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Background: Adrenalectomies are rare procedures especially in childhood. So

far, no large cohort study on this topic has been published with data on to age

distribution, operative procedures, hospital volume and operative outcome.

Methods: This is a retrospective analysis of anonymized nationwide hospital

billing data (DRG data, 2009-2017). All adrenal surgeries (defined byOPS codes)

of patients between the age 0 and 21 years in Germany were included.

Results: A total of 523 patient records were identified. The mean age was 8.6 ±

7.7 years and 262 patients were female (50.1%). The majority of patients were

between 0 and 5 years old (52% overall), while 11.1% were between 6 and 11 and

38.8% older than 12 years. The most common diagnoses were malignant

neoplasms of the adrenal gland (56%, mostly neuroblastoma) with the

majority being younger than 5 years. Benign neoplasms in the adrenal gland

(D350) account for 29% of all cases with the majority of affected patients being

12 years or older. 15% were not defined regarding tumor behavior. Overall

complication rate was 27%with a clear higher complication rate in resection for

malignant neoplasia of the adrenal gland. Bleeding occurrence and

transfusions are the main complications, followed by the necessary of

relaparotomy. There was an uneven patient distribution between hospital

tertiles (low volume, medium and high volume tertile). While 164 patients

received surgery in 85 different “low volume” hospitals (0.2 cases per hospital

per year), 205 patients received surgery in 8 different “high volume” hospitals

(2.8 cases per hospital per year; p<0.001). Patients in high volume centers were

significant younger, had more extended resections and more often malignant

neoplasia. In multivariable analysis younger age, extended resections and open
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procedures were independent predictors for occurrence of postoperative

complications.

Conclusion:Overall complication rate of adrenalectomies in the pediatric population

in Germany is low, demonstrating good therapeutic quality. Our analysis revealed a

very uneven distribution of patient volume among hospitals.
KEYWORDS

pediatric, neuroblastoma – diagnosis, therapy, adrenocortical adenocarcinoma, outcome,
volume, adrenalectomia
Introduction

Adrenal neoplasia are overall rare, especially in childhood.

They can arise from the adrenal cortex or the adrenal medulla

with different histopathologic origin, distinct differences in

dignity (benign/malignant), age distribution, prognosis and

hormone production. In addition, in both localizations, several

genetic underpinnings have been identified (1–4).

Patients present with a wide range of symptoms, from

clinical signs of an unspecific abdominal swelling or

recognized symptoms related to hormone overproduction to

an incidental finding of an adrenal mass in radiography.

Neoplasms of the adrenal medulla are mostly neuroblastoma

followed by pheochromocytoma and other neuroendocrine

tumors, that may be found incidentally due to a lack of

symptoms but typically present with symptoms such as

sweating, flushing, weight loss etc. due to catecholamine

excess. In the vast majority of cases, surgical treatment is

necessary (1). Since neuroblastoma account for approx. 7% of

childhood tumors and have their median age around the age of 2

(5), the majority of infant adrenal tumors can be assigned

to neuroblastoma.

Among childhood neoplasms arising from the adrenal

cortex, only around 20% are benign adenomas (ACA) with an

excellent prognosis, whereas the majority are adrenocortical

carcinoma (ACC) with malignant behavior. Pediatric ACC are

predominantly hormone secreting and surgical complete

resection is the only curative treatment option. Distinction

between benign and malign tumors remains challenging (1, 4).

There is no known specific age distribution of the tumor entities.

Regardless of the genetic background, age, hormone

production and malignant behavior, adrenalectomy is a

cornerstone within the multidisciplinary treatment algorithms.

However, substantial differences exist between minimally

invasive adrenalectomy for small, mostly benign adrenal

tumors, and open extended resections for large malignant

tumors infiltrating surrounding tissue. Dependent on the
02
surgical approach, there are significant differences regarding

postoperative morbidity as well as mortality rates.

For several decades, it has become increasingly obvious that

individual surgeon volume and annual hospital case load clearly

correlate with patients’ postoperative outcome (6, 7). This has

especially been proven for complex cancer surgery in adults (8,

9). Recent data from nationwide analysis also demonstrate a

volume – outcome relationship for adrenalectomies of adults

(10, 11). To date, it is unclear whether there is also a correlation

between hospital volume and patient outcome for adrenal

surgery in pediatric patients. Furthermore, no systematic

analysis of complication rates and surgical approaches in

pediatric patient undergoing adrenal surgery exists.

In this study, we used nationwide billing data to describe a

cohort of patients below 21 years undergoing adrenalectomy.

