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Background: Percutaneous nephrolithotomy (PCNL) is accepted as the gold standard of care
for the treatment of large renal calculi. Kidney hemorrhage, which requires blood transfusion, is
one of the most common complications after percutaneous kidney stone surgery.

Objective: To evaluate perioperative factors associated with transfusion requirements dur-
ing PCNL.

Materials and Methods: A total of 226 patients with kidney calculi undergoing PCNL
between January 2011 and December 2019 were reviewed retrospectively. We analyzed the
impact of perioperative clinical factors on the necessity of blood transfusion during PCNL.
Results: The overall blood transfusion rate was 9.29%. Multiple perioperative determinants were
significantly correlated with the application of packed red blood cells (PRCs), including larger
stone size (p = 0.006), multiple tract punctures (p = 0.029), presence of staghorn calculi (p = 0.026),
and long operative time (OT; p=0.017). Multivariate analysis demonstrated that only multiple tract
punctures independently affected blood transfusion requirements during PCNL (p = 0.038).
Conclusion: In accordance with the present study, only the multiple tract punctures were
associated with blood transfusion requirements in PCNL.
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Introduction

According to the guidelines of the European Association of Urology ' and the
American Urological Association,” percutaneous nephrolithotomy (PCNL) remains
the gold standard of treatment for large and complex kidney stones. Previous studies of
percutaneous nephrostomy have reported blood transfusion rates in the range of 1.5—
3.2%.%* However, the incidence of hemorrhage requiring blood transfusion was found
to increase to 3.8-25% in PCNL due to the larger percutaneous tract and the necessity
of renal parenchymal manipulation.”’ Although kidney hemorrhage is one of the most
frightening complications of PCNL, only 0.8% of PCNL patients require angioembo-
lization for significant, uncontrolled hemorrhaging.® Therefore, urologists should
recognize the immediate problems during and after PCNL operations to promptly
ensure proper management. In the present study, we aimed to determine the periopera-
tive factors associated with blood transfusion during PCNL.

Materials and Methods

The principles of the Helsinki Declaration were followed during the present study,
ethical approval for this retrospective cross-sectional study was performed by the
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Institutional Review Board of the Faculty of Medicine at
Ramathibodi Hospital (ID: COA. MURA2020/711). The
patient consent to review the medical record was not
required by the ethical committee due to the retrospective
nature of the study. All data were encrypted and kept
confidential. We studied 226 patients who had undergone
PCNL for kidney stones at a tertiary care referral center.
All operations were conducted by highly experienced
endourologists. The inclusion criteria included patients
who had undergone PCNL within the time frame of
January 2011 to December 2019. The exclusion criteria
excluded patients who were below 18 years of age, had
incomplete preoperative computerized tomography (CT)
imaging, or had inadequate clinical data. All CT imaging
was evaluated by two urology residents, who performed
one measurement per patient. Stone size was assessed in
coronal view. Preoperatively recorded data included
patients’ demographic information; histories of ipsilateral
operations, including open renal surgery, PCNL, and extra-
corporeal shock wave lithotripsy (ESWL); histories of
hypertension (HT), diabetes mellitus (DM), and dyslipide-
mia (DLP); stone size; stone side; skin-to-stone distance;
stone density; staghorn stone presence; degree of hydro-
nephrosis; hemoglobin (Hb) levels; and estimated glomer-
ular filtration rates (eGFR). The analyzed operative
determinants included number of access sites, puncture
of the renal calyx, operative duration, and intraoperative
complications. Complete blood cell counts were evaluated
one day before surgery and during the immediate post-
operative period. The primary outcome of this measure-
ment was packed red blood cell (PRC) transfusion status
during the intraoperative and postoperative periods. Blood
transfusion was indicated in patients experiencing hypo-
volemic shock due to blood loss (blood pressure <90/60
mmHg; heart rate >100/min) and a 1 g/dl decrease in Hb
levels.

Surgical Technique

PCNL was performed using a standard approach. Each
patient was arranged into a supine frog-leg position, and
an open-end ureteric catheter (6F) was passed through the
ureteric orifice cystoscopically through the renal pelvis.
Then, each patient was turned into a prone position.
Under fluoroscopic guidance, access to the pelvo-calyceal
system was achieved with a percutaneous access needle
(18-gauge, 20 cm) using the bull’s eye technique. The
nephrostomy tract was dilated using metallic dilators or
balloon dilators, and an Amplatz sheath was inserted.

