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Background

Despite an improved understanding of pheochromocytoma and extra-adrenal sympathetic parganglioma (PPGL), including diagnosis and management, some PPGLs are postoperatively diagnosed. Clinical characteristics and intraoperative haemodynamic instability (HI) in postoperatively diagnosed PPGL patients have been poorly defined. Thus, we investigated the clinical characteristics and HI in patients with postoperatively diagnosed PPGLs compared to patients with preoperatively diagnosed PPGLs.



Methods

We obtained clinical and haemodynamic data from the electronic medical records of 256 patients with pathologically confirmed PPGLs at our institution from January 2005 to December 2019. We assessed the intraoperative HI (systolic blood pressure [SBP]>160 mmHg (min) or mean blood pressure [MBP]<60 mmHg (min)) over time.



Results

Twenty-nine patients (11.3%) were diagnosed with PPGLs postoperatively. Hypertension (34.5% vs. 63.0%, P=0.006) and pheochromocytoma (17.2% vs. 81.1%, P<0.001) case rates were lower in postoperatively diagnosed patients than in preoperatively diagnosed patients. Preoperative SBP in the ward was similar between groups, but the use of α-blockers and β-blockers was more frequent in preoperatively diagnosed patients (89.0% vs. 3.4%, P<0.001; 36.3% vs. 6.9%, P=0.003). Considering intraoperative HI, postoperatively diagnosed patients demonstrated a similar percentage of time with SBP>160 mmHg (median [IQR]; 7.9% [2.5; 11.9] % vs. 4.6% [0.0; 11.9], P=0.088) but a significantly lower percentage of time with MBP<60 mmHg (0.0% [0.0; 3.0] vs. 5.6% [0.0, 12.6], P=0.002) compared with preoperatively diagnosed patients.



Conclusions

Patients diagnosed with PPGLs postoperatively may have no further higher risk of intraoperative hypertension than those diagnosed preoperatively despite insufficient preoperative management for PPGLs. Further study will be needed to ascertain intrinsic tumour characteristics, and need for universal preoperative use of α- and β-blockers in PPGL patients postoperatively diagnosed or without typical symptoms related PPGLs.
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Introduction

Pheochromocytoma and paraganglioma (PPGL) are rare catecholamine-secreting tumours originating from chromaffin cells of the adrenal medulla and extra-adrenal paraganglia. The overall prevalence of PPGL has been reported to range from 0.2% to 0.6%, and the overall age-standardized incidence rate is 0.18 per 100,000 person-years in Korea (1). Typical presentations that occur due to the release of catecholamines include headache, sweating, palpitation, and hypertension (2). Excessive catecholamine release from PPGLs can induce life-threatening complications such as myocardial infarction, heart failure, cardiomyopathy, shock, arrhythmias, and stroke (3, 4). However, the clinical presentation is highly variable, from completely asymptomatic to life-threatening complications. Thus, some PPGLs are diagnosed postoperatively in pathologic reports. In these cases, the preoperative medical preparation for PPGLs can be insufficient.

Surgery is the treatment of choice for PPGL patients. However, surgery is considered challenging due to intraoperative haemodynamic instability (HI). Intraoperative HI is characterized by arrhythmias, abrupt increases in blood pressure (BP) during intubation, manipulation of the tumour, and decreases in BP after ligation of the adrenal vein (5). To prevent intraoperative HI in PPGL patients, adequate preoperative management, including α-adrenergic receptor blockers followed by β-adrenergic receptor blockers, is needed to normalize the BP and heart rate (HR). Although advances in tumour localization techniques, proper preoperative preparation before PPGL resection, and anaesthetic management have resulted in improved surgical outcomes (5), intraoperative HI remains common with a highly variable incidence from 8.7% to 67%, and predictive factors for intraoperative HI are poorly defined (6, 7).

The proportion of incidentally diagnosed PPGLs are increasing (8–10). Kopetschke et al. reported that 29.4% of PPGL patients diagnosed incidentally, and 10% of patients were present without clinical symptoms (9). The recent study using Eurocrine®, the European registry for endocrine tumours revealed that incidentaloma were present in 43.4% (239/551 patients) of pheochromocytoma patients, 11.8% (65/551 patients) of patients were diagnosed as pheochromocytoma after adrenalectomy (11).

Especially for postoperatively diagnosed PPGL patients, these patients were unable to have proper preoperative preparation to prevent intraoperative HI. With insufficient preoperative antihypertensive treatment, using α-adrenergic receptor blockers followed by β-adrenergic receptor blockers or untreated hypovolemia, intraoperative HI can be life-threatening (12).

