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Objective: To investigate the potential relationship between the prone jackknife position during percutaneous nephroscopy and the 
occurrence of intraoperative hypotension.
Methods: A retrospective analysis was conducted on 651 patients who underwent percutaneous nephroscopy at the Second Affiliated 
Hospital of Hainan Medical University. The primary focus was to investigate the occurrence of hypotension during the surgical 
procedure and assess the duration of hypotensive episodes. Patients were categorized into the prone jackknife position group and the 
lateral position group. To compare the incidence of intraoperative hypotension between the two groups, a 1:1 propensity match was 
performed. Following the matching process, intraoperative hypotension was assessed and compared between the two groups before 
and after the match. The binary logistic regression analysis determined the probability of intraoperative hypotension occurred in each 
group. Furthermore, linear regression analysis was used to analyze the duration of hypotensive episodes experienced by patients in 
both groups.
Results: After propensity score matching, a total of 272 patients with similar characteristics were obtained (136 in each group). The 
prone jackknife group had a significantly higher incidence of intraoperative hypotension than the lateral group after the match, with an 
odds ratio of 2.71 (95% confidence interval: 1.595–4.605). Binary logistic regression analysis showed that age and body position 
exhibited statistical significance as risk factors. Linear regression analysis before and after the match indicated that the duration of 
hypotension was associated with age, surgical time, and a history of hypertension.
Conclusion: The prone jackknife position syndrome after general anesthesia could occur in surgeries. The position could contribute 
to the development of hypotension during the percutaneous nephroscopy procedure.
Keywords: prone, jackknife position, percutaneous nephroscopy, intraoperative hypotension

Introduction
Almost one-third of the surgical workload in urology is related to the treatment of stone patients,1 with approximately 
14% receiving percutaneous nephrolithotomy (PCNL) treatment.2 The incidence rate of complications of PCNL is as 
high as 15%.3,4 Intraoperative hypotension (IOH) is associated with various adverse events. Specifically, IOH during 
noncardiac surgeries has been associated with an increased risk of major adverse cardiac or cerebrovascular events within 
30 days after the procedure. Furthermore, the severity of hypotension is correlated with an increased likelihood of 
experiencing cardiovascular and cerebrovascular complications.5

The occurrence of IOH during PCNL is usually believed to be caused by bleeding or infection. However, changes in 
posture may also be an undeniable cause. As in anesthesiology, when a pregnant woman changes from a lateral position 
to a supine position, the inferior vena cava is compressed, a condition known as “supine hypotension syndrome”.6,7 

When choosing the position of PCNL, surgeons not only need to consider factors such as the size, location, and diameter 
of the stones8 but also need to pay attention to the impact of the position on the patient.
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The prone and lateral positions are commonly used during PCNL. The prone position offers the advantage of better 
stabilization of the kidneys and, when combined with the jackknife position, raises the 12th rib, providing a larger 
operating space for puncture.9 But this usually safe prone position10 may lead to hemodynamic instability.11 We observed 
an increase in the occurrence of IOH when patients were placed in a combination of prone and jackknife positions. 
Consequently, we hypothesized that this specific position could lead to IOH and coined the term “prone jackknife 
position hypotension syndrome after general anesthesia” to describe this phenomenon.

There is a lack of comprehensive analysis in the literature on the impact of a prone jackknife position on hypotension 
during PCNL surgery. This study investigated factors associated with hypotension syndrome in patients placed in prone- 
jackknife positions after general anesthesia.

Methods
Study Design and Setting
This retrospective propensity score matching study was conducted at the Second Affiliated Hospital of Hainan Medical 
University from October 2019 to January 2023. The study included patients who met the following inclusion criteria: 1) 
underwent elective percutaneous nephrolithotomy, 2) had complete height and weight data, 3) had no missing blood 
pressure records (with intervals not exceeding 5 minutes), 4) had an American Society of Anesthesiologists (ASA) 
Physical Status classification II–III, and 5) were over 18 years old. Exclusion criteria were 1) surgery termination after 
needle insertion due to the discovery of infected hydronephrosis, 2) pre-existing nephrostomy tube in the patient, and 3) 
documented drug allergy to the anesthetic administered during the surgery.

