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Introduction

Whether to use surgical drains after abdominal surgery 

or not has received much attention since 100 years ago 

(1), and evolving into a permanently controversy (2). 
Nowadays, despite considerable progress in minimally 
invasive technique, the use of drains remains unchanged 
for prophylactic purpose and even become dogmatic. Since 
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1992, lateral transperitoneal laparoscopic adrenalectomy 
(LTLA) has been widely used in the treatment of benign 
and malignant adrenal tumors (3-8), As with other intra-
abdominal surgeries, placement of drains on the operative 
field is a common practice in order to realize early 
postoperative bleeding and drain remnant intraperitoneal 
liquids. However, whether it will benefit or not still turns 
out to be ambiguous. Evidences based on laparoscopic 
cholecystectomy (LC) and splenectomy showed that 
operative field drainage may be responsible for increased 
complications (9,10). Nevertheless, little attention has 
been paid to laparoscopic adrenalectomy. In this study, we 
retrospectively compare patients undergoing LTLA with 
and without surgical drainage, and investigate whether 
it is indispensable. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://dx.doi.org/10.21037/gs-20-829).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of the Union Hospital, 
Tongji Medical College, Huazhong University of Science 
and Technology (No. 20210231) and individual consent for 
this retrospective analysis was waived. Between October 
2014 and September 2020, all patients suspected of adrenal 
disease underwent imaging studies (ultrasound, computed 
tomography, magnetic resonance imaging and positron 
emission computed tomography if necessary); moreover, 
to ascertain whether the tumor possess hormonal activity 
or not, a complete preoperative endocrine evaluation 
and routine comprehensive laboratory examination was 
conducted. For patients suspected of pheochromocytoma, 
I-131 metaiodobenzylguanidine scintigraphy was also 
performed. The criteria of patient selection for this trial 
were as follows: (I) adrenal gland tumors secreting excessive 
hormone verified by laboratory test; (II) hormonally 
inactive tumors but its size exceeds 4 cm or its laboratory 
enlargement in a year exceeds 1 cm during observation; 
(III) suspicious of malignant transformation through 
imageological examination. Meanwhile, the exclusion 
criteria was based on the following: patients with a history 
of previous abdominal surgery who had severe abdominal 
adhesions, which required conversion to open surgery; 
patients who presented with iatrogenic ambient organs 

injury intraoperatively during LTLA, which required 
additional management or even conversion to open 
surgery; patients who needed conversion to open surgery 
for other reasons; patients who had undergone single 
incision laparoscopic surgery or operation on other organ 
simultaneously; patients who presented with any features of 
active bacterial infection before surgery; patients who have 
taken drugs that affect blood coagulation function (except 
low molecular weight heparin at preventive doses) or have 
abnormal blood coagulation function before surgery. We 
divided patients into group A (no drain) and group B (drain) 
and reviewed their clinical data. Characteristics of patients 
were evaluated include sex, age, body mass index (BMI), 
American Society of Anesthesiologists (ASA) class (11), 
tumor size, tumor location and pathological diagnosis. The 
surgical outcomes (operative time, intraoperative blood loss, 
postoperative nausea and vomiting (PONV), postoperative 
pain score and postoperative hospital stay) were also 
analyzed. Postoperative complications were analyzed 
according to the Clavien-Dindo classification (12).

