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Abstract 

Background At present, the guidelines for urology recommend percutaneous nephrolithotomy (PCNL) as the pre-
ferred treatment for staghorn renal calculi (SRC). However, for complete SRC, it has been questioned by clinicians 
and patients due to high residual stone rate, complications, repeated hospitalizations and high treatment cost. 
Anatrophic nephrolithotomy (ANL) is a traditional and classic method for the treatment of SRC. Due to its high trauma 
and high technical requirements, it is difficult to carry out in primary hospitals, and gradually replaced by PCNL. The 
purpose of this study is to compare the efficacy of PCNL and ANL in the treatment of complete SRC.

Methods Overall, 238 patients with complete SRC were divided into mini-PCNL in lateral supine position group, 
(n = 190) and ANL group (n = 94) according to treatment for a retrospective cohort study. The calculi parameters, renal 
function index, comorbidities of calculi, surgical complications, length and frequency of hospitalization, treatment 
costs, results of postoperative satisfaction survey were compared between the two groups.

Results The risk of the residual stone rate after mini-PCNL in lateral supine position was 239 times (OR = 238.667, 
P < 0.0001), the number of residual stone 1.3 times (OR = 1.326, P < 0.0001), the amount of residual stone 2.2 
times (OR = 2.224, P < 0.0001) that of ANL. The risk of the cost of initial treatment after mini-PCNL in lateral supine posi-
tion was 3.3 times (OR = 3.273, P < 0.0001), the total cost of treatment 4 times (OR = 4.051, P < 0.0001), the total length 
of hospital stays 1.4 times (OR = 1.44, P < 0.0001) that of ANL, the incidence of postoperative renal atrophy was 2.2 
times (OR = 2.171, P = 0.008) higher in the ANL than in the mini-PCNL in lateral supine position. Glomerular filtration 
rate (GFR) reduction after ANL was 1.4 times (OR = 1.381, P = 0.037) greater than that after mini-PCNL in lateral supine 
position at 24-month follow-up. The risk of the overall satisfaction of ANL was 58 times (OR = 57.857, P < 0.0001) higher 
than that of mini-PCNL in lateral supine position, the number of branches of staghorn greater than 8 is a high risk fac-
tor for the occurrence of residual stone after mini-PCNL in lateral supine position (OR = 353.137, P < 0.0001).
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Conclusion Although the risk of renal atrophy and decreased GFR after ANL is higher than that of mini-PCNL in lat-
eral supine position, the efficacy of traditional ANL in the treatment of complete SRC was generally superior to that of 
mini-PCNL in lateral supine position. Moreover, number of branches of staghorn greater than 8 are the preferred ANL 
for complete SRC.

Trial registration ChiCTR2100047462. The trial was registered in the Chinese Clinical Trial Registry; registration date: 
19/06/2021.

Keywords Staghorn renal calculi, Percutaneous nephrolithotomy, Anatrophic nephrolithotomy, Curative effect 
evaluation

Background
Stones located in the renal pelvis and branching into the 
calyces are called staghorn renal calculi (SRC) [1]. Stones 
with branches occupying each calyx, or stones occupy-
ing more than 80% of the renal pelvis and calyx volume, 
are called complete SRC, and the rest are called partial 
SRC [1, 2]. SRC is a special type of kidney stone, which 
is complicated, usually compounded with urinary tract 
infection. Complete removal is difficult, combined with 
the fact that such stones are likely to re-form after sur-
gery. As a result, it is still one of the difficulties in clinical 
treatment of urology. At present, the guidelines for urol-
ogy recommend percutaneous nephrolithotomy (PCNL) 
as the preferred treatment for SRC [1, 2]. However, for 
complete SRC, it has been questioned by clinicians and 
patients due to high residual stone rate, complications, 
repeated hospitalizations and high treatment cost [3, 4].

Anatrophic nephrolithotomy (ANL) is a traditional 
and classic method for the treatment of SRC [5–7]. Due 
to its high trauma and high technical requirements, it is 
difficult to carry out in primary hospitals, and gradually 
replaced by PCNL [8–10]. Nonetheless, it is still widely 
used by some clinicians and medical institutions because 
of its low residual stone rate, low hospitalization fre-
quency and low treatment cost [5–7].

Given a lack of systematic clinical evaluation of PCNL 
and ANL for the treatment of complete SRC, the optimal 
treatment for complete SRC is still under debate [11–15]. 
Therefore, the purpose of this study is to compare the 
efficacy of PCNL and ANL in the treatment of complete 
SRC.

Methods
Patients
The current study was a retrospective cohort study. A 
consecutive series of data covering 238 complete SRC 
patients from July 2012 to July 2022 was collected from 
the Affiliated Hospital of Zunyi Medical University in 
China. Inclusion criteria were as follows: (1) The ini-
tial treatment were PCNL and ANL in patients with 
complete SRC; (2)  Clinical records of all complete SRC 

patients should be complete and accurate, the follow-up 
visits was more than 2 years; (3) Take a satisfaction sur-
vey. The exclusion criteria were as follows: (1) The initial 
treatment was in addition to PCNL and ANL in patients 
with complete SRC; (2)  Incomplete clinical records; or 
(3) Willing termination of the treatment or refusal of fol-
low-up visits.

