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Effects of Continuous Positive-pressure Breathing
on Functional Residual Capacity and Arterial
Oxygenation during Intra-abdominal
Operations:

Studies in Man during Nifrous Oxide and
d-Tubocurarine Anesthesia
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The cffects of 0, 3, 10, and 15 cm H:O end-
expiratory pressure (EEP) were studied in 24 pa-
tients receiving nitrous oxide—d-tubocurarine anes-
thesia for intra-abdominal operations. Functional
residual capacity (FRC) of every patient was in-
creased during continuous positive-pressure breath-
ing (CPPB). Pa.. increased an average of 1.6
torr/em H:O0 EEP in the 12 patients with the
Jowest Pag’s (<100 torr at zero EEP). Non-
abese patients more than 50 years old showed the
greatest improvement in Pao. The other 12 pa-
tients {Pao. > 100 torr at zero EEP) had variable
changes in Pao., averaging 0.2 torr/cm I1.O EEP.
No patient suffered an important decrease in Pao.
with CPPB. Clinical signs suggesting interfer-
ence with cardiac output did not occur in the ab-
sence of blood loss. (Key words: Continuous
positive-pressure  breathing; End-expiratory pres-
sure; Functional residual capacity; Paas: Oxygena-
tion.)
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AX IxcrEasE in alveolar-arterial oxyvgen ten-
sion difference has been observed in anesthe-
tized subjects.! When inhalation techniques
employing high concentrations of nitrous oxide
are used, arterial oxygen tensions may be
much lower than expected.>? Slater ¢t al.?
found lower Pa,,’s during intra-abdominal op-
erations than during procedures performed on
the extremities. Increasing inspired oxygen
concentrations (FIo,) to prevent hypoxia re-
sults in increased requirements for adjuvant
drugs, each with its own disadvantages. Thus,
other methods of improving oxygenation are
worth considering.

Reductions in functional residual capacity
(FRC) have been observed on changing from
the sitting to the supine position,* * during
general anesthesia,® 7 in obesity,™? and fol-
lowing abdominal operations.’ It has been
suggested that such reductions of FRC are as-
sociated with airway closure and/or atelecta-
sis. Since FRC is effectively increased with
continuous positive-pressure breathing (CPPB),
we suggest that this increase can evoke reduc-
tions in A-aDg,. The present study was de-
signed to evaluate the effects of CPPB on FRC
and Pay, during clinical anesthesia with ni-
trous oxide.

Methods

Twelve male and twelve female patients un-
dergoing elective intra-abdominal operations
consented to participate in this study. All
were free of acute cardiorespiratory disease,

20z Iudy 61 uo 3senb Aq ypd-8L000-00010EL61-Z¥S0000/EE L £62/89/L/8€E/PA-al011E/ABOjOISBYISBUE/LIOD JIBYDIBA|IS ZESE//:d]Y WL papeojumoq



69

ECTS IN ABDOMINAL OPERATIONS

CPPB EFF

V 35, No 1, Jan 1975

Anesthesiology.

Downloaded from http://asa2.silverchair.com/anesthesiology/article-pdf/38/1/68/293133/0000542-197301000-00018.pdf by guest on 19 April 2024

O Jo Tawaansran o) o) iy Ses-oog) pue opupds-tadns oy Sugpnpauy Guagn Sopagdsar gy jo unsivgg

1o
J3)3WoUDW J3joM 2AIpA d33 papoo] Buiids
) aps 9jdwos L
P3IOYX3  paxiut
3qn} {DayYaDijopua pajnd
17wy
Buriw
a2
b
aj1s adwps
|DpiL pu3

