjusted to normal; 

those with pheochromocytoma received routine preoperative 
volume expansion therapy to stabilize blood pressure. All 
126 patients underwent the surgery successfully. Their basic 
data were collected, including sex, age, BMI, comorbidities, 
postoperative pathology, tumor size and perioperative indica‑
tors (details in Table I). Since no established criteria or relevant 
guidelines exist, 60 ml was selected as the cut-off in the present 
study based on empirical evidence and physiological rationale. 
As some drain output inevitably remains postoperatively, zero 
drainage is unrealistic. We hypothesized that drain output 
≤60 ml could be completely absorbed without adverse events. 
Patients were stratified into a drainage group (>60 ml) and 
a drainage-free group (≤60 ml). Univariate and multivariate 
logistic regression analyses were used to compare the two 
groups, identify factors influencing postoperative drain output 
and establish screening criteria for drainage-free patients.

Study population and grouping in the prospective valida-
tion study based on screening criteria. A further prospective 
validation analysis included 54 patients who underwent retro‑
peritoneal laparoscopic adrenal tumor resection at Xuzhou 
Cancer Hospital and the Affiliated Huai'an No. 1 People's 
Hospital of Nanjing Medical University (Huai'an, China) 
from April to August 2025. Data were collected prospectively 
during perioperative inpatient visits and follow-ups. Among 
them, 20 patients meeting the preliminary screening criteria 
derived from our retrospective analysis for non-postoperative 
drain output were in the experimental group, and 34 patients 
who did not meet these criteria were in the control group. 
Sample size calculation was performed using G*Power 3.1 
software (Heinrich Heine University Düsseldorf, Germany). 
With an effect size set at 0.8, the current sample size achieved 
a statistical power of 0.8. All patients completed preoperative 
hormone tests and had electrolytes adjusted to normal; those 
with pheochromocytoma received routine preoperative 
volume expansion therapy to stabilize blood pressure. The 
present study followed The Declaration of Helsinki and 
was approved by the Ethics Committees of Xuzhou Cancer 
Hospital (Xuzhou, China; approval no. 2025-CS-011) and the 
Affiliated Huai'an No. 1 People's Hospital of Nanjing Medical 
University (Huai'an, China; approval no. 2025-008). For the 
prospective cohort, informed consent was obtained from all 
patients or their legal representatives, with such representation 
used only for a small number of patients with limited decision-
making capacity. For the retrospective cohort, individual 
informed consent was not required for this observational study 
using existing medical records.

Surgical steps. Surgical methods were consistent across 
retrospective and prospective cohorts. All procedures were 
retroperitoneal with patients in the contralateral lateral decu‑
bitus position. A total of three trocars were placed: 10-mm at 
2 transverse fingers above iliac spine (midaxillary line), 5-mm 
below costal margin (anterior axillary line) and 12-mm below 
costal margin (posterior axillary line). After pneumoperito‑
neum establishment, ultrasonic scalpel dissected perirenal 
fascial adipose tissue, incised fascia and separated the peri‑
renal fascia from the fat capsule. Dissection started dorsally 
toward the upper renal pole to expose tumor, then continued 
ventrally along peritoneum to clarify boundaries. Surrounding 



EXPERIMENTAL AND THERAPEUTIC MEDICINE  32:  204,  2026 3

normal adrenal tissue and central vein area were managed 
with ultrasonic scalpel or locking clips, followed by tumor 
and partial adrenal tissue resection. Final hemostasis was 
done until no bleeding points were noted. Hemostatic gauze 
was selectively placed, retroperitoneal drain indwelled and the 
incision was closed. Postoperatively, the drain was removed 
when the output was <20 ml over 48 consecutive hours. Total 
drain output ≤60 ml was defined as ‘no drainage’ and >60 ml 
as ‘drainage present’.

Statistical methods. Data were processed with SPSS 21.0 
(IBM Corp.). Measurement data with normal distribution are 
presented as the mean ± SD and compared between groups via 
independent samples t-test; those without normal distribution 
were expressed as median (interquartile range) and compared 
via Mann-Whitney U test. Count data were expressed as case 
numbers and compared via χ² test or Fisher's exact probability 
test. Univariate analysis used χ² test, Fisher's exact probability 
test or t-test. Indicators with significant differences in univariate 
analysis were included in multivariate logistic regression to 
analyze factors influencing postoperative drain output. P<0.05 
was considered to indicate a statistically significant difference.

