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Evidence Table 3: Risk of complications from fine needle aspiration biopsy of the adrenal gland – Part I


	
	Study, Year

Identifier 
	Demographics
	Inclusion criteria
	Exclusion criteria
	Study design,

Enrollment period
	Biopsy Procedures

	
	
	
	
	
	
	

	
	Heaston 1982

82202978
	Country:  US

Age range: 55-73y

Enrolled: 14

Evaluated: 14
(14 biopsies)

% Male ND
	Adrenal biopsy
	None reported
	Prospective cohort 

Jan 1980 – Jul 1981
	CT-guided (13/14)

Fluoroscopy-guided (1/14)

Prone posterior approach (11/14)

Transperitoneal (1/14)

Supine (2/14)

20, 21 or 22 gauge needles (14/14)

2 patients had subsequent biopsies through a retained catheter

	
	
	
	
	
	
	

	
	Montali 1984

85019802
	Country: Italy

Mean age: ND

Enrolled: 18

Evaluated: 18
(18 biopsies)

% Male ND
	Solid, unilateral adrenal masses detected with sonography (15) or CT (3); Cushing syndrome (2), palpable flank mass (2)
	None reported
	Prospective cohort

Jun 1980 – Dec 1983
	US-guided (18/18)

Right adrenal (13/18)
Lateral or anterior approach

Left adrenal (5/18)
Posterior, lateral or anterior approach

22 gauge needles (18/18)

	
	
	
	
	
	
	

	
	Karstrup 1991

92054304
	Country: Denmark

Median age: 56y

Enrolled: 28

Evaluated: 28
(28 biopsies)

57% Male
	Adrenal mass (cancer work-up, incidentaloma, Cushing's disease)
	None reported
	Retrospective case series

1984 – 1990
	US-guided (28/28)

Right adrenal (16-19/28 b) 
Lateral or anterior approach

Left adrenal (9-12/28 b)
Lateral approach

ND on needle size

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Mody 1995

95310560
	Country: USA

Mean age: 61y

Enrolled: ~91

Evaluated: 78
(83 biopsies)

60% Male
	Imaging guided percutaneous biopsies of adrenal masses
	Images no longer available for review
	Retrospective case series

Nov 1985 – Sep 1993
	CT-guided (79/83 biopsies)

US (4/83 biopsies)

Right adrenal (38/83 biopsies)

Left adrenal (45/83 biopsies)

Posterior approach (37/83 biopsies)

Transhepatic approach (33/83 biopsies), 4 traversed pancreas

Transpancreatic approach, left adrenal (9/83 biopsies)

Anterior approach (2/83 biopsies)

Transsplenic approach (1/83 biopsies)

Lateral approach (1/83 biopsies)

22 gauge needle only (42/83 biopsies)

18-21 gauge needle (16/83 biopsies)

ND on needle size (25/83 biopsies)

	
	
	
	
	
	
	

	
	Schwartz 1997

97312288
	Country: USA

Mean age: 65y

Enrolled: 54

Evaluated: 54 
(54 biopsies)

61% Male
	New diagnosis of extraadrenal cancer

Adrenal mass >1 cm on CT
	None reported
	Retrospective case series

Nov 1993 – Nov 1995
	CT guided percutaneous (54/54)

22 gauge needles (54/54)

ND on side or approach

	
	
	
	
	
	
	

	
	Kane 1991

91368671
	Country: USA

Mean age: ND

Enrolled: 47

Evaluated: 47
(48 biopsies)

% Male: ND
	CT-directed percutaneous aspiration biopsies of left adrenal masses
	None reported
	Retrospective case series 

1984 – 1989
	CT-guided (48/48 biopsies)

Left adrenal (48/48 biopsies)

Anterior approach (33/48 biopsies)

Posterior approach (15/48 biopsies)

22 gauge (20/48 biopsies)

21 gauge (1/48 biopsies)

20 gauge (1/48 biopsies)

20 and 22 gauge (4/48 biopsies)

Chiba and spinal needles (47/48 biopsies)

20 gauge Franseen needle (1/48 biopsies)

ND on needle size (22/48 biopsies)

	
	
	
	
	
	
	

	
	Katz 1984

84226856
	Country: USA

Age range: 1-82y

Enrolled: 22

Evaluated: 22
(22 biopsies)

41% Male
	Symptomatic or incidental adrenal mass

Histologically confirmed lesion or good clinical and radiologic follow-up for ( 2 y
	None reported
	Retrospective case series

