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Abstract

Aim: The position of the body during surgery may affect the patient’s body functions, especially the hemodynamic parameters. We
aimed to comparatively analyze the effects of lithotomy and prone position on respiratory mechanics, arterial oxygenation, and hemo-
dynamic parameters in patients who underwent percutaneous nephrolithotomy (PNL).

Materials and methods: The study included 40 patients aged 16-63 years who underwent kidney stone surgery. The patients had no
history of diabetes or cardiopulmonary disease and had an American Society of Anesthesiology (ASA) score of I-II. The pH, partial
arterial oxygen pressure, partial arterial carbon dioxide pressure, HCO,, arterial oxygen saturation, end-tidal carbon dioxide (EtCO,),
alveolar oxygen partial pressure, dead space volume/tidal volume ratio, P(A-a)O,, peak inspiratory pressure (PIP), inspiratory plateau
airway pressure (PPIt), systolic arterial pressure, diastolic arterial pressure, mean arterial pressure, and heart rate (HR) values were
assessed simultaneously throughout the surgery and comparatively analyzed both for lithotomy and prone positions.

Results: There was a significant difference between lithotomy and prone positions with regard to pH and HCO, values, which are
among the arterial blood gas parameters measured at 20 minutes (p<0.05 and p<0.001, respectively). There was a significant difference
between lithotomy and prone positions with regard to EtCO, PIP, PPlt, and HR measured at 20 minutes (p<0.05, p<0.001, p<0.001, and
<0.05, respectively).

Conclusions: The prone position decreased dynamic and static compliance and increased the PIP and PPIt values in patients undergo-
ing PNL. However, these changes do not have a negative effect on the hemodynamic parameters in low-risk patients.
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INTRODUCTION

Percutaneous nephrolithotomy (PNL), a minimally inva-
sive method, has become one of the most preferred meth-
ods for treating kidney stones in recent years!!l. Percuta-
neous nephrolithotomy is often performed under general
anesthesia and in the prone position. Prior to percutane-
ous access, the patient is placed in a lithotomy position
and a ureter catheter is inserted. Afterward, the patient is
changed to the prone position and percutaneous interven-
tion is performed.

It is difficult to find a position that will facilitate the sur-
gical approach but will not jeopardize cardiovascular and
pulmonary functions. Surgical position can affect many
body functions, such as the arterial blood gas. Thanks to
the developments in monitoring and ventilator technolo-
gies, it has become easier to follow positional changes more
closely and to perform rapid interventions when compli-
cations arise. The prone position is frequently used to im-
prove oxygenation in the treatment of acute respiratory
failure.?) However, some different issues can arise when the
patient is placed in a prone position. Increased pressure on
the anterior structures of the chest and abdomen can result
in complications associated with reduced abdominal and
respiratory compliance, compression of the orbits and vital
organs, and hemodynamic changes that require close mon-
itoring.l®! In addition, risky conditions such as peripheral
edema, oliguria, and hypertension may occur in patients.*!
These risks lead to more serious consequences, particularly
in individuals with low cardiac reserve or peripheral circu-
latory failure. Supine PNL has been reported to have some
advantages over prone PNL in terms of some hemodynam-
ic changes (less hypotension and less fluid absorption).*!
Although there is some data on the comparison of different
positions in separate surgeries, we have very limited infor-
mation about the effects of different positions within the
same surgery.

AIM

In the present study, we aimed to comparatively analyze the
effects of lithotomy and prone position on respiratory me-
chanics, arterial oxygenation, and hemodynamic parame-
ters in patients who underwent PNL. In this way, changes
and problems arising from the position are prevented earli-
er and will be managed more successfully.

MATERIALS AND METHODS

Study design

The study included 40 patients aged 16-63 years who un-
derwent kidney stone surgery in an endourology operating
room of a tertiary referral center (XXX Training and Re-

search Hospital, XXX). All the patients had no previous di-
abetes or cardiopulmonary disease and had an ASA score of
I-1I. Patients who developed intraoperative complications
and those who had an ASA score of >II, were younger than
16 years or older than 65 years, had a previously known
cardiopulmonary disease, Reynaud’s disease, Buerger’s dis-
ease, prior thoracic surgery, and a negative Modified Allen
Test were excluded from the study. Preoperative demo-
graphic characteristics were recorded for each patient.