The morphologic parameters of the patient’s stone were 
detected by computed tomography 3D imaging technol-
ogy. The standard Digital Imaging and Communications 
in Medicine viewing software [16] was used to establish 
accurate stone measurements. The parameters of residual 
stone rate, residual stone quantity, residual stone number 
were calculated by manual.

Experimental group and clinical data extraction
All 238 patients with complete SRC, including 192 unilat-
eral cases and 46 bilateral cases, were treated 284 times. 
And they were assigned to the following two groups 
according to different treatment methods (see Fig.  1): 
mini-PCNL in lateral supine position group (n = 190), 
referred to as PCNL group, and ANL group (n = 94). The 
data we collected were shown in Fig. 1.

Diagnosis standards of the complete SRC
The stone branch that occupies each renal calyx (≥ 80% 
renal pelvis and calyceal volume) was defined as a com-
plete SRC [1, 2].

Selection of the type of treatment and the key steps 
of treatment
ANL was based on the surgical method described by 
Boyce [17]. That is, the patient was selected lumbar 
incision. A rapid intravenous infusion of 250 ml of 20% 
mannitol was administered via the subclavian vein while 
exposing the kidney. Subsequently, the renal artery was 
blocked with an arterial clamp. After the renal artery was 
temporarily blocked, the renal parenchyma was quickly 
cooled with cold saline solution, and was immediately cut 
along the Brodel line of the kidney to the calyx and renal 
pelvis, then the calyx was cut radially, and the stone was 
extracted with the stone extractor.
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Fig. 1 Flow chart of the experimental design. Abbreviations: ANL, anatrophic nephrolithotomy; GFR, glomerular filtration rate; ICU, intensive care 
unit; PCNL, percutaneous nephrolithotomy; Scr, serum creatinine
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In PCNL, the lithotomy position combined with lateral 
supine position was adopted, ultrasound localization was 
used to perform the puncture and a standard skin-kidney 
access tract for 22F was established. The calculi were 
removed by ultrasonic lithotripsy combined with pneu-
matic lithotripsy using a 18F nephroscope through 1–6 
skin-kidney access tracts. In classification, it belongs to 
mini-PCNL in lateral supine position.

Both ANL and mini-PCNL in lateral supine position 
were performed by surgeons with senior professional 
titles who have been engaged in urologic surgery for more 
than 15 years and who are specialized in urolithiasis.

Definition and method of evaluation of stone free, residual 
stone
Two weeks to 4  weeks after surgery, plain film of the 
abdomen(KUB), urinary system color ultrasound or com-
puted tomography examination, found that the stone is 
larger than 5 mm, called residual stone. If no stone was 
found on the above examination, or if the stone was 
found to be less than 4  mm in size, it was called stone 
free [1, 2].

Evaluate postoperative renal atrophy
According to literatures [18–20], normal renal size 
(long axis) ranged from 11 to 13.5 cm on the left (aver-
age 12.2 cm) and from 10.8 to 13 cm on the right (aver-
age 11.9 cm). It is generally believed that a difference of 
1.5 cm in length (long axis) between the 2 kidneys (pre-
operative and postoperative) is of diagnostic significance. 
And renal atrophy was diagnosed if the renal length (long 
axis) was less than 1.5 cm after surgery. And renal atro-
phy was measured by ultrasound in this study.

An explanation for performing a second operation
Recurrent pain, uncontrolled infection, or obstruction 
due to residual stones after the first surgical procedure; 
When there is residual stone that requires surgical treat-
ment after the first operation; And surgical intervention 
is needed when residual stone displacement occurs after 
the first operation. All of these cases are referred to as 
secondary surgery.

Evaluation of GFR of the involved kidney
Renal isotope scans using 99mTc DTPA were performed 
to measure the changes in selective function of the 
affected kidney (GFR%).

Calculate the initial cost and total cost
Initial cost refers to the cost of the first hospitalization for 
patients who choose PCNL or ANL treatment for the first 
time. The total cost refers to the initial cost plus the cost 

for subsequent secondary surgery for the initial choice of 
PCNL or ANL in one kidney with complete SRC.

Postoperative satisfaction survey
After each hospitalization, a postoperative satisfaction 
survey was conducted between 1 and 3  months after 
discharge.

Follow‑up
The median follow-up time was 8.5 (range 2–10) years in 
each group. And the mean follow-up time was 6.5 years 
in the PCNL group and 6.8 years in the ANL group. All 
patients were followed up via telephone and regular out-
patient visits.

Statistical analyses
Statistical analyses were performed using Statistical 
Package for the Social Sciences (IBM Corp., Armonk, 
NY, USA) version 29.0. Selected characteristics (includ-
ing the clinical data parameters described above that was 
collected) were compared between treatment group cases 
using the chi-squared test for categorical variables and 
Mann–Whitney U test and one-way variance analysis 
for quantitative data. Numerical variables are presented 
as the mean ± standard deviation or as the median (mini-
mum, maximum), and categorical variables are presented 
as percentages. Odds ratios (ORs) and 95% confidence 
intervals (CIs) were simultaneously estimated by univari-
ate logistic regression analyses. P < 0.05 was considered 
significant.