All data were anonymized to maintain confidentiality. This study involves no harm to human bodies, no sensitive 
personal information, and no commercial interests. It followed the guidelines of the Helsinki Declaration and was 
reviewed by the Ethics Committee of the Second Affiliated Hospital of Hainan Medical University (LW2003083), 
obtaining an informed consent exemption.

Surgery and Anesthesia
All included patients underwent anesthesia in the supine position, followed by insertion of ureteral catheters in the 
lithotomy position, and subsequently underwent percutaneous nephroscopy surgery in the prone jackknife position (PJ 
Group) or lateral position (LL Group). After surgery, the patients were returned to the supine position.

The anesthesia protocol was consistent for the PJ and LL groups. All patients received general anesthesia and 
underwent tracheal intubation. Anesthesia induction involved the administration of midazolam (0.03–0.05 mg/kg), 
etomidate (0.2 mg/kg), sufentanil (0.5 μg/kg), and cisatracurium (0.2 mg/kg). Maintenance of anesthesia was achieved 
using propofol (4–8 mg·kg−1·h−1), sevoflurane (0.7–1.3 MAC), remifentanil (20–40 μg·kg−1·h−1), or cisatracurium 
(0.04–0.1 mg·kg−1·h−1).

Data Collection and Processing
The following demographic and clinical information was extracted from medical records: age, sex, history of hyperten
sion and diabetes, and body mass index (BMI). Anesthesiologists reviewed anesthesia records to obtain additional data, 
including ASA physical status scores, surgical duration, patient position during surgery (prone jackknife or lateral), the 
occurrence of IOH, intraoperative blood loss, and blood pressure measurements after returning the patient to the supine 
position in cases of IOH.

Baseline blood pressure was the lowest measured before anesthesia when the patient entered the operating room. 
Hypotension was defined as a systolic blood pressure (SBP) of 80 mmHg or less or a decrease in SBP to 80% or less of 
the baseline value.12 The duration of hypotension is known to be associated with its harmful effects. Hypotension criteria 
served as a reference point for each patient, forming a line in a coordinate plane with blood pressure and time as axes 
over time. This line represents the hypotension trend. The actual blood pressure measurements and the hypotension line 
create an irregular figure The area under this irregular figure is called the area under the hypotension line (AUHL).13,14 

AUHL is a continuous variable measured in units of a 10 mmHg decrease in SBP per 5 minutes, representing the integral 
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of the magnitude and duration of the reduction in blood pressure. The calculation of AUHL adopts the trapezoidal rule, 
which is a numerical integration method. The trapezoidal rule estimates the total area under a curve by approximating the 
area under the curve to the sum of a series of small trapezoidal areas. The calculation formula for AUHL is as follows:

Among them, SBPi and SBPi-1 represent the systolic blood pressure at the end of the i-th and i-1st 5-minute intervals, 
respectively.

Early intervention in malignant events during anesthesia is common. The increase in blood pressure after medication 
can mask hypotension, which can lead to bias if it is considered not present. Therefore, patients who received more than 
10ug of norepinephrine but did not experience an increase in blood pressure (higher than previous measurements) are 
considered to have developed hypotension. This does not affect the judgment of hypotension, but it will affect the 
calculation of AUHL. We used an estimation method, assuming that 5 micrograms of norepinephrine can increase blood 
pressure by about 10 millimeters of mercury and maintain it for 5 minutes. This method can provide an approximate 
value for considering this group of patients when calculating AUHL. This estimation method may have errors as different 
patients may have different reactions to norepinephrine.

