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Changes in Respiratory Mechanics during General Anesthesia
with Mechanical Ventilation for Aging

— The mechanical ventilatory tidal volume of 13 ml/kg for old pa-

tients is physiologically superior to tidal volume of 10 ml/kg in pulmo-

nary mechanics —

Kariwagun General Hospital, Department of Anestheiclogy

Kappei Matsumoto

Objective: We studied to evaluate and compare
changes in respiratory mechanics as expiratory tidal
volume (Ve), inspiratory peak airway pressure (PIP),
compliance of the total respiratory system (compli-
ance), and partial pressure of end-tidal carbon dioxide
(PETCO2) between young age (Y), middle age (M) and
old age (O) patients group under general anesthesia
and mechanically ventilated in supine position.

Study Design and Results: Patients were ventilated
with a tidal volume (Vm) of 8, 10, 13 ml/lg, a respira-
tory rate of 8 breaths per minutes, an IE ratio of 2.0,
and a fresh gas flow rate of 2.51/min, We found that,
with increasing age: Ve increased, PETCO2 decreased
significantly. And Ve decreased between M and O
group in Vm of 8 and 10 ml/kg. Compliance increased
between Y and O group in Vm of 13 mi/kg , decreased
between Vm of 10 and 13ml/kg in Y group and in-
creased significantly between Vm of 10 and 13 ml/kg
in O group. PETCO2 decreased significantly between
M and O group in Vm of 8 ml/kg.

Conclusion: Vm of 13 ml/kg for O group is physio-
logically superior to Vm of 10 ml/kg in pulmonary me-
chanics rather than younger patients.
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Introduction

Elderly patients are at risk of hypoxemia during the
general anesthesia, because of pre-existing alterations
in lung and chest wall mechanics. Loss of tissue elastic-
ity appears to be the primary mechanism by which age
exerts its effect on pulmonary function, since elastic
lung recoil decreases with age. Even without definable
disease, elderly patients experience emphysema-like in-
creases in lung compliance. It is usually admitted that
during general anesthesia with mechanical ventilation
in elderly patients, alterations of gas exchange are due
to changes in Jung volume and in the mechanical prop-
erties of the respiratory system. And elderly patients

have decreased compliance of chest wall, increased
compliance of lung and equal system compliance to the
vounger patients. The aim of this prospective study
was to analyze the pulmonary mechanics during gen-
eral anesthesia with mechanical ventilation in elderly
patients by giving a specific figure,

Materials and Methods

After obtaining approval of the local Ethics Commit-
tee and informed written consent of patients, we stud-
ied ASA physical status [- I patients scheduled for
elective surgery. We compared respiratory mechanics
as expiratory tidal volume (Ve), inspiratory peak air-
way pressure (PIP), compliance of the total respiratory
system {compliance), and partial pressure of end-tidal
carbon dioxide concentration (PETCO2) of 27 young
age group with a age of 19-40 years old (Y), 37 middle
age group with a age of 41-64 (M) and 62 old age group
with a age of 65-90 years old (0) in supine position®.

After intramuscular premedication with atropine sul-
fate (0.5mg) and hydroxyzine hydrochloride (25 to 50
mg), anesthesia was induced by thiamylal sodium (4 to
5mg/kg) followed by paralyzed dose of vecuronium
bromide (0.15mg/kg). and the trachea was intubated.
Anesthesia was maintained with sevoflurane, nitrous
oxide in oxypgen and paralyzed by vecuronium bromide
(0.08mg/kg/hour). Patienis were mechanically venti-
lated with a tidal volume (Vm) of 8-13ml/kg and a res-
piratory rate of § breaths per minutes, an IE ratio of
2.0, a fresh gas flow rate of 251/min {oxygen 1l/min
and N20 1.51/min) without positive end-expiratory
pressure. Respiratory mechanics were measured with a
Capnomac Ultima anesthetic gas analyzer and a side-
stream spirometry device (Datex instrumentarium
Corp, Helsinki, Finland)®.

Statistical Analysis: Correlation between continuous
variables was described by Pearson's correlation coeffi-

.cient and tested for significance by Fisher's r to z trans-

formation and the other statistical analysis performed
using two-way analysis of variance (ANOVA) followed
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by Fisher's paired least significant difference test. A p-
value less than 0.01 was considered statistically signifi-
cant.

Results

The preoperatively profile data are presented in Ta-
ble 1. Criteria were age 20-90 yr, height 140-1.90 m,
weight 40-90kg, no history of smoking, and no previous
cardiopulmonary disease. We found that, with increas-
ing age: Ve {mean of Vm 8-10ml/kg) increased signifi-
cantly (r=0.226; p<0.0001), compliance (mean of ¥m &
10ml/kg) was unaffected (r=0.11; p=0.0741), PIP (mean
of Vm 8-10ml/kg) was unaffected (r=-0.175 p=0.0108),
PETCOZ (mean of Vm 8-10ml/kg) decreased signifi-
cantly (r=-0.313; p<0.0001) (Table 2). And Ve decreased
significantly (p<0.0001) between M and O group in Vm
of 8 and 10 ml/kg. Compliance increased significantly
(p<0.0001) between Y and O group in Vm of 13 ml/kg,
decreased significantly (p<0.0001) between Vm of 10
and 13ml/kg in Y group and increased significantly
{p<0.0001) between Vm of 10 and 13 ml/kg in C group.

Table 1 Patients Data and PLSD (p-Values)

PETCOZ decreased significantly (p<0.0001} between
M and O group in Vm of 8 ml/kg. (Table 3-4).