Primary outcome was occurrence of postoperative complications

by patients’ age, hospital volume as well as main diagnosis leading

to adrenalectomy. Secondary outcome was, among others, was age

distribution of malignant and non-malignant adrenal neoplasia

within this cohort.
Methods

This is a register based, retrospective nationwide cohort-

study on the basis of anonymized diagnose related groups

(DRG) billing data provided by the “Statistische Bundesamt”

(Federal Statistical Office in Germany) of all adrenal gland

resections among children and adolescents performed between

2009 and 2017 in Germany. Hospital reimbursement in

Germany is regulated by the DRG-system. Hospitals report the

patients diagnoses (primary diagnose as well as potential

postoperative complications) their performed medical

procedures as well as discharge data to the incurrence. This

data are also reported to the Federal Statistical Office.

Identification of patients for this study was done using OPS

codes including “adrenal…” or “adrenal gland…”. The resulting
frontiersin.org
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ICD codes (Supplementary Table 1) led to the inclusion of ICD

codes (Supplementary Table 2) after application of an in-detail

bias analysis (ICD codes which were most likely the main

diagnosis and led to an accompanying adrenal gland resection

were excluded due to possible bias, Figure 1). In each individual

case, the OPS codes (Supplementary Table 3) were hierarchized

and the most radical procedure was defined as the main

intervention (for procedural hierarchy see Supplementary

Table 4). Primary nephral diagnoses (like C64, renal cell

carcinoma) were not included due to high bias risk.

Relevant complication DRG coding was conducted on the

basis of clinical relevance.

Data acquisition was conducted in close contact with the

Research Center of the Federal Statistical Office via remote

analysis (FDZ of the Federal Statistical Offices and the federal

states; Data source: Diagnosis-Related Group Statistics (2009-

17)) and in accordance with their guidelines for handling highly

sensitive patient-record data. Each patient record was assigned

an age, gender, an anonymized institute identifier, procedural

codes (OPS), main and secondary diagnoses (ICD-10-GM),

length of stay and reason for admission and discharge.

Duplicates were identified and, in case of occurrence, one data

set was chosen randomly to minimize bias. We only analyzed

complete data records. ICD-codes for complications were

identified among patients’ secondary diagnoses.

All patient records of patients older than 21 years of age were

excluded. Before this was done, the same identification criteria

were applied to all DRG data and, as a result, all adrenalectomies

were primarily identified, regardless of age. This is how this work
Frontiers in Endocrinology 03
can present “total number of adrenalectomies performed at the

same hospital, including grown-ups” (see in Results section).

Patient records were into three volume tertiles categories of

approximately equal size based on their pooled number of adrenal

gland resections between 2009 and 2017 (12, 13). For this the

entire cohort is divided in three equally sized groups according to

the annual hospital volume of pediatric adrenal resections.

Odds ratios (OR) were calculated as risk assessment between

the primary dependent variable “hospital complication” and the

primary independent variable “dignity” as well as secondary

independent variables. A multivariable logistic regression model

was used to analyze the relation between hospital tertile and hospital

mortality while taking into account possible confounding variables.

In order to account for different comorbidity structures, we used the

comorbidity score first introduced by Stausberg et al. (14) whose

validity has been affirmed in the German variant of the ICD-system.

Eligible confounding variables including comorbidity, age and

gender were controlled for. Trends were assessed using non

parametric trends (15). We excluded the presence of significant

multicollinearities among confounding variables. Using theMantel-

Haenszel method, relevant effect modification was checked for.

For the multivariable logistic regression model, the relation

between hospital tertile and in-house mortality was determined

while accounting for possible confounders and the clustered data

structure treating the constant hospital identifier as random effect.

Likelihood tests were used to assess the regression model accuracy.

Refitting the models for different quadrature points and comparing

the values of the estimators helped check the accuracy of the

random effects estimators. A resulting maximum difference of ≤

10-4 between the distinct quadrature points was accepted.

Graphs were generated using Prism (Version 9). Stata

(Version 16; StataCorp LP, USA) was used for all statistical

analysis. P-values of ≤ 0.05 were considered significant.
Results

A total of 20.047 patients with an adrenal surgical procedure

code were (OPS 5-071 for partial and 5-072 for adrenalectomy,

among others, details in Supplementary Figure 3) reported to the

German Federal Statistical Office between 2009 and 2017, of whom

17.040 had a primary adrenal surgery due to a pathology within the

adrenal gland (see Figure 1). Of these, 523 patients had an age below

21 years. In this cohort, the median age was 8.6 ( ± 7.7) years, 262

patients (50.1%) were female and roughly 56% had a malignant

neoplasia of the adrenal gland. In total, 109 hospitals performed at

least one adrenal surgery in the observation period, the mean length

of stay was 11.9 ( ± 11.7) days, and 174 resection procedures

(33.3%) were performed using a minimally invasive (laparoscopic/

retroperitoneoscopic) approach.

The most frequent main diagnosis was benign neoplasia of the

adrenal gland (n= 152, 29.1%; D350) followed by malignant

neoplasia of the adrenal medulla (n=134; 25.6%; C741),
FIGURE 1

Inclusion criteria and flow-chart. Resulting ICD codes after
application of OPS Codes in Supplementary Table 1, final ICD
codes after exclusion of most likely secondary procedures in
Supplementary Table 2.
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malignant neoplasia of the adrenal gland (not otherwise specified)

(n=114, 21.8%; C749) andmalignant neoplasia of the adrenal cortex

(n=43, 8.2%; C740).