The hemodynamic parameters - systolic arterial pres-
sure (SAP), diastolic arterial pressure (DAP), mean arte-
rial pressure (MAP), and heart rate (HR), and respiratory
parameters - pH, partial arterial oxygen pressure (PaO,),
partial arterial carbon dioxide pressure (PaCO,), bicarbon-
ate (HCO,), arterial oxygen saturation (Sa0,), end-tidal
carbon dioxide (EtCO,), alveolar oxygen partial pressure
(pAO,), dead space volume/tidal volume (VD/VT ratio),
alveolar-arterial oxygen tension difference (P[A-a]O,),
peak inspiratory pressure (PIP), and inspiratory plateau
airway pressure (PPIt) were recorded for both the lithoto-
my position and the prone position, and their values at 20
minutes were comparatively analyzed.

Preoperative assessment

Each patient underwent a thorough examination the day
before surgery, which included the patient’s medical histo-
ry, physical examination, vital signs, and laboratory mea-
surements. All laboratory tests, including complete blood
count (CBC), coagulation parameters, electrolyte values,
liver enzyme values, blood urea nitrogen (BUN), creati-
nine, fasting blood glucose, and total bilirubin, were per-
formed using standard methods. The Modified Allen Test
was applied to all patients prior to surgery.®!

Anesthesia technique

As a premedication, 0.25 mg/kg intravenous midazolam
(Dormicum®; Roche, Basel, Switzerland) was administered.
Routine monitoring, including electrocardiography (ECG),
pulse oximetry, and noninvasive blood pressure measure-
ment, was performed on each patient. Initial values of HR,
blood pressure (BP), and peripheral oxygen saturation
(SpO,) were assessed. For preoxygenation, patients were
given 100% oxygen with a mask for three minutes. Anes-
thetic induction was performed with intravenous injec-
tions of 7 mg/kg thiopental (Pentothal®; Abbott Laborato-
ries, Irving, TX, USA), 2 pg/kg fentanyl citrate (Fentanyl®;
Hospira, IL, USA), and 0.6 mg/kg rocuronium (Esmeron®;
N.V. Organon, Oss, Holland). Anesthesia was maintained
with 1% sevoflurane (Sevoflurane Baxter®; Baxter Health-
care Corporation, Deerfield, IL, USA) in an anesthetic mix-
ture of 40% O, and 60% N,O. Mechanical ventilation was
conducted at a rate of 12 breaths/min, with an inspiration/
expiration ratio of 1:2 and a tidal volume of 8 ml/kg.
Radial artery cannulation was performed in each patient
using a 20G intravenous cannula. At the 20th minute after
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general anesthesia, when the patients were still in the litho-
tomy position, arterial blood gas, HR, BP (systolic and di-
astolic), SpO,, PIP, PPIt, and ETCO, were recorded, which
were accepted as the first measurements of the study. After
placing the patients in the prone position at 20 minutes,
arterial blood gas and the other parameters were measured
and accepted as the second measurements of the study.
The VD/VT ratio and P(A-a) O, values were calculated for
both positions. During surgery, the additional analgesic
requirement was met with 1 pg/kg fentanyl when the
sudden increase in HR and BP values did not respond to
the 50% increase in inhalation agent concentration. The BP,
HR, and SpO, levels were measured and recorded through-
out general anesthesia.

The drugs used in anesthetic maintenance were stopped
after the surgical procedure was completed while the pa-
tient was in the supine position, and ventilation was ini-
tiated with 100% O,. After the initiation of spontaneous
breathing, 0.01 mg/kg atropine sulfate (Atropine’; Pfizer,
USA) and 0.04 mg/kg neostigmine methylsulfate (Neostig-
mine”; AstraZeneca, Sweden) were administered. When
spontaneous breathing was sufficient, the endotracheal
tube was removed.

