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Background: The aim of this meta-analysis was to systematically review and identify the risk factors for
severe hemorrhage after percutaneous nephrolithotomy (PCNL).

Methods: We searched the PubMed and EMBASE database for literature related to the risk factors of
severe hemorrhage after PCNL requiring angiography and embolization through to September 2019. The
necessary data for each eligible study were extracted by 2 independent reviewers. The Newcastle-Ottawa
Scale (NOS) was used for assessing the methodological quality of the included studies. Statistical analyses
were conducted using Comprehensive Meta-Analysis version 2 to identify whether there was a statistical
association between risk factors and severe hemorrhage post-PCNL.

Results: The results of this meta-analysis showed that urinary tract infection (UTT) (OR =1.98, 95% CI,
1.21-3.26, P=0.007), diabetes mellitus (OR =4.07, 95% CI, 1.83-9.06, P=0.001), staghorn stone (OR =3.49,
95% CI, 1.25-9.76, P=0.017), and muldiple tracts (OR =2.09, 95% CI, 1.33-3.28, P=0.001) were independent
risk factors for severe hemorrhage post-PCNL, while hypertension (OR =1.18, 95% CI, 0.58-2.42, P=0.65)
showed no significant statistical difference.

Conclusions: Urologists should focus on the above identified risk factors for severe hemorrhage post-
PCNL, including UTT, diabetes mellitus, staghorn stone, and multiple tracts. More high-quality studies with

larger sample sizes are needed to validate these conclusions.
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Introduction complication of renal hemorrhage. The timing of this

hemorrhage remains uncertain, as it can occur immediately

Percutaneous nephrolithotomy (PCNL) was first after the procedure or only after a few days. Previous

described in 1976 by Fernstrom and Johansson and has studies have found that embolization rates vary from

seen widespread use with the technical development of 0.6% to 2.6%, and transfusion rates vary from 1% to 11%

endoscopic and auxiliary instruments (1). As a result of this
progress and the overall increase in experience, PCNL is
now recommended as first-line therapy for renal stones
>2 c¢m (2). While PCNL is considered a safe and effective

procedure, it is still associated with the very serious
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after PCNL (3). As conservative treatment to hemostasis,
including nephrostomy tube clamping, adequate hydration,
hemostatic drugs, and blood transfusion, has been shown to
be ineffective, transcatheter arterial embolization (TAE) has
been recommended as a safe and effective method for severe
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hemorrhage after PCNL (4).

Although TAE has a preventive effect on hemorrhage
for post-PCNL patients, early diagnosis and management
are still necessary. Recently, more urologists have focused
on patients with severe hemorrhage post-PCNL, with
few studies having attempted to identify the association
between risk factors and vascular complication post-PCNL.
The relevant literature is able to indicate that urinary tract
infection (UTT), hypertension, diabetes mellitus, number of
tracts, and type of stone may be the important risk factors (5).
However, few meta-analyses are available that have
synthesized these data to provide convincing evidence for
the association between risk factors and severe hemorrhage
after PCNL.

Therefore, this meta-analysis was conducted to identify
the risk factors for severe hemorrhage in post-PCNL
patients with the aim of providing the confirming data to
guide clinical practice.

Methods
Literature search

We searched the PubMed and EMBASE databases for
literature concerning risk factors for severe hemorrhage
after PCNL requiring angiography and embolization
through to September 2019. The following search strategy
was used for the search (in PubMed):
% #1. Nephrolithotomy, Percutaneous
% #2. Nephrolithotomies, Percutaneous
% #3. Percutaneous Nephrolithotomies
% #4. Percutaneous Nephrolithotomy
< #5.PCNL
% #6.PNL
s #7.#1 or #2 or #3 or #4 or #5 or #6
< #8. Embolism
% #9. Embolization
% #10. Transcatheter arterial embolization
< #11. TAE
s #12. #8 or #9 or #10 or #11
% #13. Haemorrhage
% #14. Hemorrhage
% #15. Hematuria
% #16. Bleeding
s #17. #13 or #14 or #15 or #16
< #18.#7 and #12 and #17
Each obtained source was evaluated independently by
two reviewers to ensure that the included studies were
suitable.
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Study selection

