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INTRODUCTION

ABSTRACT

Obijective: The aim of this study was to document the use of general anesthesia for patients
who underwent percutaneous nephrolithotomy (PNL) during a 3-year period and to exam-
ine the current discussion related to anesthesia techniques in the context of the literature.

Methods: Patients scheduled for PNL between 2015 and 2017 were assessed retrospec-
tively. Patient demographic data, the characteristics of the renal stones, the duration of the
operation, blood transfusion requirements, and complications of the PNL procedure and
general anesthesia were evaluated.

Results: A total of 52| patients were included in this study. The mean age was 48.32+0.61
years. The mean stone size was 22.48+0.47 mm. The mean duration of the operation was
106.30£1.56 minutes, and 79.07% of patients were stone-free after the procedure. The
mean fluoroscopy time was 23.30+1.45 seconds and the mean irrigation fluid volume was
measured as 8.70+0.23 L. The decrease in the hemoglobin and hematocrit levels after the
procedure was statistically significant (p<0.0001), with a transfusion rate of 4.99%. Fever
after surgery and hemorrhage not requiring blood transfusion were the major complica-
tions (13.4% and 10.74%, respectively) seen, using the Clavien classification system. Difficult
intubation (1.2%), post-extubation laryngospasm (2.3%), refractory nausea (1.5%), bron-
chospasm (0.38%), ischemic electrocardiography changes (0.19%), and delirium (0.19%) were
the major anesthesia problems.

Conclusion: General anesthesia is a safe and effective method for PNL with well-known
risks. Regional anesthesia techniques have also been reported in PNL procedures as an alter-
native to general anesthesia in recent years. Further clinical trials with large patient groups
are needed to demonstrate the safety and efficacy of regional anesthesia in PNL.

Percutaneous nephrolithotomy (PNL) is used to treat
large or complex calculi.l'! Fernstrém and Johansson!?
first reported the removal of a renal calculus through a
nephrostomy tract, and since then, the technique has de-
veloped with an increasing success rate and decreasing
complications and mortality.”!

There is considerable debate about the anesthesia tech-
nique to be used for PNL. Although regional anesthesia
has gradually been gaining popularity, the procedure is usu-
ally performed under general anesthesia, which protects

the patient’s airway in the prone position and provides for
tidal volume control during the puncture to minimize pleu-
ral injury. It also maintains patient and surgeon comfort
when there is a need for prolonged anesthesia and allows
for the removal of large stones.!]

This hospital is a referral center for urinary stones and
PNL operations have been performed for a long time with
a high success rate. The primary goal of this study was to
document PNL operations and evaluate the perioperative
management of these patients with respect to anesthesia.
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MATERIAL AND METHODS

The study group was composed of patients admitted to
the hospital for renal stones and scheduled for PNL be-
tween 2015 and 2017. According to institute protocol,
anesthesiologists performed a routine preoperative risk
assessment, evaluating total blood count, coagulation, re-
nal and hepatic function tests, chest X-ray, and electrocar-
diogram (ECG) results. Further evaluation was performed
if any pathological finding was detected in the assessment
of the patient history, co-morbidities, and physical exam-
ination. Written informed consent was obtained from all
patients.

The general procedure was that after premedication with
0.01 to 0.02 mg/kg midazolam and | to 2 pg/kg fentanyl,
anesthesia was induced with 5 to 7 mg/kg thiopental
sodium or 2 to 3 mg/kg propofol. Neuromuscular relax-
ation was provided with 0.6 mg/kg rocuronium in all cases,
and following endotracheal intubation, mechanical ventila-
tion with a tidal volume of 8 to 10 mL/kg and a respiratory
rate adjusted to normocapnia was provided. Anesthesia
maintenance was secured with sevoflurane or desflurane
in a 60% O,-air mixture. All of the patients were initially
administered a crystalloid solution via an 18-G peripheral
venous line, and subsequently the fluid need was moni-
tored based on duration and severity of the operation. All
of the procedures were performed in the prone position.

Standard monitoring, including continuous ECG, pulse
oxymetry, and end-tidal CO, was applied to all patients. A
right or left radial artery cannula was inserted to assess in-
vasive blood pressure and perform blood sampling during
the intraoperative period.