Rigid nephroscopy was conducted with a 26F rigid
nephroscope (Karl Storz, Munich, Germany), and the
stones were fragmented with a Calcuson ultrasonic litho-
triptor (Karl Storz Endoskope) and removed with an
Endomat LC (Karl Storz Endoskope). The residual frag-
mented stones were sought out by fluoroscopy. A tempor-
ary 22F nephrostomy tube was used in place at the end of
operation. A 6F ureteral catheter was routinely left in place
for approximately one to two days postoperatively.
Prophylactic antibiotics (typically, third-generation cepha-
losporin) or sensitive antibiotics with urine culture were
injected during the anesthetic induction period and
extended until the patient was discharged.

Statistical Analysis

Data analysis was performed using STATA version 14.1
(STATA Corp., TX, USA), and patient records were com-
pared between groups. Categorical variables were evalu-
ated using a Fisher’s exact test, and the resulting data were
reported as numbers and percentages. Continuous vari-
ables were compared using a Wilcoxon rank-sum
(Mann—Whitney) test, and the resulting data were reported
as medians with interquartile ranges (IQRs). A p-value
less than 0.05 was considered to be statistically significant.
Logistics regression was used to analyze variables asso-
ciated with the endpoint (blood transfusion) in a univariate
analysis. A p-value <0.05 was considered significant in the
multivariate analysis.

Results

Of the 264 patients who underwent PCNL between January
2011 and December 2019, 15 were excluded due to inade-
quate imaging and 23 were excluded due to poor clinical
data. A total of 226 patients met the inclusion criteria,
including 118 females and 108 males. The mean age was
58.3+ 11.7 years (range: 18—83 y), and the mean body mass
index was 25.6 + 4.6 kg/m? (range: 14.5-43.4 kg/m?). The
average stone size was 567.9 + 402.4 mm’ (range:
27-2176 mm?). Staghorn stones were found in 42.9% (n =
97) of the patients. Histories of same-sided open kidney
surgery, ESWL, and PCNL were demonstrated in 9 (9.6%),
57 (60.6%), and 28 (29.8%) patients, respectively. A total of
218 (96.4%) patients were managed with one-percutaneous
tract, and the remaining 3.6% underwent multiple-percuta-
neous tract. The average operative time (OT) was 125.3 +
49.0 minutes (range: 40-300 min), and the overall blood
transfusion rate was 9.3% (n = 21).
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In terms of multiple-tract puncture, the average blood
loss was 506.25 £+ 236.70 mL (median 425 mL; range
300-1000 mL), an average decline of Hb was 1.35 = 1.24
g/dL (median 0.8 g/dL; range 0.5-4.1 g/dL). The average
blood loss in single-tract group was 286.70 £ 317.22 mL
(median 200 mL; range 5-2000 mL), the mean decline of
Hb was 1.00 £ 0.79 g/dL (median 0.8 g/dL; range 0.1-4.4 g/
dL). According to the univariate analysis, the perioperative
determinants that affected blood transfusion requirements
were stone size (p = 0.006), number of access sites (p =
0.029), presence of staghorn stones (p =0.037), and OT (p =
0.017). There was no significant correlation between higher
transfusion rate with BMI, previous surgery and skin to
stone distances as shown in Table 1. In accordance with
the multivariate regression analysis, the necessity of multi-
ple tracts was the most crucial factor for PRC transfusions
necessary (Table 2).

Discussion

The management of large kidney calculi has developed
from open surgery to minimally invasive endoscopy pro-
cedures. The advantages of PCNL include the small inci-
sion size, shortened hospital stay requirements, the
likelihood of a quicker return to work, and fewer signifi-
cant complications.”'® These advantages have resulted in
a dramatic decrease in the number of open anatrophic
The
goal of PCNL is to establish complete stone clearance

nephrolithotomy and pyelolithotomy procedures.

with the lowest possible risk of morbidity or mortality.
Stone burden and stone density are the most powerful
predictors of the succession of this procedure.'!
Nonetheless, PCNL is still associated with some compli-
cations, including pyrexia, hydrothorax, urinary septice-
mia, and bleeding necessitating blood transfusion.'?
Among more than 5000 patients undergoing percutaneous
renal surgery, slightly more than 10% experienced major
complications according to the modified Clavien-Dindo
system.' Bleeding complications requiring blood transfu-
sion were observed in these patients due to either trauma-
tized kidney parenchyma or injury to the renal vessels.®'*
Generally, this type of hemorrhage is not significant, and
hemostasis can be accomplished in such cases through
conservative treatment by occluding a nephrostomy tube,
applying pressure directly around the wound, and leaving
the pelvo-calyceal system to clot off'> or using a 36 Fr
occlusive Kaye tamponade balloon catheter.'® However, in
the case of refractory to the aforementioned approaches,
angioembolization may be needed. This requirement was

less than 1%,>!” with success rates above 90%>'® in
managing renal hemorrhages from arteriovenous fistulas
and pseudoaneurysms.