Results

Results of the retrospective study. The mean age of the 
126 patients was 52.3±11.6 years, including 67 males and 59 
females. There were 74 left-sided and 52 right-sided tumors; 
16 patients had diabetes and 77 patients had hypertension. The 
mean tumor diameter was 2.6 (1.8-3.0) cm, all non-functional 
tumors <4 cm were newly developed in the past year or had an 
annual growth rate >0.5 cm (11). The average operation duration 
was 81.6 (60.0-100.0) min and the average intraoperative blood 
loss was 55.8 (30.0-80.0) ml. Postoperative pathology result 
were as follows: 80 non-functional adenomas, 6 myelolipomas, 8 
pheochromocytomas, 25 aldosteronomas, 4 nodular hyperplasias 
and 3 ganglioneuromas. Specific basic data are shown in Table I.

The univariate results showed that patient age (P=0.022), 
tumor diameter (P=0.010), use of anticoagulants within 12 h 
after surgery (P=0.006), handling of adrenal tissue or central 
vein with locking clips (P=0.006), saponification and adhesion 
of adipose tissue in the surgical area (assessed independently 
by two senior physicians intraoperatively; discrepancies were 
resolved by consensus through laparoscopic video review) 
(P<0.001), intraoperative blood loss (P<0.001) and intraop‑
erative injury to other organs (P=0.031) were associated with 
the formation of postoperative drain output, with statistically 
significant differences between the groups, as shown in 
Tables II and III.

Table I. General data of patients in retrospective study.

	 Number
Variable	 (n)/value

Sex	
  Male	 67
  Female	 59
Age, years	 52.3±11.6
BMI, kg/m²	 25.5±3.5
Pathology	
  Non-functional adenoma	 80
  Myelolipoma	 6
  Pheochromocytoma	 8
  Aldosteronoma	 25
  Nodular hyperplasia	 4
  Ganglioneuroma	 3
Tumor location	
  Left side	 74
  Right side	 52
Total drain output volume, ml	 120.7±95.7
Complicated with hypertension	
  Yes	 77
  No	 49
Complicated with diabetes mellitus	
  Yes	 16
  No	 110
Long-term use of anticoagulants	
  Yes	 15
  No	 111
Operation duration, min	 81.6 (60.0-100.0)
Tumor diameter, cm	 2.6 (1.8-3.0)
Use of anticoagulants within
12 h after operation	
  Yes	 34
  No	 92
Use of hemostatic materials	
  Yes	 55
  No	 71
Locking clips for adrenal tissue
and central vein	
  Yes	 95
  No	 31
Saponification, adhesion	
  Yes	 73
  No	 53
Intraoperative blood loss, ml	 55.8 (30.0-80.0)
Fat mass residue	
  Yes	 19
  No	 107
Other organ injuries (kidney injury,
peritoneal rupture)	
  Yes	 16
  No	 110

Table I. Continued.

	 Number
Variable	 (n)/value

Check puncture channel	
  Yes	 97
  No	 29
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ZHAO et al:  DRAINAGE-FREE ADRENAL TUMOR RESECTION: CRITERIA AND PROSPECTIVE VALIDATION4

Table II. Analysis of postoperative drain output after retroperitoneal laparoscopic adrenal tumor resection.

	 No drain output	 Drain output
Variable	 group (n=40)	 group (n=86)	 c2/t/z value	 P-value