All studies meeting the following criteria were included:
(D) the design type of the study was case-controlled; (I) the
study focus was associated risk factors of severe hemorrhage
required embolization after PCNL, with the odds ratios
(ORs) and the corresponding 95% confidence intervals
(CIs), or the original data reported; (III) the language of
study was English. All eligible studies found in the database
search were independently evaluated by two reviewers
according to the inclusion criteria. Non-case-control
studies, systematic reviews, case reports, and duplicates
were excluded. The relevant data for each eligible study,
including first author’s last name, year of publication, site
of origin, source of controls, number of cases and controls,
and associated risk factors were also independently extracted
by the two reviewers. Any disagreements between the
reviewers concerning inclusion/exclusion or data extraction
of the articles were resolved by discussion or consultation
with a third reviewer.

Methodological quality assessment

The data included first author, year of publication, type
of study design, the number of cases and control, sample
ages, and risk factors. During the data extraction, the
authors were contacted if any information was missing or
needed clarification. The Newcastle-Ottawa Scale (NOS)
was used for assessing the methodological quality of the
included studies, and is based on three categories: selection,
comparability, and exposure or outcome. The NOS scores
range from 0 to 9 stars, with 6 to 9 stars being considered
a low risk of bias, 4 to 5 stars being considered a medium
risk of bias, and 1 to 3 stars being considered a high risk of
bias (6). The assessment results of methodological quality
are summarized in Table 1.

Statistical analysis

Statistical analyses were performed using Comprehensive
Meta-Analysis version 2 (Biostat, Englewood, NJ, USA) to
identify whether there was a statistical difference between
risk factors and severe hemorrhage post-PCNL, to assess
heterogeneity of the included studies, and to generate forest
plots. For discontinuous variables, an OR with 95% ClIs
was calculated. Heterogeneity was calculated by using the
v’ and the I tests for included studies. A random-effects
model was applied if significant heterogeneity was found
among included studies (P<0.05 and I’>50%); otherwise,
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Table 1 Characteristics of the included studies

Li et al. Risk factors for hemorrhage post-PCNL

Author/year Study design No. cases/control Age (mean) Risk factor NOS score
Du et al. 2019 Case control 32/89 51.9+11.8 ), (I, (1, (V), (V) 8
Arora et al. 2019 Case control 9/583 44.45+11.95 ), (n, (my, (v), (V) 8
Un et al. 2015 Case control 14/133 42.5+9 (V) 8
Tan et al. 2013 Case control 10/982 Range 6-80 years old (Iv), (V) 8
El Tayeb et al. 2014 Case control 16/3,322 53.63 0), (V) 8
Jinga et al. 2013 Case control 22/2,073 NR 0, (v), (v) 8
El-Nahas et al. 2019 Case control 39/3,839 50.7+12.6 ), (av) 8

Risk factors: (I) UTI; (Il) hypertension; (lll) diabetes mellitus; (IV) multiple tracts; (V) stone type. NR, no report.

Records identified through
database searching (n=280)

Additional records identified through
other sources searched (n=0)

v

Records of duplicate, case report,
review and unrelated studies were
removed through screening (n=269)

v

Full-text articles were assessed for

4 full-text articles were excluded due

eligibility (n=11)

to a lack of necessary data (n=4)

Y

(h=7)

Studies included in the meta-analysis

Figure 1 Flow diagram of the literature search.

a fixed-effects model was applied (P>0.05 and I’'<50%). It
was calculated from the original data, while the OR was not
reported. Finally, publication bias was not assessed because
the number of included studies was less than 10.

Results
Identification of eligible studies

A total of 280 studies were identified in an initial search,
among which 11 studies remained after removing duplicates,
case reports, reviews, or unrelated studies by assessing the
titles and abstracts. Finally, 7 studies were included, while
the other 4 studies were excluded after further review
because of a lack of relevant risk factors (Figure I).