When analyzing the patient cohort according to the patient’s

age (see also Table 1), there were significant differences. With

higher age, a clear shift towards female patients (p<0.001), a

shorter length of stay (p<0.001) and a higher percentage of

minimally invasive procedures (p<0.001) were observed. Also,

the rate of malignant adrenal tumors decreased with increasing

age (p<0.001).
Frontiers in Endocrinology 04
As we observed significant differences within the distribution

of malignant and non-malignant neoplasia, we divided the

cohort accordingly. Patients with a malignant neoplasia were

in average 10 years younger (mean 4.2 ± 5.3years; p<0.001)),

were more often male (60.9%; p<0.001), had a higher

comorbidity score (p<0.001) and a longer length of stay

(p<0.001) (details are given in Table 2).

As surgery is one cornerstone within the multimodal

treatment of patients with adrenal tumors, we analyzed the

occurrence of postoperative complications. Overall, more than
TABLE 1 Patients ≤21 years of age: patient characteristics by age groups.

z No. of patients between the age of … years 0-1 2-5 6-11 12-17 18-21 P-value ‡

n 128 (24.5) 134 (25.6) 58 (11.1) 89 (17.0) 114 (21.8)

no. of hospitals over the years 33.4 (25-38) 43 38 29 48 70 <0.001

length of stay (days)* 11.9 ±11.7 13.2 (16.8) 13.6 (10.3) 12.0 (8.7) 10.4 (8.1) 9.6 (9.1) <0.001 n.p.

age in years* 8.6 ±7.7 0.4 (0.5) 3.0 (1.0) 8.5 (1.8) 15.1 (1.6) 19.6 (1.1) <0.001 n.p.

comorbidity score #1 * 101.9 (3.2) 102.7 (4.0) 101.9 (3.8) 99.8 (3.0) 98.7 (3.1) <0.001 n.p.

minimally invasive procedure n (%) 25 (19.5) 12 (9.0) 13 (22.4) 46 (51.7) 78 (68.4) <0.001

no. of females 262 (50.1) 54 (42.2) 51 (38.1) 30 (51.7) 49 (55.1) 78 (68.4) <0.001

total no. of adrenalectomies (including adult patients) performed in same
hospital

225.8
(206.0)

285.8
(214.3)

245.1
(222.1)

243.6
(287.5)

221.6
(284.7)

0.005

Exact diagnosis <0.001

C740 (malignant, adrenal cortex) 43 (8.2) 14 (10.9) 13 (9.7) 5 (8.6) 6 (6.7) 5 (4.4)

C741 (malignant, adrenal medulla) 134 (25.6) 52 (40.6) 52 (38.8) 16 (27.6) 9 (10.1) 5 (4.4)

C749 (malignant, adrenal gland, n.o.s.) 114 (21.8) 42 (32.8) 56 (41.8) n.s. (<10) n.s. (<10) 3 (2.6)

D350 (benign, adrenal gland) 152 (29.1) 11 (8.6) 7 (5.2) 19 (32.8) 50 (56.2) 65 (57.0)

D441 (unknown dignity, adrenal gland) 41 (7.8) n.s. (<10) 6 (4.5) 5 (8.6) 11 (12.4) 11 (9.7)

other #2 (n.s.) 39 (7.5) n.s. (<3) 0 n.s. (<7) n.s. (<10) 25 (21.9)
fron
Left pillar: total numbers and (%). *values are mean (± s.d.); ‡ Chi2 test for difference between subgroups. n.p. for non-parametric tests. Details in Supplementary N.s. not stated due to
German data law legislation (at least one group is n<3). #1 Comorbidity score introduced by Stausberg et al. (14) and validated in the German ICD-10 system. #2 ‘other’ combines other
resulting main diagnoses (of which each single one was n<20, all ICD codes of the main diagnoses in this study in Supplementary Table 2) after application of OPS codes as identification
criteria (Supplementary Table 3).
TABLE 2 Patients ≤21 years of age: patient characteristics by dignity.

Tumor dignity malignant benign P-value ‡

n 294 (56.2) 229 (43.8)

no. of hospitals over the years (n) 59 93

length of stay (days) * 13.9 (13.7) 9.3 (7.6) <0.001 n.p.

age in years * 4.2 (5.3) 14.4 (6.4) <0.001 n.p.

comorbidity score * 102.4 (3.9) 99.3 (2.8) <0.001 n.p.