Results
Basic information of clinical data of complete SRC patients
As shown in Table 1, basic information of the 238 patients 
was males with a median age of 49 years and females with 
a median age of 51 years. And the median value was 15, 
74, 23, 104, 32, 31, 3, 35 of number of branches of stag-
horn, surface area of calculi  (cm2), volume of calculi 
(ml), Scr (umol/l), GFR (ml/min) on calculi side of left, 
GFR (ml/min) on calculi side of right, number of access 
tract of mini-PCNL in lateral supine position, duration 
of renal artery occlusion (minutes) in ANL, respectively. 
The positive rate of urine leukocyte was 100%, but the 
positive rate of urine bacterial culture was 42%. 57 unilat-
eral cases were treated with ANL, 9 bilateral cases were 
treated with both ANL, 135 unilateral cases were treated 
with mini-PCNL in lateral supine position, 18 bilateral 
cases were treated with bilateral mini-PCNL in lateral 
supine position, and 19 cases of bilateral calculi were 
treated with ANL on one side and mini-PCNL in lateral 
supine position on the other.
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To compare the clinical parameters of mini‑PCNL in lateral 
supine position and ANL in treating complete SRC
As shown in Table  2, there was differences between the 
two treatments, and the residual stone rate, number of 

residual stones, residual stone quantity, the reoperation 
rate, the cost of treatment, the length of hospital stay, 
and the incidence of intraoperative and postoperative 
complications such as massive bleeding and infection 

Table 1 Baseline characteristics of clinical data of complete staghorn renal calculi (n = 238)

Data are presented as percentage or as median (minimum, maximum)

Abbreviations: ANL anatrophic nephrolithotomy, GFR glomerular filtration rate, ml milliliter, min minute, mol mole, cm2 Square centimeter, PCNL Percutaneous 
nephrolithotomy; Scr, serum creatinine

Parameters Number Median (minimum, maximum) Percentages 
(%)

Age (year)

 Male 123 49 (19, 77)

 Female 115 51 (27, 77)

Gender

 Male 123 52

 Female 115 48

Site

 Unilateral staghorn calculi 192 81

  Left 99 42

  Right 93 39

 Bilateral staghorn calculi 46 19

Number of branches of staghorn 284 15 (5, 29)

Surface area of calculi  (cm2) 284 74 (51, 157)

Volume of calculi (ml) 284 23 (14, 67)

Scr (umol/l) 238 104 (53, 479)

GFR on calculi side

 Left (ml/min) 145 32 (16, 55)

 Right (ml/min) 139 31 (17, 55)

Urine leukocyte

 Positive 238 100

 Negative 0 0

Urine bacterial culture

 Positive 99 42

 Negative 139 58

Hypertension

 Yes 57 24

 No 181 76

Type 2 diabetes

 Yes 48 20

 No 190 80

Hyperparathyroidism

 Yes 13 5.5

 No 235 94.5

Surgical method selection

 Unilateral PCNL 135 56.7

 Bilateral PCNL 18 7.6

 Unilateral ANL 57 23.9

 Bilateral ANL 9 3.8

 PCNL on one side, ANL on the other 19 8.0

Number of established channels of PCNL 190 3 (1, 5)

Duration of renal artery occlusion in ANL (min) 94 35 (15,70)
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Table 2 To compare the efficacy of PCNL and ANL in treating complete staghorn renal calculi

Parameters PCNL (n = 190) ANL (n = 94) P‑value

Age (year)

 Male 48 (19, 70) 49 (27, 70) 0.587

 Female 48 (27, 77) 47 (27, 77) 0.657

Gender

 Male 53.68% (102/190) 36.17% (34/94)  < 0.001
 Female 46.32% (88/190) 63.83% (60/94) 0.021
Number of branches of staghorn 14 (5, 28) 15 (9, 29) 0.001
Surface area of calculi  (cm2) 64.66 (51.39, 157.49) 64.66 (52.37, 133.27) 0.738

Volume of calculi (ml) 18.19 (14.18, 67.23) 18.22 (14.98, 56.37) 0.526

Incidence of type 2 diabetes 19.47% (37/190) 26.60% (25/94) 0.165

Incidence of hypertension 22.63% (43/190) 24.47% (23/94) 0.713

Incidence of hyperparathyroidism 6.32% (12/190) 14.89% (14/94) 0.003
Residual stone rate after operation 94.21% (179/190) 6.38% (6/94)  < 0.001
Number of residual stones after operation 13 (0, 22) 0 (0, 2)  < 0.001
Residual stone quantity after operation (%) 28 (0, 61) 0 (0, 4)  < 0.001
Number of unilateral secondary operations