However, previous studies focused on intraoperative HI in PPGL patients who underwent surgical resection for PPGLs after routine preoperative medical treatment for PPGLs. There is little information on intraoperative HI and clinicopathologic features in postoperatively diagnosed PPGL patients. Moreover, several studies have investigated possible risk factors for intraoperative HI, focusing on hypertensive crisis, which emphasizes the importance of optimal preoperative α-adrenergic receptor blocker use. However, recent reports have demonstrated that intraoperative hypotension also contributes to intraoperative HI (6, 7, 13, 14).

In the present study, we compared clinical features, tumour characteristics, preoperative management, and preoperative haemodynamics in preopratively and postoperatively diagnosed PPGL patients and investigated whether, compared with preoperatively diagnosed patients, postoperatively diagnosed PPGL patients who experienced unexpected resection of PPGLs without preoperative preparation are at risk for intraoperative HI. Furthermore, we analysed the clinicopathologic risk factors for intraoperative hypotension in PPGL patients.



Materials and Methods


Study Subjects

To assess the hemodynamic risk for postoperatively diagnosed PPGLs, we retrospectively reviewed the pathological reports and included cases with pathologically confirmed PPGLs in Seoul National University Hospital (Seoul, Korea) from January 2005 to December 2019 (n=315). Among them, we excluded cases with head and neck PPGLs (n=59), which were assumed to be parasympathetic and non-functioning Finally, we included 256 PPGL cases: 189 cases with pheochromocytomas and 67 cases with extra-adrenal sympathetic paragangliomas. Sympathetic paragangliomas were located in the retroperitoneum (55 cases) and gastrointestinal tract (11 cases).

The present study was approved by the Institutional Review Board of the Seoul National University Hospital (No. H-1801-010-911), and informed consent was waived because of the retrospective design.



Preoperative Variables

We retrieved clinical and haemodynamic data from electrical medical records as follows: a) age at initial diagnosis, sex, and body mass index; b) comorbidities, such as diabetes mellitus, hypertension, coronary artery diseases, cerebrovascular diseases, and history of abdominal surgery; c) tumour characteristics, such as maximal tumour size and metastasis; d) preoperative haemodynamic parameters, including BP and HR; and e) preoperative administration of α- and β-adrenergic receptor blockers. Diabetes mellitus was defined as an HbA1c ≥ 6.5% or the use of any oral anti-diabetic drugs or insulin therapy. Hypertension was defined as SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg on repeated measurements or the use of antihypertensive medications except α-adrenergic receptor blockers. Subjects having a history of percutaneous coronary intervention, coronary artery bypass surgery, or unstable angina were considered to have coronary artery disease. If there were medical records of ischemic or haemorrhagic stroke adjudicated by doctors, cerebrovascular diseases were indicated. Metastatic tumours were identified as the presence of chromaffin cell tumours in the lung, kidney, bone, liver, spleen and distant lymph nodes at diagnosis. α-adrenergic receptor blockers included phenoxybenzamine, doxazocin and terazocin. β-adrenergic receptor blockers included propranolol, bisoprolol, carvedilol, nebivolol, atenolol, metoprolol, and sotalol.

PPGLs were diagnosed based on excess preoperative catecholamine levels and/or pathology postoperatively. Patients with preoperatively diagnosed PPGLs exhibited catecholamine excess with or without typical clinical features, whereas those with postoperatively diagnosed PPGLs underwent surgery without catecholamine tests and were diagnosed by pathology. Catecholamine excess was examined with serum fractionated metanephrine/normetanephrine or 24-hour urine catecholamine/fractionated metanephrine. Urinary catecholamines and serum fractionated metanephrines were measured by liquid chromatography-tandem mass spectrometry, and urinary fractionated metanephrines were measured by high performance liquid chromatography-electrochemical detection.

Anatomical computed tomography (CT) or magnetic resonance imaging (MRI) was performed to locate and evaluate PPGLs. Multiplicity and metastases were evaluated using functional imaging, such as 123I-metaiodobenzylguanidine (MIBG) scan or 68Ga-labelled DOTA-Tyr3 octreotide (DOTATOC) positron emission tomography/computed tomography (PET/CT). Metastasis was defined as the presence of chromaffin cells in nonchromaffin organs, such as the lung, kidney, liver, and bone.