Minimally invasive procedure n (%) 35 (11.9) 139 (60.7) <0.001

no. of females 115 (39.1) 147 (64.2) <0.001

average total no. of adrenal resections (including adult patients #1) performed in same hospital 229.6 (273.8) 257.7 (217.6)

Age groups (years) <0.001

0-1 (128, 24.5%) 108 (36.7) 20 (8.7)

2-5 (134, 25.6%) 121 (41.2) 13 (5.7)

6-11 (58, 11.1%) 32 (10.9) 26 (11.4)

12-17 (89, 17.0%) 17 (5.8) 72 (31.4)

18-21 (114, 21.8%) 16 (5.4) 98 (42.8)
*values are mean (± s.d.); ‡ Chi2 test for difference between subgroups. n.p. for non-parametric tests. #1 Adult patients (age >21) were not part of the study cohort but total adrenal gland
resection volume per hospital was determined.
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one quarter had at least one complication, which is mainly

directly associated with the surgical procedure like postoperative

bleeding. To note, patients with a malignant tumor had a

significant risk to suffer from any postoperative complication;

especially the need for blood transfusions (approx.40%; p<0.001)

was significantly more common than in non-malignant tumors.

To analyze the impact of hospital volume on the postoperative

outcome, we divided the entire cohort in three equally sized groups

of low, medium and high-volume centers according to the hospital

volume of pediatric adrenal resections over the entire study period

(details are listed in Table 3). This categorization revealed 85

hospitals operated on 31.4% (n=164) of all patients defined as

“low volume”. Another 16 hospitals operating an 29,5% (n=154)
Frontiers in Endocrinology 05
patients defining as “medium volume” and 8 hospitals operating

39.3% (n=205) of all patients defined as “high volume” This means

that, on average, each low volume hospital performed two pediatric

adrenal gland resections over the course of 9 years. In addition, the

overall caseload of adrenal resections regarding all age groups

(including adult patients) in the eight high volume centers was

significantly higher than in the low volume centers. Patients in high

volume centers were significantly younger (p<0.001), were more

likely to have a malignant neoplasia (p<0.001) and underwent more

extended (p<0.001) and open resections (p=0.015). For example,

while less than 10% of patients underwent an extended resection in

a low volume center, approximately one third of patients underwent

an extended resection in a high volume center. In line with this
TABLE 3 Patients ≤21 years of age: patient characteristics by hospital tertiles.

No. of patients who had surgery in a hospital with a patient
volume in the…

low volume
tertile

medium volume
tertile

high volume
tertile

P-
value ‡

No. of patients (523) 164 (31.4) 154 (29.5) 205 (39.2)

No. of hospitals in total (33.4 annually on average between 2009 and 2017) 85 16 8

average total no. of adrenal resections (including adult patients #1) performed in
same hospital

66.1 (44.9) 182.7 (91.3) 435.9 (281.4) <0.001
n.p.

Length of stay (11.9 ±11.7)* 10.9 ± 11.6 11.6 ± 9.1 13.0 ± 13.3 0.057 n.p.

Age (8.6 ±7.7)* 11.3 ± 8.0 8.6 ± 7.7 6.5 ± 6.8 <0.001
n.p.

Age groups (years) <0.001

0-1 (128, 24.5%) 34 (20.7) 38 (24.7) 56 (27.3)

2-5 (134, 25.6%) 22 (13.4) 42 (27.3) 70 (34.2)

6-11 (58, 11.1%) 17 (10.4) 12 (7.8) 29 (14.2)

12-17 (89, 17.0%) 32 (19.5) 31 (20.1) 26 (12.7)

18-21 (114, 21.8%) 59 (36.0) 31 (20.1) 24 (11.7)

No. of females (262, 50.1%) 96 (58.5) 74 (48.1) 92 (44.9) 0.028

Comorbidity score (101.0, ±3.8)* 100.1 ± 3.0 100.7 ± 3.2 102.1 ± 4.4 <0.001
n.p.

Exact diagnosis <0.001

C740 (malignant, adrenal cortex) 13 (7.9) 12 (7.8) 18 (8.8)

C741 (malignant, adrenal medulla) 29 (17.7) 30 (19.5) 75 (36.6)

C749 (malignant, adrenal gland, n.o.s.) 25 (15.2) 36 (23.4) 53 (25.9)

D350 (benign, adrenal gland) 63 (38.4) 52 (33.8) 37 (18.1)

D441 (unknown dignity, adrenal gland) 13 (7.9 15 (9.7) 13 (6.3)

other (n.s.) 21 (12.8) 9 (5.8) 9 (4.4)

Main procedure 0.019

Adrenalectomy (352, 67.3%) 121 (73.8) 100 (64.9) 131 (63.9)

Partial adrenalectomy (46, 8.8%) 12 (7.3) 8 (5.2) 26 (12.7)

other (125, 23.9%) 31 (18.9) 46 (29.9) 48 (23.4)

Main procedure performed was. 0.015

. minimally invasive (174, 33.3%) 69 (42.1) 46 (29.9) 59 (28.8)

. open (349, 66.7%) 95 (57.9) 108 (70.1) 146 (71.2)

Overall resection… <0.001

of adrenal gland only (413, 79.0%) 149 (90.9) 123 (79.9) 141 (68.8)

with an accompanying resection of other organ(s) (110, 21.0%) 15 (9.1) 31 (20.1) 64 (31.2)

Overall complication(s) (141, 27.0) 27 (16.5) 32 (20.8) 82 (40.0) <0.001
front
Left pillar: total numbers in (). *values are mean (± s.d.); ‡ Chi2 test for difference between subgroups. n.p. for non-parametric tests. Details in Supplementary Table 5. #1 Adult patients
(age >21) were not part of the study cohort but total adrenal gland resection volume per hospital was determined.
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differences, more complications occurred in the high

volume centers.