Characteristics of included studies

A total of 7 case-control studies published between 2007
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and 2019 were included in the meta-analysis comprising
10,194 patients, 142 cases with severe hemorrhage, and
11,021 controls with non-severe hemorrhage. The sizes of
sample ranged from 121 to 3,338 among included studies.
While the mean ages of cases and controls were available
in some studies (7), other studies (8) only indicated an
age range or a mean age. All the studies were reported in
English. Table 1 shows the characteristics of the included
studies.

Synthesis of the results

After using the y’ and the I’ test, no significant
heterogeneity was identified in the four risk factors
(UTI, hypertension, diabetes mellitus, and the number of
tracts) except for stone type. Thus a fixed-effects model
was generally applied, while a random-effects model was
applied for stone type due to its statistically significant
heterogeneity. The overall results are listed in Table 2.

Transl Androl Urol 2020;9(2):210-217 | http://dx.doi.org/10.21037/tau.2020.01.10



Translational Andrology and Urology, Vol 9, No 2 April 2020 213

Table 2 Meta-analysis of the pooled risk factors for sever hemorrhage post-PCNL
Heterogeneity test

Risk factor No. studies No. cases No. control 5 Y. Effect model OR (95% ClI) VA P
uTl 4 78 6,068 0.31 15.74 F 1.98 (1.21, 3.26) 2.71 0.007**
Diabetes mellitus 2 41 672 0.59 0 F 4.07 (1.83, 9.06) 3.44 0.001**
Hypertension 2 41 682 0.55 0 F 1.18 (0.58, 2.42) 0.45 0.650
Multiple tracts 7 142 11,021 0.1 4412 F 2.09 (1.33, 3.28) 3.20 0.001**
Staghorn stone 3 71 6,884 0.04 67.06 R 3.49 (1.25,9.76) 2.38 0.017*
Multiple stone 3 71 6,884 0.003 82.36 R 1.57 (0.47, 5.25) 0.73 0.460
Single stone 3 71 6,884 0.036 69.81 R 0.39 (0.13,1.16) -1.69 0.091

*, P<0.05; **, P<0.01. Fixed effect model: F; Random effect model: R. PCNL, percutaneous nephrolithotomy; UTI, urinary tract infection.

Study name Statistics for each study Odds ratio and 95% CI
Odds Lower Upper
ratio  limit limit Z-Value p-Value

Du 2019 2571 1118 5912 2224 0.026 -

Arora 2019 0.904 0.186 4.402 -0.125 0.901

El Tayeb 2014 1.057 0.375 2978 0.106 0.916

Jinga 2013 2975 1238 7.148 2438 0.015 -
1984 1209 3256 2712 0.007 <&

0.01 0.1 1 10 100

Control Severe hemorrhage

Figure 2 Forest plot: effect of UTT on severe hemorrhage post-PCNL. UTI, urinary tract infection; PCNL, percutaneous nephrolithotomy.

Risk factors for severe bemorrbage post-PCNL

UTI

Four studies (2,4,7,9) reported the association between UTT
and severe hemorrhage post-PCNL, among which low
heterogeneity was found (I’=15.74%, P=0.31), along with
significant difference (OR =1.94, 95% CI, 1.209-3.256,
P=0.007) (Figure 2).

Hypertension

Two studies (2,7) reported the association between
hypertension and severe hemorrhage post-PCNL, among
which low heterogeneity was found (I’=0%, P=0.55), but no
significant difference (OR =1.180, 95% CI, 0.576-2.418,
P=0.651) (Figure 3).

Diabetes mellitus

Two studies (2,7) reported the association between diabetes
mellitus and severe hemorrhage post-PCNL, among which
low heterogeneity was found (I’=0%, P=0.59), along with
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significant difference (OR =4.074, 95% CI, 1.832-9.063,
P=0.001) (Figure 4).

Multiple tracts

Seven studies (2,4,7-11) reported the relationship between
multiple tracts and the risk of severe hemorrhage post-
PCNL, among of which low heterogeneity was found
(’=44.12%, P=0.1), along with significant difference in the
calculation of the study effect size (OR =2.089, 95% ClI,
1.331-3.278, P=0.001) (Figure 5).