Multimodal analgesia with paracetamol and tramadol was
used for postoperative pain control, and metoclopramide
was administered to all of the patients to prevent nausea
and vomiting, as well as prophylactic antibiotic treatment.

Percutaneous nephrolithotomy procedure

Following general anesthesia, while performing the cys-
toscopy, a 4- or 5-F open-end ureteral catheter was in-
serted while the patient was in the lithotomy position.
Then a Foley catheter (18- to 20-F depending on patient’s
age and size) was inserted per urethra and taped to the
ureteral catheter prior to the patient being brought into
the prone position. An appropriate calyceal puncture was
performed under full sonographic guidance with an 18-G
percutaneous entry needle (Boston Scientific Corp., Marl-
borough, MA, USA). Following puncture of the kidney, a
0.038-in guidewire was inserted into the collecting system
(the ureter when possible) and mechanical dilators were
used for percutaneous tract dilation (Amplatz sheath; Bos-
ton Scientific Corp., Marlborough, MA, USA) until 28- to
30-F dilation was achieved. Following the placement of an

appropriate access sheath, a standard 26-F nephroscope
(Karl Storz GmbH & Co. KG, Tuttlingen, Germany) was
placed directly into the kidney through the tract and the
stone was disintegrated using an ultrasonic lithotripsy
probe (Swiss Lithoclast, EMS Electro Medical Systems
S.A., Nyon, Switzerland). Fragments were removed using
suction, a basket, or grasping forceps. At the end of the
procedure, a re-entry nephrostomy catheter (14-F) was
inserted, and an antegrade pyelography was performed to
check for possible complications in all cases. Stone clear-
ance was assessed with a fluoroscopic evaluation. During
all procedures, 0.9% sodium chloride was used as irriga-
tion fluid.

The data were collected in 4 steps and recorded on pre-
prepared forms. First, we searched the hospital electronic
database to find patients who underwent a PNL opera-
tion. Next, we reviewed the patients’ anesthesia records
to extract data related to age, gender, American Society
of Anesthesiologists (ASA) physical status, duration of
the operation, blood transfusion requirements, and any
adverse situation during the intraoperative period. Char-
acteristics of the stones and details about the PNL proce-
dure were recorded from the clinical registry in urology
and operation notes. Finally, patient hemoglobin level be-
fore and after the procedure and the duration of hospi-
talization were recorded from information in the hospital
database.

The study protocol was approved by the scientific re-
search ethics committee of Kartal Dr. Lutfi Kirdar Training
and Research Hospital and the research was conducted
according to the ethical principles outlined in the Helsinki
Declaration.

Statistical analysis

The data were presented as the meanztstandard error of
the mean. Using the Prism 5.0 program (GraphPad Soft-
ware, San Diego, CA, USA), a Wilcoxon matched pairs
test was used to compare descriptive measures, and to
evaluate quantitative data. P<0.05 was considered to be
significant.

RESULTS

A total of 521 cases (349 males/172 females; male/female:
2.02) were treated with standard PNL for renal stones
during the study period. The age of the patients ranged
from 5 to 84 years (mean age: 48.32+0.61 years) and the
majority of patients were ASA Il (66.09%). The patient
demographic data are provided in Table I.

The mean size of the treated stones was 22.48+0.47 mm.
Stone lateralization was mostly left-sided (57.58%). The
ratio of renal pelvis stones was 35.89% (Table 2).

The mean duration of the operation was 106.30£1.56 min-
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Table I. Patient demographic data
n % MeantSD
Age (years)” 48.32+0.61
Gender, n (%)
Male 349 66.99
Female 172 33.01
Body mass index (kg/m?)® 27.48+0.54
ASA physical status, n (%)
| 98 18.01
1l 349 66.09
1] 68 13.05
\% 6 1.15
"Data shown as meanztstandard error. ASA: American Society of Anesthe-
siologists.
Table 2.  Stone characteristics
n %  MeantSD
Stone size (mm)* 22.48+0.47
Hounsfield unit” 776+25.46
Degree of hydronephrosis (grade)® 1.560.13
Lateralization
Right-sided 221 4242
Left-sided 300 57.58
Stone location
Renal pelvis 187 35.89
Upper calyx 56 10.75
Lower calyx 104 19.96
Multiple calyces 174 33.40

“Data shown as meantstandard error.

utes. The stone-free rate | week after the procedure was
79.07%. The mean fluoroscopy time was 23.20+1.45 sec-
onds, and the mean irrigation fluid volume was 8.70+0.23
L. There was a significant decrease in hemoglobin and
hematocrit levels after surgery (p<0.0001) (Table 3).