When analyzing the occurrence of complication, in line with

the unequal distribution of age and malignant disease between

the hospital volume we observed more frequent overall as well as

surgery associated complications within the high-volume

centers (Table 5).

In a crude analysis, age category, dignity, operative procedure,

including minimally invasive and extended resections, and hospital

volume were significantly associated with occurrence of

postoperative complications (see Table 4, 5). They were therefore

considered as potential confounders and included in a regression

analysis. In a multivariable regression analysis, accounting for

patient clustering within institutions and the effect of

confounding variables, a highly significant decrease was found in

postoperative complication rate following adrenal resection for
Frontiers in Endocrinology 06
patient age (p=0.046 and open procedure (p=0.001), while there

was no difference regarding the annual caseload (see Table 6).
Discussion

This is the first nationwide analysis for adrenal resections

within patients below 21 years. We demonstrate that there are

two distinct groups of patients. First, patients with malignant

neoplasia who are predominant male and younger. Second,

patients with benign adrenal tumors who are more likely

female and 6 years or older. The other important observation

is, that there are 109 hospitals overall in Germany performing

adrenalectomy in patients age blow 21.

The described cohort as well as the age distribution of benign

and malignant adrenal tumors are in line with data from several
TABLE 4 Patients ≤21 years of age: complications.

No. of patients malignant benign P-value

n 294 (56.2 of total) 229 (43.8 of total)

Total of patients with complication(s) 168 (32.1) 138 (46.9) 30 (13.1) <0.001

…. of which n had surgical complication(s) 154 (29.5) 132 (44.9) 22 (9.6) <0.001

Bleeding occurrence 100 (19.1) 87 (29.6) 13 (5.7) <0.001

Transfusion occurrence 129 (24.7) 116 (39.5) 13 (5.7) <0.001

Relaparotomy occurrence 20 (3.8) 14 (4.8) 6 (2.6) 0.205

…. or other complication(s) 51 (9.8) 39 (13.3) 12 (5.2) 0.002

Endocrine insufficiency (4, 2.8) n.s. n.s. 0.207

Artificial respiration > 48h occurrence 19 (3.6) n.s. n.s. 0.003

Peritonitis/sepsis occurrence 21 (4.0) 17 (5.8) 4 (1.8) 0.020

Pneumonia occurrence 5 (1.0) n.s. n.s. 0.864

Acute Kidney Injury occurrence 11 (2.1) n.s. n.s. 0.084

Clostridium difficile occurrence 12 (2.3) n.s. n.s. 0.012
front
(Percentages of column). P values stem from Chi2 test for difference between subgroups. N.s. not stated due to German data law legislation (at least one group is n<3).
TABLE 5 Patients ≤21 years of age: complications by patient volume.

No. of patients low volume tertile medium volume tertile high volume tertile P-value

n (%) 164 (31.4) 154 (29.5) 205 (39.2)

Total of patients with complication(s) 141 (27.0) 27 (16.5) 32 (20.8) 82 (40.0) <0.001

…. of which n had surgical complication(s) 127 (24.3) 23 (14.0) 26 (16.9) 78 (38.1) <0.001

Bleeding occurrence 100 (19.1) 17 (10.4) 19 (12.3) 64 (31.2) <0.001

Transfusion occurrence 129 (24.7) 28 (17.1) 31 (20.1) 70 (34.2) <0.001

Relaparotomy occurrence 20 (3.8) n.s. n.s. 12 (5.9) 0.070

…. or other complication(s) 48 (9.2) 11 (6.7) 10 (6.5) 27 (13.2) 0.040

Endocrine insufficiency (4, 2.8) n.s. n.s. n.s. 0.905

Artificial respiration > 48h occurrence 19 (3.6) n.s. n.s. 15 (7.3) 0.001

Peritonitis/sepsis occurrence 21 (4.0) 4 (2.4) 3 (2.0) 14 (6.8) 0.031

Pneumonia occurrence 5 (1.0) n.s. n.s. n.s.

Acute Kidney Injury occurrence 11 (2.1) n.s. n.s. 7 (3.4) 0.244

Clostridium difficile occurrence 12 (2.3) 4 (2.4) 4 (2.6) 4 (2.0) 0.911
(Percentages of column). P values stem from Chi2 test for difference between subgroups. N.s. not stated due to German data law legislation (at least one group is n<3).
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large registries, also demonstrating an unequal distribution of

age and dignity of adrenal neoplasia (1, 4, 16).

