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ABSTRACT
Objective: To determine the correlation of old age, pulmonary artery pressure (PAP) and mean arterial blood pressure (MABP)
during anesthetic induction in elderly patients.
Study Design: Prospective cohort study.
Place and Duration of Study: Central Hospital aﬃliated to Chongqing Medical University from September 2016 to September
2019.
Methodology: A total of 75 elderly patients with pulmonary hypertension, who underwent surgery under general anesthesia,
were inducted. Each 25 patients were allocated into 65-74 years, 75-84 years, and ≥85 years groups. PAP was invasively
measured using a right heart ﬂoating catheter before induction, while MAP was measured using an invasive radial artery
catheter at one minute before and within ﬁve minutes after anesthetic induction.
Results: PAP and PAMP, both increased with age (p <0.001). MAP at one minute before induction signiﬁcantly increased with
aging, while MAP measured at 1, 3 and 5 minutes after anesthetic induction, exhibited tendencies of signiﬁcant decrease with
aging (p <0.05). The correlation analysis results revealed that mean MAP during anesthesia induction was signiﬁcantly associated with PASP before induction (r = -0.384 and -0.532 for Kendall and Spearman correlation analyses; both p<0.05).
Conclusion: Increased PAP may be involved in the association between with aging and increased risk of hypotension during
induction.
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INTRODUCTION
Patients undergoing general anesthesia are vulnerable to hemodynamic disorders, which mainly include reduced cardiac
output and hypotension, particularly during the induction of
general anesthesia.1,2 In a large cohort study, in which hypotension during induction was deﬁned as a mean arterial blood pressure (MAP) decrease of > 40% and a MAP of < 70 mmHg or MAP <
60 mmHg. The incidence of hypotension during the induction
period of general anesthesia could reach as high as 13.3%.3
Importantly, patients who develop hypotension during the
induction of general anesthesia have been correlated to poor
prognosis.4
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Previous studies have indicated that these patients, when
compared with patients who did not develop hypotension
during the induction period, had a higher risk for incidences of
many serious clinical complications, such as heart failure, acute
kidney insuﬃciency, and cerebral and myocardial ischemia.5
Therefore, the identiﬁcation of patients vulnerable to hypotension during the induction of general anesthesia is of important
clinical signiﬁcance.
It has been suggested that the development of hypotension
during the induction of general anesthesia may involve many
factors, such as the anesthetics used and the characteristics of
patients undergoing anesthesia.6 Since almost all medications
for general anesthesia have myocardial suppressive or vasodilatory eﬃcacies, uncovering the patient characteristics related to
increased risk of hypotension during induction would be more
important and practical. Accumulating evidence suggests that
aging is an important risk factor for the development of hypoten7
sion during anesthesia induction. Conventionally, elderly
patients have been considered to have reduced cardiovascular
reserve, when compared to younger patients, particularly
those with reduced reserve of left ventricular systolic function.8
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Furthermore, blunted baroreﬂex, as a characteristic of
impaired autonomic function common in elderly patients, may
also account for the potential causes of perioperative hypotension in these patients.
However, no particular attention has been given to the role of
pulmonary artery hypertension (PAH)-related right ventricular
insuﬃciency during the pathogenesis of intraoperative
hypotension in elderly patients. In the present study, it was
hypothesised that aging is associated with increased pulmonary arterial pressure (PAP), which may cause right ventricular
systolic dysfunction and volume insuﬃciency of the left
ventricle; thereby, ﬁnally leading to hypotension during the
induction periods of general anesthesia.
In order to reﬂect the above association, the present study
aimed to evaluate the association between age and PAP parameters in elderly patients undergoing general anesthesia, and
explore the potential correlation between the age-related
increase in PAP parameters and reduction in MAP during the
induction periods of general anesthesia.