1976 – 1979
	Fluorosocopy-, CT-, or US-guided (22/22)

ND on side or approach used

18 to 22 gauge needles (21/22)

Cutting-type needles (10/22)

	
	
	
	
	
	
	

	
	Welch 1994

95062966
	Country: USA

Age range: 31-84y

Enrolled: 270

Evaluated: 270 
(277 biopsies)

63% Male
	Adrenal biopsy

Follow-up for ( 1 y or until death
	Follow up data could not be obtained
	Retrospective chart review, longitudinal follow-up at least 1 y

1981 – 1991
	CT-guided (271/277 biopsies)

US-guided (6/277 biopsies)
Single needle biopsy (192/277 biopsies) 
Coaxial technique (82/277 biopsies)

Unknown technique (3/277 biopsies)
Right adrenal (120/277 biopsies)
Transhepatic approach right side (75/120)
Direct posterior (37/120)
Decubitus right side down (6/120)
Pancreatic approach (1/120)
Transperitoneal (1/120)

Left adrenal (157/277 biopsies)
Direct posterior (79/157)
Decubitus left side down (55/157)
Anterior approach (17/157)
Transgastric or lateral (6/157)

16 gauge needles (22/277 biopsies)

17 gauge needles (3/277 biopsies)

18 gauge needles (99/277 biopsies)

19 gauge needles (92/277 biopsies)

20 gauge needles (6/277 biopsies)

21 gauge needles (37/277 biopsies)

22 gauge needles (9/277 biopsies)

Unknown needle size (9/277 biopsies)

Cutting needle (ND)

Biopsy gun (ND)

	
	
	
	
	
	
	

	
	Bernardino 1985

85069105
	Country: USA

Mean age: ND

Enrolled: 53

Evaluated: 53
(58 biopsies)

55% Male
	Adrenal mass found during oncologic work- up or adrenal mass found serendipitously
	None reported
	Retrospective case series 

3½ y enrollment period
	CT-guided (58/58 biopsies)

Right adrenal (26/53 patients)
Transhepatic approach (23/26)
Posterior approach (3/26)

Left adrenal (27/53 patients)
Posterior approach (21/27)
Anterior through hepatic lobe(6/27)

19 or 20 gauge Chiba needles(48/58 biopsies)

18 gauge Chiba needles (6/58)

21 gauge Chiba needle (1/58)

22 gauge Chiba needle (1/58

Menghini needle (1/58)

Jamshidi needle (1/58)

	
	
	
	
	
	
	

	
	de Agustin 1999

99353916
	Country: Spain

Mean age: 59y

Enrolled: 177

Evaluated: 169
(169 biopsies)

86% Male
	FNA biopsies of adrenal glands
	Incomplete clinical information 
	Retrospective case series 

Jan 1988 – Dec 1997
	CT-guided (169/169)

22 gauge needles (169/169)

ND on side or approach

	
	
	
	
	
	
	

	
	Berkman 1984

84156084
	Country: USA

Age range: 31-70y

Enrolled: 16

Evaluated: 16
(16 biopsies)

56% Male
	Adrenal mass found in work-up for known or suspected extraadrenal cancer or adrenal mass found incidentally or adrenal mass suspected for a possibly functional mass
	None reported
	Prospective cohort (unclear)

Enrollment period: ND
	CT-guided (16/16)

Left adrenal prone position (ND)

Right adrenal transhepatic approach, supine (ND)

22 gauge needles (2/16)

18-20 gauge Chiba needles (14/16)

	
	
	
	
	
	
	

	
	Silverman 1993

93268895
	Country: USA

Mean age: ND

Enrolled: 97

Evaluated: 97
(101 biopsies)

% Male: ND
	Adrenal mass found during extraadrenal cancer staging, or incidental adrenal mass, no known malignancy
	Insufficient tissue
	Retrospective case series

Enrollment period: 9y
	CT-guided (86/101 biopsies)

US-guided (15101 biopsies)

20-22 gauge needles (80/101 biopsies)

( 19 gauge needles (16/101 biopsies)

ND on needle size (5/101 biopsies)

ND on side or approach


	
	Study, Year

Identifier 
	Tumor size

Mean (range)
	Number of passes used
	Final diagnoses (# of patients)

	
	
	
	
	

	
	Heaston 1982

82202978
	ND (1.5-10) cm
	1 or 2 passes per patient with either single or tandem needles; in 2 patients, an additional pass was made through a catheter, at a different angle
	1( tumors:
nonfunctioning adenoma (2)
adrenal cortical carcinoma (2)