Sample Size Calculation
Based on our preliminary research, the incidence of hypotension is 60% and 47%, respectively. Use a formula to compare 
two independent proportions. A minimum sample size of 343 participants was established based on a desired statistical 
power of 0.8, a significance level of 0.05 (α), and a participant ratio in the two groups (κ) set at 0.5.

Statistical Analysis
Data were divided into the PJ and LL groups based on the body position during surgery. Continuous variables are 
presented as mean and standard deviation and analyzed using t-tests. Categorical variables are presented as percentages 
and analyzed using chi-square tests. Baseline demographics and risk factors were compared between the two groups. In 
case of existing differences, a 1:1 matching algorithm with a caliper size of 0.05 was applied to create matched pairs 
based on propensity scores.15,16 Subsequently, another test was conducted to assess any remaining differences between 
the groups. Propensity matching categorized data into unmatched (original) and matched (balanced concerning risk 
factors other than body position), which can be beneficial in clarifying causal relationships.

Data were analyzed using univariate analysis before and after matching to identify risk factors associated with IOH. 
Subsequently, a binomial logistic regression model was used to analyze the unmatched and matched data sets to identify 
risk factors and calculate the corresponding odds ratios (OR).

AUHL is a significant indicator that reflects the severity of hypotension and is considered a continuous variable. 
AUHL was designated as the dependent variable to identify relevant risk factors. Independent variables included age, 
sex, history of hypertension, presence of diabetes, BMI, ASA physical status score, duration of surgery, patient position, 
and intraoperative blood loss. Linear regression analysis assessed the relationship between these independent variables 
and the time of hypotension before and after the match.17 P < 0.05 was considered statistically significant. All statistical 
analyses were performed with SPSS (version 22, SPSS, Chicago, IL).

Results
Patient Baseline Characteristics and Propensity Match
Of the 812 patients screened, 670 met the study inclusion criteria, and 19 were excluded (18 with infected hydrone
phrosis and an existing renal fistula and 1 with drug allergy). The final analysis was conducted on 651 cases, comprising 
515 patients in the PJ group and 136 in the LL group (Figure 1). The baseline characteristics of the two groups of patients 
were compared, revealing significant differences in the sex ratio and intraoperative blood loss between the groups. 
A propensity score matching was performed to address these differences, resulting in a matched data set of 272 patients 
(136 per group) in which the two groups of patients had similar characteristics (Table 1).
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Univariate Analysis of Risk Factors Associated with Intraoperative Hypotension
Univariate analysis was performed before and after the matching between the two groups to identify risk factors 
associated with IOH. The results of the unmatched analysis revealed that age, operation time, surgical positions, ASA 
physical status score, and preoperative hypertension were identified as risk factors for IOH. However, after matching the 

Figure 1 The flow of patients.

Table 1 Patient Baseline Characteristics

Factors Unmatched Matched

PJ Group (n=515) LL Group (n=136) P PJ Group (n=136) LL Group (n=136) P

Sex Male 352(68%) 105(77%) 0.04 103(76%) 105(77%) 0.78

Female 163(32%) 31(23%) 33(246%) 31(23%)

Age (years) �x ± s 53.5±12.5 52.6±13.1 0.48 54.5±12.3 52.6±13.1 0.22

ASA classification II 455(88%) 118(87%) 0.61 116(85%) 118(87%) 0.73

III 60(12%) 18(13%) 20(15%) 18(13%)

History of hypertension No 336(65%) 94(69%) 0.40 88(65%) 94(69%) 0.44

Yes 179(35%) 42(31%) 48(35%) 42(31%)

Presence of diabetes No 441(86%) 119(88%) 0.58 115(85%) 119(88%) 0.48

Yes 74(14%) 17(12%) 21(15%) 17(12%)