According to the modified Clavien classification,! 126
patients demonstrated grade | complications: fever after
surgery and hemorrhage not requiring blood transfusion
were noted in 13.4% and 10.74% of cases, respectively.
In all, 26 patients (4.99%) had a blood transfusion, and
pulmonary complications were encountered in 2 patients
(0.38%). There was only | (0.19%) fatal complication due
to septic shock in a patient admitted to the intensive care
unit (Table 4).

Other problems encountered in the perioperative period
were difficult intubation (10 patients; 1.2%), post-extu-

Table 3. Evaluation of the outcome of the procedure in
terms of success rate and early postoperative

follow-up data

Overall p~
Mean duration of the
procedure (min)® 106.30+1.56
Stone-free rate, n (%)
First week 412 (79.07)
Third month 429 (82.34)
Residual stone > 4 mm, n (%) 103 (19.76)
Unsuccessful, n (%) 6 (1.15)
Mean hospital stay (days)" 4.58+0.15
Auxiliary procedures, n (%) 46 (8.82)
Mean fluoroscopy time (s)" 23.20+1.45
Irrigation fluid volume (L) 8.70+0.23
Mean hemoglobin level (g/dL)
Before operation 13.76+0.06 <0.0001
After operation 12.16+0.05
Mean hematocrit level (%)
Before procedure 41.38+0.20 <0.0001
After procedure 35.79+0.18

"Data shown as meantstandard error. “p<0.05 was considered significant.
Wilcoxon matched-pairs test was used to evaluate quantitative data.

Table 4. Evaluation of the type and grade of complications
according to modified Clavien classification
Grade Complication n %
| Fever >38°C 70 13.4
Hemorrhage/hematuria not
requiring blood transfusion 56 10.74
2 Hemorrhage/hematuria requiring
blood transfusion 26 4.99
Urinary tract infection requiring
additional antibiotics 28 5.3/
Urine leakage <12 h 12 2.30
3a Double-] stent placement for
ureteral stone 14 2.68
Thorax tube for hydrothorax 2 0.38
3b Endoscopic treatment for
ureteral stone 18 3.45
4b Sepsis 2 0.38
5 Death | 0.19

bation laryngospasm (12 patients; 2.3%), bronchospasm
after intubation (2 patients; 0.38%), refractory nausea (8
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patients; 1.5%), ischemic ECG changes (| patient; 0.19%)
and delirium in the post-anesthesia care unit (| patient;
0.19%).

DISCUSSION

Recently, several studies about the effect of anesthesia type
on PNL have drawn attention. Ballestrazzi et al.[! first re-
ported using regional anesthesia in a study of |12 patients
who underwent PNL with epidural anesthesia that had an
88% satisfactory result. In a randomized controlled trial
comparing the efficacy of general and regional anesthesia,
intraoperative hemodynamic parameters were found to
be comparable in both groups, while visual analogue pain
scores and the analgesic requirement was comparatively
less in the regional anesthesia group.”? Kuzgunbay et al.l®!
found no significant difference regarding operation time,
volume of irrigation fluid, intraoperative complications,
hemoglobin level, or hospital stay in a comparison of gen-
eral and combined spinal-epidural anesthesia. It has also
been suggested that spinal anesthesia might be a better
choice as it offers better hemodynamic maintenance and
eliminates some of the complications of general anesthe-
sia.”