Sex			   0.440	 0.507
  Male	 23	 44		
  Female	 17	 42		
Age, years	 48.8±12.5	 54.0±10.8	- 2.366	 0.020
BMI, kg/m2	 25.3±3.6	 25.6±3.5	- 0.395	 0.693
Pathology			   3.276	 0.657
  Non-functional adenoma	 24	 56		
  Myelolipoma	 3	 3		
Pheochromocytoma	 1	 7		
  Aldosteronoma	 10	 15		
  Nodular hyperplasia	 1	 3		
  Ganglioneuroma	 1	 2		
Location			   1.843	 0.175
  Left side  	 20	 54		
  Right side	 20	 32		
Hypertension			   1.007	 0.316
  Yes 	 27	 50		
  No	 13	 36		
Diabetes			   0.280	 0.597
  Yes	 6	 10		
  No	 34	 76		
Long term use of anticoagulants			   0.020	 0.888
  Yes	 5	 10		
  No	 35	 76		
Operation duration, min	 77.8 (60.0-90.0)	 83.4 (55.0-105.0)	- 0.468	 0.640
Tumor diameter, cm	 2.2 (1.6-2.6)	 2.8 (2.0-3.3)	- 2.867	 0.004
12 h postoperative anticoagulant use			   8.580	 0.004
  Yes	 4	 30		
  No	 36	 56		
Hemostatic materials use			   0.960	 0.327
  Yes	 20	 35		
  No	 20	 51		
Locking clip application			   9.241	 0.002
  Yes 	 37	 58		
  No	 3	 28		
Saponification, adhesion			   22.277	 0.001
  Yes	 11	 62		
  No	 29	 24		
Interoperative blood loss, ml	 34.5 (20.0-37.5)	 65.6 (40.0-80.0)	- 5.525	 0.001
Fat mass residue			   1.181	 0.423
  Yes	 4	 15		
  No	 36	 71		
Other organ injuries			   6.648	 0.012
  Yes	 1	 17		
  No	 39	 69		
Check puncture channel			   2.125	 0.145
  Yes	 34	 63		
  No	 6	 23		
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The multivariate results showed that patient age [odds 
ratio (OR)=1.062; 95% confidence interval (CI): 1.005-1.123; 
P=0.033], tumor diameter (OR=2.199; 95% CI: 1.162-4.159; 
P=0.015), handling of adrenal tissue or central vein with 
locking clips (OR=12.081; 95% CI: 1.772-82.385; P=0.011), 
saponification and adhesion of adipose tissue in the surgical 
area (OR=0.092; 95% CI: 0.026-0.319; P<0.001) and intraop‑
erative blood loss (OR=10.48; 95% CI: 1.025-1.072; P<0.001) 
were independent risk factors for drainage formation after 
retroperitoneal laparoscopic adrenal tumor resection, as 
shown in Table III.

Results of the prospective validation study based on screening 
criteria. To make screening criteria more stringent, the present 
study selected relevant influencing factors from retrospec‑
tive univariate results as criteria for non-postoperative drain 
output. Retrospective univariate results showed patient age, 
tumor diameter, postoperative 12-h anticoagulant use, locking 
clip use for adrenal tissue/central vein, surgical area saponifi‑
cation/adhesion, intraoperative blood loss and intraoperative 
organ injury were associated with postoperative drain output. 
For the three numerical variables (age, tumor diameter, intra‑
operative blood loss), the median was used as cut-off. Thus, 
prospective validation study inclusion criteria for non-drain 
output patients were: Adults <54 years old, tumor diameter 
<2.3 cm, no postoperative 12-h anticoagulants, locking clips 
for adrenal tissue/central vein, no surgical area saponifica‑
tion/adhesion, intraoperative blood loss <80  ml and no 
intraoperative organ injury.

A prospective validation study included 54 patients: 20 
meeting preliminary screening criteria (experimental group) 
and 34 non-eligible (control group). The 54 patients had an age 
of 47.3±14.8 years (22 males and 32 females), with 38 left-sided 
and 16 right-sided tumors. The average tumor diameter was 
3.1±1.3 cm, all non-functional tumors <4 cm were newly devel‑
oped in the past year or had an annual growth rate >0.5 cm. 
Operation duration was 88.1±26.4 min, intraoperative blood 
loss 71.7±45.8 ml. The postoperative pathology demonstrated 
that there were: 30 non-functional adenomas, 5 myelolipomas, 
5 pheochromocytomas and 14 aldosteronomas. Specific basic 
data are shown in Table IV.

A total of one patient in the experimental group had drain 
output >60 ml and recovered after conservative treatment. 
This patient had a total drain output of 120 ml, underwent 
drain removal on postoperative day 4 and was discharged on 
day 5 without additional interventions. The length of hospital 
stay was not prolonged relative to the mean hospitalization 
time of the experimental group. The experimental group 
had an average total postoperative drain output of 32.8 ml 
(range 10.0-50.0 ml), vs. an average of 130.0 ml (range 57.5-
180.0 ml) in the control group; postoperative extubation time 
was 2.7±0.8 days (experimental) vs. 4.0±1.1 days (control); 
postoperative discharge time was 3.7±0.8 days (experimental) 
vs. 5.0±1.1 days (control). Statistical analysis showed the three 
indicators were significantly improved in the experimental 
group (P<0.05), as shown in Table V.

Complications were graded by the Clavien-Dindo 
system (12). The experimental group had 1 Grade I compli‑
cation (local wound redness, swelling, exudation, recovered 
after dressing change) and no Grade II-V complications. The 
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control group had 1 Grade I complication (same as the experi‑
mental group) and 2 Grade II complications: 1 postoperative 
pneumonia (recovered after anti-infective treatment) and 1 
retroperitoneal hematoma-induced lumbago/fever (recovered 
after antibiotic symptomatic treatment); no Grade  III-V 
complications occurred. Statistics showed no significant 
difference in complication incidence between the two groups 
(P>0.05), as shown in Table VI.