Body mass index �x ± s 24.1±3.7 23.8±3.7 0.32 23.9±3.7 23.8±3.7 0.86

Surgical duration (min) �x ± s 89±44 92±48 0.43 87±47 92±48 0.4

Intraoperative blood loss �x ± s 39±42 42±56 0.03 42±40 42±56 0.26

Notes: P: significance values. Italicized values indicate P < 0.05, which was considered to be statistically significant. PJ Group: the prone jackknife position. LL Group: the lateral 
position. �x mean ± standard deviation. ASA classification: American Society of Anesthesiologists Physical Status classification. The values in parentheses are percentages.
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propensity score, the matched results indicated that operating time no longer significantly impacted the occurrence of 
hypotension (Table 2).

Logistic Regression Analysis
A binary logistic regression model was used to determine the predictive risk factors for the occurrence of IOH, with IOH 
as the dependent variable and the other variables as independent variables. The results showed that, before matching, age, 
position, ASA physical status score, and hypertension were statistically significant as risk factors for IOH (Table 3). 
However, after performing propensity score matching, the results showed that age and position remained statistically 
significant. In contrast, the ASA physical status score and the history of hypertension did not show statistical signifi
cance. After the match, the odds ratio (OR) of experiencing hypotension in the PJ group was 2.71, higher than the OR 
observed before the match (1.541). To identify factors influencing the severity of IOH, AUHL was considered the 
dependent variable, while the other variables were treated as independent variables. Linear regression analysis was 
conducted on both unmatched and matched patient data sets. The results of the linear regression analysis, both before and 
after matching, were consistent. AUHL was significantly associated with age, duration of surgery, and history of 
hypertension (Table 4). All patients with IOH had their blood pressure restored before leaving the surgical room.

Discussion
Intraoperative hypotension occurred after the prone jackknife position due to changes in body position and improved 
after returning to the original position. There was a clear time correlation, but the influence of other factors could not be 
ruled out. After performing propensity score matching, the odds ratio for IOH in the prone jackknife position group 

Table 2 Univariate Analysis of Influencing Factors for Intraoperative Hypotension Before and After Propensity 
Score Matching

Unmatched Matched

Intraoperative Hypotension Intraoperative Hypotension

Yes (n=360) No (n=291) P Yes (n=160) No (n=112) P

Sex Male 251 206 0.77 123 85 0.85

Female 109 85 37 27

Age (years) 56±11.7 50±13.0 <0.05 56±11.4 49.3±11.5 <0.05

Surgical duration (min) 1.3±0.5 1.3±0.5 0.06 1.3±0.5 1.3±0.5 0.90

Body mass index 24.3±3.5 23.9±3.9 0.18 24.0±3.6 23.6±3.7 0.35

Surgical position PJ Group 296 219 0.03 96 40 <0.05

LL Group 64 72 64 72

ASA classification II 301 272 <0.05 130 104 0.01

III 59 19 30 8

History of hypertension Yes 150 71 <0.05 67 23 <0.05

No 210 220 93 89

Presence of diabetes Yes 57 34 0.13 27 11 0.09

No 303 257 133 101

Intraoperative blood loss 40±49 38±41 0.49 41±44 43±54 0.92

Notes: P: significance values. Italicized values indicate P <0.05, which was considered to be statistically significant. PJ Group: the prone jackknife 
position. LL Group: the lateral position. ASA classification: American Society of Anesthesiologists Physical Status classification.
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increased to 2.71, compared to 1.541 before the match. This suggests that confounders may have obscured the true 
impact of body position on the occurrence of IOH. Consequently, the significance of posture in contributing to 
hypotension might have been overlooked for a considerable period. Typically, during the post-anesthesia onset period, 
anesthesiologists focus primarily on monitoring surgical progress and assessing the effects of varying levels of stimuli, 
inadvertently disregarding the potential influence of body position on the patient’s blood pressure.