 < 6 months 2 (0, 4) 0 (0, 1)  < 0.001
 7–12 months 0 (0, 2) 0 (0, 1)  < 0.001
 13–24 months 0 (0, 3) 0 (0, 1)  < 0.001
Incidence of unilateral secondary surgery

 < 6 months 85.79% (163/190) 4.30% (4/93)  < 0.001
 7–12 months 20.63% (39/189) 2.15% (2/93)  < 0.001
 13–24 months 24.34% (46/189) 5.38% (5/93)  < 0.001
Scr (umol/l)

 preoperative 89 (55, 479) 85 (53, 186) 0.145

 After 1 week 86 (45, 480) 85 (51, 195) 0.683

 After one month 75 (53, 362) 68 (56, 88) 0.199

 After 6 months 78 (56, 372) 78 (62, 96) 0.923

 After 12 months 74 (49, 345) 74 (56, 96) 0.493

 After 18 months 76 (47, 363) 76 (47, 96) 0.147

 After 24 months 72 (61, 351) 72 (61, 102) 0.559

GFR at the surgical side

 Preoperative (ml/min) 28.65 (16.43, 55.42)a 29.46 (16.49, 47.23)b 0.52

 After one month 28.77 (17.55, 55.68) 28.44 (15.22, 44.23) 0.143

 After 6 months 27.56 (16.85, 51.21) 26.35 (14.36, 42.54) 0.077

 After 12 months 27.56 (15.22, 52.01)a 25.88 (14.21, 41.56)b 0.047
 After 18 months 26.56 (14.02, 50.23)a 25.43 (13.78, 41.89)b 0.043
 After 24 months 26.72 (14.13, 50.12)a 24.32 (13.07, 40.89)b 0.034
Length of the operation (min) 110 (30, 210) 122 (45, 320) 0.435

Incidence of intraoperative blood transfusion 12.11% (23/190) 18.09% (17/94) 0.362

Intraoperative blood transfusion volume (IU) 0 (0, 6) 0 (0, 16) 0.009
Incidence of postoperative blood transfusion 11.05% (21/190) 5.32% (5/94) 0.014
Postoperative blood transfusion volume (IU) 0 (0, 6) 0 (0, 2) 0.041
Incidence of postoperative massive bleeding 8.42% (16/190) 1.06% (1/94) 0.014
Incidence of postoperative interventional hemostasis 8.42% (16/190) 1.06% (1/94) 0.014
Incidence of postoperative transfer to ICU 6.32% (12/190) 2.13% (2/94) 0.047
Incidence of postoperative sepsis 6.32% (12/190) 0 0.047
Incidence of postoperative death 0.53% (1/190) 0 0.669
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all were high; the incidence of postoperative renal atro-
phy were low; the postoperative satisfaction is sad, in the 
mini-PCNL in lateral supine position group compared to 
the ANL group (all P < 0.05). In addition, there was a dif-
ference in the GFR of the surgical side between the mini-
PCNL in lateral supine position group and the ANL group 
at 12 months, 18 months, and 24 months after surgery (all 
P < 0.05). The decrease in GFR at 12 months, 18 months 
and 24 months after surgery was also different from the 
preoperative GFR comparison within the mini-PCNL in 
lateral supine position group (all P < 0.05). The decrease in 
GFR at 6 months, 12 months, 18 months, and 24 months 
after surgery was also different from the preoperative GFR 
comparison within the ANL group (all P < 0.05).

Logistic regression analysis of different clinical parameters 
in patients with complete SRC treated with mini‑PCNL 
in lateral supine position and ANL
According to the Logistic regression analysis, as shown 
in Table 3, there was a significant correlation between 
treatment and residual stone rate, residual stone num-
ber, residual stone quantity, satisfaction, hospitaliza-
tion times, length of hospital stay, hospitalization costs, 
postoperative renal atrophy, the decrease in GFR on 

the surgical side and gender selection. And women 
were twice as likely as men to choose ANL treatment 
(OR = 2.045, 95%CI:1.23–3.4, P = 0.006). The residual 
stone rate after mini-PCNL in lateral supine position 
was 239 times (OR = 238.667, 95%CI:85.468–666.47, 
P < 0.0001), the number of residual stone was 1.3 times 
(OR = 1.326, 95%CI:1.229–1.43, P < 0.0001), and the 
amount of residual stone was 2.2 times (OR = 2.224, 
95%CI:1.737–2.848, P < 0.0001) that of ANL. The cost 
of initial treatment after mini-PCNL in lateral supine 
position was 3.3 times (OR = 3.273, 95%CI:2.075–
5.161, P < 0.0001), the total cost of treatment 4 times 
(OR = 4.051, 95%CI:2.677–6.13, P < 0.0001), the 
length of first hospital stays 0.6 time (OR = 0.614, 
95%CI:0.504–0.747, P < 0.0001), the total length of 
hospital stay 1.4 times (OR = 1.44, 95%CI:1.302–1.592, 
P < 0.0001) that of ANL. The incidence of postoperative 
renal atrophy was 2.2 times (OR = 2.171, 95%CI:1.226–
3.845, P = 0.008) higher in the ANL group than in the 
mini-PCNL in lateral supine position group. A high 
preoperative GFR was associated with a lower proba-
bility of choosing mini-PCNL in lateral supine position 
(OR = 0.767, 95%CI:0.691–0.851, P < 0.0001) than ANL. 
GFR reduction after ANL was 1.4 times (OR = 1.381, 