Discussion

Adrenal tumors, a key urology research field, include func‑
tional and non-functional types. Functional tumors, such as 
aldosteronomas and pheochromocytomas, can cause severe 
endocrine disorders via abnormal hormone secretion; non-
functional tumors are often asymptomatic early but compress 
surrounding tissues as they grow, harming health. Currently, 
retroperitoneal laparoscopic adrenal tumor resection is the 
preferred clinical surgical approach. Notably, with precision 
medicine advances, adrenal tumor treatment strategies have 
changed; total adrenalectomy was once recommended for 

aldosteronomas, but now simple tumor resection is emphasized 
to preserve hormone reserves, reduce adrenal crisis incidence 
and avoid lifelong cortisol replacement therapy  (13,14). 
Thus, the present study also used simple tumor resection for 
aldosteronomas.

Retroperitoneal laparoscopic adrenal tumor resection 
is mainstream due to its minimally invasive efficiency, but 
postoperative complications (especially bleeding) remain a 
bottleneck for rapid patient recovery, prompting exploration 
of improved hemostasis and drain management (15). Clinical 
observations show polarized postoperative drain output in 
these patients; some have much more than expected, others 
almost none. This individual difference inspires stratified 
management via accurate drain output identification, avoiding 
medical resource waste and enabling precise diagnosis/treat‑
ment. Thus, the present study first divided patients into drain 
and drainage-free groups by postoperative drain output 
volume, then analyzed factors influencing drain output. In 
the present study, total postoperative drain output ≤60 ml was 
defined as ‘no drainage’ and >60 ml as ‘drainage present’; this 
definition is based on physiology and clinical practice: i) Some 

Table IV. General data of patients in prospective validation study.

	 Number (n)/value
	---------------------------------------------------------------------------------------------
Item	 Experimental group	 Control group	 P-value

Sex			   0.510
  Male	 7	 15	
  Female	 13	 19	
Age, years	 39.2±9.3	 52.1±15.4	 0.001
Pathology			   0.997
  Non-functional adenoma	 11	 19	
  Myelolipoma	 2	 3	
Pheochromocytoma	 2	 3	
  Aldosteronoma	 5	 9	
Tumor location			   0.507
  Left	 13	 25	
  Right	 7	 9	
Operation duration, min	 86.0±27.0	 89.4±26.4	 0.651
Tumor diameter, cm	 1.9 (1.7-2.2)	 3.8 (2.8-4.5)	 <0.001
Use of anticoagulants within 12 h after operation			   0.001
  Yes	 0	 14	
  No	 20	 20	
Locking clip application			   0.002
  Yes	 20	 22	
  No	 0	 12	
Saponification, adhesion			   0.019
  Yes	 0	 9	
  No	 20	 25	
Intraoperative blood loss, ml	 42.0 (22.5-60.0)	 89.1 (50.0-122.5)	 <0.001
Other organ injuries			   0.145
  Yes	 0	 5	
  No	 20	 29	
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tissue exudate/lubricating fluid remains retroperitoneally post‑
operatively, so zero drain output is unrealistic; and ii) ≤60 ml 
fluid is hypothesized to be fully cleared by retroperitoneal 
self-absorption/metabolism without adverse effects (such 
as infection, pain and tissue compression), consistent with 
observations in the present study, where among the ≤60 ml 
cases, only 1 Grade I complication occurred (unrelated to 
drain output volume), supporting biological equivalence to ‘no 
drain output’. This 60 ml-based standard conforms to human 
physiology (16) and provides a quantifiable objective basis for 
clinical practice.

Research shows adrenal tumors >2 cm need surgical resec‑
tion (bringing clinical benefits) (16). In the present study, all 
non-functional tumors <4 cm were newly found in the past 
year or grew >0.5 cm annually, matching established resec‑
tion criteria (11). The adrenal gland has rich blood supply; its 
thin-walled central vein arises from the adrenal hilum, runs 
closely with the inferior vena cava (right) or renal vein (left) 
for a short segment before anastomosis. During laparoscopic 
resection, locking clips enable rapid, precise blood flow 
occlusion via mechanical compression, offering more reliable 
hemostasis than electrocoagulation (17). The present study 
also found locking clips for adrenal tissue/central vein are 
an independent factor influencing postoperative drain output, 
verifying their bleeding control advantages. Whether tumor 
size affects intraoperative bleeding remains controversial. 
de Fourmestraux et al (18) retroactively analyzed 72 patients 
with pheochromocytoma and found no significant increase in 
retroperitoneal laparoscopic resection blood loss for tumors 
>6 cm; however, other prospective cohort studies (comparing 
tumors ≥6 cm vs. <6 cm) found that larger tumors had notably 