Preoperative Medications

In preoperatively diagnosed cases, α-adrenergic receptor blockers were prescribed to reach BP<130/80 mmHg in the supine position and SBP>90 mmHg in the upright position. β-Adrenergic receptor blockers were added to subjects with an HR between 60–80 bpm only after α-adrenergic receptor blocker administration. In preoperatively diagnosed cases, preoperative volume replacement, including a high-salt diet and saline infusion, was conducted to prevent intra- and postoperative hypotension.



Surgical Techniques

Operations were performed under general anaesthesia. In preoperatively diagnosed cases, an arterial line was routinely inserted into the patient’s radial artery after anaesthesia induction for continuous arterial pressure monitoring. The operation approach (open vs. laparoscopic) was determined based on the possibility of malignancy, tumour size, relationship to adjacent organs, and previous history of abdominal surgery. For most benign tumours < 7 cm on preoperative CT imaging, laparoscopic adrenalectomy was preferred. Combined resection was defined as the resection of organs other than PPGLs.



Haemodynamic Variables

Haemodynamic variables, including BP and HR, were collected from the electronic anaesthetic chart, which included vital signs with a 1-minute interval and averaged with a 5-minute window. The surgical duration and anaesthesia duration were also collected from electronic medical records.

The intraoperative hemodynamic instabilities were defined as the time and the proportion of the intraoperative hemodynamic parameters outside the target ranges (SBP < 160 mmHg, MBP > 60 mmHg, or HR > 100 bpm). Intraoperative hypotension was defined as one or more occurrences of MBP < 60 mmHg.

We also analysed previously reported BP instability indexes. The average real variability (ARV), median performance error (MDPE), median absolute performance error (MDAPE), and wobble. These variables were calculated using the following formulas (14–16):

	

	

	

	

where N represents the number of the SBP during the operation, SBPk represents the k-th 5-minute average of the SBP during the operation, and SBPward represents the median ward BP measured one day before the operation.



Statistical Analysis

Data are expressed as the mean ± standard deviation or median (interquartile range, IQR) for continuous variables and frequency (percentage) for categorical variables. We analysed continuous variables with a Student’s t-test or the Mann-Whitney U-test, depending on whether the data were normally distributed. We compared categorical variables with the Pearson chi-square test, or Fisher’s exact test. All analyses were performed using R version 3.6.2 (R Foundation for Statistical Computing, Vienna, Austria), and P <0.05 was considered significant.




Results

We included 256 patients (49.2% women, mean age of diagnosis 50.8 ± 15.1 years). Table 1 presents the clinical characteristics of patients diagnosed postoperatively (n=29) and preoperatively (n=227). There were no significant differences in age, sex, or BMI between the two groups.


Table 1 | Clinical characteristics of patients according to the time of diagnosis.



The prevalence of hypertension was lower in postoperatively diagnosed patients than in preoperatively diagnosed patients, whereas other comorbidities were similar between the two groups. Regarding the tumour characteristics, the proportion of pheochromocytoma was lower in postoperatively diagnosed patients than in preoperatively diagnosed patients (17.2% vs. 81.1%, P <0.001). However, the maximal tumour size, multifocality and metastasis were not different between the two groups. Preoperative SBP in the ward was similar between groups, but the use of α-blockers and β-blockers was more frequent in preoperatively diagnosed patients to reduce severe hypertension and tachyarrhythmia during the operation. In postoperative diagnosed patients, α-blockers and β-blockers were prescribed for another purpose, such as benign prostate hyperplasia or antihypertensive medications.

Figure 1 illustrates the percentage of time with BP outside the target ranges (SBP > 160 mmHg, or MBP < 60 mmHg) according to the time of diagnosis. Postoperatively diagnosed patients demonstrated a similar percentage of time with an SBP > 160 mmHg (median [IQR]; 7.9% [2.5; 11.9] % vs. 4.6% [0.0; 11.9], P = 0.088) but a significantly lower percentage of time with an MBP < 60 mmHg (0.0% [0.0; 3.0] vs. 5.6% [0.0, 12.6], P = 0.002) compared with preoperatively diagnosed patients.




Figure 1 | Percentage of time with BP outside the target ranges (SBP > 160 mmHg, or MBP < 60 mmHg) over surgical duration according to the time of diagnosis. Postoperatively diagnosed patients demonstrated a similar percentage of time with an SBP > 160 mmHg (median [IQR]; 7.9% [2.5; 11.9] % vs. 4.6% [0.0; 11.9], P = 0.088) but a significantly lower percentage of time with an MBP <60 mmHg (0.0% [0.0; 3.0] vs. 5.6% [0.0, 12.6], P = 0.002) compared with preoperatively diagnosed patients.