Table 2 (continued)

Parameters PCNL (n = 190) ANL (n = 94) P‑value

Incidence of renal resection during operation 0 1.064% (1/94) 0.331

Incidence of postoperative renal atrophy 17.99% (34/189) 32.26% (30/93) 0.007
Positive rate of urine bacterial culture 47.37% (90/190) 56.38% (53/94) 0.256

Recurrence rate of calculi with infection

 After 6 months 8.47% (16/189) 6.45% (6/93) 0.555

 After 12 months 21.69% (41/189) 15.05% (14/93) 0.187

 After 24 months 24.34% (46/189) 18.28% (17/93) 0.252

Cost of initial treatment (￥,RMB) 4.78 (1.59, 14.21) 2.5 (1.43, 8.25)  < 0.001
The total cost of treatment (￥,RMB) 11.09 (2.35, 31.24) 2.51 (1.43, 8.66)  < 0.001
Length of first hospital stay (day) 16 (11, 26) 16 (14, 22) 0.019
Total length of hospital stay (day) 35 (11, 53) 17 (14, 31)  < 0.001
Postoperative satisfaction survey  < 0.001
 Satisfactory 15.26% (29/190) 95.74% (90/94)

 Acceptable 37.89% (72/190) 4.26% (4/94)

 Dissatisfactory 46.85% (89/190) 0

Data are presented as percentage or as median (minimum, maximum)

P-values were calculated using the Mann–Whitney U for quantitative data, and using the Chi-square test for counting data

The boldface represents statistical significance

Abbreviations: ANL anatrophic nephrolithotomy, GFR glomerular filtration rate, ICU intensive care unit, IU International unit, l litre, ml milliliter, min minute, mol mole, 
cm2 Square centimeter, PCNL Percutaneous nephrolithotomy, Scr serum creatinine
a Represents the statistically significant difference between preoperative GFR and postoperative follow-up GFR at 12 months, 18 months, and 24 months in PCNL 
group, and the P values are 0.015, 0.003 and less than 0.001, respectively
b Represents the statistically significant difference between preoperative GFR and postoperative follow-up GFR at 6 months, 12 months, 18 months, and 24 months in 
ANL group, and the P values are 0.021, 0.001, less than 0.001 and less than 0.001, respectively
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Table 3 Logistic regression analysis of different clinical parameters in patients with complete staghorn renal calculi treated with PCNL 
and ANL

Parameters B S.E Wald P-value OR 95%CI

Gender

 PCNL (an = 102, bn = 88)

 ANL (an = 34, bn = 60) 0.716 0.259 7.616 0.006 2.045 1.23–3.4

Number of branches of staghorn

 PCNL (n = 190)

 ANL (n = 94) 0.096 0.03 10.277 0.001 1.101 1.038–1.168

Surface area of calculi  (cm2)

 PCNL (n = 190)

 ANL (n = 94) -0.014 0.022 0.434 0.51 0.986 0.945–1.029

Volume of calculi (ml)

 PCNL (n = 190)

 ANL (n = 94) 0.017 0.046 0.14 0.709 1.017 0.93–1.113

Residual stone rate after operation

 PCNL (n = 189) 5.475 0.524 109.193  < 0.0001 238.667 85.468–666.47

 ANL (n = 93)

Number of residual stones after operation

 PCNL (n = 189) 0.282 0.394 53.526  < 0.0001 1.326 1.229–1.43

 ANL (n = 93)

Residual stone quantity after operation

 PCNL (n = 189) 0.799 0.126 40.189  < 0.0001 2.224 1.737–2.848

 ANL (n = 93)

Incidence of unilateral secondary surgery

 < 6 months

 PCNL (n = 189) 0.639 0.898 0.506 0.477 1.895 0.326–11.013

 ANL (n = 93)

 7–12 months

 PCNL (n = 189) 1.831 1.016 3.249 0.071 6.24 0.852–45.683

 ANL (n = 93)

 13–24 months

 PCNL (n = 189) -0.23 1.011 0.052 0.82 0.794 0.109–5.766

 ANL (n = 93)

GFR at the surgical side (ml/min)

 Preoperative

 PCNL (n = 190) -0.265 0.053 24.77  < 0.0001 0.767 0.691–0.851

 ANL (n = 94)

 After one month

 PCNL (n = 189) -0.096 0.128 0.561 0.454 0.909 0.708–1.167

 ANL (n = 93)

 After 6 months

 PCNL (n = 189) 0.069 0.13 0.277 0.598 1.071 0.83–1.382

 ANL (n = 93)

 After 12 months

 PCNL (n = 189) -0.26 0.154 2.863 0.091 0.771 0.57–1.042

 ANL (n = 93)