Stone type

Three studies (8-10) reported the association between
staghorn stone and severe hemorrhage post-PCNL, with
high heterogeneity (I’=67.06%, P=0.04) and significant
statistical difference (OR =3.487, 95% CI, 1.246-9.760,
P=0.017) (Figure 6) being found among the included studies;
apart from this, no significant statistical difference was
found between multiple stone and non-multiple stone (OR
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Study name Statistics for each study
Odds Lower Upper
ratio  limit limit

Du 2019 1.056 0472 2359 0.132

Arora2019 1.823 0.372 8.932 0.740
1.180 0576 2418 0.452

Li et al. Risk factors for hemorrhage post-PCNL

Odds ratio and 95% CI

Z-Value p-Value

0.895
0.459
0.651

0.01 0.1 1 10 100

Control Severe hemorrhage

Figure 3 Forest plot: effect of hypertension for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

Study name

Statistics for each study

Odds Lower Upper
ratio  limit limit
Du 2019 4740 1.793 12.530

Arora2019 2970 0.729 12.106

4.074

1.832

9.063

3.137
1.519
3.444

Odds ratio and 95% CI

Z-Value p-Value

0.002
0.129

0.001 <P

0.01 0.1 1 10 100

Control Severe hemorrhage

Figure 4 Forest plot: effect of diabetes mellitus for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

Statistics for each study

Study name

Odds Lower

ratio  limit
Du 2019 0.236 0.013
Arora 2019 5258 1.083
Un 2015 0526 0.112
Tan 2013 0.791 0.099
El Tayeb 2014 1.133 0.322
Jinga 2013 1.966 0.764
El-Nahas 2007 3.683 1.819

2.089 1.331

Upper
limit
4.396

25.530
2.476
6.295
3.990
5.062
7.459
3.278

Odds ratio and 95% CI

Z-Value p-Value

-0.967
2.059
-0.813
-0.222
0.195
1.402
3.621
3.204

0.333

0.040 ———
0.416 —a—

0.824

0.845 —.—

0.161 i
0.000 e B
0.001 <

0.01 0.1 1 10 100

Control Severe hemorrhage

Figure 5 Forest plot: effect of multiple tracts for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

=1.569, 95% CI, 0.469-5.247, P=0.464) (Figure 7), with the
same being the case for solitary stone vs. non-solitary stone

(OR =039, 95% CI, 0.13-1.16, P=0.091) (Figure 8).

Discussion

PCNL is an effective and safe operation for renal stones,

and severe hemorrhage is a rarely associated vascular

© Translational Andrology and Urology. All rights reserved.

complication (12,13). Angiography and embolization have
been established for severe, persistent, or intermittent
hemorrhage post-PCNL that cannot be stopped by
conservative treatment (14,15). In our meta-analysis,
risk factors for severe hemorrhage post-PCNL requiring
embolization included UTT, hypertension, diabetes mellitus,
number of tracts, and stone type. Significant differences
were found in UTTI, diabetes mellitus, number of tracts, and
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Study name

Statistics with study removed
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Odds ratio (95% ClI)

Lower Upper

Point  limit limit
Tan 2013 5553 3.023 10.200 5525
Jinga 2013 2.308 0435 12.240 0.983
El-Nahas 2007 2.604 0.352 19.278 0.937
3.487 1.246 9.760 2.379

with study removed

Z-Value p-Value

0.000
0.326
0.349
0.017

0.01 0.1 1 10 100

control severe hemorrhage

Figure 6 Forest plot: effect of staghorn stone for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

Study name

Statistics for each study

Odds Lower Upper

ratio  limit limit
Tan 2013 4198 1.203 14649 2.250
Jinga 2013 2135 0918 4964 1.761
El-Nahas 2007 0.552 0.293 1.040 -1.840
1569 0.469 5.247 0.732

Odds ratio and 95% ClI

Z-Value p-Value

0.024
0.078
0.066
0.464
0.01 01 1 10 100

Control Severe hemorrhage

Figure 7 Forest plot: effect of multiple stone for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

Study name

Statistics for each study

Odds Lower Upper

ratio  limit limit
Tan 2013 0.268 0.057 1.269 -1.660
Jinga 2013 0.197 0.072 0535 -3.183
El-Nahas 2007 0.884 0.447 1.751 -0.352
0393 0.133 1.161 -1.689

Odds ratio and 95% CI

Z-Value p-Value

0.097
0.001
0.725
0.091

0.01 0.1 1 10 100

Control Severe hemorrhage

Figure 8 Forest plot: effect of solitary stone for severe hemorrhage post-PCNL. PCNL, percutaneous nephrolithotomy.

stone type, but not hypertension.