In Table 2, the median values of intraoperative SBP, MBP, and HR tended to be higher in postoperatively diagnosed patients than in preoperatively diagnosed patients. However, the maximum value of SBP was similar between the two groups, while the minimum value of MBP was significantly lower in preoperatively diagnosed patients. The time with an HR >100 bpm was not significant between the two groups. Other haemodynamic variables, such as ARV, MDPE, MDAPE, and wobble, were not different. Open surgery was more frequently performed in postoperatively diagnosed patients. and the duration of hospitalization was longer in postoperatively diagnosed patients. There was no 30-day mortality-related surgery in either group.


Table 2 | Hemodynamic parameter of patients according to the time of diagnosis.



We further compared the haemodynamic parameters only in patients with paragangliomas according to the time of diagnosis (Table 3). The use of α-blockers and β-blockers in patients diagnosed with paraganglioma preoperatively (n=43) was more frequent in those diagnosed postoperatively (n=24). The overall haemodynamic parameters did not differ between the two groups except that the mean MBP was higher in postoperatively diagnosed patients than in preoperatively diagnosed patients.


Table 3 | Hemodynamic parameter of only patients with paraganglioma (PGL) according to the time of diagnosis.



Next, we compared the clinical characteristics of patients according to the occurrence of intraoperative hypotension defined as an MBP<60 mmHg (Table 4). Postoperatively diagnosed patients were less likely to experience intraoperative hypotension. The occurrence of intraoperative hypotension was related to larger tumour size, α-blocker use, lower ward SBP, and longer surgical duration.


Table 4 | Clinical characteristics of patients according to the occurrence of intraoperative hypotension (intraoperative mean blood pressure (MBP) <60 mmHg).





Discussion

Preoperative preparation, including the use of α-adrenergic receptor blockers to reduce intraoperative HI, is recommended in patients diagnosed with PPGL. If patients are undiagnosed and unprepared, the surgical treatment of PPGLs can lead to life-threatening complications (17). We determined the HI risk in PPGL patients whose diagnosis was preoperatively missed, probably due to no or mild symptoms and atypical locations. Although the mean SBP was higher in postoperatively diagnosed patients than in preoperatively diagnosed patients, there were no significant differences in the prevalence of intraoperative hypertension between the two groups, and there was a lower prevalence of intraoperative hypotension in postoperatively diagnosed PPGL patients. In addition, we suggest pheochromocytoma, maximal tumour size, and surgical duration as risk factors for intraoperative hypotension, which should be considered as a major component of intraoperative HI.

Despite advances in diagnosis and tumour localization methods, some PPGLs were detected intraoperatively due to an abruptly high BP or postoperatively after the histopathologic evaluation of surgically retrieved specimens. In the present study, 11.3% (29/256) of PPGL patients were diagnosed postoperatively. In postoperatively diagnosed PPGL patients, surgeries were performed based on an imaging diagnosis of retroperitoneal or pancreatic tumours. These results are similar to those from a recent study (11). Thomson et al. (11) analysed perioperative characteristics and clinical outcomes, including surgical complications, in 551 patients with pheochromocytoma who underwent surgery using Eurocrine®, a pan-European quality registry for endocrine tumours, from January 2015 to March 2020. They reported that 11.8% of patients underwent surgery due to suspected malignancy or tumour size and were diagnosed with pheochromocytoma postoperatively. There were no significant differences in postoperative complications between preoperatively diagnosed and postoperatively diagnosed patients.

In the present study, we focused on clinical characteristics and preoperative and intraoperative haemodynamic variables. As preoperative parameters, hypertension, pheochromocytoma, use of α-blockers, and β-blockers were significantly higher in preoperatively diagnosed PPGL patients than in postoperatively diagnosed PPGL patients. Regarding intraoperative haemodynamic parameters, postoperatively diagnosed PPGL patients had higher BP and HR, but lower intraoperative hypotension than preoperatively diagnosed PPGL patients. Mild catecholamine secretion and less use of α-blockers and β-blockers in postoperatively diagnosed patients may be attributed to the low incidence of intraoperative hypotension. However, since biochemical tests were not performed in postoperatively diagnosed patients, the severity of catecholamine excess cannot be assessed. In the present study, there was no 30-day mortality related to surgery in either group. A lower proportion of pheochromocytoma (17.2%) in postoperatively diagnosed PPGL patients and advances in surgical and anaesthesia techniques may have influenced the perioperative outcomes, including the duration of hospitalization, readmission rate, and 30-day surgery-related mortality. In the subgroup analysis, we also explored the haemodynamic parameters of only patients with paraganglioma. The intraoperative HI did not differ between the two groups except for a slightly higher mean MBP in postoperatively diagnosed patients. Therefore, regardless of tumour subtype, intraoperative hypertension might be related to intrinsic tumour features rather than the use of α-blockers.