Surgical technique

All operations were performed in Department of Urology, 
Union Hospital, Wuhan, China by the same surgeon 
through transperitoneal lateral approach. All patients 
received preoperative prophylaxis against infection and 
venous thrombosis according to hospital protocol. After 
general anesthesia, a Foley catheter was usually inserted 
to decompress the bladder and generally removed as 
soon as the patient could get out of bed and move. All 
operations were done by the same surgeon. A LTLA was 
used in all patients. The detailed operation process can 
refer to the following literature (8,13-17). Briefly, patients 
were positioned lateral decubitus (for the right adrenal, 
70° left lateral decubitus; for the left adrenal, 70° right 
lateral decubitus). Four trocars were used for right LTLA 
and three for left LTLA (sometimes a fourth trocar was 
needed to help retract the spleen in the left). The main 
adrenal vein was double-clipped and divided; the accessory 
veins and arteries were cauterized with sealing technology 
and sectioned. The adrenal gland with the tumor and 
periadrenal fat was completely excised. As shown in  
Figures 1 and 2. At the end of surgery, the lead surgeon 
decided whether to leave a drain or not was based on 
the specific conditions during the operation, such as 
intraoperative blood loss and operation time, and the size 
of the wound in the operation area. If a drain was placed 
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Figure 1 Left adrenalectomy (A) Dissection of splenocolic and lienorenal ligament to expose surgical field; (B) the plane between Gerota’s 
fascia and the tail of pancreas (black arrow) should be developed clearly; (C) isolation and dissection of left adrenal vein (black arrow); (D) 
mobilization of medial part of gland carefully to avoid injury to spleen vessel (black arrow); (E) mobilization of adrenal posterior and lateral 
attachments; (F) dissection of upper vessels feeding the gland with the harmonic scalpel; (G) the operative field after removal of specimen; (H) 
restoration of anatomy structure without drainage. 

Figure 2 Right adrenalectomy (A) Incision of hepatocolic and liver triangular ligaments to facilitate cephalad retraction of liver; (B) the 
junction between the upper pole of kidney and the adrenal gland was incised to help dealing with the inferior vascular pedicles; (C) the 
inferior arterial vessels were controlled with hemoclips; (D) cautious dissection along the lateral vena cava allowed dissection of middle 
arterial feeding vessels; (E) exposure and dissection of the right adrenal vein arising the vena cava; (F) inferior phrenic vessels can be easily 
identified and ligated with hemoclips; (G) the operative field; (H) approximately 8 cm tumor.
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at the organ removal site, this patient was enrolled in 
“drain” group, if not draining, this patient was included 
as “no drain” group. To ensure a successful laparoscopic 
adrenalectomy with minimal morbidity,  complete 
knowledge of surgical anatomy, cautious dissection 
techniques and hemostasis are paramount. 

Postoperative management 

All the patients were given standard and meticulous care 
postoperatively include established enhanced recovery. All 
patients were mobilized early and were encouraged to ambulate 
as soon as possible (all were sitting up and walking within a 
few hours after surgery). Oral ingestion was introduced within 
8–12 h after surgery on the condition that there was no nausea 
and vomiting. Postoperative pain was evaluated using visual 
analogue scale (VAS) (18) from 0 to 10, which was completed 
24 h after surgery with regard to either abdominal or shoulder 
pain. PONV was assessed at 8 h after operation by asking 
patients about their symptoms, and if the patient had nausea 
or vomiting, the PONV was regarded as positive. In the 
“drain” group, drained fluid volume was recorded every day 
and drainage tube was not removed until drained fluid was less 
than 10 mL per day; while in the “no drain” group, for patients 
with abnormal abdominal physical examination or abdominal 
pain and discomfort, the operative field ultrasonography was 
performed routinely instead on the first postoperative day to 
detect possible fluid collection and the volume was calculated 
if necessary. All patients, except those who required conversion 
to open surgery or developed complications, were discharged 
early. Postoperative complications were also recorded within  
4 weeks after discharge.

Statistical analysis 

All the analyses were performed using SPSS version 23.0 
software (SPSS, Inc., Chicago, IL, USA). The Shapiro-
Wilk test was applied to ascertain normal distribution of 
parameters. Categorical variables are expressed as frequencies 
and percentages. And categorical data were compared 
using the chi-square test or Fisher’s exact test. Data from 
continuous variables were expressed as mean ± the standard 
deviation or medians and ranges. Differences in the normally 
distributed continuous data were compared using the 
independent samples t-test and the Mann-Whitney U test for 
non-normally distributed continuous variables, respectively. 