 After 18 months

 PCNL (n = 189) 0.269 0.186 2.088 0.148 1.309 0.909–1.885

 ANL

 After 24 months
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Table 3 (continued)

Parameters B S.E Wald P-value OR 95%CI

 PCNL (n = 189)

 ANL (n = 93) 0.323 0.154 4.371 0.037 1.381 1.02–1.869

Intraoperative blood transfusion volume (IU)

 PCNL (n = 190) 2.213 1.037 4.552 0.033 9.139 1.197–69.755

 ANL (n = 94)

Incidence of postoperative blood transfusion

 PCNL (n = 190) 2.146 1.039 4.269 0.039 8.552 1.117–65.5

 ANL (n = 94)

Postoperative blood transfusion volume (IU)

 PCNL (n = 190) 20.57 11,147.524 0 0.999 8.58E + 08 0–0.000

 ANL (n = 94)

Incidence of postoperative massive bleeding

 PCNL (n = 190) 1.217 0.77 2.498 0.114 3.379 0.746–15.292

 ANL (n = 94)

Incidence of postoperative interventional hemostasis

 PCNL (n = 190) 20.504 40,192.97 0 1 8.04E + 08 0–0.000

 ANL (n = 94)

Incidence of postoperative transfer to ICU

 PCNL (n = 190) -21.857 28,420.722 0 0.999 0 0–0.000

 ANL (n = 94)

Incidence of postoperative sepsis

 PCNL (n = 190) 42.406 30,697.888 0 0.999 2.61E + 18 0–0.000

 ANL (n = 94)

Incidence of postoperative renal atrophy

 PCNL (n = 189)

 ANL (n = 93) 0.775 0.292 7.063 0.008 2.171 1.226–3.845

 Preoperative GFR -0.004 0.05 0.005 0.943 0.996 0.904–1.099

 GFR at 1 month after surgery -0.069 0.132 0.275 0.6 0.933 0.721–1.208

 GFR at 6 months after surgery -0.096 0.133 0.522 0.47 0.908 0.699–1.179

 GFR at 12 months after surgery 0.093 0.158 0.35 0.554 1.098 0.806–1.496

 GFR at 18 months after surgery 0.054 0.177 0.095 0.758 1.056 0.747–1.493

 GFR at 24 months after surgery -0.016 0.139 0.014 0.907 0.984 0.75–1.291

Incidence of hyperparathyroidism

 PCNL (n = 190)

 ANL (n = 94) 0.954 0.416 5.263 0.022 2.596 1.149–5.864

Cost of initial treatment (￥,RMB)

 PCNL (n = 190) 1.186 0.232 26.017  < 0.0001 3.273 2.075–5.161

 ANL (n = 94)

The total cost of treatment (￥,RMB)

 PCNL (n = 190) 1.399 0.211 43.824  < 0.0001 4.051 2.677–6.13

 ANL (n = 94)

Length of first hospital stay (day)

 PCNL (n = 190)

 ANL (n = 94) 0.488 0.1 23.806  < 0.0001 1.63 1.339–1.983

Total length of hospital stay (day)

 PCNL (n = 190) 0.364 0.051 50.204  < 0.0001 1.44 1.302–1.592

 ANL (n = 94)

Postoperative satisfaction survey

 Satisfactory
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95%CI:1.02–1.869, P = 0.037) greater than that after 
mini-PCNL in lateral supine position at 24-month 
follow-up. And the overall satisfaction of ANL was 58 
times (OR = 57.857, 95%CI:19.404–172.517, P < 0.0001) 
higher than that of mini-PCNL in lateral supine posi-
tion. However, there was no significant correlation 
between postoperative renal atrophy and postoperative 
GFR reduction (all P > 0.05).

The occurrence of postoperative residual stone 
was analyzed by logistic regression for stone surface 
area, stone volume, number of branches of staghorn 
and surgical method
According to the logistic regression analysis, as shown 
in Table 4, there was a significant correlation between 

the occurrence of residual stone and the number of 
branches of staghorn (OR = 1.267, 95%CI:1.118–1.438, 
P < 0.0001) and the surgical method (OR = 0.001, 
95%CI:0–0.003, P < 0.0001). Moreover, the num-
ber of branches of staghorn greater than 8 is a high 
risk factor for the occurrence of residual stone after 
mini-PCNL in lateral supine position (OR = 353.137, 
95%CI:34.297–3636.076, P < 0.0001) when the num-
ber of branches of staghorn is divided into groups ≤ 8 
and ≥ 9. However, the occurrence of residual stone 
after surgery was not significantly correlated with 
stone surface area (OR = 1.127, 95%CI:0.981–1.294, 
P = 0.091) or stone volume (OR = 0.797, 95%CI:0.593–
1.072, P = 0.134).