Jajawondsay jybum

—
LT e

abushg-Jadng

sa1s aajoa kow ¢ Q. mﬁ _|)L,|H_
a/dwos JOJOBUUOL )\ aj1s ajdwos C

s0b payyoasgal sob pasidsus aj1s Asaansp sob uo:ul_

_I|.||.||||.l||||l.ln

10j0j14u3p  aADIAdD)SOY  UOSIAWY



70 WYCHE, TEICHNER, KALLOS, MARSHALL, AND SMITH

Tasre 1. General Information

Vv 38, No 1, Jan 1

about the 24 Patients in the Study

Anest, hs:oh:\'
973

|
I s . Body Weight|  Heish . Preoperative
| e sex “wo e Operation fory
Patient 1 2 F 169 178 Cholecystectomy 97.8
Patient 2 49 hY ¢ 116 175 Partial colectomy 66.9
Patient 3 | r il 170 Choleeystectomy 9
Patient 4 52 M 100 185 Cystectomy §0.1
Patient 3 By 3 120 155 Ventral herniorrhaphy G628
Patient 6 39 M 47 170 Gastrostomy —
Patient 7 54 M 72 168 Gastrectomy
Patient 8 62 bV 55 160 Cholecystectomy
|
Patient 9 3 M 178 Exploration CBD
Patient 10 [ M 168 Whipple
Patient 11 66 AV 70 175 Colectomy ;
Patient 12 5] A 59 170 Removal of jejunal bezoar |
Patient 133 | AV 2 170 Gastrectomy
Patient 14 13 50 152 Qophorectomy
Padent 15 | ¥ 52 168 Tuboplasty —
Patient 16 I 16 160 D & C; mymmectomy 9.2
i
P.menl 17 I a3 152 Sl
S r 46 160 i —_—
P. u-ul 19 ¥ 68 168 R K]
Patient 20 F 62 e Cysteetomy 88.2
i
Patient 21 | 40 I G4 Cholecystectomy 490.0
! Sl ¥ G0 e colostomy $0.6
l a6 M BN Ureterolithotemy
Patient 24 i 6 M o1 Hemicolertomy

although most were smokers. Their ages
ranged from 20 to 75 years, heights from 152
to 185 cm, and body weights from 46 to
169 kg.

A radial or brachial artery was cannulated
prior to induction of anesthesia, except in Pa-
tients 6, 15, and 18, in each of whom an arte-
rial cannula was introduced after induction.
Preoperative Pag, values obtained with the pa-
tients supine, breathing air, and premedicated
are listed in table 1. Arterial blood pres-
sure, electrocardiogram and nasopharyngeal or
esophageal temperature were monitored con-
tinuously.

Morphine, 0.1 mg/kg (Patient 11 received
Innovar, 1.3 ml), and atropine, 0.5 mg (aver-
age dose), were administered an hour before
induction of anesthesia. After preoxygenation,
anesthesia was induced with sodium thiopen-
tal, 4 mg/kg (Patient 11 received Innovar, 7.3
ml). Following the administration of suceinyl-
choline, 1 mg/kg, the trachea was intubated

with a cuffed endotracheal tube and a tight
seal obtained. Anesthesia was maintained with
70 per cent N.O and 30 per cent O. (mea-
sured with a Beckman oxygen analyzer). Ad-
juvant drugs consisted of morphine or fentanyl
for analgesia when clinically indicated and d-
tubocurarine to maintain respiratory paralysis.

Respirations were controlled with an Emer-
son respirator at a constant tidal volume of 7
ml/kg (measured during expiration at the en-
dotracheal tube with a Wright respirometer),
with rates adjusted to maintain a constant ar-
terial carbon dioxide tension (Pace.) between
30 and 40 torr. The respiratory circuit is dia-
grammed in figure 1.

The study period began after the surgeons
had packed the abdominal contents and posi-
tioned the retractors. A spring-loaded expir-
atory valve was adjusted to produce 0, 3, 10,
or 153 cm H.O EEP (measured at the trachea
with a water manometer) for 13-minute pe-
riods in a predetermined, random order for
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SR
each patient. In the fifteenth minute of each
period, a sample of arterial blood was ob-
tained and sent for immediate analysis.

FRC was measured immediately after ob-
taining the blood sample. At end-expiration,
a three-way stopcock {fig. 1) was tuned with-
out changing EEP, and the patient was venti-
lated with a super-syringe at a rate of 40
breaths/min. One and a half liters of a mix-
ture containing 69.6 per cent N.O, 30 per
cent O, and 0.4 per cent neon were intro-
duced and ventilation maintained with 1-liter
tidal volumes. Gas samples of 20 ml were
drawn through a manifold during the eighth
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and tenth breaths. The stopcock was turned
again, re-establishing mechanical ventilation,
and the next level of EEP was set.

Analytic Methods

Arterial blood was analyzed for Py, Pco.,
and pH, and the raw data corrected for pa-
tient—electrode temperature difference and to-
nometry factor.