This uneven age distribution may be due to the fact that

pediatric malignant neoplasms of the adrenal gland appear to

originate in the fetal zone, and as expected for neoplasms of

developing tissue, the median age at diagnosis is very young.

This developmental pathway is already well known for

neuroblastoma, an embryonal tumor of the autonomic

nervous system, but embryonal pathogenesis of adrenocortical

carcinoma in early childhood has been discussed by several

authors as well. Furthermore, malignant childhood adrenal

tumors are often associated with genetic alterations and tumor

predisposition syndromes, such as Li-Fraumeni syndrome,

leading to early onset of neoplasms (1, 4, 16, 17). Fortunately,

the total perioperative mortality rate was below 1.5%. As was

expected, patients with malignant neoplasia and younger

patients were less likely to undergo minimally invasive

resection, and this group also had a significant higher

complication rate. These results are in line with billing data of
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the adult cohort. The aggressive growth of malignant tumors

may lead to higher perioperative complications, as, for example,

the increased risk of bleeding occurrence, being secondary to the

tendency of malignant neoplasms to infiltrate blood vessels and

nearby organs (11). Nevertheless, when analyzing billing data for

occurrence of complications, some bias has to be taken into

account. The available billing data reflect procedures and

complications within one hospital stay, but do not identify the

exact causality for potential complications. This is the case, for

example, when the need of a blood transfusion is a complication

of the operative procedure or when patients were initially

diagnosed with anemia, for example, due to previous (chemo-)

therapy, received a transfusion, and underwent adrenalectomy

during the same hospital stay. This should be particularly noted

when interpreting the significant higher transfusion rate within

patients with malignant neoplasia. Also the high rate of

documented “complications” within high volume centers could

be explained by the unequal distribution of patients. For example

patients within high volume centers are more likely to undergo
TABLE 6 Crude Odds Ratios and multiple regression model.

Unadjusted OR for in-hospital
complication

Multivariable logistic regression model for in-house
complication

Odds Ratio [95% CI] P-value Odds Ratio [95% CI] P-value

Age (years)

0-1 1 1

2-5 1.36 [0.83-2.23] 0.229 1.01 [0.57-1.79] 0.970

6-11 0.55 [0.27-1.10] 0.093 0.37 [0.16-0.86] 0.021

12-17 0.29 [0.15-0.59] 0.001 0.42 [0.18-0.98] 0.046

18-21 0.18 [0.09-0.38] <0.001 0.40 [0.16-0.98] 0.046

Sex

female 1 1

male 1.21 [0.83-1.79] 0.315 0.88 [0.54-1.42] 0.588

Dignity

benign or unknown 1 1

malignant 3.99 [2.55-6.23] <0.001 0.62 (0.31-1.22) 0.167

Procedure

Adrenalectomy 1 1

Partial adrenalectomy or other 0.48 [0.21-1.11] 0.085 0.97 [0.75-1.26] 0.825

Surgery was…

minimally invasive 1 1

open 6.78 [3.77-12.21] <0.001 3.38 [1.70-6.71] 0.001

Overall resection…

with an accompanying resection of other organ(s) 1 1

of adrenal gland only 0.17 [0.11-0.27] <0.001 0.30 [0.18-0.52] <0.001

Comorbidity score (incremental) 1.33 [1.25-1.43] <0.001 1.21 [1.12-1.30] <0.001

Hospital Tertile

low volume 1 1

medium volume 1.38 [0.79-2.43] 0.259 0.82 [0.43-1.58] 0.559

high volume 3.52 [2.14-5.79] <0.001 1.78 [0.98-3.22] 0.058
ORs are unadjusted and adjusted and are listed solely for primary dependent variable in-house complication. Overall rho = 3.81xe-6 (Confidence Interval 6.05xe-22 - 1).
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extended resections due to maligned disease, which per se will

bias this point. This is supported by the fact, that when

accounting for confounders within the multivariate analyze the

Odds ratio for occurrence of complication does not differ

according to hospital volume. In light of

Surprisingly, we discovered a highly unequal distribution of

hospital case load, which is even more surprising considering

adrenal resections are overall rare procedures. In the “low volume”

tertile, there was roughly one case below 21 years within five years of

the study, whereas high volume centers performed approximately 3

adrenal resections per year. In light of actual recommendations of

ENSAT and other international experts, an annual case load of more

than 20 adrenalectomies per year is recommended (1, 18–20). It is

therefore incomprehensive why some of the patients in the study

cohort have not been transferred to a high-volume center. Several

studies of adult patients have demonstrated that, especially for

adrenal resections, there is a significant volume-outcome

correlation. From an economic point of view, high volume goes

hand in hand with relevant cost savings (10, 11).