Several studies have investigated potential predictive factors for intraoperative HI using different definitions of HI (6, 7, 12, 13, 18). There were discrepancies in predictive factors for intraoperative HI in each study. Kiernan et al. (12) evaluated HI as the number of intraoperative episodes of SBP >200 mmHg, those greater than or less than 30% of baseline, HR>100 bpm, and the need for postoperative vasopressors and reported that tumour size, open adrenalectomy, and type of α blockade were associated with intraoperative HI. Jiang et al. (7) defined intraoperative HI as the presence of at least one intraoperative SBP>200 mmHg episode and/or at least one intraoperative episode of DBP<80 mmHg and reported that tumour size, diabetes/prediabetes, and preoperative SBP fluctuation >50 mmHg were significant predictors for intraoperative HI. Ma et al. (18) defined HI as more than 10 episodes of SBP above 30% baseline or DBP less than 30% baseline despite vasoactive drug administration and reported that large tumour size and increased levels of urinary epinephrines were predictors of HI.

The strength of the present study is that we considered time to evaluate intraoperative HI quantitively and used several HI parameters, including time of SBP>160 mmHg (min), time of SBP>160 mmHg (%), time of MBP<60 mmHg (min), time of MBP<60 mmHg (%), time of HR>100 (min), time of HR>100 (%), ARV, MDPE, MDAPE, and Wobble. ARV, MDPE, MDAPE, and Wobble have been used as reliable and quantitative measures to evaluate BP variability in previous studies (14–16). Even though we assessed HI using various HI parameters, the incidence of intraoperative HI, except time of MBP<60 mmHg (min) and time of MBP<60 mmHg (%), was not different between groups. This may be because most patients were intensively monitored under continuous BP monitoring and were immediately treated using fast-acting intravenous vasodilators such as nicardipine.

We also analysed the incidence and risk factors for intraoperative hypotension (MBP <60 mmHg) due to a higher proportion of intraoperative hypotension cases included in intraoperative HI. Intraoperative hypotension was present in 63.7% (163/256) of PPGL patients, and pheochromocytoma, maximal tumour size, and surgical duration were significantly associated with intraoperative hypotension in PPGL patients. Several studies have reported an association between intraoperative hypotension and postoperative complications, including myocardial injury, acute kidney injury, stroke, and death, in patients undergoing cardiac and noncardiac surgeries (19–21). However, there is little information on predictive factors for intraoperative hypotension in PPGL patients. Gaujoux et al. (6) defined perioperative HI as the need for a cumulative perioperative dose of >5 mg norepinephrine and reported that symptomatic preoperative high BP and a tenfold increase in urinary metanephrine and/or normetanephrine levels were significant predictors for HI. Li et al. (22) categorized intraoperative hypotension into SBP ≤ 100, 95, 90, 85, and 80 mmHg with durations of 1, 5, 10, 20, 30, 40, and 50 min and reported that intraoperative hypotension was associated with an increased risk of postoperative complications. They suggested a dose-dependent relationship of harmful effects of intraoperative hypotension (22). Based on the present study, patients with pheochromocytoma, large tumours, and prolonged surgical duration should be treated careful to prevent intraoperative hypotension and postoperative complications.

The present study has several limitations. First, this is a retrospective study, and selective bias was not avoidable. Second, we could not reveal precise reasons for the lack of a significant difference in the prevalence of intraoperative hypertension and the lower prevalence of intraoperative hypotension in postoperatively diagnosed PPGL patients because the preoperative levels of serum and urine catecholamine in postoperatively diagnosed PPGLs were not available.



