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ABSTRACT

Objective: Percutaneous kidney biopsy (PKB) is an essential procedure in practical nephrology. However, it may cause serious
complications, especially in high-risk patients. This study is to determine the factors associated with the complications and the
adequacy of PKB under ultrasonic guidance.

Methods: Patients were stratified according to serum creatinine (SCr) and randomized for needle types (spring-loaded automatic
gun and Tru-cut needle), diameters (16G vs 18G) and the effect of compression at biopsy site. The patients were observed for
major (bleeding requiring a blood transfusion or intervention) and minor (not requiring intervention) complications.

Results: The patients with serum creatinine (SCr) < 4.0 mg/dl (n=133) had significantly lower complications than those with
SCr 2 4.0 mg/dl (n=35), both major (2 [1.5%] vs. 5 [14.3%]) and minor (6 [4.5%] vs. 3 [8.5%]). All complications occurred
within 48 hours (93.8% within 24 hours). In group A, no significant difference in complications was found in needle types,
axes, diameters and compression at the biopsy site, including numbers of puncture (< 6 times), length of tissue, kidney size and
echogenicity. All samples except two were adequate for diagnosis, with an average of 13 glomeruli. There was no significant
difference in tissue adequacy (2 10 glomeruli) in needle types and diameters, but the failure rate and number of puncture were
higher with the Tru-cut needle (p < 0.01).

Conclusion: The needle type and size or compression at the puncture site do not affect the complication after PKB under
ultrasonic guidance, whereas a SCr 2 4.0 mg/dl is an important factor of the complications but there is no effect on the

adequacy of the renal tissues.
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ercutaneous kidney biopsy (PKB) has become an

essential tool in the diagnosis and treatment of

patients with glomerular disease, but it may
result in bleeding and other complications. Technical
advancement in renal ultrasonography and biopsy needles
has improved the success rate of PKB. The real-time
ultrasonography has been applied to locate the kidney
during the procedure. There are several studies that com-
pared the safety and adequacy of the kidney biopsy using
Tru-cut needle and spring-loaded automatic biopsy needle.
It has been claimed that the complications from the use of
Tru-cut needles were higher than those from the latter.
Even though the number of glomeruli obtained from a
Tru-cut needle were higher than a spring-loaded one, the
information for diagnosing renal biopsy tissues was
similar between the two methods. However, the diam-
eter of Tru-cut needles is larger. We, therefore, cannot
conclude whether the size or type of the biopsy needle is
the major factor predisposing to the complications after
PKB.
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The standard of care after a kidney biopsy has
included bed rest with compression at the punctured site
for 24 hours. The native kidneys are retroperitoneal
organs and they move along with respiration. The
pressure applied to the back may not reach the puncture
site; rather, it may be painful and uncomfortable.

Our study was designed to compare the success,
defined as minimal complications and tissue adequacy, of
the percutaneous kidney biopsy under real-time ultrasonog-
raphy with the use of both types (spring-loaded automatic
gun and Tru-cut) of needles and diameters (16 guage
(16G) and 18 guage (18G)). Additionally, we wanted to
evaluate the effects of compression at the puncture site
for prevention of complications.

MATERIALSAND METHODS

From April 2003 to February 2004, 168 percutaneous
kidney biopsies were performed using real-time ultrasound
guidance in the Renal Division, Siriraj Hospital. All
patients who were more than 15 years old and underwent
kidney biopsies under medical indication were recruited.
Exclusion criteria were an inability to cooperate, uncor
rectable prolonged coagulogram or thrombocytopenia,
severe hypertension, defined as systolic blood pressure
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Fig 1. The process of randomization

dDAVP = Deamino-8-D-arginine vasopressin, HD = hemodialysis,
PD = peritoneal dialysis

(SBP) 2 180 or diastolic blood pressure (DBP) = 100
mmHg, and solitary kidney. All patients had a normal
platelet count and coagulogram at the time of the biopsy.
Drugs that affected coagulogram or platelet count, for
example, aspirin, NSAIDs, heparin, and warfarin, were
stopped until their effect disappeared. The patients were
stratified according to their serum creatinine (SCr): group
A, SCr < 4.0 mg/dl, and group B, SCr =2 4.0 mg/dl. In
group B, the patients received intervention to prevent
bleeding complications due to platelet dysfunction. The
patients with SCr 4.0-6.4 mg/dl were randomized to
receive either no specific treatment or dDAVP 0.3 pg/kg
intravenously one hour before biopsy. Those with SCr 2
6.5 mg/dl received either hemodialysis or 50 exchanges of
acute peritoneal dialysis prior to the procedure (Fig 1).
All of them were randomized for the percutaneous kidney