In light of the overall low mortality rate, the “small” sample size

and the highly diverse cohort, we did not identify a significant

volume – outcome relationship. Nevertheless, it has to be discussed

if patients will benefit from a centralization of rare and complex

surgical procedures within few, highly competent centers. First,

these hospitals should be experienced with adrenal gland tumors as

well as be equipped with highly specialized adrenal surgical units,

including for pediatric patients.

The main strength of this study is the sample size of more

than 500 patients with adrenal resections below 21 years of age,

the completeness of data and the adjustment for confounding

factors as age, malignant processes and co-morbidity.

Major limitations of this analysis are missing data of individual

surgeon volume and individual surgeons’ expertise and surgeons

specialty (pediatric/endocrine/general) on the postoperative

outcome. Furthermore, no information was available on tumor

stage, tumor size, exact histopathological phenotype, hormone

production, extension of resection and long-term survival of

patients. Another limitation is the lack of readmission data, as the

statistics include only individual cases per hospital and readmission

is not accounted for. In addition, as stated above, the exact causality

for potential complications such as blood transfusions could not be

derived from the DRG-data set. Furthermore, the exact diagnosis

remained unclear in some patients (especially C749 and D441).

In conclusion, we demonstrated that, overall, surgery for

adrenal mass in children and adolescents is a save procedure.

There are two groups of patients undergoing an adrenal

resection with distinct profiles, younger patients with an

underlying malignant disease and older patients who are less

likely to suffer from maligned disease. Since tumors of the

adrenal gland are overall rare and the dignity of the adrenal

mass often remains unclear until definitive histopathological

examination, our data suggest a treatment of these patients in

few, highly specialized centers.
Frontiers in Endocrinology 08
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material. Further

inquiries can be directed to the corresponding author.
Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent from

the participants’ legal guardian/next of kin was not required to

participate in this study in accordance with the national

legislation and the institutional requirements.
Author contributions

All authors revised the manuscript and finally approved the

manuscript. KU, data acquisition and statistical analysis. VW

and AW, study design. MR, AW, and VW, writing the

manuscript. MR, JR, TM, CG, MF, and AW, critical discussion

and data interpretation. All authors contributed to the article

and approved the submitted version.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The handling editor CP declared a past co-authorship with

the author MF.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/

fendo.2022.914449/full#supplementary-material
frontiersin.org

https://www.frontiersin.org/articles/10.3389/fendo.2022.914449/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2022.914449/full#supplementary-material
https://doi.org/10.3389/fendo.2022.914449
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Uttinger et al. 10.3389/fendo.2022.914449
References

1. Abib SCV, Weldon CB. Management of adrenal tumors in pediatric patients.
Surg Oncol Clin N Am (2021) 30(2):275–90. doi: 10.1016/j.soc.2020.11.012

2. Pinto EM, Chen X, Easton J, Finkelstein D, Liu Z, Pounds S, et al. Genomic
landscape of paediatric adrenocortical tumours. Nat Commun (2015) 6:6302.
doi: 10.1038/ncomms7302

3. Ponzoni M, Bachetti T, Corrias MV, Brignole C, Pastorino F, Calarco E, et al.
Recent advances in the developmental origin of neuroblastoma: an overview. J Exp
Clin Cancer Res CR (2022) 41(1):92. doi: 10.1186/s13046-022-02281-w

4. Riedmeier M, Decarolis B, Haubitz I, Muller S, Uttinger K, Borner K, et al.
Adrenocortical carcinoma in childhood: A systematic review. Cancers (Basel)
(2021) 13(21):5266. doi: 10.3390/cancers13215266

5. Weinstein JL, Katzenstein HM, Cohn SL. Advances in the diagnosis and treatment
of neuroblastoma. Oncologist (2003) 8(3):278–92. doi: 10.1634/theoncologist.8-3-278

6. Hendricks A, Diers J, Baum P, Weibel S, Kastner C, Muller S, et al. Systematic
review and meta-analysis on volume-outcome relationship of abdominal surgical
procedures in Germany. Int J Surg (2021) 86:24–31. doi: 10.1016/j.ijsu.2020.12.010

7. Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL, Batista I, et al.
Hospital volume and surgical mortality in the united states. N Engl J Med (2002)
346(15):1128–37. doi: 10.1056/NEJMsa012337

8. UttingerKL, Diers J, BaumP, Pietryga S, BaumannN,HankirM, et al.Mortality,
complications and failure to rescue after surgery for esophageal, gastric, pancreatic and
liver cancer patients based on minimum caseloads set by the German cancer society.
Eur J Surg Oncol (2021) 48(4):924–32. doi: 10.1016/j.ejso.2021.12.006

9. Baum P, Lenzi J, Diers J, Rust C, Eichhorn ME, Taber S, et al. Risk-adjusted
mortality rates as a quality proxy outperform volume in surgical oncology-a new
perspective on hospital centralization using national population-based data. J Clin
Oncol (2022) 40(10):1041–50. doi: 10.1200/JCO.21.01488