Conclusions

Our study indicates that postoperatively diagnosed PPGLs do not have a higher risk of intraoperative hypertension and have a lower intraoperative hypotension risk than preoperatively diagnosed PPGLs. Intrinsic tumour characteristics such as pheochromocytoma, maximal tumour size, and intraoperative management might be more related to intraoperative HI than α-blocker use. Despite the limitations of retrospective studies, the present investigation provides valuable information for endocrine surgeons, endocrinologists, and anaesthesiologists to manage PPGL patients preoperatively and intraoperatively considering the high incidence of HI and risk factors for intraoperative HI and intraoperative hypotension.
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OEBPS/Images/table2.jpg
Variables Postoperatively diagnosed Preoperatively diagnosed Total P
(N =29) (N =227) (N = 256)
Intraoperative vital sign
Mean SBP, mmHg 123.8[118.1;125.5] 116.0 [109.1;123.4] 116.8 [110.2;124.1] 0.001
Minimum SBP, mmHg 78.0 [68.0;84.0] 74.0 [66.0;82.0] 74.0 [66.0;82.5) 0.237
Maximum SBP, mmHg 196.0 [178.0;210.0] 186.0 [167.5;208.0] 188.5 [168.5;209.0] 0.229
Mean MBP, mmHg 90.2 [84.2;94.6] 82.9 [78.4;89.1 83.6 [79.1;89.9] <0.001
Minimum MBP, mmHg 58.0 [52.0;62.0] 52.0 [46.0;58.0] 52.0 [46.5;58.0] 0.003
Maximum MBP, mmHg 140.0[131.0;163.5] 134.0 [121.5;154.5] 186.0 [122.0;156.0] 0.097
Mean HR, bpm 72.8[67.5;83.2] 68.8 [62.0;77.1 70.1 [63.0;78.0] 0.018
Minimum HR, bpm 59.0 [62.0;64.0] 50.0 [44.0;56.0] 50.0 [44.0;568.0] <0.001
Maximum HR, bpm 107.0[97.0;119.0] 102.0 [92.0;112.0] 104.0 [92.0;114.0] 0.139
Hemodynamic instability
Time with SBP > 160 mmHg, min 10.0 [5.0; 20.0] 5.0[0.0; 15.0] 5.0[0.0; 15.0] 0.167
Percentage of time with SBP > 160 mmHg, % 7.91[25;11.9] 4.6[0.0; 11.9] 0.0; 11.9] 0.088
Time with MBP < 60 mmHg, min 5.0[0.0; 15.0] 20.0 [5.0; 50.0] 0.004
Percentage of time with MBP < 60 mmHg, % 0.0 [0.0; 3.0] 5.6 [0.0; 12.6] 0.002
Time with HR>100, min 5.0[0.0; 7.5 0.0 [0.0; 10.0] 0.443
Percentage of time with HR>100, % 0.0 [0.0; 7.3] 0.295
ARV 9.6[6. 3] 0177
MDPE -8.4[-12.2; 4.0] 2 0.388
MDAPE 16.1[11.8;19.7] 15.0 [11.8;19.7] 0.514
Wobble 11.1[8.3;14.3] 11.1[8.3;14.4] 0.396
Anaesthesia duration, hour 3.1[2.6;4.01 0.749
Surgical duration, hour . 2.1[1.5;:3.0] 2.1[1.5:3.1] 0.498
Combined resection* 4 (13.8%) 12 (5.3%) 16 (6.2%) 0.092
Open surgery 27 (93.1%) 101 (44.7%) 128 (50.0%) <0.001
Readmission rate* 1(3.4%) 4 (1.8%) 5 (2.0%) 0.455
Hospitalization, days 6.0 [4.0; 8.0] 5.0 [3.0; 7.5 5.0 [3.0; 8.0] 0.050

Data are presented as the mean + standard deviation or median (interquartile range), or number (percentages).
SBP, systolic blood pressure; MBP, mean blood pressure; HR, heart rate; bpm, beats per minute; ARV, average real variability; MDPE, median performance error; MDAPE, median

absolute performance error.
*Fisher's exact test was used for analysis.
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Variables Intraoperative hypotension (-) Intraoperative hypotension (+) P
(n=93) (N =163)