The risk of UTT in severe hemorrhage patients requiring
embolization was 1.98 times higher than that in the
control group (OR =1.98, 95% CI, 1.21-3.26, P=0.007),
and was defined as the hyperemic nature of an inflamed
urothelium or a distorted anatomy secondary to edema.
However, among the studies included in this meta-analysis,
no studies (2,4,7,9) indicated a relation between UTI
and severe hemorrhage post-PCNL, with some authors
speculating this negative finding to possibly be a result of

© Translational Andrology and Urology. All rights reserved.

a small sample size. Du ez al. (7) reported a higher risk of
severe hemorrhage post-PCNL in patients with diabetes
mellitus, while the other study (2) showed a negative
result. Our result showed the pooled data (OR =4.07, 95%
CI, 1.83-9.06, P=0.001) of our result was based on two
studies, in which 36.59% (15/41) of patients in the severe
hemorrhage post-PCNL group had a more frequent history
of diabetes mellitus compared with 13.99% (94/672) in the
control group. Previous studies showed that the mechanism
of diabetes mellitus influencing the occurrence of severe
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hemorrhage post-PCNL can be explained by it affecting
the whole vascular system and causing microangiopathies,
which are highly vulnerable to bleeding after the initial
trauma of tract formation (16-18).

Some studies (2,9,10) indicate that the presence of
staghorn stones is a risk factor for severe hemorrhage post-
PCNL, because during operation for such complex stones
multiple tracts and excessive manipulation were needed.
Our study also found the risk of severe hemorrhage post-
PCNL with staghorn stone to be increased (OR =3.49,
95% CI, 1.25-9.76, P=0.017). In addition, the risk of severe
hemorrhage post-PCNL with multiple stone or solitary
stone was also calculated, and the results indicated the
risk of severe hemorrhage post-PCNL for either multiple
stone (OR =1.57, 95% CI, 0.47-5.25, P=0.46) or solitary
stone (OR =0.39, 95% CI, 0.13-1.16, P=0.091) did not
increase. As for these results, we reasoned that larger
calculi, especially staghorn calculi, often require prolonged
operation time and multi-channel establishment, which
significantly increases the damage to renal parenchyma,
thereby increasing the risk of intraoperative and
postoperative bleeding.

Finally, severe hemorrhage post-PCNL patients with
multiple tracts had a 2.09 times higher risk of severe
hemorrhage than patients with single tract (OR =2.09,
95% CI, 1.33-3.28, P=0.001). In clinical practice, we
establish multiple tracts for a higher rate of stone cleaning,
which leads to a higher risk of severe hemorrhage. The
phenomenon of multiple tracts for higher stone cleaning
combined with the higher risk of severe hemorrhage is
confusing to nearly every urology surgeon.

The conclusion of this meta-analysis was reached based
on seven studies, and offers more significant and statistical
advice for the majority of first-line urologists. However,
more research should be conducted to validate our
conclusions.

This study has some limitations. First, some studies
did not provide raw data, and errors might have occurred
during data conversion. Secondly, due to the limited
number of studies, we did not conduct sensitivity and funnel
plot analyses. Third, only English language literature was
retrieved. Finally, an inherent limitation is the small number
of studies, so further research is needed to complete the
meta-analysis.

The results of this meta-analysis showed that UTI,
hypertension, diabetes mellitus, stone type, and multiple
tracts were risk factors for severe hemorrhage post-PCNL.
Urologists can focus on the association between identified
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risk factors and severe hemorrhage post-PCNL so that
patients can be treated in time. The above conclusions may
be biased because of the limited quality and quantity of the
included studies. The correlation between the above risk
factors and severe hemorrhage post-PCNL needs further
study.
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