Statistical analysis

Data analysis was performed using the Number Cruncher
Statistical System (NCSS, 2007) and Power Analysis and
Sample Size Statistical Software (PASS, 2008, Utah, USA).
Descriptives were presented using descriptive statistical
methods (mean, standard deviation, median, frequency,
and ratio). In group comparisons of parameters showing
normal distribution, the repeated measures test was used in
triplicate measurements and the Bonferroni test was used
in paired comparisons. A paired sample ¢-test was used for
the evaluation of duplicate parameters. A Wilcoxon signed-
rank test was used to evaluate the P(A-a)O, parameter as it
did not show a normal distribution. All results were eval-
uated at a 95% confidence interval (CI) and a p-value of
<0.05 and <0.01.

Table 2. Arterial blood gas measurements

Lithotomy and Prone Positions in PNL

RESULTS

The mean age of patients was 44.18+10.81 years. Sixty-five
percent of the patients had an ASA score of I and 35% of
them had an ASA score of II (Table 1). Arterial blood gas
measurements are shown in Table 2. There was a signif-
icant difference between lithotomy and prone positions
with regard to pH and HCO, values measured at 20 min-
utes (7.40£0.03 vs. 7.39+0.04, p=0.024; and 23.03+1.19 vs.
22.53%1.42, p=0.024 and p<0.001, respectively).

Measurements of ventilation and hemodynamic param-
eters are shown in Table 3. There was a significant differ-
ence between lithotomy and prone positions with regard to
EtCO,, PIP, PPIt, and HR measured at 20 minutes (p=0.017,
p<0.001, p<0.001, and p=0.039, respectively).

DISCUSSION

We compared both positions based on the hypothesis that
there may be significant changes with regard to hemody-
namic parameters, respiratory mechanics, and arterial ox-
ygenation in lithotomy and prone positions during PNL,

Table 1. Demographic characteristics and ASA scores of the pa-
tients

Age, (years) mean+SD 44.18+10.81
Gender
Male, n (%) 22 (55%)
Female, n (%) 18 (45%)
Weight, (kg) mean+SD 75.85+14.46
BMI, mean+SD 27.90+5.49
ASA score
ASA T, n (%) 26 (65%)
ASATL n (%) 14 (35%)

SD: standard deviation; BMI: body mass index

20th minute in

20th minute in prone

Parameters lithotomy position position p

mean + SD mean + SD
pH 7.40%0.03 7.39+0.04 0.024*
PaO, (mmHg) 171.95 £35.15 174.83+31.79 0.384
PaCO, (mmHg) 37.52+3.75 37.35+3.85 0.633
HCO, (mmol/L) 23.03£1.19 22.53+1.42 <0.001*
Sa0, (%) 98.95+0.57 98.92+0.48 0.736
pAO, (mmHg) 238.48+4.88 238.29+4.86 0.767
P(A-a)O2 (mmHg) 66.43+34.13 62.97+34.12 0.245

PaO,: partial arterial oxygen pressure; PaCO,: partial arterial carbon dioxide pressure; SaO,: arterial oxygen saturation; pAQO,: alveolar

oxygen partial pressure; *Wilcoxon signed-rank test: There was a significant difference with regard to pH and HCO,
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Table 3. Ventilation and hemodynamic parameters

Parameters 20tl.1 fninute in lithotomy 20tl.1 fninute in prone »
position position
EtCO, (mmHg) 31.25+2.67 30.58+2.47 0.017*
VD/VT 0.16+0.06 0.17+0.07 0.208
PIP (cmH,0) 18.33+3.67 22.18+4.25 <0.001**
PPIt (cmH,0) 17.50+3.34 20.90+3.89 <0.001**
MAP (mmHg) 91.18+13.66 94.17+16.54 0.839
HR 80.47+14.19 78.53+13.55 0.039**

EtCO,: end-tidal carbon dioxide; VD: dead space volume; VT: tidal volume; PIP: peak inspiratory pressure; PPIt: inspiratory plateau

airway pressure; MAP: mean arterial pressure; HR: heart rate; **Wilcoxon signed rank test: There was a significant difference with re-

gard to EtCOZ, PIP, PPlt, and HR

and we found that there were significant changes between
the two positions with regard to PH, HCO,, EtCO,, PIP,
PPIt, and HR.