2( tumors:
lung (6) 
kidney (1)
melanoma (1)
unknown (1)

Non-neoplastic diseases:
blastomycosis (1)

	
	
	
	
	

	
	Montali 1984

85019802
	ND (2.5-10 cm)
	2 passes per mass
	1( tumors:
adrenal carcinoma (4)
adenoma (2)
pheochromocytoma (1)

2( tumors:
lung (6)
hepatoma (1)
hypernephroma (1)
endometrium (1)
sarcoma (2)

	
	
	
	
	

	
	Karstrup 1991

92054304
	5 (2-18) cm
	ND
	1( tumors:
cortical adenoma (3)
cortical carcinoma (1)
pheochromocytoma (1) 

2( tumors :
lung (13)
non-Hodgkin’s lymphoma (1)
breast carcinoma (1)
renal carcinoma (1)
bladder carcinoma (1)
chorioncarcinoma (1)

Non-neoplastic diseases:
hematoma (3)
infection (1)
pseudocyst (1)

	
	
	
	
	

	
	Mody 1995

95310560
	3.5 (ND) cm
	1 to 7 passes for 60 masses; 3 passes in 53 masses
	Benign FNA (47/83 biopsies)

Malignant FNA (31/83 biopsies)

Non-diagnostic FNA (5/83 biopsies)

	
	
	
	
	

	
	Schwartz 1997

97312288
	Benign:
1.8 (1.0 - 4.1) cm

Malignant: 
4.2 (1.1 - 7.4) cm
	Additional passes until  an adequate specimen was obtained
	Benign lesions:
adenoma (31)

2( tumors:
lung (17)
sarcoma (2)
bladder (1)
prostate (1)
esophagus (1)
contralateral adrenal (1)

	
	
	
	
	

	
	Kane 1991

91368671
	ND
	ND
	ND

	
	
	
	
	

	
	Katz 1984

84226856
	ND
	ND
	Benign lesions:
adrenal cyst (5)
adenoma (2)
nodular hyperplasia (1)
adrenal myelolipoma  (1)

Malignant lesions:
adrenal cancer (4)
neuroblastoma (2)
mets (7)

	
	
	
	
	

	
	Welch 1994

95062966
	3.8 (1-12) cm
	ND
	1˚ tumors:
adrenal (5)

2˚ tumors:
lung (147)
breast (18)
melanoma (14)
lymphoma (11)
colon (7)
unknown malignant (40)

Other -- including metastases, adrenal infection, and hematoma (35)

	
	
	
	
	

	
	Bernardino 1985

85069105
	ND (1.5-9 cm)
	3 excursions per needle placement

2-3 needle placements per biopsy
	Benign
normal adrenal/adenoma/hyperplasia (27)
myelolipoma (1)
adrenal hemorrhage (1)
cyst (1)

Metastases (18)

ND (5)

	
	
	
	
	

	
	de Agustin 1999

99353916
	ND
	ND
	1˚ adrenal tumor (22):
neuroblastomas ((5, text unclear)
pheochromocytoma (>1, text unclear)

2˚ tumor:
lung (26)

NSCLC (19)

small cell (7)
hepatocellular (2)
colorectal (2)
melanoma (2)
multiple myleoma (2)
unknown 1( (16)
other (6)

ND (91)

	
	
	
	
	

	
	Berkman 1984

84156084
	(1.7-5 cm) 
	2-3 passes made in each patient from different sites with the mass
	Benign:
adenoma (7)
adrenal cyst (1)
hemorrhage (2)
adrenal hyperplasia (1)

Metastases:
melanoma (1)
other metastases (3)

Insufficient tissue for diagnosis, no change on follow-up (1)

	
	
	
	
	

	
	Silverman 1993

93268895
	ND (1-12) cm 
	ND
	Proven benign (39)

Managed as benign (14)

Malignant (44)


	
	Study, Year

Identifier 
	Complications
	Treatment decisions
	Comments

	
	
	
	
	

	
	Heaston 1982

82202978
	No major complications (0/14)
No significant hemorrhage
No pneumothorax
	Surgery for primary mass-
benign (1) 
malignant (2)
	

	
	
	
	
	

	
	Montali 1984

85019802
	No complications (0/18)
	6 of 7 1( tumors were excised 
	

	
	
	
	
	

	
	Karstrup 1991

92054304
	No complications (0/28)
	ND
	16 masses were right-sided, 9 were left-sided, 3 bilateral. No data on which side was biopsied in patients with bilateral masses.