Univariate and multivariate analysis (logistic regression) 
tables were used to assess risk factors independent of 

drain. Associations between postoperative hospital stay 
and preoperative, intraoperative, pathology variables, 
postoperative VAS score and drain (or no drain) were tested 
using linear regression. Variables with P≤0.10 in univariate 
logistic or univariate linear regression were included in the 
multivariate logistic or multivariate linear regression models 
to generate adjusted odds ratios (OR) or adjusted means. 
In logistic regression, ORs, 95% confidence intervals (CI), 
and associated P values are reported. In linear regression, B, 
standard error (SE), 95% confidence intervals (CI) for B, β, 
and associated P values are reported. For all tests, P value 
<0.05 was considered statistically significant.

Results 

As a result, 150 patients in total met our criteria and were 
submitted to our study. The operative method performed 
for all patients was LTLA. Among the study of 150 patients, 
89 patients were “no drain” group and 61 patients were 
“drain” group. The mean age was 47.68 years (range, 15– 
68 years), the mean BMI was 23.53 (range, 17–34), the 
mean size of removed tumor was 2.66 cm (range, 0.6–8 cm), 
there was no significant difference between “drain” and 
“no drain” group (P>0.05). There also was no significant 
difference between “drain” and “no drain” group in sex 
(P=0.389), tumor location (P=0.387) ASA score (P=0.687) 
and pathology (P=0.55). The demographic characteristics of 
the two groups are presented in Table 1.

Among 150 patients, the mean intraoperative blood loss 
was 41.58 mL (range, 9–160 mL) including “no drain” 38.79 
mL and “drain” 45.66 mL respectively, and there was no 
significant difference between two groups (P>0.05). The 
mean operative time was 58.48 min (range, 25–135 min)  
including “no drain” 50.70 min and “drain” 69.84 min 
respectively and the mean operative time was shorter in the 
“no drain” group (P<0.01). The mean VAS pain score was 
1.73 (range, 1–4) and there also was no significant difference 
between two groups (P>0.05). While postoperative hospital 
stay was 3.07 days (range, 1–11 days), there was significant 
difference between two groups (P<0.05). The length of 
postoperative hospital stay in the “drain” group was markedly 
longer than patients in the “no drain” group (P<0.001). No 
patients were converted to open surgery or reoperation  
(Table 2). Total complications occurred more frequently in 
“drain” group than in “no drain” group (12 vs. 6, P=0.022), 
but most were Clavien-Dindo grade 1 (Table 3).

Table 4 demonstrates the results of the univariate and 
multivariable logistic regression analyses of risk factors 
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Table 1 Demographic and pathological characteristics

Characteristics
Group A (no drain)  
(n=89, mean ± SD)

Group B (drain)  
(n=61, mean ± SD)

Total  
(N=150, mean ± SD)

P value 

Sex distribution, n (%)

Women 53 (59.55) 32 (52.46) 85 0.389b

Men 36 (40.45) 29 (47.54) 65

Age (years) 46.99±11.65 48.68±12.29 47.68±11.90, 47.68 [15–68] 0.39a

BMI (kg/m2), n (%) 23.50±3.91 23.57±3.18 23.53±3.62, 23.53 [17–34] 0.91a

<30 79 (88.8) 58 (95.1)

≥30 10 (11.2) 3 (4.9)

Tumor size (cm) 2.60±1.56 2.75±1.87 2.66±1.69, 2.66 [0.6–8] 0.61a

Tumor location, n (%)

Left 35 (39.3) 42 (68.9) 64 0.387b

Right 54 (60.7) 19 (31.1) 86

ASA class, n (%) 0.687b

ASA I + II 66 (74.2) 47 (77.0)

ASA III 23 (25.8) 14 (23.0)

Pathology, n (%) 0.55b

Aldosteronoma 33 (37.08) 15 (24.59) 48

Pheochromocytoma 4 (4.49) 3 (4.92) 7

Cushing’s adenoma 28 (31.46) 20 (32.79) 48

Incidentaloma 21 (23.60) 20 (32.79) 41

Malignant tumors 3 (3.37) 3 (4.92) 6
a, independent samples t-test; b, chi-square test.