METHODOLOGY
The protocol of the study was registered at Chinese Clinical Trial
Registry (http://www.chictr.org.cn. No. ChiCTR1900027673);
and was approved by the Ethics Committee of the Central
Hospital aﬃliated to Chongqing Medical University. Consecutive patients were included between September 2016 and
September 2019. The criteria to be met were patients who were
of > 65 years at enrollment; attended the hospital to receive
surgery under general anesthesia, which mainly included surgeries of the abdomen, such as those for hepatobiliary diseases
and urological diseases; diagnosed as pulmonary hypertension
with moderate or severe tricuspid regurgitation on transthoracic echocardiograph and underwent invasive measurements
of PAP and MAP applied before anesthesia induction. The exclusion criteria were heart failure with left ventricular ejection fraction < 50%, hypertensive cardiomyopathy, arrhythmia with
signiﬁcant tachycardia, or bradycardia that may aﬀect cardiac
output and systematic blood pressure pulmonary diseases,
including chronic obstructive pulmonary diseases, lung cancer,
pulmonary ﬁbrosis, severe asthma, or acute respiratory
distress syndrome. Furthermore, patients who required surgeries that may aﬀect pulmonary circulation or arterial blood
pressure were also excluded, including patients who required
surgeries for thorax diseases and heart diseases.
The included patients were grouped according to their age into
group 1 (65-74 years), group 2 (75-84 years) and group 3 (≥85
years). Overall, a total of 75 patients fulﬁlled the inclusion
criteria, and 25 patients were allocated to each age group.
All of the included patients underwent invasive measurement of
PAP in a standard manner in this centre. Swan-Ganz Catheter
made from B Braun Medical Ltd. Brieﬂy, Registration number:
20143035019. Brieﬂy, the procedure was performed with the
electrocardiographic monitoring system placed via electrodes
on the surface of the body. Under local anesthesia with 1% lidoJournal of the College of Physicians and Surgeons Pakistan 2021, Vol. 31(01): 8-13

caine, the right internal jugular vein of the patient was punctured by an experienced anesthesiologist, and the catheterisation was subsequently performed. Then, a ﬂoating catheter was
placed through the right internal jugular vein into the right
atrium. Judging by the changes in pressure curves on the monitors, the ﬂoating catheter was placed forward to the right
ventricle through the tricuspid valve. After inﬂation, the ﬂoating
catheter went forward with the blood ﬂow into the pulmonary
artery, with typical pressure curves shown on the screen of the
monitor. Subsequently, the parameters of PAP, including pulmonary arterial mean pressure (PAMP) and pulmonary arterial
systolic pressure (PASP), were recorded for further analysis.
All of the included patients also underwent invasive measurement of MAP during the induction of general anesthesia via the
invasive radial artery catheterisation method. Disposable blood
pressure sensor made from B Braun Medical Ltd. Brieﬂy, Registration number: 20170003. Allen’s test was performed for each
included patient. Subsequently, under local anesthesia with 1%
lidocaine, the left radial artery was punctured by an experienced anesthesiologist, and an invasive radial artery catheter
was placed and connected to a pressure transducer to record
the changes in arterial blood pressure during the induction
period of anesthesia. Then, patients were required to maintain
deep breaths with an oxygen mask for ﬁve minutes, and the
induction of the anesthesia was performed with combined regimens of sedative, analgesic and muscle relaxant, including
intravenous midazolam (0.05mg/kg), sulfentanyl (0.6 ug/kg),
and cisatracurium (0.2 mg/kg). In general, sodium acetate
ringer's injection was performed at 7 ~ 8rml/kg·h without abnormalities. After ﬁve minutes of bag-mask ventilation of 100%
oxygen, endotracheal catheterisation was performed, and the
general anesthesia machine was connected. The general anesthesia was maintained with sevoﬂurane (1.5%). Using the pressure transducer connected to the radial artery catheter, MAP at
one minute before the induction (T1), and at one minute (T2),
three minutes (T3), and ﬁve minutes (T4) after induction were
measured for each patient.
The sample size was obtained from the preliminary experiment
and software of Power and Sample Size application. SPSS 19.0
software was used for data management and statistical analysis. Qualitative data were expressed as frequency and percentage, and were compared with using Chi-square test. Continuous variables were presented as mean ± standard deviation
(SD). Multivariate logistic regression analysis was performed to
screen the risk factors for hypotension in the induction period.
The normality of distribution of continuous variables was tested
by histogram normal curve. Non-normal distributed continuous
variables were transformed to normal distributed variables by
data transformation. Continuous variables with normal distribution were compared using one-way analysis of the variance
(ANOVA) with Dunnet’s t-test post-hoc analysis. Spearman and
Kendall correlation analyses were performed to evaluate the
association between PASP before anesthesia and mean MABP
after anesthesia induction (mean values of MAP at T2, T3 and
T4). A p-value of <0.05 was considered statistically signiﬁcant.
9
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Table I: Baseline characteristics of the included patients according to age group.
Height (m)

Body weight (Kg)

BMI (Kg/m2)

Gender
(Male / Femal)

65 - 74 (1group)

1.65±0.1

65.6±7.6

24.0±2.6

14 (56%) / 11 (44%)

75 - 8 (2group)

1.63±0.1

64.9±9.5

24.4±2.6

13 (52%) / 12 (48%)