	
	
	
	
	

	
	Mody 1995

95310560
	Total complications (7/83 biopsies)
Pneumothorax (2/83)
Pain (2/83)
Hematoma (2/83)
Needle tract mets, lung cancer (1/83)

Posterior approach
Right, 22 gauge, 3 passes (1 pneumothorax)
Left, 22 gauge, 4-5 passes (1 pneumothorax; 1 hematoma)

Transhepatic approach
Right , 22 gauge, 4-7 passes (1 pain; 1 hematoma)
Right , 22/19 gauge, coaxial, 2 passes (1 mets)

Transhepatic & transpancreatic approach
Left, unknown needle or passes, (1 severe pain)
	3 admissions –
pain
pneumothorax
subcapsular & hepatic hematoma  (transfused)
	80 masses, including biopsies in 2 patients with bilateral masses and 3 with repeated biopsies in same mass – total 83 biopsies; 42 procedures with 22 gauge needles

	
	
	
	
	

	
	Schwartz 1997

97312288
	Total complications (2/54)
22 gauge needle (2 pneumothorax)
	ND
	

	
	
	
	
	

	
	Kane 1991

91368671
	Total complications (2/33)
Acute pancreatitis (2/33)

1 with 20 & 22 gauge needles


(2 & 1 passes, respectively)

1 with 20 gauge needle 


(6 passes)

Anterior approach (left adrenal) (2/33)

Posterior approach (left adrenal) (0/15)
	ND
	

	
	
	
	
	

	
	Katz 1984

84226856
	Total complications (1/22)
Pneumothorax (1/22)
	
	

	
	
	
	
	

	
	Welch 1994

95062966
	Total complications (8/277 biopsies)
Adrenal bleed (7/277)

1 required adrenalectomy
Perirenal hematoma (1/277)
Death (0/277)
Pneumothorax (0/277)
Pancreatitis (0/277)
Sepsis (0/277)
Needle track seeding (0/277)

Right adrenal (3/120 biopsies)
Posterior approach (2/37 biopsies)
Transhepatic approach (1/75 biopsies)
Other approach (0/8 biopsies)

Left adrenal (5/157 biopsies)
Decubitus approach (3/55 biopsies)
Anterior transhepatic (1/17 biopsies)
Direct lateral (1/6 biopsies)
Direct posterior (0/79 biopsies)

16 gauge needle (2/22 biopsies)

17 gauge needle (0/3 biopsies)

18 gauge needle (2/99 biopsies)

19 gauge needle (2/92 biopsies)

20 gauge needle (0/6 biopsies)

21 gauge needle (2/37 biopsies)

22 gauge needle (0/9 biopsies)
	ND
	No significant difference between large or small needles. Rate did not vary according to size of lesion or to how early or late biopsy was done.

	
	
	
	
	

	
	Bernardino 1985

85069105
	Total complications (7/58 biopsies)
Hematocrit drop (5/58)
Transient bacteremia (1/58)
Hypotension (1/58)
Pneumothorax (0/58)

1 patient had 2 complications

18 gauge needle (1/6 biopsies)

19 gauge needle (1) and 20 gauge needle (4) (5/48 biopsies)

Right adrenal (4/26 patients)

Left adrenal (2/27 patients)
	Among 18 patients with histology consistent with metastases, 11 were treated on the basis of biopsy results; 3 had confirmation by clinical follow-up; 2 had confirmation by CT, and 2 had confirmation by surgery
	

	
	
	
	
	

	
	de Agustin 1999

99353916
	No serious complications (0/169)
	ND
	

	
	
	
	
	

	
	Berkman 1984

84156084
	No complications (0/15)
	ND
	

	
	
	
	
	

	
	Silverman 1993

93268895
	Total complications (9/101 biopsies)
Abdominal discomfort (2/101 biopsies)
Nausea (1/101 biopsies)
Mild hematuria (1/101 biopsies)
Hypotension & bradycardia, asymptomatic (2/101 biopsies)
Pneumothorax (2/101 biopsies)
Hemothorax (1/101 biopsies)
	Benign FNA (44): surgical confirmation (7, 3 were malignant), CT follow-up (16), clinical follow-up (8), no follow-up (11), ND (2 myelolipomas)

Malignant FNA (39): ND (no surgical confirmation)

Nondiagnostic FNA (14 patients, 18 biopsies): CT follow-up (4), clinical follow-up (3), adrenalectomy (1), autopsy (1 malignant), no follow-up (3), ND (2)
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