Table 2 Surgical outcomes

Characteristics
Group A (no drain)  

(mean ± SD) (N=89)
Group B (drain)  

(mean ± SD) (N=61)
Total  

(mean ± SD) (N=150) 
P value

Postoperative hospital stay (days) 2.57±0.72 3.80±1.73 3.07±1.37, 3.07 [1–11] <0.001a

VAS pain score 1.69±0.73 1.79±0.75 1.73±0.74, 1.73 [1–4] 0.41a

Operative time (min) 50.70±15.46 69.84±21.37 58.48±20.35, 58.48 [25–135] <0.01a

Intraoperative blood loss (mL) 38.79±25.07 45.66±26.61 41.58±21.84, 35.11 [9–160] 0.11a

Conversion 0 0 – –

Reoperation 0 0 – –

a, independent samples t-test.
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Table 3 Postoperative complications

Complications Group A (no drain) (N=89) Group B (drain) (N=61) P value

SUM 6 12 0.022b

Clavien-Dindo grade 1, n (%) 6 10

Wound hematoma or infections 1 (1.12) 4 (6.56)

PONV 5 (5.62) 6 (9.84) 0.355b

Clavien-Dindo grade 2, n (%) 0 2 0.164b

Postoperative infection 0 2 (3.28)

Not wound infections

Clavien-Dindo grade 3 0 0

Clavien-Dindo grade 4 0 0

Clavien-Dindo grade 5 0 0
b, chi-square test. SUM, sum total.

Table 4 Multivariable logistic regression for placement of drain

Variables
No drain or drain Univariate analysis Multivariate analysis 

N=89 (no drain) N=61 (drain) OR (95% CI) P value OR (95% CI) P value 

BMI (kg/m2), n (%)  

<30 79 (88.8) 58 (95.1)  1

≥30 10 (11.2) 3 (4.9) 2.447 (2.645–9.29) 0.189 NA

ASA class, n (%)  

ASA I + II 66 (74.2) 47 (77.0)  1

ASA III 23 (25.8) 14 (23.0) 1.17 (0.546–2.508) 0.687 NA

Tumor location, n (%)  

Left 35 (39.3) 42 (68.9)  1

Right 54 (60.7) 19 (31.1) 1.433 (0.719–2.853) 0.306 NA

Pathology, n (%)  

Aldosteronoma 33 (37.08) 15 (24.59)  1

Pheochromocytoma 4 (4.49) 3 (4.92) 0.455 (0.082–2.52) 0.367

Cushing’s adenoma 28 (31.46) 20 (32.79) 0.750 (0.084–6.71) 0.797

Incidentaloma 21 (23.60) 20 (32.79) 0.714 (0.13–3.91) 0.698

Malignant tumors 3 (3.37) 3 (4.92) 0.952 (0.172–5.284) 0.955 NA

Age, years 46.99±11.65 48.68±12.29 1.012 (0.984–1.041) 0.39 NA

Intraoperative blood loss (mL) 38.79±25.07 45.66±26.61 1.34 (0.817–1.251) 0.13 NA

Tumor size (cm) 2.6±1.56 2.75±1.87 1.052 (0.867–1.276) 0.609 NA

Operative time (min) 50.07±15.46 69.84±21.37 1.06 (1.036–1.084) <0.001 1.06 (1.036–1.084) <0.001

BMI, body mass index; ASA, American Society of Anesthesiologist Physical Status Classification System; OR, odds ratio; CI, confidence 
interval.
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independent of drainage. The placement of the drainage 
was only related to the operation time (OR 1.06, 95% CI: 
1.036–1.084, P<0.001). The results of the univariate and 
multivariate linear regression analysis of factors associated 
with postoperative hospital stay are shown in Table 5. It 
could be found by univariate linear regression analysis that 
VAS, operative time and placement of drain could all lead 
to longer hospitalization days (P<0.05). And multivariate 
analysis showed that placement of drain was the factor 
most responsible for prolongation of hospitalization days 
compared to other factors (P<0.001).