Table 3 (continued)

Parameters B S.E Wald P-value OR 95%CI

 PCNL (n = 29)

 ANL (n = 90) 4.058 0.557 52.998  < 0.0001 57.857 19.404–172.517

 Acceptable

 PCNL (n = 72) 22.37 4236.711 0 0.996 0 0–0.000

 ANL (n = 4)

 Dissatisfactory

 PCNL (n = 89) 2.322 0.777 8.925 0.003 10.196 2.223–46.777

 ANL (n = 0)

P-values were calculated using the univariate Logistic regression analysis

The boldface represents statistical significance(P < 0.05)

Abbreviation: ANL anatrophic nephrolithotomy, CI confidence interval, ICU intensive care unit, IU International unit, l litre, ml milliliter, min minute, mol mole, cm2 
Square centimeter, GFR glomerular filtration rate, OR odds ratio, PCNL Percutaneous nephrolithotomy
a Is the number of male
b Is the number of female

Table 4 Logistic regression analysis of postoperative residual stone occurrence with surface area, volume, number of branches of 
staghorn and treatment of complete staghorn renal calculi

Data are presented as percentage or as median (minimum, maximum)

The boldface represents statistical significance

Abbreviations: ANL anatrophic nephrolithotomy, ml milliliter, cm2 Square centimeter, OR odds ratio, PCNL Percutaneous nephrolithotomy
1 P-values were calculated using the One-way analysis of variance
2 P-values were calculated using the univariate Logistic regression analysis

Residual stone(n = 185) Non‑residual stone(n = 99) Z/χ2 1P-vable OR 95%CI 2P‑vable

Surface area of calculi  (cm2) 74.56 (51.39, 133.27) 72.48 (51.39, 157.49) 0.515 0.474 1.127 0.981–1.294 0.091

Volume of calculi (ml) 23.16 (14.98, 56.37) 22.88 (14.18, 67.23) 0.041 0.84 1.173 1.044–1.391 0.013

Number of branches of staghorn 15 (9, 28) 16 (5, 29) 5.008 0.026 1.267 1.118–1.438  < 0.001
Number of branches of stag-
horn(%)

185 (100) 99 (100)

 ≥ 9 181 (97.64) 89 (89.90) 8.883 0.003 353.137 34.297–3636.076  < 0.001
 ≤ 8 4 (2.16) 10 (10.10)

Treatments(%) 185 (100) 99 (100)

 PCNL 179 (96.76) 11 (11.11) 856.036  < 0.001 0.001 0–0.003 0.001
 ANL 6 (3.24) 88 (88.89)
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Discussion
In this study, the results showed that the residual stone 
rate of mini-PCNL in lateral supine position in the treat-
ment of complete SRC was as high as 94.21%, and the 
residual stone shape was shown in Fig.  2. However, the 
residual stone rate of ANL treatment was quite low, 
accounting for only 6.38%, as shown in Fig.  3. Previous 
literature reported that the stone free rate of PCNL treat-
ment for SRC (there is no clear distinction between com-
plete and partial SRC) was in the range of 49% to 78%, 
which means that the residual stone rate is in the range 
of 22% to 51% [8, 10, 21–23]. In the previous literature, 
the residual stone rate of complete SRC, whether ANL 
or PCNL, was rarely reported. Because there is no clear 
distinction between complete and partial SRC, this may 
mislead the reader, it seems that the stone free rate of 
PCNL in the treatment of complete SRC is surprising [8, 
10, 21–23]. In this study, we also evaluated the amount 
and number of residual stones, both of which were higher 
after PCNL treatment than after ANL treatment.

In the evaluation of reoperation due to residual stone, 
PCNL treatment has a higher reoperation rate, and longer 
hospital stay and higher treatment cost than ANL treat-
ment. Similarly, our results showed that the incidence 
of intraoperative major bleeding, postoperative major 
bleeding, and sepsis was higher in PCNL than in ANL. 
However, the occurrence of late renal atrophy was more 
in ANL than in PCNL at 12 to 24 months after operation. 
ANL has higher satisfaction than PCNL. Through logis-
tic regression analysis, we found that residual stone rate, 
residual stone amount, residual stone number, treatment 
cost, length of hospital stay, frequency of hospital stay, 
and satisfaction was all correlated with the treatment 

choice. And, these risks were positively correlated with 
PCNL, but the risk of renal atrophy was positively cor-
related with ANL. However, there was no significant 
correlation between ANL and PCNL in intraoperative 
hemorrhage, postoperative hemorrhage, and postopera-
tive sepsis. At the same time, this study found that there 
was no significant correlation between renal atrophy and 
postoperative GFR reduction. Based on the above analy-
sis, we believe that the cost performance of ANL treat-
ment for complete SRC was significantly higher than that 
of PCNL treatment [5–13, 24–28].

Residual stones after mini-PCNL in lateral supine 
position in this study were 94%. This is very high in 
comparison with previous reports all over the world. 
We analyzed that the reason for the low residual stone 
rate reported worldwide in PCNL is that they do not 
clearly distinguish complete SRC and take the effect of 
treatment of partial SRC into account. The incidence of 
massive postoperative bleeding is 8% in this study. The 
reported incidence of massive bleeding in the world is 
also 5%-8% in PCNL. We analyzed the cause of mas-
sive bleeding can be related to the excessive pursuit of 
stone-free operation, the puncture site and the estab-
lishment of the channel are not reasonable, and the 
unskilled, brute-force operation. Moreover, these oper-
ations that excessively pursues the stone-free rate in 
PCNL can not really bring the effect of stone-free rate. 
We consider that the limitation of PCNL itself in the 
treatment of complete SRC can be the reason for the 
poor surgical effect and many complications [29, 30].