more estimated blood loss and higher postoperative complica‑
tion rates via multivariate analysis (19). Thus, the present study 
included tumor size and intraoperative blood loss in analysis 
and results showed both are risk factors for postoperative 
drain output. Although sufficient hemostasis was achieved 
(no marked oozing) before abdominal closure, intraoperative 
blood loss was still an independent factor, possibly due to 
occult bleeding from intraoperative microvascular injury and 
delayed bleeding from postoperative surgical field coagulation 
fluctuations, suggesting precise operation is needed to avoid 
intraoperative bleeding and reduce postoperative drain output 
risk. Additionally, the present study found that intraoperative 
surgical field saponification/adhesion and patient age are rele‑
vant factors. Specifically, saponification/adhesion may induce 
sterile inflammatory exudation  (20); meanwhile, elderly 
patients often exhibit decreased coagulation function, which 
can lead to continuous oozing from the surgical field (21).

Previous studies have indicated that postoperative use 
of anticoagulants may inhibit coagulation function, prolong 
coagulation time and increase the risk of oozing from surgical 
wounds or visceral bleeding  (22-24). Therefore, clinical 
practice requires individualized assessment based on the 
thromboembolic risk and bleeding risk of the patient, with 
strict control over the timing of anticoagulant administration. 
In the present study, the use of anticoagulants within 12 h 
after surgery was included in the analysis, but the results 
showed that this factor had no significant association with the 
formation of drain output after retroperitoneal laparoscopic 
adrenal tumor resection, which may be attributed to insuffi‑
cient sample size. In previous research, innovative hemostatic 
materials have developed rapidly. For example, the ‘sandwich-
like fiber/sponge’ composite hemostatic material reported 
by Zhang et al (25) has both efficient hemostatic effects and 
local chemotherapy functions, suggesting that the application 
of hemostatic materials may affect postoperative drain output 
volume. However, the results of the present study showed that 
the intraoperative application of hemostatic materials had no 
significant association with the formation of postoperative 
drain output, and further verification by expanding the sample 
size is needed in subsequent studies. In addition, although the 
present study did not find a statistically significant effect of 
puncture channel inspection on the formation of postoperative 
drain output, in view of the potential serious consequences of 
puncture channel bleeding for individuals, it is still recom‑
mended that channel inspection be included as a routine 
procedure.

To make the screening criteria more rigorous, the present 
study selected relevant influencing factors from the univariate 
results in the retrospective study, took them as the screening 
conditions for the absence of postoperative drain output and 

Table V. Perioperative index results of prospective validation study.

Item	 Experimental group	 Control group	 t/z Value	 P-value

Total drain output volume, ml	 32.8 (10.0-50.0)	 130.0 (57.5-180.0)	- 4.946	 <0.001
Drain output tube removal time, days	 2.7±0.8	 4.0±1.1	- 4.802	 <0.001
Discharge time, days	 3.7±0.8	 5.0±1.1	- 4.802	 <0.001

Table VI. Postoperative complication results of prospective 
validation study.

Complication	 Experimental	 Control
grade	 group, n	 group, n	 P-value

0	 19	 31	-
I	 1	 1	-
II	 0	 2	-
III	 0	 0	-
IV	 0	 0	 -
V	 0	 0	 -
Total	 20	 34	 0.512

Complications were graded by the Clavien-Dindo system.

https://www.spandidos-publications.com/10.3892/etm.2026.13200
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conducted a further prospective validation study. The results 
showed that the experimental group was superior to the control 
group in terms of total postoperative drain output volume, 
postoperative extubation time and postoperative discharge 
time, with no significant difference in complications between 
the two groups. No severe (Grade  III-V) complications 
occurred in the experimental group, confirming the safety of 
the drainage‑free strategy. These findings further verify the 
reliability and feasibility of the screening criteria formulated 
in the present study, suggesting that the criteria have clinical 
promotion value.