Discussion

Since the first laparoscopic adrenalectomy was introduced in 

1992 by Gagner et al. (8,19), this technique was developed 
and popularized rapidly due to its better cosmetic effect, 
lower complication rate, reduced postoperative analgesia 
assumption and early discharge; therefore, it becomes a 
gold standard treatment for benign or malignant adrenal 
tumors (6,7,20,21). However, there is still limited evidence 
proving the value of surgical drainage after LTLA. More 
importantly, drains themselves may increase postoperative 
morbidity (22). This leads to discordance among surgeons 
in minimally invasive era. 

Surgical drains are used mostly for therapeutic purposes 
for drainage of intra-abdominal abscess caused by bowel 
perforation, pancreatic fistula (1). Moreover, we believe 
it is necessary to insert a drain when intraoperative 
complications occur such as injury to inferior vena cava or 

Table 5 Results of the univariate and multivariate linear regression model for Postoperative hospital stay

Variables
Unstandardized coefficients 95% CI for B Standardized

B SE Lower bound Upper bound β P

Univariate linear regression model

Age 0.004 0.009 −0.013 0.015 0.036 0.662

BMI (<30 kg/m2) −0.586 0.396 −1.369 0.198 −0.121 0.142

Pheochromocytoma 0.179 0.551 −0.911 1.268 0.028 0.746

Cushing’s adenoma −0.438 0.278 −0.987 0.112 −0.149 0.118

Incidentaloma −0.274 0.29 −0.847 0.298 −0.089 0.345

Malignant tumors 0.75 0.59 −0.416 1.916 0.108 0.206

Tumor size 0.053 0.067 −0.079 0.185 0.065 0.431

Tumor location 0.146 0.234 −0.316 0.608 0.051 0.534

ASA (II) 0.401 0.329 −0.15 0.949 0.178 0.13

ASA (III) 0.003 0.371 −0.436 0.731 0.011 0.994

VAS 0.526 0.146 0.238 0.814 0.284 0.000

Operative time 0.009 0.005 −0.001 0.02 0.14 0.087

Intraoperative blood loss 0.018 0.004 0.01 0.026 0.353 0.000

Drain 1.23 0.205 0.825 1.636 0.442 0.000

Multivariate linear regression model

VAS 0.440 0.129 0.185 0.695 0.238 0.001

Operative time −0.007 0.005 −0.018 0.003 −0.104 0.187

Intraoperative blood loss 0.011 0.004 0.003 0.019 0.216 0.005

Drain 1.105 0.226 0.658 1.553 0.397 0.000

BMI, body mass index; ASA, American Society of Anesthesiologist Physical Status Classification System; SE, standard error; CI, 
confidence interval.
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the tail of pancreas to detect early bleeding or fistula (23). 
In our study, no patients in both groups presented with 
above serious complications. Nowadays, however, drains 
are frequently used for prophylactic purposes and served as 
mentally comfort. They expected that placement of drain 
will help identify early postoperative bleeding and prevent 
intra-abdominal abscess formation. Nevertheless, no study 
available demonstrates the effectiveness of prophylactic 
surgical  drainage.  However,  in our retrospective 
comparative study total complications occurred more 
frequently in “drain” group than in “no drain” group (12 vs. 
6, P=0.022), although most were Clavien-Dindo grade 1.