Unmatched regression analysis revealed that age, body position, ASA grade, and history of hypertension were 
associated with IOH before matching. After matching the propensity score, the results showed that age and body 
position remained significant factors influencing intraoperative hypotension. This suggests a plausible causal relationship 
between body position and hypotension, with age acting as a confounder. It is important to note that age can contribute to 
cardiovascular fragility.18 However, there was no temporal correlation between these factors and IOH in this study. In 
particular, after matching, the statistical significance of the ASA grading and a history of hypertension were no longer 
observed for the occurrence of IOH. This indicates that physiological changes determine the relationship between body 
position and hypotension and do not depend on the severity of the patient’s preoperative condition.

Table 3 Regression Analysis of Predictive Factors for Intraoperative Hypotension Before and After Propensity Score 
Matching

Independent variable Unmatched Matched

OR (95% CI) P OR (95% CI) P

Sex 1.122(0.782–1.61) 0.53 1.174(0.625–2.208) 0.62
Age (years) 1.032(1.018–1.047) <0.05 1.036(1.012–1.06) <0.05
Surgical duration (min) 1(1–1) 0.19 1(1–1) 0.72

Surgical position 1.541(1.033–2.3) 0.03 2.71(1.595–4.605) <0.05
ASA classification 1.822(1.024–3.241) 0.04 1.864(0.755–4.602) 0.18

History of hypertension 1.548(1.072–2.236) 0.02 1.845(0.986–3.454) 0.06

Presence of diabetes 1.037(0.639–1.681) 0.88 1.28(0.565–2.898) 0.55
Body mass index 1.034(0.989–1.082) 0.14 1.034(0.9581.115) 0.39

Intraoperative blood loss 1(0.996–1.004) 0.89 1.001(0.995–1.006) 0.83

Notes: P: significance values. Italicized values indicate P < 0.05, which was considered to be statistically significant. ASA classification: American Society of 
Anesthesiologists Physical Status classification. 
Abbreviations: OR, odds ratio; 95% CI, 95% credible interval.

Table 4 Linear Regression Analysis Results Before and After Matching the Duration of Hypotension

Unmatched Matched

USDC SDC P USDC SDC P

B SE Beta B SE Beta

Constant −10.574 5.118 0.03 −10.919 8.755 0.21
Sex 0.460 1.058 0.016 0.66 2.304 1.849 0.070 0.21

Age (years) 0.161 0.042 0.158 <0.05 0.207 0.067 0.187 <0.05
Surgical duration (min) 0.001 0.000 0.197 <0.05 0.001 0.000 0.235 <0.05
Surgical position 0.485 1.182 0.015 0.68 −1.419 1.563 −0.051 0.37

ASA classification 0.181 1.555 0.005 0.91 −1.373 2.401 −0.034 0.57

History of hypertension 4.409 1.085 0.162 <0.05 7.219 1.816 0.242 <0.05
Presence of diabetes 0.166 1.412 0.004 0.91 4.222 2.320 0.104 0.07

Body mass index 0.089 0.132 0.026 0.50 0.038 0.222 0.010 0.86

Intraoperative blood loss −0.002 0.011 −0.006 0.87 −0.014 0.017 −0.048 0.42

Notes: Beta: standardized coefficients. P: significance values. Italicized values indicate P < 0.05, which was considered to be statistically significant. ASA classification: 
American Society of Anesthesiologists Physical Status classification. 
Abbreviations: USDC, unstandardized coefficient; SDC, standardization coefficient; SE, standard error; B, unstandardized coefficients.
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In the analysis of the severity of hypotension, AUHL was associated with age, duration of surgery, and a history of 
hypertension. It is well-established that age and hypertension can contribute to cardiovascular fragility.18,19 On the other 
hand, body posture was related to hypotension but not its severity. This suggests that body posture was an initial factor in 
the development of hypotension. At the same time, the duration of the position (the duration of surgery) was associated 
with the severity of hypotension experienced by the patient.