For diagnostic and therapeutic applications in anesthe-
sia, surgery, and intensive care, knowing the effect of sur-
gical positions and general anesthesia on arterial blood gas
and respiratory parameters is highly important. Position
changes can affect the pulmonary blood circulation due to
the effect of gravity.l”! It has been shown that while gravity
is more effective in the lateral position, it has less effect in
the prone position.[®! West et al. attributed a mechanism
governing the distribution of pulmonary flow to gravi-
ty-induced differences in hydrostatic pressures that affect
regional vascular resistance and blood flow.”) Additional-
ly, Glenny et al. found that vascular anatomy was the most
important determinant of regional pulmonary blood flow
and that gravity was an important but secondary determi-
nant.'% On the other hand, Wieslander et al. claimed that
the effect of gravity on body position changes was related to
gravity-related changes in pulmonary vein distension rath-
er than pulmonary artery distension.!”)

Prone position therapy is a complementary strategy
for the treatment of acute respiratory distress syndrome
(ARDS) with lung-protective ventilation. Compared to the
supine position, the prone position provides more homoge-
neous ventilation and perfusion.['"12] Guérin et al. showed
a significant improvement in oxygenation in patients with
an average PaO,/FiO, value of 100 mmHg.!"¥) In addition
to the positive effects of the prone position on oxygenation
in patients with lung damage, many studies have shown
that there will be no change in oxygenation with the prone
position in individuals with healthy lungs.!!*1¢) Similarly,
our study also consisted of ASA I-II patients and found
no significant difference between the two positions with
regard to PaO,. However, in patients operated on under
general anesthesia, the prone position is considered to be
associated with an increased incidence of many complica-
tions, particularly airway-related complications.!!”!

During the prone position, PaCO, may remain un-
changed, increase, or even decrease. The changes in PaCO,
depend on the behavior of alveolar ventilation and its ratio
to the total ventilated lung volume.!'8! A decrease in PaCO,

means a decrease in dead space. The decrease in PaCO, has
been clearly demonstrated after the reduction of dead space
in ARDS patients.['”) In a study conducted on patients who
underwent cervical spine surgery in the prone position, it
was shown that PaCO, and EtCO, decreased significantly
without considerable hemodynamic changes.!?”! Since the
patients included in our study did not have lung problems,
no significant decrease was found in PaCO, values. Inta-
gliata et al. and Zhang et al. also showed that there was no
significant difference in PaCO, levels in both supine and
prone positions.!21:2?]

It has been shown that the cardiac output measured 15
minutes after placing a patient in the prone position is low-
er than the values measured in the supine position.?*] The
lower measurement of EtCO, value in the prone position
shown in our study was attributed to low cardiac output.
The relationship between EtCO, value and cardiac output
is known. It is considered that decreased cardiac output in
the prone position may be due to a decreased HR rather
than a decreased preload or increased afterload.? On the
other hand, Ragheb et al. reported that there was no sig-
nificant difference between the supine and prone positions
regarding EtCO,.[%°]

Musti et al. reported that there was no significant change
in MAP and HR values after the patients were placed in the
prone position.[?! On the other hand, Lee et al. reported
that HR decreased and MAP values did not change in the
study groups after being placed in the prone position.?*!
Similarly, in our study, the MAP values did not change, and
the HR values decreased significantly in our patients. Idem
et al. evaluated patients who underwent PNL under general
anesthesia and attributed the significant decrease in HR to
the depth of perioperative anesthesia and the reduction of
surgical stress.?’]