Scholars have explored day surgery for retroperitoneal 
laparoscopic adrenalectomy, but these studies lacked patient 
stratified screening, leaving risks of postoperative infection and 
bleeding (16,26,27). This results of the present study support 
stratified management for adrenal tumor patients; screening 
those with no postoperative drain output may help build a 
more optimized day surgery model for this resection, although 
its clinical value needs further verification. Anatomically, the 
abdominal cavity is large (postoperative bleeding causes severe 
consequences), while the retroperitoneal space is small and 
closed (hematomas are localized with better controllability). 
Per day surgery safety principles, retroperitoneal laparoscopy 
(not transabdominal) should be prioritized for this resection, 
one basis for the present study's focus on the retroperitoneal 
approach. Hou et al (28) also compared the two approaches, 
finding retroperitoneal laparoscopy has improved intraop‑
erative bleeding control (direct access to the adrenal region, 
less unnecessary intra-abdominal dissection), confirming the 
approach choice of the present study. It should be noted that 
adequate preoperative preparation (29) and surgeons clinical 
experience (30) are key prerequisites for safe retroperitoneal 
laparoscopic adrenal tumor resection.

The present study has several limitations that should be 
noted. First, its retrospective component carries selection 
bias and potential inconsistencies in perioperative variable 
documentation, which may affect the accuracy of identi‑
fying factors influencing postoperative drain output. Second, 
sample sizes were small (126 in retrospective cohort, 54 in 
prospective cohort), reducing statistical power and limiting 
screening criteria generalizability. Third, while the cut-offs 
for age, tumor diameter and intraoperative blood loss were 
pragmatically derived from the median values of the retro‑
spective cohort for clinical practicality and exploratory study 
purposes, their potential applicability to other populations 
remains unvalidated, which may limit the external validity 
and generalizability of the screening criteria. To address these 
and strengthen criteria evidence, future studies should conduct 
multi-center, large-sample prospective research with standard‑
ized objective variable measurements and external cut-off 
validation, providing more reliable evidence-based support for 
clinical practice.

In summary, the present study established screening criteria 
for identifying patients who may be suitable for a drainage-
free strategy after retroperitoneal laparoscopic adrenal tumor 
resection: adult patients aged <54  years, tumor diameter 
<2.3 cm, no use of anticoagulants within 12 h postoperatively, 
handling of adrenal tissue or central vein with locking clips, no 
saponification and adhesion in the surgical area, intraoperative 
blood loss <80 ml and no intraoperative injury to other organs. 

A prospective validation study was performed to evaluate 
these criteria. The results showed that the drainage-free group 
had significantly improved outcomes in total postoperative 
drain output, drain removal time and postoperative hospital 
stay, suggesting that these criteria may be reliable and feasible. 
In addition, subgroup-stratified management for these patients 
may have clinical significance and application potential. 
Further studies with larger sample sizes and multi-center 
designs are needed to verify these preliminary findings.

Acknowledgements

Not applicable.

Funding

The present study received funding from the science and 
technology project of Huai'an Health Commission (grant 
no.  HAB202107); the science and technology project of 
Xuzhou Health Commission (grant no. XWKYHT20230003); 
the education research project of Nanjing Medical University 
(grant no. 2023ZC129); and the XZHMU-QL Joint Research 
Fund (grant no. QL-YB030).

Availability of data and materials

The data generated in the present study may be requested from 
the corresponding author.

Authors' contributions

YZ, YXH and HTL conceived the original idea and oper‑
ated on the patients. JYC, BZ and HZ conducted preliminary 
research, including collecting clinical data, sorting out clinical 
information, analyzing relevant data and participating in 
clinical surgical operations. YZ, YXH, HTL and BZ were 
involved in writing. YZ and HZ reviewed the manuscript, 
and confirmed the authenticity of all the raw data. All authors 
contributed to the final version. All authors read and approved 
the final version of the manuscript.

Ethics approval and consent to participate

The present study was approved by the Research Ethics 
Committees of the Affiliated Huai'an No. 1 People's Hospital 
of Nanjing Medical University (Huai'an, China; approval 
no. 2025-008) and Xuzhou Cancer Hospital (Xuzhou, China; 
approval no. 2025-CS-011). The procedures used in this study 
adhere to the tenets of The Declarations of Helsinki. Informed 
consent was obtained from all participants in the prospective 
cohort. For the retrospective cohort, individual informed 
consent was not required.

Patient consent for publication

Not applicable.