TABLE 1. The baseline characteristics

biopsy, using a 16G or 18G spring-loaded automatic
biopsy needle or a 16G or 18G Tru-cut needle. After the
biopsy, the patients were randomized, either to receive
puncture site compression using a sandbag for eight hours
or to continue absolute bed rest without compression. All
of them were placed in supine position for 24 hours.

All biopsies were done either by attending nephrologists
(27.4 %) or second-year nephrology trainees (72.6%). The
patients were in prone position with a pillow support
under their abdomen. The lower pole of the kidney was
localized by the Puncture Electronic Linear Probe UST-
5039P-3.5 (3.5-MHz). The biopsy was performed under a
sterile technique and local anesthesia. A small cut with a
No.11 scalpel blade was made on the skin and the biopsy
needle was inserted until it reached the kidney capsule.
The patients were asked to hold their breath for a few
seconds while the needle was fired. The biopsy was
repeated until an adequate amount of tissue was obtained.
If the kidney tissue could not be obtained within two
attempts with the randomized needle, we performed a
biopsy with another type of needle of the same diameter.

After the biopsies, the patients were closely observed
for symptoms and signs of any complications, for
example, gross hematuria, subcapsular hematoma and
hypotension (BP < 90/60, decrease of SBP or DBP 2 30,
15 mmHg, respectively). The complications were divided
into two categories, namely: major complication, which
requires further intervention such as blood transfusion,
Deamino-8-D-arginie vasopressin dDAVP or transamine
administration, embolization, nephrectomy, infection caused
by the procedure or death; and minor complication which
requires only supportive treatment.

The tissue adequacy and tissue diagnosis were inter-
preted by a pathologist. The tissue adequacy was defined
as obtaining more than 10 glomeruli”"” and tissue diagno-
sis was defined as the ability to make a diagnosis from
the biopsied tissue. The frequency of failure to obtain
glomeruli, defined as the inability to obtain adequate renal
tissue within two attempts, was also recorded.

The patients without complications were discharged
72 hours after the biopsy and were followed up at
the out-patient clinic approximately one week after dis-
charge.

The data were analyzed using SPSS v.12.0 for
Windows. The chi-square and the independent-samples
t-test were used to compare the differences between the
study groups. Results were expressed as mean * standard
deviation. A p value of less than 0.05 was considered
statistically significant.

Characters Needle type Needle diameter Compression after biopsy
Gun (n=87)  Tru-cut (n=81) 16G (n=91) 18G (n=77) Yes (n=94) No (n=74)
Age (yr) 38 14 38 £ 16 36.5 £ 142 393 £ 153 282 £ 154 37.6 £ 14.5
Hematocrit (%) 32372 339+ 7.1 332 £ 69 328 £ 73 327 £ 69 33272
Platelets (x109/L) 2713 £ 134 269.6 + 78.1 283.1 £ 115.8 260.3 £ 904  265.6 £ 120.8 276.2 £ 92.1
PT (s) 11.1 £ 1.1 10.6 £ 1.1 106 £ 1.1 110 £ 14 10.8 £ 1.1 109 £ 1.3
PTT (s) 25.1 £39 253 %29 254 £ 39 251 34 25.1 £ 37 253 £ 3.6
SCr (mg/dl) 3236 24 £ 26 26 £25 29 £35 26 £ 1.7 29 £33
SBP (mmHg) 133.1 £ 20 1309 £ 17.6 130.8 £ 19.7 133.1 £ 16.3 1305 £ 174 1327 £ 18.6
DBP (mmHg) 78.9 £11.9 79.1 £11.3 78.5 £ 11.8 80.4 £ 10.9 78.7 £ 11.3 799 £ 11.5
BMI (kg/m2) 237 £ 3.7 231 £ 44 231 39 238 £ 44 239 £ 45 229 £ 37
Kidney size (cm) 9.6 £ 09 9.7 £ 0.7 9.65 £ 0.75 9.55 £ 0.83 9.62 £ 0.82 9.6 £ 0.8
Echogenicity no:increase 67:20 72:9 108:25 28:7 106:27 29:6
Direction 1:2:3 39:27:21 29:26:26 66:36:31 19:9:7 64:38:31 19:9:7
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TABLE 2. The baseline characteristics between the patients in
group A (SCr < 4.0 mg/dl) and group B (SCr =2 4.0 mg/dl)