Postoperatively diagnosed 19 (20.4%) 10 (6.1%) 0.001
Age, years 52.3+13.6 499 + 159 0.214
Female 17 (41.5%) 109 (50.7%) 0.361
Height, cm 163.5 [158.2; 169.9] 163.0 [157.8; 169.2] 0.574
Body weight, kg 63.3+11.8 618 +10.5 0.275
BMI, kg/m? 23.4[21.2;25.8] 22.8[21.0; 25.2] 0.388
Diabetes 2 (22.6%) 43 (26.4%) 0.599
Hypertension 51 (64.8%) 102 (62.6%) 0.279
Coronary artery disease 0(10.8%) 19 (11.7%) 0.988
Cerebrovascular disease* 3 (3.2%) 11 (6.7%) 0.365
History of abdominal surgery 28 (30.1%) 53 (32.5%) 0.796
Pheochromocytoma 57 (61.3%) 132 (81.0%) 0.064
Maximal tumour size, cm 38[2.1;52] 4.8[3.2,6.7] <0.001
Multifocal 14 (15.1%) 16 (9.8%) 0.293
Metastasis 7 (7.5%) 2 (7.4%) 1.000
o-blocker use 63 (67.7%) 140 (85.9%) 0.001
B-blocker use 30 (32.3%) 54 (33.3%) 0.970
Preoperative ward vital sign

Mean ward SBP, mmHg 120.5 [113.3; 127.5] 117.4 [109.4; 126.8] 0.065
Minimum ward SBP, mmHg 111.0 [103.0; 119.0] 106.0 [100.0; 115.5] 0.019
Maximum ward SBP, mmHg 131.0[121.0; 140.0] 128.0 [116.0; 139.0] 0.164
Combined resection 7 (7.5%) 9(6.5%) 1.000
Open surgery 47 (50.5%) 81 (50.0%) 1.000
Anaesthesia duration, hour 3.0([24;37] 3.3[2.6:4.3] 0.008
Surgical duration, hour 1.9[1.5;2.7] 2.3[1.6;3.2] 0.024

Data are presented as the mean + standard deviation median (interquartile range), or number (percentages).
BMI, body mass index; SBP, systolic blood pressure.
*Fisher’s exact test was used for analysis.
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Variables

Age, years

Female

BMI, kg/m?

Hypertension

Maximal tumour size, cm

Multifocal

Metastasis

Preoperative ward vital sign

Mean ward SBP, mmHg

Minimum ward SBP, mmHg
Maximum ward SBP, mmHg
o-blocker use*

B-blocker use*

Intraoperative vital sign

Mean SBP, mmHg

Minimum SBP, mmHg

Maximum SBP, mmHg

Mean MBP, mmHg

Minimum MBP, mmHg

Maximum MBP, mmHg

Mean HR, bpm

Minimum HR, bpm

Maximum HR, bpm

Intraoperative hemodynamic instability
Time with SBP > 160 mmHg, min
Percentage of time with SBP > 160 mmHg, %
Time with MBP < 60 mmHg, min
Percentage of time with MBP < 60 mmHg, %
Time with HR>100, min

Percentage of time with HR>100, %
ARV

MDPE

MDAPE

Wobble

Anaesthesia duration, hour

Surgical duration, hour

Combined resection*®

Open surgery

Readmission rate*

Hospitalization, days

Postoperatively diagnosed PGL
(N =24)

57.5 [47.5:61.5]
11 (45.8%)
23.7 [22.0,24.6]
9 (37.5%)
45(1.6,7.0]

1 (4.2%)
0(0.0%)

122.8 [116.5;132.0]
114.5[104.0;122.0]
132.5[120.0;138.5]
0(0.0%)
1 (4.2%)

122.4[115.8;125.4]
79.0 [67.0;84.0]
189.0 [174.0;220.0]
90.0 [84.4;93.3]
58.0 [63.0;62.0]
139.0[129.0;165.2)
72.2 [67.9;80.8]
58.0 [52.0;64.0]
104.0 [97.0;115.0]

10.0 [2.5;22.5]
7.9[2.2;14.0
0.0 [0.0; 7.5

3(12.5%)
23 (95.8%)
1 (4.2%)
7.0 [4.0; 85

Preoperatively diagnosed PGL
(N =43)

50.0 [34.0:62.5]
20 (46.5%)
22.7 [20.8,239]
25 (58.1%)
5.2 [3.1; 6.4]
7 (16.3%)

5 (11.6%)

120.6 [110.2;129.4
110.0 [100.5;119.0
129.0 [114.5;144.5
31 (72.1%)
13 (30.2%)

120.0 [112.2;126.9
76.0 [67.5;87.5]
185.0 [172.5;200.0
82.5 [79.0;88.6]
54.0 [48.0;60.0]
135.0 [124.0;146.5]
74.8 [65.3;79.5]
54.0 [48.0;61.0]
104.0 [96.0;116.0]

10.0[0.0;15.0]
6.4 (0.0;13.1]
5.0 (0.0;15.0]
32
0.0
0.0
79

14.3 [11.8;20.4]
8.6,14.3]