The importance of underlying disease as a contributing
factor to increased bleeding during PCNL remains a contro-
versial subject. The present study demonstrated that patient-
related factors, including HT, DM, and DLP, did not affect
blood transfusion requirements. This result was similar to
those of other publications. For example, Kukreja and
associates'® did not find any strong association between
bleeding and HT in a prospective study. However, Tolga
and colleagues®® identified HT and DM as risk factors for
increased renal bleeding after PCNL. Their explanation for
this association was that the effect of DM on the entire
arterial system contributes to microangiopathies, which are
very susceptible to kidney hemorrhages.*' In terms of the
influence of prior surgery (open surgery, PCNL, and ESWL)
on operative difficulties in later percutaneous surgery, multi-
ple studies have proposed that prior renal surgery does not
affect bleeding complications.**** Our study confirmed that
prior open surgery, PCNL, and ESWL are not perioperative
factors for postoperative blood transfusion requirements (p =
0.999, p=0.731, and p = 0.999, respectively).

Of the various operative factors, the univariate analysis
in the present study demonstrated that high stone burden,
presence of staghorn calculi, need for multiple tracts, and
longer OTs are predictive determinants of blood transfusion
requirements (p = 0.006, 0.037, 0.029, and 0.017, respec-
tively). Staghorn stones and large renal calculi necessitate
the extension of renal parenchyma manipulation to remove
extensive stone fragmentation and consequently increase
the risk of bleeding in the pelvicaliceal system. Srivastava
and associates demonstrated that high stone burden is a
of post-PCNL
hemorrhage.'® Additionally, Turna and colleagues found

significant predictive factor renal
that staghorn stones had the most significant influence on
bleeding in a multivariate analysis (p = 0.003).**

In the present multivariate analysis, we found that only
the necessity of multiple tracts was correlated with transfu-
sion requirements. The use of multiple percutaneous access
tracts is often required in the management of patients with
complex staghorn renal calculi. Hemorrhage was strongly
correlated with the use of multiple tracts in the present study.
We performed multiple-tract procedures with an average
blood loss of 506.25 mL and a transfusion rate of 37.5%.
The average decline of Hb was 1.35 g/dL, and the one-
percutaneous tract group with lower bleeding was found in,

average blood loss of 286.70 mL, transfusion rate of 5.5%.
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Table | Patient Characteristics

Patient Characteristics No. Transfusions Transfusion p-value
(n = 205) (n=21)
Age (years): median (IQR) 60 (50 to 65) 60 (55 to 67) 0.780
Gender: n (%)
Male 100 (48.8) 8 (38.1) 0.371
Female 105 (51.2) 13 (61.9)
BMI (kg/m?): median (IQR) 25.3 (22.5 to 28.3) 24.8 (23.3 to 25.6) 0.327
Stone side: n (%)
Left 87 (42.4) 10 (47.6) 0.652
Right 118 (57.6) I (52.4)
Previous open surgery: n (%) 9 (44) 0 (0) 0.999
Previous PCNL: n (%) 25 (12.2) 3 (143) 0.731
History of ESWL: n (%) 52 (254) 5(23.8) 0.999
Diabetes mellitus: n (%) 106 (51.7) 12 (57.1) 0.655
Hypertension: n (%) 54 (26.3) 4 (19.1) 0.604
Dyslipidemia: n (%) 63 (30.7) 7 (34) 0.807
Preoperative eGFR (mg/dL): median (IQR) 86 (66 to 92) 90 (53 to 99) 0.555
Preoperative Hb (mg/dL): median (IQR) 13.2 (12 to 14.5) 13.2 (11.9 to 13.6) 0.371
ASA classification: n (%)
Class | 191 (93.2) 21 (100) 0.652
Class 2 13 (6.3) 0 (0)
Class 3 1 (0.5) 0 (0)
Stone size (mm?): median (IQR) 440 (260 to 741) 592 (550 to 750) 0.006*
Skin-to-stone distance (cm): 85 (70 to 102) 86 (73 to 90) 0.743
median (IQR)
Stone density (Hounsfield unit): median (IQR) 956 (660 to 1255) 1005 (806 to 1190) 0.726
Stone type
Staghorn calculi 104 (49.3) 16 (76.2) 0.037%*
Nonstaghorn calculi 101 (50.7) 5(23.8)
Grade of hydronephrosis: n (%)
No or mild 178 (86.8) 19 (90.5) 0.999
Moderate or severe 27 (13.2) 2 (9.5)
Number of accesses: n (%)
Single 200 (97.6) 18 (85.7) 0.029*
Multiple 5(24) 3 (14.3)
Calyx of puncture: n (%)
Lower 86 (42.0) 8 (38.1) 0.082
Middle 32 (15.6) 8 (38.1)
Upper 92 (44.9) 8 (38.1)
Dilated: n (%) 0.602
Metallic dilator 156 (76.1) 15 (71.4)
Balloon dilator 49 (23.9) 6 (28.6)
Operative time (min): median (IQR) 120 (90 to 150) 130 (120 to 160) 0.017*
(Continued)
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Table | (Continued).