The phenomenon of prone position causing IOH has been discussed in various studies. When an individual assumes 
a prone position, it can decrease cardiac output per stroke by 20 mL, increase heart rate, and increase total peripheral 
vascular resistance.20 Experimental results suggest that prone posture may contribute to uncontrolled orthostatic 
hypotension.18 During spinal surgery under anesthesia, hypotension has been observed, and there have even been reports 
linking postoperative blindness to hypotension.14,21,22 The impact of a prone position on hemodynamics can potentially 
result in cardiac arrest.23 Furthermore, the prone position has been associated with sudden infant death syndrome.24

The pathophysiological mechanism underlying the prone position can be explained by chest compression and the 
consequent increase in intrathoracic pressure, reducing venous reflux and stroke volume.20 Additionally, the prone 
position decreases stroke volume due to the activation of the sympathetic nervous system reflex.18 In awake individuals, 
compensatory tachycardia counter-balances these effects.18,20 However, under general anesthesia, this compensatory 
response is suppressed. Mechanical ventilation during general anesthesia further increases intrathoracic pressure, 
exacerbating these pathological and physiological changes. Abdominal compression in the prone position can reduce 
the diameter of the inferior vena cava, affecting the venous return from the lower extremities and potentially leading to 
deep vein thrombosis.23 This further reduces the amount of blood returning to the heart, particularly when the prone 
position is combined with the jackknife position.

Similarly to supine hypotensive syndrome observed in late pregnancy, hypotension associated with the jackknife 
position can be alleviated by rapid infusion of the upper limb extremities. However, there is a distinction between the two 
scenarios. In the case of late pregnancy, the obstruction is relieved once the baby is delivered. In contrast, percutaneous 
nephroscopy in the prone jackknife position cannot quickly correct the compression. Returning the prone jackknife 
position after a puncture to the prone position is recommended to reduce compaction in the inferior vena cava. However, 
more research is necessary to determine the feasibility and effectiveness of this approach.

So, after the patient’s position changes, anesthesiologists should pay attention to the changes in blood pressure, use 
medication as needed, and assist surgeons in reducing the angle of the knife position when possible. Surgeons should be 
informed that prone folding position can cause IOH and try to use other positions to reduce this impact. When lying 
prone, the duration should be minimized as much as possible. Devices should be used to promote lower limb blood 
circulation. When in a prone position, elderly and patients with a history of hypertension should be given attention.

Although the incidence of hypotension was lower in the lateral position compared to the prone jackknife position, 
almost 40% of the individuals still experienced hypotension in the lateral position. More research is necessary to 
investigate possible causes, such as infection, anesthesia techniques, or other surgical factors that may contribute to 
hypotension.

This study has several limitations. First, it is a retrospective study that could not control the anesthesia procedures. 
The impact of static water pressure on blood pressure measurements at different body positions could not be assessed. 
Second, this study did not observe indicators of renal function or long-term outcome measures. Many of the factors that 
were associated with intraoperative hypotension were not controlled for. Blood pressure data were intermittent and hence 
the duration of hypotension is imprecise. The assumption made on the duration of hypotension based on the adminis
tration of norepinephrine is also not precise. Future studies should address these limitations to provide a more 
comprehensive understanding. We propose a prospective study of real-time blood pressure monitoring to provide more 
accurate data on the duration and severity of hypotension.

Conclusions
The prone jackknife position was associated with intraoperative hypotension and increased challenges in anesthesia 
management. Avoiding or minimizing the prone jackknife position whenever possible is advisable.
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Key Points
Question: [Is there a causal relationship between Hypotension during percutaneous nephroscopy with prone jackknife 
position?]

Findings: [The prone jackknife group had a significantly higher incidence of intraoperative hypotension than the lateral 
group, with an odds ratio of 2.71.]

Meaning: [It is recommended to use the lateral position or restore the prone jackknife position to the prone position 
after a puncture to reduce the compression of the inferior vena cava.]
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