≥85 (3group)

1.59±0.1

55.0±8.8

21.8±3.0

10 (40%) / 15 (60%)

P-value

P=0.050

P＜0.001

P=0.002

P=0.500

Age group (years)

Note: Data were presented as mean ± standard deviation (SD). The histogram with normal curve is drawn from normal test.
Table II: Screening risk factors for hypotension in the induction period.
Factor
B values
SE

Wals

p-values

Exp (B)

Age (years)

0.160

0.072

4.959

0.026

1.174

Height (m)

37.803

22.875

2.731

0.098

2.616

Bodyweight (Kg)

-0.456

0.289

2.486

0.115

0.634

BMI (Kg/m )
Gender

1.205

0.743

2.627

0.105

3.336

0.782

1.267

0.381

0.537

2.186

PASP (mmHg)

0.212

0.104

4.210

0.040

1.237

2

Table III: Changes in arterial blood pressure and pulmonary arterial pressure during the induction of general anesthesia.
Age group
MAP at T1
MAP at T2
MAP at T3
MAP at T4
PASP
(year)
(mmHg)
(mmHg)
(mmHg)
(mmHg)
(mmHg)

PAMP
(mmHg)

65 - 74

93.0 ± 9.4

84.2 ± 6.6

81.6 ± 12.5

83.6 ± 13.2

22.7 ± 3.5

15.4 ± 1.6

75 - 84

102.8 ± 6.0

74.4 ± 16.1

68.6 ± 11.0

61.1 ± 7.3

27.6 ± 4.0

19.2 ± 2.7

≥ 85

104.3 ± 9.6

72.1 ± 5.0

61.8 ± 11.1

53.2 ± 9.2

31 .3 ± 3.1

21.2 ± 1.8

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

P-value

Note: Data were presented as mean ± standard deviation (SD); MAP, mean arterial blood. pressure; one minute before the induction (T1), and one minute (T2),
three minutes (T3) and ﬁve minutes (T4) after the induction. Pulmonary arterial systolic pressure, PASP; pulmonary arterial mean pressure, PAMP.

RESULTS
A total of 75 patients were included in the present study;
whereas, 25 patients were allocated for each age group.
The baseline characteristics, including height and gender,
were not signiﬁcantly diﬀerent among the three age groups
of diﬀerent age (Table I). However, body weight of group 3,
compared to group 1 (p <0.001), and group 2 (p=0.001),
were signiﬁcantly diﬀerent.
Logistic regression analysis was performed to screen the
risk factors for hypotension in the induction period. The
results of multivariate logistic regression analysis (direct
entry method) of the above seven related factors showed
that PASP and age were independent risk factors of
hypotension during induction period (p=0.026 and 0.040,
OR >1 (Table II).
These results reveal that MAP at one minute before induction signiﬁcantly increased with aging. However, MAP
measured at 1, 3 and 5 minutes after anesthetic induction
exhibited tendencies to decrease with aging, which
appeared to be most remarkable at ﬁve minutes after induction. Furthermore, these results highlight the signiﬁcant
correlation between the reduction in MAP during the induction period of general anesthesia and aging in elderly
patients.
The results of the one-way ANOVA analysis indicated that
among patients in the three diﬀerent age groups, the diﬀerences in levels of PASP and PAMP were statistically signiﬁ10

cant (p <0.001). Furthermore, the post-hoc analysis
revealed that PASP and PAMP, both increased with the
increase in age in these groups. PASP and PAMP exhibited a
tendency to increase with aging before induction (Table III).
The correlation analysis revealed that mean MAP during
anesthesia induction was signiﬁcantly associated with PASP
before induction (r = -0.384 and -0.532 for Kendall and
Spearman correlation analyses, respectively; both p<0.001,
Figure 1).

Figure 1: The correlation between PASP before anesthesia induction
and mean MAP during induction.