Neon was measured by gas chromatog-
raphy.2*  The identity of the two neon sam-
ples indicated that complete mixing had oc-
curred, and FRC was calculated from the
syringe volume and neon dilution, without

TanLe 2. Arterial Oxygen Tensions and Functional Residual Capacities
with Various End-expiratory Pressures

FRC (Per Cent of Predicted Value)* Pao: (torr)
Change in
Pro. (torr)/
0 EEP _ EEP EEP _EEP 0 LEP . EEP EEP EEP em H:0 EEP
3 em H:O | 10 em H:0[ 15 em H:0) - 3 cm H:0 { 10 em H:0f 15 cm H:O
Patient 1 31.6 2l6 76.4 101.5 93.3 2.2
Patient 2 104 344 HERS 60.1 63.6 0.4
Patient 3 454 6S8.8 118.8 123.0 1.4
Patient 4 0.7 143.6 9.0 106.3 0.9
Patient 5 48.6 5.4 0.2
Patient 6 86.7 1074 0.7
Patient 7 47.4 1054 3.2
Patient S — 3.6 1115 -— —_ 3.6
Patient 9 117.4 1000 THLT 109.5 0.3
Patient 10 S irg 728 744 80.3 LS
Patient 11 1245 1 108.9 86.8 2.0
Patient 12 113.9 76.1 101.4 128.0 .S
Meas 59.6 742 840 95.0 80.3 3. 9s.2 101.0 1.6
SE 9.0 9.2 110 1.9 Al 6.7 7.8 7.6 0.33
Patient 13 733 86.5 100.3 116.9 1524 156.8 1613 161.6
Patient 14 69.2 — — — 474
Patient 15 111.6 1343 159.1 170.5 179.3
Datient 16 — 121.7 1439 161.3 150.6
Patient 17 33,7 115.3
Patient 18 L 149.4
Patient 19 111.6 138.9
Patient 20 829 1644
Patient 21 130.6 145.7 1574 160.5 —0.1
Patient 22 1049 138.4 145.7 1479 0.4
Patient 23 142.2 — 137.4 — 169.0 —_ 3.2
Patient 24 1243 131.9 0.5 139.6 157.5 149.4 0.9
Meax 98.8 119.0 140.7 148.7 151.2 154.2 150.8 .21
SE 6.5 7.5 7.6 3.5 52 4.8 4.5 .33

* Predicted from table of values for seated subjects minus 600 ml for supine value.
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Fic. 2. Arterial ox)}en tension as a function of
graded increases in end-expiratory pressure for the
24 patients. The solid and dashed lines indicate

the patients whose Pao,’s at zero EEP were below
and above 100 torr, respectively.

correction for oxygen uptake and CO. excre-
tion during the rebreathing period.

Results

The randomization of the different levels of
EEP was critical to the design of this study.
The uncontrolled effects of time and surgical
manipulation are thereby confounded. They
are manifested by the frequent irregularities
in progression of the dependent variables,
Pag, and FRC, for individual patients.

Experimental data are presented in table 2.
The patients are separated arbitrarily into two
groups: Group I, those with Pay,’s below 100
torr with zero EEP, and Group II, those with
Pa,,’s above 100 torr with zero EEP. The
order of data within a row is that of increas-
ing EEP, regardless of the experimental pro-
tocol for the individual.

FRC increased significantly (P < 0.01) with
EEP. Although no statistically significant cor-
relation between EEP and Pa, was found for
the 24 patients collectively, there was a tend-
ency toward improvement in Pa,, among the
12 patients whose Pag,’s did not exceed 100
torr at zero EEP (Group I). The effects of
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EEP on the patients with Pag,’s above 100
torr at zero EEP were quite variable (Group
).

Figure 2 shows the change in Pay, with
EEP for each patient. The slope (aAPag,/
AEEP) of each of these lines was calculated
from the least-squares regression equation and
the mean value for each group determined
(table 2). There was a uniform improvement
in Pag,, averaging 1.6 torr/em H.O EEP,
among the patients of Group I. The patients
in Group II had variable changes in Pag,, av-
eraging 0.2 torr/cm H.O EEP. Six patients in
the latter group showed decreases in Pag, av-
eraging 0.6 torr/cm H.O EEP, none of which
was clinically significant.