It has been shown that airway pressures increase and
compliance decreases when patients whose minute ventila-
tion is kept constant under general anesthesia are placed in
the prone position.(?#?% In our study, the PIP and PPIt val-
ues increased significantly when the patients were placed in
the prone position, which could be attributed to the restric-
tion of the expansion of the rib cage and the decrease in the
elasticity of the chest wall in the prone position.
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Hassani et al. reported that there was no significant dif-
ference in the VD/VT ratio between the two positions in pa-
tients who underwent spinal surgery.?%) Idem et al. showed
that there was no significant change in the VD/VT ratio in
patients who underwent PNL under general anesthesia.”!
Likewise, in our study, there was no statistical difference
between the two positions with regard to the VD/VT ratio.
In the study by Idem et al., the authors also noted that there
was no significant difference in pH, PaCO,, EtCO,, PIP,
and PaO, in the prone position at different time points.>"!
In our study, there were significant changes in HCO, and
pH values. Metabolic acidosis is common in major surger-
ies. Lawton et al. detected perioperative metabolic acidosis
in 78% of their patients who underwent general anesthesia.
The authors indicated that this was inevitable and claimed
that there was evidence that acidosis developed due to the
effect of volume loading and surgical stress and that the
mean HCO, values decreased by 0.9 mmol/L during the
time between anesthesia induction and incision.?!) Our
results and experiences also suggest that this claim is true.

Position changes in patients with normal preoperative
pulmonary function may not have any clinical consequenc-
es.[32l However, changes in hemodynamics and respiratory
parameters that may occur in patients with comorbidities
may make the position change meaningful. The prone
position may have a negative effect on hemodynamic pa-
rameters in risky patients.[**/ On the contrary, there is no
harm in performing the operative treatment in the prone
position under general anesthesia in patients with stable
hemodynamics and no major risk factors such as addition-
al cardiovascular and respiratory tract diseases.>*)

Most inhaled anesthetics and many intravenous anes-
thetics cause vasodilation. Due to this effect of anesthetic
agents, the body’s natural adaptation mechanisms may not
be activated, and patients may become more vulnerable to
position changes. This may result in an exaggerated hemo-
dynamic response and differential mechanical ventilator
dynamics. Sevoflurane, which we use, reduces respiratory
system resistance by 15% in patients. Inhaled anesthetics
can increase viscoelastic and elastic pressures in the lung by
decreasing pulmonary compliance. Since the same drugs
are used in similar doses in two different positions in pa-
tients, we think that the anesthetic substances used did not
have a different effect on the two groups in the parameters
evaluated in our study.**!

Our study has some limitations. The major limitations
of the study were the inclusion of low-risk patients and the
exclusion of patients with risky heart or lung diseases and
morbidly obese patients. Another significant limitation was
that only a single group of patients was analyzed. Additional
studies are needed to compare the effects of surgical position
on hemodynamic and respiratory parameters in patients
with non-compensated heart failure and morbid obesity.

Despite these limitations, the present study’s strengths are
the lack of a one-to-one similar study and the demonstration
that, while there are some changes caused by the prone posi-
tion in non-risky patients, they do not affect hemodynamics.

Lithotomy and Prone Positions in PNL

CONCLUSIONS

It was observed that the prone position decreased dynamic
and static compliance and increased the PIP and PPLT val-
ues in patients undergoing PNL. However, these changes
did not have a negative effect on hemodynamic parameters.

Main points

o The changes and problems arising from the positions
in the operations should have been prevented earlier
and will be managed immediately.

o In PNL surgery, the prone position can change some
parameters, such as decreased dynamic and static
compliance and increased PIP and PPLT values.

o In patients who have ASA I or II score, these changes
do not adversely affect hemodynamics.
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BnnaHWe NTUTOTOMUU U NMOMOXEHUA NEXA

Ha reMoguHaMunyeckme napamMmeTpbl, MEXaHUKY AbIXaHUSA
U apTepuasibHYH0 OKCUreHauuto Npu YpecKOXXHOW
HedhpoONUTOTOMUN, BLINMOSIHEHHOUN MO O0LLeN
aHecTe3nen
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Pe3lome

ue.ﬂb: Honoxe]—me Temna BO BpeMH onepaumm MOJXET IIOB/INATH HA (byHKI.H/II/I OpFaHI/ISMa IIageHTa, 0C06eHHO Ha reMOJMHaMMNYECCKIE
napaMeprI. MI)I CTpeMI/ITH/ICb HpOBeCTI/I CpaBHVITeHbeIﬁ AHa/IN3 BAUSHUA IUTOTOMUU U IIOJOXKEHMA J1éXKa Ha I[bIXaTe)'II)HyIO Mexa-
HI/IKY, apTepI/IaanyK) OKCHUT€HAIIMI0 I TEMOOVMHAMMUYECKNEC napaMeprI y IMAaIIMEHTOB, nepeHéch/{X ‘{peCKO)KHyIO He(prTII/[TOTOMI/[IO
(PCNL).