DISCUSSION
In the present study, all elderly patients, who received
general anesthesia, it was found that the parameters of PAP,
including PAMP and PASP, increased with the aging of
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patients. Furthermore, it was found that baseline MAP also
increased with the aging of patients. However, MAP during
the induction periods of general anesthesia became lower
with the aging of these included patients.
These results indicate that the reduction in blood pressure
during the induction periods of general anesthesia was more
remarkable in old patients, suggesting that aging is an important risk factor for the development of hypotension during
the induction periods of general anesthesia. Furthermore,
aging was correlated with increased PAP in the present
study, which highlights that increased PAP may be involved
in the association between aging and increased risk of
hypotension during induction. In addition, it was found that
high pulmonary artery pressure and advanced age were independent risk factors for severe hypotension after induction
of general anesthesia. For elderly patients with high pulmonary artery pressure, total anesthetic injection further
inhibits the contractile function of the right and left hearts,
aggravates pulmonary artery congestion, and aﬀects the
pumping function of the heart, resulting in a decrease in
peripheral blood pressure and even intractable hypotension.
From the previous studies, the physiological changes of PAP
parameters with aging, particularly those with invasive right
heart catheterisation-based measurements, remain undetermined. The present study expanded the above ﬁndings by
showing that PAP parameters may aﬀect elderly patients
without signiﬁcant clinical status, and that PASP and PAMP
levels exhibited a tendency to increase with the age of
patients in each group, indicating the physiological increase
of PAP with aging. The potential mechanisms underlying the
physiological change in PAP with aging may be as follows.
First, aging leads to reduced compliance of the left ventricle,
which may subsequently increase the resistance of pulmonary circulation and increase PAP.9-11 Second, aging-related
pathophysiological factors, such as hypoxia, and activated
inﬂammatory and oxidative stress-related stimuli, may lead
to the remodelling of pulmonary capillaries and arteries,
ﬁnally causing increased pressure in these arteries. Furthermore, the aging-related decrease in the cross-sectional area
of pulmonary capillary beds may also contribute to the
elevated pressure in these pulmonary arteries.12-14 Taken
together, these ﬁndings indicate that in the elderly patients
undergoing general anesthesia, aging is correlated to
elevated PAP.
Although aging has been recognised as an independent risk
factor of hypotension during anesthetic induction, 3,15,16
previous studies that investigated the potential mechanisms
underlying the aging-related incidence of intraoperative
hypotension have mainly focused on changes in left ventricular functions. As previously mentioned, aging is associated
with the reduced preservation of systolic function of the left
ventricles. 8,17,18 By applying this accurate measurement
method, the present study revealed that although the baseline MAP was higher in patients with advanced age, MAP
Journal of the College of Physicians and Surgeons Pakistan 2021, Vol. 31(01): 8-13

decreased during the induction periods, suggesting that
aging patients are vulnerable to intraoperative hypotension.
These ﬁndings, together with the ﬁndings that PAP increased
with aging, enable the conclusion that regardless of the
reduced preservation of systolic function in the left ventricles, the right ventricular insuﬃciency correlated with
increased PAP in elderly patients undergoing general anesthesia may also contribute to increased risk of hypotension
during anesthetic induction. Since PAH has been conﬁrmed
to be an important cause of hemodynamically signiﬁcant
insuﬃciency of right ventricular function,19,20 it is not
surprising that the chronic physiological increment of PAP
with aging may accordingly lead to chronic pressure overload of the right ventricles. During anesthetic induction,
increased PAP and reduced right ventricular function may
both contribute to the reduced volume of blood ﬂow, from
pulmonary circulation to systematic circulation. To the best
of authors’ knowledge, few previous studies have investigated the role of PAH-related right ventricular insuﬃciency
in the aging-related risk of intraoperative hypotension. An
extreme example was presented by a recently published
case report, which revealed that hypotension during anesthetic induction could be caused by dynamic right ventricular outﬂow obstruction.21,22 Although the increase in PAP
was not severe enough to cause right ventricular outﬂow
obstruction in patients in the present study, the potential
mechanisms underlying the aging-related intraoperative
hypotension may be similar, which at least partially involves
the increased PAP-related insuﬃciency of right ventricular
function. It is noteworthy that the volume underload of the
left heart is a common cause in these patients; and from a
preventive and therapeutic perspective, ﬂuid infusions are
important for these patients.
Regardless of the above strengths of the present study,
which included the use of invasive methods for the measurement of both PAP and MAP, this present study has limitations
that should be considered when interpreting these results.
First, the limited sample size of the study. Second,
confounding factors may exist underlying the association
between aging and increased PAP, and risk of hypotension in
the present study. Therefore, the hypothesis that the physiological increase in PAP may expose elderly patients to
increased risk of intraoperative hypotension via compromising right ventricular function should be evaluated and
tested in future studies.

CONCLUSION
Increased PAP may be involved in the association between
aging and increased risk of hypotension during induction.
Furthermore, it should be conﬁrmed whether increased PAP
exposes elderly patients to increased risk of hypotension
during induction via the impairment of right ventricular function. This may be of preventative and therapeutic signiﬁcance for intraoperative hypotension in elderly patients.
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