Characters Group A n=133 Group B n=35 p value
Age (yr) 37.8 £ 14.7 379 £ 15.6 0.94
Hematocrit (%) 34172 28.8 + 4.7 0.001
Platelets x109/L 279.2 £ 105.2 242.6 * 98.6 0.35
PT (s) 10.7 £ 1.2 113+ 1.3 0.27
PTT (s) 249 * 35 262 + 4.2 0.12
SCr (mg/dl) 1.5+ 09 7.6 £38 0.001
SBP (mmHg) 129.7 £ 183 140.7 £ 14.5 0.04
DBP (mmHg) 7849 £ 11.5 83.24 £ 104 0.009
BMI (kg/m2) 237 42 225+ 39 0.11
Kidney size (cm) 9.65 = 0.76 9.41 £ 0.92 0.07
Length of tissue (cm) 0.86 £ 0.3 0.88 £ 0.3 0.82
Echogenicity no:increase 117:16 19:16 0.03
Direction 1:2:3 68:36:29 19:9:7 0.89
Gun:Tru-cut 67:66 20:15 0.52
Diameter 16G:18G 70:63 21:14 0.44
Compression yes:no 70:63 11:24 0.47

TABLE 3. The complications and serum creatinine

Group A, SCr < 4.0 Group B, SCr =2 4.0 p value
mg/dl, n=133 (%) mg/dl, n=35 (%)

Major complications 2 (1.5) 5 (14.3) 0.005
Minor complications 6 (4.5) 3 (8.5) 0.40
total 8 (6.0) 8 (22.9) 0.006

TABLE 4. The complications and the randomized parameter

Parameters Group A, SCr < 4.0 Group B, SCr = 4.0 Total cases
mg/dl, n=133 (%) mg/dl, n=35 (%) n=168 (%)
Needle type
Gun 5 (3.8) 4 (11.4)° 9 (54
Tru-cut 323 4 (11.4)° 7 (4.2)
Needle diameter
16G 5 (3.8) 4 (11.4)° 9 (54
18G 3(23) 4 (11.4)° 7 (4.2)
Compression after biopsy
Yes 5 (3.8) 2 (5.7 7 (4.2)
No 323 6 (17.1)" 9 (54
a. p < 0.05 versus group A
TABLE 5. Pretreatment and complications
SCr (mg/dl) Pretreatment Complication p value
n (%) n (%)
4.0-6.4 None (7) 3 (42.9) 0.59
dDAVP (10) 2 (20.0)
2 6.5 HD (12) 3 (25.0) 0.51
PD (6) 0 (0)

dDAVP = Deamino-8-D-arginine vasopressin, HD = hemodialysis,
PD = peritoneal dialysis

TABLE 6. Adequacy

Needle type Needle diameter

Gun Tru-cut 16G 18G
n=87 (%) n=81 (%) n=91 (%) n=77 (%)
> 10 glomeruli 56 (64.4) 55 (67.9) 68 (74.7) 43 (55.8)"
For diagnosis 82 (94.3) 80 (98.8) 89 (97.8) 73 (94.8)
> 3 attempts 19 (28.4) 40 (60.6)° 28 (40) 31 (49.2)

a. p < 0.05 compare between type of needle
b. p < 0.001 compare between needle diameter
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RESULTS

One hundred and sixty-eight native percutaneous
kidney biopsies were analysed. There were 133 (79.2%)
and 35 (20.8%) biopsies in group A (SCr < 4.0 mg/dl)
and group B (SCr = 4.0 mg/dl), respectively. The baseline
characteristics between the randomized groups, the
needle type and diameter and whether the puncture site
compression was applied were not significantly different.