Matepuanbl U metogbl: B nccienoBanye 6610 BKIOYeHO 40 MalyeHTOB B Bo3pacTe 16-63 jeT, mepeHéCIX Oepaunio Io IoBo-
Iy MOYeKaMeHHOII 60me3HN. Y MaI[leHTOB He ObUIO fuabeTa MM CepHedHO-IETOYHBIX 3a60/IeBaHIiI B aHaMHe3e, i oHu yMert [-11
6a/u1 1o 1mIKae AMEpPUKaHCKOro ofiecTBa aHecTe3nonoros (ASA). pH, mapumanpHoe gaBieHne KUCIOPOLa B apTEPUAIbHON KPOBH,
NapuuanbHOe JIAB/IEHNE YIIEKUCTIOTO Tasa B apTepuanbHoit kpoBu, HCO,, caTypanms apTepuanbHOl KPOBU KUCIOPOJIOM, YT/IEKUC-
JIBIVT Ta3 B KOHIIE BBIJOXA (EtCOZ), [apyanbHOe JaBaeHNe KUCTIOPOJa B a/lbBe0/IaX, OTHOIIeHe 00BéMa MEPTBOTO IIPOCTPAHCTBA K
fpIXaTenbHOMY 06BéMy, P(A-a)O,, mukoBoe masrnenne Boxa (PIP), mapnenue mmarto B bixarenbHbix myTax (PPIt), cucrommyeckoe
apTepuanbHOE JaBJieHNe, IMACTONINYIeCKoe apTepualbHOe NaBJeHNe, CpefHee apTepuanbHOe IaBjIeHNe M 3Ha4eHNA JaCTOTHI cepyied-
HbIX cokparienuit (HR) oneHnBanich oqHOBpeMEHHO Ha IPOTSKEHNY BCeil ONlepaliii U ITOfIBEPralich CPaBHUTEIbHOMY aHa/IN3y KaK

TUISL TUTOTOMUU, TaK U /IS TIOJIO>KEHU ST JIEXKaA.

Pesynbratbl: Habmiofanacy 3HauMTeIbHAS pasHIUIIA MEXK/Y TUTOTOMIEN 11 TOIO>KeHeM 1éXa B oTHowLreHny sHadennit pH u HCO3,
KOTOpble OTHOCATCS K [IapaMeTpaM ras3oB apTepuaabHOI KPOBY, U3MEPEHHBIM Ha ABanuaroil MuHyte (p<0.05 n p<0.001 coorBeT-
cTBeHHO). CylecTBOBajIa 3HAYMTENbHAS PAa3HNUIIA MEXAY TUTOTOMMUEN U MOMOKEHUEM JIE)Xa B OTHOLIEHNUN EtCOZ, PIP, PPIt u HR,
M3MEpPEeHHBIX Ha ABaauaroi MuHyTe (p<0.05, p<0.001, p<0.001 u p<0.05 COOTBETCTBEHHO).

3aknoueHune: TTonoxeHne né&xa CHIDKANO AMHAMIYECKYIO ¥ CTAaTMYECKYIO IIOfJaT/IMBOCTb M yBeMuuuBano 3Hadenusa PIP u PPlt y
manyueHToB, nepenécimnx PCNL. OpHaxo sTi nsMeHeH)A He OKa3bIBAIOT HETaTMBHOIO BIMAHMA Ha TIOKa3aTe/M TeMOIMHAMMKM Y Ta-

IIVIEHTOB HU3KOI'O pUCKa.

KnroueBble c/ioBa
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