Guidelines for urology recommend PCNL as the first 
choice for the treatment of complex stones, which is to 
consider the impact of ANL surgery on renal function 

Fig. 2 The preoperative shape of complete staghorn renal calculi and the residual stone after PCNL is shown on KUB. Abbreviations: KUB, kidney 
ureter bladder; PCNL, percutaneous nephrolithotomy. A Complete staghorn renal calculi is located in the left; B The residual stone of complete 
staghorn renal calculi in the left kidney after PCNL
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and long-term adverse reactions of renal atrophy. 
Although our results showed that the rate of renal atro-
phy was higher in the ANL group (32.26%) than in the 
PCNL group (17.99%). Moreover, the risk of renal atro-
phy after ANL was higher than that after PCNL. How-
ever, the results of logistic regression analysis showed 
that there was no statistically significant correlation 
between the occurrence of postoperative renal atrophy 
and the decrease of postoperative GFR. In other words, 
it can be no significant correlation between GFR and 
long-term adverse reactions in the two surgical meth-
ods by logistic regression analysis of long-term follow-
up results. Therefore, we believe that the occurrence of 
renal atrophy after complete SRC is more related to the 
compression of renal parenchyma by renal calculi itself 
and the combination of renal parenchyma infection, 
rather than the operation itself.

In this study, as well as in clinical practice, we have 
found that for complete SRC with more than 8 branches 
of staghorn, the occurrence of residual stone after treat-
ment with PCNL was inevitable, even with multi-chan-
nel lithotomy. However, the incidence of residual stone 
after surgery was 0 when complete SRC with branches 
of staghorn less than or equal to 8 were treated with 

PCNL. However, in this study, all patients treated with 
ANL had more than 8 branches of staghorn for complete 
SRC, and the incidence of postoperative residual stone 
(6.38%) was very low (see in Tables  2 and 4). Accord-
ing to our analysis of the correlation to postoperative 
residual stone occurrence with stone surface area, stone 
volume, number of branches of staghorn and surgical 
methods of complete SRC (see in Table 4), we found that 
there was a significant correlation between the occur-
rence of residual stone and the number of branches of 
staghorn (OR = 1.267, 95%CI:1.118–1.438, P < 0.0001) 
and the surgical method (OR = 0.001, 95%CI:0–0.003, 
P < 0.0001). Moreover, the number of branches of stag-
horn greater than 8 is a high risk factor for the occur-
rence of residual stone after PCNL (OR = 353.137, 
95%CI:34.297–3636.076, P < 0.0001) when the number of 
branches of staghorn is divided into groups ≤ 8 and ≥ 9. 
However, the occurrence of residual stone after surgery 
was not significantly correlated with stone surface area 
(OR = 1.127, 95%CI:0.981–1.294, P = 0.091) or stone vol-
ume (OR = 0.797, 95%CI:0.593–1.072, P = 0.134). Simi-
larly, it can be seen from Table 4 that the stone-free rate 
of ANL is 88.89%, while the stone-free rate of PCNL is 
only 11.11%. Therefore, we suggest that the number of 

Fig. 3 Preoperative morphology of bilateral complete staghorn renal calculi and stone specimens completely removed by ANL surgery 
and postoperative KUB without stone imaging. Abbreviations: ANL, anatrophic nephrolithotomy; KUB, kidney ureter bladder. A Complete staghorn 
calculi are located in both of the left and right kidneys; B The stone removed by ANL was located in the right complete staghorn renal calculi; C The 
stone removed by ANL was located in the left complete staghorn renal calculi; D Bilateral complete staghorn renal calculi was completely removed 
by ANL surgery
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branches of staghorn greater than 8 is not appropriate for 
the treatment of PCNL, and treatment with ANL should 
be the preferred option for complete SRC.

Based on the above analysis, we advocate that SRC is 
clearly differentiated into complete SRC and partial SRC. 
For partial SRC, we are in favor of PCNL as the preferred 
treatment, and ANL for complete SRC. However, the pre-
sent study had several limitations. This study was based 
on only single-center clinical data. Confounding factors, 
such as age, surgical operation time, surgical difficulty, 
puncture location method, aesthetic requirements of 
incision, patient and physician selection bias of surgi-
cal method. These limitations may have influenced the 
results and conclusions.

Conclusions
The results of the current study indicate that although 
the risk of renal atrophy and decreased GFR after ANL is 
higher than that of PCNL, the efficacy of traditional ANL 
in the treatment of complete SRC was generally superior 
to that of mini-PCNL in lateral supine position. Moreo-
ver, number of branches of staghorn greater than 8 are 
the preferred ANL for complete SRC.

Abbreviations
ANL  Anatrophic nephrolithotomy
PCNL  Percutaneous nephrolithotomy
SRC  Staghorn renal calculi
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