Overall complications occurred in 16 biopsies (9.5%).
There were 7 (4.2%) major and 9 (5.3%) minor complica-
tions. No patient needed nephrectomy or died. The most
frequent event was gross hematuria (11 cases, 6.5%). The
patients in group B had a higher rate of complications
compared to those in group A (22.9% vs. 6.0%, RR =
3.80; 95%CI 1.53-9.41; p = 0.006), especially major com-
plications (14.3% vs. 1.5%, RR = 9.50, 95%CI 1.92-
46.91; p = 0.005).

In both groups A and B, compression at the biopsy
site, both needle types and diameter size did not result in
a statistically different rate of complication. We also found
no effect of these factors on the complications: kidney
size (< 9.0 cm), increased renal echogenicity, biopsy side,
the presence of ascites, the number of biopsies attempted
or the operator. (p NS)

In the group with SCr 2 4.0 mg/dl, we found no
statistical difference between those who received the
pretreatment with dDAVP or received no specific treat-
ment. In terms of dialysis mode before the biopsy, there
were no complications in the patients who had acute
peritoneal dialysis, compared with a 25% complication
rate in those who received hemodialysis treatment, but
there was no statistical significance.

The overall adequacy of the diagnoses was 96.4%
(162 from 168 biopsies). The mean number of glomeruli
obtained was 13.1 * 7.8 (0-56 glomeruli per biopsy).

There was no statistically difference in adequacy of
tissue (= 10 glomeruli) or adequacy in making a diagno-
sis between both types of needles; however, the number
of patients who were punctured more than twice to obtain
adequate tissue was higher in the Tru-cut needle group.
(60.6% vs. 28.4%; RR = 2.26, 95%CI 1.44-3.56; p =
0.0003) (Table 6). In addition, there was a higher failure
rate to obtain kidney tissue in the Tru-cut (0% vs. 24.7%;
p < 0.0001) and reused needle groups (3.7% vs. 20.98%;
RR =5.67, 95%CI 1.05-55.2; p = 0.026). From multivari-
ate analysis we found that the type and number of needles
reused were statistically significant variables that had a
predictive value in requiring more than two attempts to
obtain adequate tissue in the Tru-cut needle group. Whereas
there was no failure rate in either new or reused spring-
loaded gun.

Using different needle sizes did not result in a statis-
tical difference in diagnostic adequacy and number of
passes required. However, the group using a larger needle
diameter (16G) had more specimens containing more
than 10 glomeruli. A multivariate analysis was performed.
The only statistically significant factor was the needle
diameter size.

DISCUSSION

In our study, the overall complications of percutane-
ous kidney biopsy are 9.5% which is similar to previous
studies. However, it is difficult to compare the rate of
complications from each report because of the variability
of the baseline characteristics of the biopsied population



and the different complication criteria.”"" Percutaneous
kidney biopsy under real time ultrasonic guidance
increased the chance of obtaining adequate tissue
compared with intravenous pyelography or free-hand
ultrasound guidance technique."'™'" There was no corre-
lation between needle type, needle diameter or puncture
site compression and rate of complications. Although the
mean glomeruli obtained were not different, in order to
obtain adequate tissue, the Tru-cut needle and smaller
needle diameter (18G) group required more attempts.

In the Tru-cut and small needle diameter (18G) group,
more patients needed more than three attempts and
specimens contained less than 10 glomeruli. Specimen
with fewer glomeruli may have been enough to diagnose
certain diffuse renal parenchyma diseases. But a focal
disease such as FSGS could not be excluded in tissue
containing less than 25 normal glomeruli.”” Although we
did not find any association between the number of passes
and bleeding events, the more passes through the renal
capsule, the more chance of expected complications. The
limitation of this study will be discussed later.