In the literature, the most emphasized point of regional
anesthesia is the reduced analgesic requirement. Mehrabi
et al.l'% indicated that this advantage was apparent within
a short period and that on the second postoperative day
there was no significant difference in the analgesic require-
ment between patients who underwent general and re-
gional anesthesia. Predictable and unpredictable complica-
tions of PNL include hemorrhage, injuries resulting from
the collection system, technical complications, hypother-
mia, fluid overload, sepsis, stricture formation, nephrocu-
taneous fistula, renal damage, and even death.l'-"*! Pain
(49%), fever (30%), urinary tract infections (I11%), and
renal colic (4%) were reported as minor complications
in one study, while septicemia (4.1%) and severe hemor-
rhage (2.7%) were reported as major complications.!'¥
Lee et al.l'’! reported a 12% transfusion rate in 500 PNL
patients as the most frequent complication. This rate has
also been reported to be as high as 23.8%.'1 In a case
of excessive bleeding, clamping of the nephrostomy tube
and placement of a larger nephrostomy tube or balloon
tamponade may be necessary.l' In some conditions, an-
giographic embolization may be a treatment of choice.['”!
In our study, the most commonly encountered complica-
tion was fever after surgery (Clavien grade |; 13.43%). The
mean hemoglobin and hematocrit level after the proce-
dure was 12.16+0.05 g/dL and 35.79£0.18%, respectively.
These levels were significantly less than pre-surgical levels
(p<0.0001). The overall transfusion rate was 4.99%. This
result was significantly lower than previously reported
ratios.'"'*! PNL operations have been performed at our

center for |6 years, including many complicated cases. The
use of ultrasonic guidance with the calyceal system has
decreased the hemorrhage and blood transfusion rates in
our patients in comparison with many other centers.

In comparative studies of general and regional anesthe-
sia, the most emphasized issue is the hazards of general
anesthesia in the prone position. These include accidental
extubation, kinking of the endotracheal tube, torsion of
the neck veins leading to facial or ocular edema, ecchy-
mosis, and peripheral nerve injuries on pressure points.
Ml The prone position is widely used in a variety of surgi-
cal procedures and possible complications have been well
defined.l'®"] Due to abdominal muscle paralysis during
general anesthesia, the functional residual capacity and ar-
terial partial pressure of oxygen are increased, while chest
wall and lung compliance remain unchanged. This physio-
logical respiratory change may be advantageous in many
conditions.?*1 In this study, all of the procedures were
conducted in the prone position, and no position-related
complication was recorded.

Anesthetics affect thermoregulation, and this is an under-
estimated issue. During general anesthesia, hypothermia
can develop in 3 phases. Rapid heat loss can develop within
the first hour (phase I). Heat loss exceeds production in
phase Il after 2 to 4 hours, and in the third phase, a ther-
mal steady-state, occurs after 3 to 4 hours and peripheral
vasoconstriction is triggered.?2??’l Thermoregulation is
also affected by regional anesthesia. Due to the disruption
of thermal input in the blocked region, the patient cannot
distinguish between warm and cold. Supplementation of
sedatives or analgesics makes the hypothermic condition
worse.l”’] Due to the large quantity of irrigation fluid used
during a PNL procedure, body core temperature may de-
crease more than expected. Hypothermia occurrence is a
limitation of our study. As a result of missing data on this
topic, statistical analysis could not be conducted. Further
studies monitoring body temperature during a PNL may
provide more definitive data about unintended hypother-
mia in this procedure.

The lungs and the pleura are the most frequently in-
jured organs during PNL, with a ratio of between 2% and
8%.2*%] In cases of regional anesthesia, during the supra-
costal puncture, the patient must follow verbal commands
and continue breathing. This requires good patient coop-
eration.?”! This is a disadvantage of regional anesthesia
in PNL and it may only be an appropriate alternative to
general anesthesia for a selected patient group. Further-
more, in unexpected conditions, such as vascular injury or
organ perforation requiring open surgery or urgent airway
problems requiring endotracheal intubation, the prone
position prevents emergency intervention. These factors
have not been adequately discussed in previous reports.
In our patients, | patient (0.19%) had pleural effusion and
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| patient (0.19%) had hemopneumothorax managed with
a chest drain, a significantly smaller ratio than that seen in
other reports.2%

Another source of conflicting data is the effect of anes-
thesia type on fluoroscopic screening time. Our mean flu-
oroscopic screening time was 23.20+1.45 seconds under
general anesthesia. The ultrasonic guidance reducing the
fluoroscopy duration in our procedures resulted in de-
creased radiation exposure for both patients and the envi-
ronment. Cicek et al.?”! reported that regional anesthesia
shortened the fluoroscopy time to 4.56+2.8 vs. 5.06+2.83
minutes. Moawad et al.,! however, found that the anes-
thesia technique had no effect on fluoroscopy time This
aspect needs further investigation.