22[1.6,2.9]
2 (4.7%)

37 (86.0%)
2 (4.7%)

6.0 [4.5;9.0]

Total
(N=67)

54.0 [43.0,62.0]
31 (46.3%)
23.0 [21.2;24.1]
34 (50.7%)
5.0 [2.6; 6.5]
8(11.9%)

5 (7.5%)

120.8 [111.1;130.5]
110.0 [102.5;120.0
131.0 [116.5;143.0]
31 (46.3%)
14 (20.9%)

121.0 [114.7;126.1
78.0 [67.5;86.0]
188.0 [173.5;202.0
84.8 [81.0;,91.4]
56.0 [50.0;60.5]

137.0 [126.0;151.0]
73.9 [65.3;79.8]
54.0 [50.0,62.0)

104.0 [96.0;116.0]

10.0[0.0;17.5]
6.4 [0.0;13.1
0.0 [0.0;10.0
0.0[0.0; 80
0.0[0.0; 5.0
0.0[0.0; 8.1
10.6 6.7;13.6]
-1.3[-12.4; 5.5]
14.8 [11.3,19.7]
11.2 8.3;14.6]
32[2.3; 4.2
22[15; 3.1
5 (7.5%)
60 (89.6%)
3 (4.5%)
7.0[4.0; 9.0

0.112
1.000
0.082
0.006
0.244
0.242
0.151

0.601
0.280
0.773
< 0.001
0.028

0.307
0.744
0.556
0.003
0.141
0.363
0.686
0.072
0.743

0.527
0.447
0171
0.172
1.000
0.955
0.165
0.963
0.784
0.578
0.922
0.675
0.341
0.407
1.000
0.664

Data are presented as the mean + standard deviation or median (interquartile range), or number (percentages).
PGL, paraganglioma; SBP, systolic blood pressure; MBP, mean blood pressure; HR, heart rate; bpm, beats per minute; ARV, average real variability; MDPE, median performance error;

MDAPE, median absolute performance error.
*Fisher’s exact test was used for analysis.
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Variables

Age, years

Female

Height, cm

Body weight, kg

BMI, kg/m?

Diabetes melitus
Hypertension

Coronary artery disease*
Cerebrovascular disease”
History of abdominal surgery
Pheochromocytoma
Maximal tumour size, cm
Multifocal*

Metastasis*

Preoperative ward vital sign
Mean ward SBP, mmHg
Minimum ward SBP, mmHg
Maximum ward SBP, mmHg
a-blocker use*

B-blocker use*

Data are presented as the mean = standard deviation, median (interquartile range), or number (percentages). BMI, body mass index; SBP, systolic blood pressure.
*Fisher’s exact test was used for analysis.

Postoperatively diagnosed
(N =29)

555+ 118
13 (44.8%)
166.2 [153.9;171.4]
62.6+92
237 [21.9;25.1]
6 (20.7%)

10 (34.5%)
2(6.9%)

0 (0.0%)

7 (24.1%)
5(17.2%)
40[15;6.5]

2 (6.9%)
0(0.0%)

121.2[113.3;130.0]

113.0[103.0;121.0]

130.0 [120.0;138.0]
1(3.4%)
2(6.9%)

Preoperatively diagnosed
(N = 227)

50.1 + 15.4
113 (49.8%)
163.0 [158.4; 169.3]
623+ 112
22.9[20.9,25.4]
58 (25.6%)

143 (63.0%)

27 (11.9%)

14 (6.2%)

74 (32.6%)

184 (81.1%)
45[2.7;6.2)

28 (12.3%)

19 (8.4%)

117.7 [110.2,126.4]
108.0 [100.0;116.0]
129.0 [116.0;139.5]
202 (89.0%)
82 (36.3%)

Total
(N = 256)

508 + 16.1
126 (49.2%)
163.1[158.0;169.6]
623+ 11.0
232 [21.0; 26.3]
64 (25.0%)
153 (69.8%)

29 (11.3%)

14 (5.5%)

81 (31.6%)
189 (73.8%)
45[2.6;6.3]
30 (11.7%)

19 (7.4%)

118.5 [110.4;127.0)

129.0 [117.0;139.0]
203 (79.3%)
84 (32.9%)

0.074
0.760
0.719
0.875
0.612
0.733
0.006
0.548
0.379
0.477
<0.001
0272
0.547
0.142

0.117
0.056
0.499
< 0.001
0.008