At present, intra or post-operative complications 
after laparoscopic adrenalectomy are rare, especially 
uncomplicated cases (24). Studies have shown complication 
rates of laparoscopic adrenalectomy ranging from 6.5% 
to 15% (5,15,25-28). In our retrospective study, total 
complications were 12% (18/150), mainly Clavien-
Dindo grade 1 minor complications, of which 19.67% 
(12/61) and 6.74% (6/89) in the group with and without 
drains, respectively. This indicates that the clinical effect 
of drains has decreased and is more likely to bring about 
postoperative discomfort. Moreover, in an experimental 
study, Agrama et al. (29) showed that if a drain is inserted 
under the circumstances of no fluid in peritoneal cavity, 
the drain will be surrounded and occluded by omentum. 
Therefore, the absence of blood from the drain, in some 
cases, cannot indicate a nonexistence of bleeding. Even 
if significant postoperative bleeding occurs, ultrasound 
examinations used in our study and clinical symptoms can 
also identify successfully. Beyond that, Georgiou et al. (30) 
showed that after LC, drains increase occurrence of fluid 
collections in the operative region. Consequently, the 
routine use of drain is questionable. 

Many patients complain of pain and PONV after 
laparoscopical operation (31). The pain may occur in the 
abdomen, back or shoulder. The origin of postoperative pain 
is multifactorial, with pain arising from pneumoperitoneum, 
incision sites and lesion removed region. Nausea and vomiting 
may be induced by the pneumoperitoneum. Lots of surgeons 
still hold that the drain can help reduce pain and PONV by 
discharging residual gas. However, many studies concerning 
LC reported that the drain has no effect on reduced pain and 
PONV (23,32). In our study, there was no statistical difference 
with regard to PONV or VAS pain score. Nevertheless, a 
limitation in the present study should not be ignored. We only 
evaluated PONV or pain at one point after surgery; therefore, 
it cannot represent the whole recovery process. 

Besides, drainage seems to increase the incidence of 
infectious complications (10). In our study, postoperative 
infection is more likely to occur in patients with drainage 
tubes (1/89, 6/61, P=0.037). It indicates that the drain 
left in the operative field as it is not only a passage to 
remove the contents from the abdominal cavity, but also 
a potential source of infection (33). Therefore, attention 
should also be paid to the infectious complications related 
to the inflammatory response caused by the drainage tube. 
In 1962, Myers described a “drain fever syndrome” which 
is basically fever with no accompanying symptoms of 
infection in patients with post-operational drainage, and the 
syndrome disappears after removing the drain (34).

With respect to postoperative hospital stay, studies 
indicated that postoperative drainage also prolongs 
(24,35,36). Our results were in line with them. However, 
many factors such as personal physical condition, the 
recovery process have an effect on postoperative hospital 
stay. Therefore, associations between postoperative hospital 
stay and preoperative, intraoperative, pathology variables, 
postoperative VAS score and drain (or no drain) were tested 
using linear regression. It could be found by univariate 
linear regression analysis that higher VAS score, more 
intraoperative blood loss and placement of drain could all 
lead to longer hospitalization days (P<0.05). And multivariate 
analysis showed that placement of drain was the factor most 
responsible for prolongation of hospitalization days compared 
to other factors (P<0.001). So the argument that drainage can 
help shorten postoperative hospital stay is untenable. And no 
drain makes outpatient laparoscopic adrenalectomy possible. 
Actually, some patients in our “no drain” group meet the 
outpatient surgery criteria (37). In the future, we believe we 
can also perform laparoscopic adrenalectomy as an outpatient 
procedure in selected patients. 

However, in our retrospective study, despite our 
including all patients with no drain and making inclusion 
and exclusion criteria clear, several limitations to this study 
need to be considered. Firstly, this was a single-center study 
including only the same surgeon, so caution is warranted 
in extrapolating the results to other scenarios. Secondly, 
the selection of patient types is not comprehensive enough, 
and the number of patients with each pathological type is 
needed more. Therefore, in the near future, a well-designed 
prospective study is requisite to reduce bias.

Conclusions

In summary, LTLA surgery has proven safe for adrenal 
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tumors. And this study revealed that it is feasible and safe 
not to leave a drain in selective and uncomplicated patients 
and that surgical drainage should not be routine after 
LTLA. 
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