Discussion

It is usually admitted that during general anesthesia
with mechanical ventilation in elderly patients, altera-
tions of gas exchange are due to changes in lung vol-
ume and in the mechanical properties of the respiratory
system® * * ™ ' We found a linear relationship be-
tween the increase in age and the changes in Ve, PIP,
compliance, and PETCO2. These alterations are mainly
caused by loss of tissue elasticity appears to be the pri-
mary mechanism by which age exerts its effect on pul-
monary function. since elastic lung receil and tonus of
diaphragm decreases and cartilages calcification of the
ribs with age** "™ We found that there is a signifi-
cant difference between Y, M and O patients in Vm of
8, 10 and 13ml/kg. In Y patients: Compliance of Vm
10ml/kg increased significantly, In M patients: Compli-
ance had no significant difference in any Vm. In O pa-
tients: Ve was significantly decreased in mean of Vm

PLSD
Group Y (N=27) M (N-37) Q (N=62) Y vM Y v.0 M v.0
. Ape(yrs) 272183 527167 736158 <0.0001 <0.0001 €0.0001
Height (cm) 164.2£95 1620+86 1539477 (.1244 {00001 <0.0001
Weight (kg) 6281167 61391 54.9+096 0.4500 {00001 0.0002
BMI (kg/m2) 23357 233+33 232+37 0.9955 0.8649 0.8583
vC () 366075 356091 280067 0.6871 0.0003 €0.0001
VC (%) 10344122 111.9::158 100.7£203 0.1515 0619 00024
FEV% 883:4:95 80.5+150 775+£194 0.1623 0.0409 0.3795
Vs (ml) 5E02+1489 8253+3029 852843212 0.0068 0.0016 0.6454
Ve (mean of Vm 8-13mi/kg) 5728+1297 57671996 508.5:93.0 0.3309 0.0001 {0.0001
PIP 146+5.05 13.843.03 129+4.13 0.2418 0.0100 0.1535
comp 4059972 4395+1047 42571119 0.0746 0.2498 0.3749
PETCOZ 30251611 3792+581 36.16+4.82 0.1656 0.0005 0.0276
Note : Values are means=Standard Deviation
Table 2 Correlation between Age and Respiratory Mechanics
Correlation p-Value
Ve=-0.226 % age+615.5 <0.0001
PIP=40157 *age+154 0.0108
comp=0.11 ¥ age+39.3 0.0741
PETCQO2=-0313 % age+425 <0.0001
Table 3 Changes in Age and Tidal Volume (Vm)
Vm {ml/kg} Ve PIP compliance PETCO2
Y 8 4599+ 89,5 117201 4247+877 3781555
10 6224::106.9 14.5+3.00 47.57+902 3484511
13 696.7£956 170£248 41.28+9.23 320475
M 8 . 5207989 110+192 48794864 3821831
10 615911110 134+£273 4987870 3361667
.13 7568+£1199 16.1+3.04 50.61+9.64 3055661
o} 8 41461874 1011197 43.25+£10.00 367374
10 549.1+£106.7 126279 478841144 34.1£4.26
13 715511151 155+3.36 52071307 313+419

Note: Values are means= Standard Deviation



Table 4 PLSD (p-Values) of Each Values

Vm (ml/kg) Ve PIP
Y vM 8 00111 0.1549
10 0.0037 0.1305
13 0.0025 0.2132
Y v0 8 0.0045 0.0002
10 0.0463 0.0007
13 04399 0.0078
MvO 8 {0001 0.0216
i0 <0001 0.0446
13 0.0012 01106
Y 8v. 10 <.0001 €.0001
8v.13 <.0001 €.0001
10v. 13 {0001 <.0001
M 8v. 10 <.0001 <0001
8v.13 €.0001 <0001
10v. 13 <0001 <0001
0O 8v. 10 <0001 <0001
8v.13 {0001 <,0001
10v. 13 <.0001 <.0001
Abbreviations

Changes in Respiratory Mechanics during General Anesthesia with Mechanical Ventilation for Aging

compliance PETCOZ
0.0046 0.0495
0.4604 0.0002
0.0044 00348
0.8060 0.0500
0.0150 00452
<0001 0.1851
0.0006 <0001
00658 0,0359
01192 0.1984
0.0019 0.0016
0.4697 <.0001
{.0001 0.0020
0.4247 <.0001
0.1959 <.0001
05311 0.0004
0.0038 <0001
{0001 <0001
<0001 <0001

compliance =compliance of the total respiratory system (ml/cmHZ20)
FEV Y% =percentage of the predicted value of the forced expiratory volume

M=middle age group (41-64yrs}

N=number of patients

© O=oldage group (65-90yrs)

PIP=inspiratory peak airway pressure (cmH20)

PETCO2=partial pressure of end-tidal carbon dioxide (mmHg)

PSLD=paired least dignificant difference
V.= versus
VC=vital capacity

V% =percentage of the predicted value of the vital capacity

Ve=expiratory tidal volume (ml}

Vim=tidal volume of mechanical ventilator {ml)
Vs=spontaneous respiratory tidal volume {ml)
Y=young age group (19-40yrs)

but compliance of Vm 13ml/kg increased significantly.
This means that loss of tissue elasticity appears to be
the primary mechanism by which age exerts its effect
on pulmonary function, since elastic lung recoil de-
creases with age™® ™ We think that elderly people
need more tidal volume than younger pecple for keep-
ing the good compliance of respiratory system. In eld-
erly patient we have to decide the mechanical
ventilation settings precisely because of their low func-
tional respiratory system. In conclusion, the mechani-
cal ventilatory tidal volume of 13 ml/kg for old
patients is physiologically superior to tidal volume of
10 ml/kg in pulmonary mechanics rather than
younger patients and needs to avoid the derangement
of pulmonary funetions.
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