The mean duration of surgery was 106.34+35.69 minutes
in our PNL patients. Reddy et al.* reported a mean du-
ration of 2.9£0.9 hours (range: 1.5-6 hours) in these pro-
cedures. Using an ultrasonographic approach on the renal
calyceal system also decreases the operation time.

The mean postoperative length of stay in the hospital after
PNL varies and predictors are multifactorial. Patel et al.’®!
reported 4.0£3.5 vs 2.7£1.2 days in high-risk and low-risk
patients, respectively, with a significant difference. The pa-
tient’s age was not a predictive factor.?”» The mean length
of stay was 5.6 days in a study of 172 patients (range: 1-35
days) and an elevated C-reactive protein level was demon-
strated to be one of the causes of longer hospitalization.
% The mean hospitalization duration was 4.58+0.15 days
after general anesthesia in our study. This study did not
examine the reasons for the length of stay. This issue may
be a subject for new studies.

Another limitation of our study is the evaluation of pa-
tients’ satisfaction. As a result of retrospective data col-
lection, there were no data on this point. In the literature,
some authors have demonstrated a higher level of satis-
faction in patients receiving regional anesthesia,?'*? while
others have reported higher satisfaction scores in both
patients and surgeons in the general anesthesia group.’)
These studies were conducted with small study groups,
so further studies with large case series are needed to
address this question.

In conclusion, each anesthesia technique has advantages
and disadvantages in all surgical procedures. General anes-
thesia is a safe and effective anesthesia technique in PNL
with close follow-up and awareness of possible complica-
tions. Some aspects of regional anesthesia in PNL still re-
main unclear and need further investigation in large study
groups.
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Anestezi Acisindan Perkutan Nefrolitotomi:
Bir Referans Hastanesindeki Uc Yillik Deneyim

Amag: Bu calismada 3 yillik siire igerisinde perkiitan nefrolitotomi (PNL) yapilan hastalarin genel anestezi uygulamalarinin dokiimantasyonu
ve anesteziye dair tartigmalarin literatiir esliginde irdelenmesi amagland.

Gereg ve Yontem: 2015-2017 yillari arasinda PNL yapilan hastalar retrospektif olarak degerlendirildi. Hastalarin demografik verileri,
bobrek taslarinin karakteristik 6zellikleri, operasyon siireleri, kan transfiizyon ihtiyaglari, PNL girisimi ve genel anestezinin komplikasyonlari
ele alindi.

Bulgular: 521 hasta bu calismaya dahil edildi. Ortalama yas 48.32+0.61 yildi. Ortalama tas biiyikliiglii 22.48+0.47 mm idi. Ortalama ope-
rasyon siresi 106.30£1.56 dak ve hastalarin operasyon sonrasi tagsizlik orani %79.07 idi. Ortalama floroskopi zamani 23.30£1.45 san ve
kullanilan irrigasyon sivi miktari 8.70+0.23 L olarak hesaplandi. Uygulama sonrasi hemoglobin ve hematokrit degerlerinde istatistiksel olarak
anlamli bir diisme saptandi (p<0.0001) ve kan transfiizyon orani %4.99 idi. Clavien siniflamasina gére ameliyat sonrasi ates ve transfiizyon
gerektirmeyen kanama en énemli komplikasyonlardi (%13.4 ve %10.74). Zor entiibasyon (%1.2), ekstiibasyon sonrasi laringospasm (%2.3),
tedaviye direngli bulanti (%1.5), bronkospazm (%0.38), iskemik EKG degisiklikleri (%0.19), deliriyum (%0.19) baslica anestezi problemleri idi.

Sonug: Genel anestezi, risklerinin iyi bilinmesi ile PNL girisimleri igin glivenli ve etkili bir ydntemdir. Son yillarda rejyonel anestezi teknikleri
PNL girisimlerinde genel anesteziye alternatif olarak bildirilmistir. Rejyonel anestezinin PNLde giivenilirliginin ve etkinliginin gosterilmesi igin
biiylik hasta gruplarinda yapilacak ileri klinik galismalar gerektigi kanisindayiz.

Anahtar Sozciikler: Anestezi; komplikasyon; perkiitan nefrolitotomi.
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