Christensen and colleagues described factors
predisposed to percutaneous kidney biopsy complications,
including renal insufficiency (SCr > 1.2 mg/dl), poorly
controlled hypertension (diastolic BP > 90 mmHg) and
prolonged bleeding time.” The definition of renal insuf-
ficiency in the previous studies was a SCr range from >
1.3 to > 1.5 mg/dl.3,5 In this study we used SCr of 4.0
mg/dl as the cut-off for the opportunity of bleeding ten-
dency. This hygothesis was based on a study of Gordge
and colleagues” who studied platelet functions by using
platelet aggregometry and found platelet dysfunction in
moderate to severe renal failure patients (SCr 2 3.9 mg/
dl). Winkelmayer and colleagues reported a five-fold in-
crease in the risk of severe postoperative bleeding in
patients with advanced renal insufficiency (estimated GFR
< 40 ml/min)."* Whittier and colleagues found a 2-3 fold
increase in the complication rate in patients with SCr 2
5.0 mg/dl who undergone percutaneous kidney biopsies
using the free-hand technique.” Our study included as
many as 20.8% of patients with SCr 2 4.0 mg/dl. As a
result, the complication rate was significantly higher than
those of other studies. However, total and major compli-
cations, which merely required 1-2 units of blood transfu-
sion for patients with mild renal failure, were only 6.0
and 1.5%, respectively.

The significant different baseline characteristics
between the groups stratified according to serum creati-
nine were hematocrit, serum creatinine, increase renal
parenchyma echogenicity from renal ultrasound, and
systolic and diastolic blood pressure. We did not find any
association with these factors, except for the serum
creatinine level and complications. Nevertheless, factors
associated with an increased opportunity of bleeding events
such as severe hypertension and Hct < 27% were not
found in our study.

We could not demonstrate the different outcomes in
the groups with serum creatinine 2 4.0 mg/dl which
received different interventions, no treatment or dDAVP
and hemodialysis or peritoneal dialysis. The fact that no
patient with serum Cr > 6.5 mg/dl who had pre-biopsy
peritoneal dialysis had complication may be because the
sample size was too small to show the difference.

From 16 cases with complication, only one patient
(6.2%) was presented 24 hours after biopsy. This patient,
who had severe renal failure (SCr 10.4 mg/dl) and had
one hemodialysis session prior to the biopsy, presented
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with hematuria and a significant (7.7%) decrease in hema-
tocrit 36 hours after the biopsy. The treatment was bed
rest and one unit of packed red blood cell transfusion.
The data may be used to determine the appropriate time
required to observe patients with low risk for complica-
tions which may reduce the length of their hospital stay
and cost. Nevertheless, Whittier and colleagues reported
complications 120 hours after a biopsy.” In the study,
they performed 750 percutaneous renal biopsies and
reported 11% complication rate, 9% of which presented
with major complications. All required re-admission as
well as blood transfusion or bed rest. None of them lost
their kidney or died. The authors, however, did not
describe their renal function or other characteristics that
might be associated with bleeding complications.

There were a number of limitations in our study.
Firstly, the exact number of complications was underesti-
mated, because we only did renal ultrasonography in symp-
tomatic patients. As a result, asymptomatic subcapsular
hematoma was not identified. Previous studies reported
over 90% incidence of perinephric hematoma from plain
computerized scanning 24 to 72 hours after biopsy.'® The
majority of hematomas were small to moderate in size
which resolved spontaneously. Clinically significant
hematomas occurred in less than 2% of the biopsy proce-
dures."” Timing of the evaluation and the imaging method
used in our study may explain the difference in the inci-
dence of perinephric hematoma detected. Secondly, there
were a small number of patients in the group with mod-
erate to severe renal failure, and the number of patients
with complication was so low that we could not demon-
strate factors associated with complications or the effect
of intervention on complications. Thirdly, performing the
biopsy using a Tru-cut needle may require more skill,
resulted in a greater failure rate and more attempts were
required to obtain adequate amount of tissue. Fourthly,
the difficult cases were biopsied by experienced staff,
which explained the similar complication rate despite more
risk factors. Finally, 92% of cases had four or less needle
passes. The high risk patients had a fewer number of
punctures so the result did not show a statistically signifi-
cant difference in the complication rate compared with
lower risk patients who had more needle passes.

CONCLUSION

Percutaneous kidney biopsy under ultrasonic guidance
is safe and effective, especially in patients with normal
renal function and mild renal impairment. The risk of
complication is not associated with needle type, needle s
diameter or effect of post biopsy puncture site compres-
sion. However, we recommend that a biopsy on the
moderate to severe renal failure patients should be done
by experienced nephrologists who are familiar with the
technique in order to reduce the number of needle passes
and complications. Further investigations should be needed
to determine the efficacy of intervention given prior to the
biopsy and factors predisposed to the complications in
patients with significant renal impairment.
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