Competing interests

The authors declare that they have no competing interests.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  32:  204,  2026 9

References

  1.	 Pinto A and Barletta JA: Adrenal tumors in adults. Surg Pathol 
Clin 8: 725-749, 2015.

  2.	Fuqua JS: Adrenal tumors in childhood. Adv Pediatr 68: 227-244,  
2021.

  3.	Zheng J, Cai J, Diao X, Kong J, Chen X, Yu H, Xie W, Huang J 
and Lin T: Nomograms for the prediction of survival for patients 
with pediatric adrenal cancer after surgery. J Cancer 11: 2080-
2090, 2020.

  4.	Patil M Jr, Gharde P, Reddy K and Nayak K: Comparative anal‑
ysis of laparoscopic versus open procedures in specific general 
surgical interventions. Cureus 16: e54433, 2024.

  5.	Zhang  QB, Huang  YS, Yan  L, Liu  Z, Xu  ZH and Gu  GL: 
Comparison of lateral transperitoneal versus retroperitoneal 
laparoscopic adrenalectomy for pheochromocytoma: A single-
centre retrospective study. Updates Surg 75: 1259-1266, 2023.

  6.	Packiam VT, Barashi NS and Shalhav AL: Robot-assisted lapa‑
roscopic adrenalectomy. J Endourol 32 (S1): S82-S87, 2018.

  7.	 Selva raj   N, Pooler i   GK, Addla  SK, Raghavan  D, 
Govindaswamy TG, Balakrishnan AK, Sivaraman A, Jain N, 
Kandasamy SG and Ragavan N: Robot assisted laparoscopic 
adrenalectomy: Should this be the new standard? Urologia 89: 
430-436, 2022.

  8.	Lei  K, Wang  X, Yang  Z, Liu  Y, Sun  T, Xie  W and Ma  M: 
Comparison of the retroperitoneal laparoscopic adrenalectomy 
versus transperitoneal laparoscopic adrenalectomy for large 
(≥6  cm) pheochromocytomas: A single-centre retrospective 
study. Front Oncol 13: 1043753, 2023.

  9.	 Van Den Heede K, Vatansever S, Girgin T, Van Slycke S and 
Makay Ö; EUROCRINE® Council: Posterior retroperitoneal 
versus transperitoneal laparoscopic adrenalectomy in adults: 
Results from the EUROCRINE® surgical registry. Langenbecks 
Arch Surg 408: 241, 2023.

10.	 Rosevear HM, Montgomery JS, Roberts WW and Wolf JS Jr: 
Characterization and management of postoperative hemorrhage 
following upper retroperitoneal laparoscopic surgery. J Urol 176: 
1458-1462, 2006.

11.	 Rowe NE, Kumar R, Schieda N, Siddiqi F, McGregor T, McAlpine K, 
Violette P, Bathini V, Eng M and Izard J: Diagnosis, management, 
and follow-up of the incidentally discovered adrenal mass: CUA 
guideline endorsed by the AUA. J Urol 210: 590-599, 2023.

12.	 Chatzikrachtis  N, Tzelves  L, Geraghty  R, Manolitsis  I, 
Juliebø-Jones P, Pietropaolo A, Karavitakis M, Berdempes M, 
Markopoulos T, Somani B and Skolarikos A: Complication rate 
after pediatric shock wave lithotripsy according to Clavien-Dindo 
grading system: Results from a systematic review and meta-
analysis of the existing literature. World J Urol 41: 829-835, 2023.

13.	 Billmann F, Billeter A, Thomusch O, Keck T, El Shishtawi S, 
Langan EA, Strobel O and Müller-Stich BP: Minimally invasive 
partial versus total adrenalectomy for unilateral primary hyper‑
aldosteronism-a retrospective, multicenter matched-pair analysis 
using the new international consensus on outcome measures. 
Surgery 169: 1361-1370, 2021.

14.	 Chen SF, Chueh SC, Wang SM, Wu VC, Pu YS, Wu KD and 
Huang  KH: Clinical outcomes in patients undergoing lapa‑
roscopic adrenalectomy for unilateral aldosterone producing 
adenoma: Partial versus total adrenalectomy. J Endourol 28: 
1103-1106, 2014.

15.	 Rodríguez-Hermosa JI, Delisau O, Planellas-Giné P, Cornejo L, 
Ranea  A, Maldonado  E, Fernández-Real  JM and Codina-
Cazador A: Factors associated with prolonged hospital stay after 
laparoscopic adrenalectomy. Updates Surg 73: 693-702, 2021.

16.	Li X, Xi H, Yu Y, Liu W, Zhu X, Gong Z, Fu B, Wang G and 
Zhou X: Retroperitoneal laparoscopic partial adrenalectomy 
(RLPA) for 20-40 mm nonfunctional adrenal tumors in the 
day surgery mode. Front Endocrinol (Lausanne) 13: 1099818, 
2022.