Patient Characteristics No. Transfusions Transfusion p-value
(n = 205) (n=21)

Estimated blood loss (mL): median (IQR) 200 (50 to 320) 500 (200 to 1000) <0.001*

Pre-operative Hb (mg/dL): median (IQR) 132 (11 to 17.6) 13.3 (11.2 to 15) 0.231

Postoperative Hb (mg/dL): median (IQR) 12.4 (10.9 to 14) 1.1 (10 to 12.1) 0.006*

Hospital stays (days): median (IQR) 7 (4-25) 8 (5-30) 0.095

Note: *Statistically significant.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; eGFR, estimated glomerular filtration rate; ESWL, extracorporeal shock wave
lithotripsy; Hb, hemoglobin; IQR, interquartile range; PCNL, percutaneous nephrolithotomy.

Table 2 Multivariate Analysis

Outcomes Multivariate

OR 95% ClI p-value
Stone size 1.00 0.99 to 1.00 0.602
Number of access 6.47 I.I'l to 37.77 0.038*
Operative time 1.01 0.99 to 1.0l 0.304
Stone type 2.69 0.79 to 9.17 0.115

Note: *Statistically significant.
Abbreviations: Cl, confidence interval; OR, odds ratio.

The mean decline of Hb was 1.00 g/dL. The effects of multi-
ple-tract procedures on blood transfusion have been found in
several studies. Akman and colleagues’ conducted multiple-
tract surgery in 29.3% of procedures, necessitating transfu-
sion 4.46 times more often than single-tract accession. Stoller
and associates' retrospectively analyzed 127 PCNL patients
and found that the mean decrease in Hb for simple single-
puncture and stage was 2.8 g/dL; however, the average
amount of bleeding increased by twofold due to multiple
punctures and/or renal pelvic perforation. The solid charac-
teristic of the rigid nephroscope attacked the stones in differ-
ent calices through multiple attempts at percutaneous access,
contributing to injury of the kidney cortex and the caliceal
infundibulum and therefore resulting in increased risk of
bleeding.*’

In the present univariate analysis of each polar puncture,
we found that upper pole accession did not significantly
affect bleeding any more than other approaches. Similarly,
Singh and colleagues found that hemorrhagic complications
did not differ significantly between upper and lower calyceal
approaches.” Although upper pole access may damage the
posterior segmental artery, the aim of upper pole puncture is
to accomplish exposure of the renal calices and kidney pelvis
and break the stone at the upper ureter without applying
torque to the kidney with the rigid nephroscope, which can
cause kidney trauma and bleeding. A previous study of

patients undergoing PCNL demonstrated a significant corre-
lation between OT and blood loss in a multivariate analysis
(p=0.001).%° The present study also indicated that longer OT
is correlated with an increased risk of requiring blood trans-
fusion. Increased bleeding during prolonged operations may
be due to extended injury to the renal cortex.

Multiple devices are being developed to reduce the dis-
advantageous effect of multiple steps of accession into the
kidney. For example, the evolution of balloon dilation, con-
sidered to be the most modern and safe dilation equipment,
has made PCNL dilatation easier. However, the present study
did not demonstrate a significant difference between the
blood transfusion rates of the two dilation groups. Our results
were similar to those of Gonen and associates, who compared
Amplatz dilation with balloon dilation for PCNL and demon-
strated no significant differences in postoperative Hb con-
centrations or PRC transfusion rates between the two groups
(p = 0.601 and p = 0.687, respectively).”” However, some
studies have found balloon dilators to cause less blood loss
than Amplatz fascial dilators.*®

There were several limitations to the present study.
First, the data analysis was retrospective and could have
therefore been biased. Second, renal calculi were elimi-
nated during the lithotripsy period in all patients using
ultrasonic lithotripsy. Consequently, these determinants
were not investigated in this study. Finally, the collection
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of data from multiple endourologists may have influenced
the reliability and validity of the study.

Conclusion

In

summary, multiple access sites significantly increased

blood transfusion requirements during PCNL. Conversely,

underlying disease, dilator type, and polar accession did

not significantly affect blood transfusion requirements dur-
ing PCNL.
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