10. Al-Qurayshi Z, Robins R, Buell J, Kandil E. Surgeon volume impact on
outcomes and cost of adrenal surgeries. Eur J Surg Oncol J Eur Soc Surg Oncol Br
Assoc Surg Oncol (2016) 42(10):1483–90. doi: 10.1016/j.ejso.2016.06.392

11. Marcadis AR, Rubio GA, Khan ZF, Farra JC, Lew JI. High perioperative
morbidity and mortality in patients with malignant nonfunctional adrenal tumors.
J Surg Res (2017) 219:259–65. doi: 10.1016/j.jss.2017.05.116
Frontiers in Endocrinology 09
12. Diers J, Wagner J, Baum P, Lichthardt S, Kastner C, Matthes N, et al.
Nationwide in-hospital mortality following colonic cancer resection according to
hospital volume in Germany. BJS Open (2019) 3(5):672–7. doi: 10.1002/
bjs5.50173

13. Diers J, Wagner J, Baum P, Lichthardt S, Kastner C, Matthes N, et al.
Nationwide in-hospital mortality rate following rectal resection for rectal cancer
according to annual hospital volume in Germany. BJS Open (2020) 4(2):310–9.
doi: 10.1002/bjs5.50254

14. Stausberg J, Hagn S. New morbidity and comorbidity scores based on the
structure of the ICD-10. PLoS One (2015) 10(12):e0143365. doi: 10.1371/
journal.pone.0143365

15. Cuzick J. A wilcoxon-type test for trend statistics in medicine Statistics in Med
(1985) 4(1)87–90. doi: 10.1002/sim.4780040112

16. Pinto NR, Applebaum MA, Volchenboum SL, Matthay KK, London WB,
Ambros PF, et al. Advances in risk classification and treatment strategies for
neuroblastoma. J Clin Oncol (2015) 33(27):3008–17. doi: 10.1200/
JCO.2014.59.4648

17. Dehner LP, Hill DA. Adrenal cortical neoplasms in children: why so many
carcinomas and yet so many survivors? Pediatr Dev Pathol (2009) 12(4):284–91.
doi: 10.2350/08-06-0489.1

18. Greco F, Hoda MR, Rassweiler J, Fahlenkamp D, Neisius DA, Kutta A, et al.
Laparoscopic adrenalectomy in urological centres - the experience of the German
laparoscopic working group. BJU Int (2011) 108(10):1646–51. doi: 10.1111/j.1464-
410X.2010.10038.x

19. Fassnacht M, Dekkers OM, Else T, Baudin E, Berruti A, de Krijger R, et al.
European Society of endocrinology clinical practice guidelines on the management
of adrenocortical carcinoma in adults, in collaboration with the European network
for the study of adrenal tumors. Eur J Endocrinol (2018) 179(4):G1–G46.
doi: 10.1530/EJE-18-0608

20. Fassnacht M, Assie G, Baudin E, Eisenhofer G, de la Fouchardiere C, Haak
HR, et al. Adrenocortical carcinomas and malignant phaeochromocytomas:
ESMO-EURACAN clinical practice guidelines for diagnosis, treatment and
follow-up. Ann Oncol (2020) 31(11):1476–90. doi: 10.1016/j.annonc.2020.08.2099
frontiersin.org

https://doi.org/10.1016/j.soc.2020.11.012
https://doi.org/10.1038/ncomms7302
https://doi.org/10.1186/s13046-022-02281-w
https://doi.org/10.3390/cancers13215266
https://doi.org/10.1634/theoncologist.8-3-278
https://doi.org/10.1016/j.ijsu.2020.12.010
https://doi.org/10.1056/NEJMsa012337
https://doi.org/10.1016/j.ejso.2021.12.006
https://doi.org/10.1200/JCO.21.01488
https://doi.org/10.1016/j.ejso.2016.06.392
https://doi.org/10.1016/j.jss.2017.05.116
https://doi.org/10.1002/bjs5.50173
https://doi.org/10.1002/bjs5.50173
https://doi.org/10.1002/bjs5.50254
https://doi.org/10.1371/journal.pone.0143365
https://doi.org/10.1371/journal.pone.0143365
https://doi.org/10.1002/sim.4780040112
https://doi.org/10.1200/JCO.2014.59.4648
https://doi.org/10.1200/JCO.2014.59.4648
https://doi.org/10.2350/08-06-0489.1
https://doi.org/10.1111/j.1464-410X.2010.10038.x
https://doi.org/10.1111/j.1464-410X.2010.10038.x
https://doi.org/10.1530/EJE-18-0608
https://doi.org/10.1016/j.annonc.2020.08.2099
https://doi.org/10.3389/fendo.2022.914449
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Adrenalectomies in children and adolescents in Germany – a diagnose related groups based analysis from 2009-2017
	Introduction
	Methods
	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