17.	 Öz B, Cücük Ö, Gök M, Akcan A and Sözüer E: Laparoscopic 
transperitoneal adrenalectomy for adrenal tumours of 6 cm or 
greater: A single-centre experience. J Minim Access Surg 20: 
47-54, 2024.

18.	 de Fourmestraux A, Salomon L, Abbou CC and Grise P: Ten 
year experience of retroperitoneal laparoscopic resection for 
pheochromocytomas: A dual-centre study of 72 cases. World J 
Urol 33: 1103-1107, 2015.

19.	 Cicek MC, Gunseren KO, Senol K, Vuruskan H and Yavascaoglu I: 
Is 6 cm diameter an upper limit for adrenal tumors to perform 
laparoscopic adrenalectomy? J Laparoendosc Adv Surg Tech 
A 31: 301-305, 2021.

20.	Vasei N, Shishegar A, Ghalkhani F and Darvishi M: Fat necrosis 
in the breast: A systematic review of clinical. Lipids Health 
Dis 18: 139, 2019.

21.	 Pleym H, Wahba A, Videm V, Asberg A, Lydersen S, Bjella L, 
Dale O and Stenseth R: Increased fibrinolysis and platelet acti‑
vation in elderly patients undergoing coronary bypass surgery. 
Anesth Analg 102: 660-667, 2006.

22.	Chronopoulos  E, Nikolaou  VS, Masgala  A, Kaspiris  A and 
Babis GC: Unilateral adrenal hemorrhage after total knee arthro‑
plasty. Orthopedics 37: e508-e511, 2014.

23.	Childers CP, Maggard-Gibbons M, Ulloa JG, MacQueen  IT, 
Miake-Lye IM, Shanman R, Mak S, Beroes JM and Shekelle PG: 
Perioperative management of antiplatelet therapy in patients 
undergoing non-cardiac surgery following coronary stent place‑
ment: A systematic review. Syst Rev 7: 4, 2018.

24.	Wang L, Wang XF, Qin YC, Chen J, Shang CH, Sun GF and 
Li NC: Bilateral adrenal hemorrhage after hip arthroplasty: An 
initially misdiagnosed case. BMC Urol 19: 106, 2019.

25.	Zhang Z, Kuang G, Zong S, Liu S, Xiao H, Chen X, Zhou D 
and Huang Y: Sandwich-like fibers/sponge composite combining 
chemotherapy and hemostasis for efficient postoperative preven‑
tion of tumor recurrence and metastasis. Adv Mater 30: e1803217, 
2018.

26.	Gartland  RM, Fuentes  E, Fazendin  J, Fong  ZV, Stephen  A, 
Porterfield JR Jr, Hodin R and Lindeman B: Safety of outpatient 
adrenalectomy across 3 minimally invasive approaches at 2 
academic medical centers. Surgery 169: 145-149, 2021.

27.	 Shariq  OA, Bews  KA, McKenna  NP, Dy  BM, Lyden  ML, 
Farley DR, Thompson GB, McKenzie TJ and Habermann EB: 
Is same-day discharge associated with increased 30-day 
postoperative complications and readmissions in patients 
undergoing laparoscopic adrenalectomy? Surgery 169: 289-297, 
2021.

28.	Hou Z, Xie Q, Qiu G, Jin Z, Mi S, Liu C and Huang J: Safety and 
efficacy of laparoscopic transperitoneal versus retroperitoneal 
resection for benign retroperitoneal tumors: A retrospective 
cohort study. Surg Endosc 37: 9299-9309, 2023.

29.	 Muñoz-Palomeque S, Aguayo-Vistin W, Molina GA, Bastidas-
Arévalo  Z, Herrera Gonzalez  JP and Gordon  CI: Mixed 
functional tumor of the left adrenal as a cause of palpitations, 
surgical management. Case report. J  Surg Case Rep  2024: 
rjae731, 2024.

30.	Dorovinis  P, Machairas  N, Kykalos  S, Stamopoulos  P, 
Vernadakis S and Sotiropoulos GC: Safety and efficacy of lapa‑
roscopic caudate lobectomy: A systematic review. J Clin Med 10: 
4907, 2021.

Copyright © 2026 Zhao et a l . This work is 
licensed under a Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC 
BY-NC-ND 4.0) License.

https://www.spandidos-publications.com/10.3892/etm.2026.13200