Figure 3 plots the slopes for 23 patients
(Patient 16 excluded for lack of measurement
at zero EEP) as a function of Pag, at zero
EEP. The dashed horizontal line extend-
ing from zero divides positive from negative
slopes. Patients with low Pag,’s at zero EEP
generally developed increases in Pag.. High
Pag.’s at zero EEP were minimally altered.
Patients more than 50 years old were among
the group with the lowest Pag,’s at zero EEP
and, therefore, showed the most clinically sig-
nificant improvements in Pay.. Only one of
the three obese patients showed an increase in
Pag, with EEP, although all had Pag,’s of Jess
than 100 torr at zero EEP.

The effects of CPPB on the cardiovascular
system were not studied. Several transient hy-
potensive episodes occurred among the 24 pa-
tients; all were correctible with intravenous
blood or fluid therapy. Hypotension usually
coincided with surgical hemorrhage. Although
the decrease in arterial blood pressure asso-
ciated with hypovolemia seemed enhanced by
CPPB, as much as 15 cm H.O EEP was well
tolerated when circulating volume was main-
tained. Cessation of EEP was not associated
with signs of fluid overload.

Discussion
The FRC of almost every patient was below
the predicted value 2 at zero EEP, confirming
previous reports.®* Undoubtedly, the limita-
tions of diaphragmatic motion by packs, re-
tractors, and manipulations contributed to the
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reductions in FRC. The mean values of FRC
(per cent of predicted) for patients of Group
1 were smaller than those of Group II patients
for all values of EEP. Although this differ-
ence was not statistically significant at zero
EEP, the former group did contain three very
obese patients (1, 2, and 5) and a larger num-
ber of upper abdominal operations, both of
which may enhance reduction of FRC. This,
together with the less compliant chest walls of
the obese patients and the effects of surgical
manipulation, especially during upper abdomi-
nal surgery, explains, in part, the Jarger spread
of mean FRC's between the two groups at 5,
10, and 15 cm H,0 EEP.

That EEP increases the volume of gas within
the lung is shown nicely by the present data.
Most important, however, is the improvement
in oxygenation in certain patients. Patients
more than 50 vears old had the lowest Pay,.s
at zero EEP, and most had clinically signifi-
cant increases in Pag,. In contrast, the younger
patients generally did not follow this pattern
of improvement, since their Pag,’s were much
higher at zero EEP. Factors contributing to
the lower Pao.’s of the patients of Group I are
probably age, body weight, and site of op-
eration.

Paoz (torr) at Zero End-Expiratory Pressure

Recent investigations have suggested a causa-
tive relationship between reductions in FRC
and the closure of small airways in the
lung.t®* The functional significance of air-
way closure is thought to be impairment of
ventilation in dependent areas of the lung, re-
sulting in alterations in ventilation-perfusion
(\.’/Q) ratios and, in some circumstances, ate-
lectasis. Thus, the reductions in lung volume
that occur in the supine position,* ® during an-
esthesia,® 7 and in obesity *-* could be impor-
tant determinants of the state of oxygenation
in the anesthetized patient. Furthermore, air-
way closure has been shown to occur at much
higher lung volumes in older patients,!* ¢ and
may explain, in part, our findings of lower
Pag.’s in patients more than 50 years old.
With the maintenance of positive pressure at
end-expiration, lung volume is increased, the
effect of which may be the prevention of air-
way closure and/or atelectasis. In obese pa-
tients, however, 15 em H.O EEP may mini-
mally affect FRC because of the increased
weight of the chest wall and abdomen.

The optimal level of EEP for any patient is
best determined by increasing it until an ac-
ceptable level of oxygenation is achieved. For
some individuals, i.e., obese, elderly, or hypo-
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volemic patients, the cardiovascular effects of
CPPB might outweigh any improvement in
gas exchange.

Like Frumin and associates,” we found
that CPPB can alter gas exchange and im-
prove oxygenation in select patients. These
results differ from those of Colgen et al., who
found in dogs no significant change in A-aDy.
with CPPB.** However, the present study
was performed during abdominal operations,
where limitation of diaphragmatic motion may
have contributed to the observed reductions
in FRC and Pay,. Also, we included patients
in whom regional V/Q relations may be sig-
nificantly altered, as evident from the lower
Pag,’s observed in the older and obese pa-
tients. Thus, CPPB, under the conditions de-
scribed in this report, may be instrumental in
improving Pag,. We do not, however, recom-
mend the use of CPPB in the absence of analy-
sis of arterial blood gases.
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