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INTRODUCTION : It has been demonstrated that diaphrag-
matic dysfunction observed after upper abdaminal surgery
(UAS) was not related to a decrease in diaphragmatic con-
trectility (1). Thus, inhibition of phrenic nerve activity
by reflexes arising from the abdominal compartment (ebdo-
minal wall and/or viscera) can be a detemining factor of
this dysfunction. Partial reversal of the diaphragmatic
dysfunction after a thoracic extredural block (2) suggests
that inhibitory afferents are conducted by medullary path-
ways. However, no direct information on diaphragnatic
activity after UAS is available. Therefore, this study was
designed to assess the effects of thoracic extradural
block on diaphregmatic electrical activity and efficiency
after UAS.

METHODS : 13 ASA II patients, undergoing elective abdo-
minal sortic surgery with a xypho-pwbic incision were stu-
died. Their mean age was 55 + 10 yrs (X + SD). Mean body
mass index 22.6 + 3.7kg.m-2. All were smokers, with nomal
FVC and FEV,. None was hypercapnic. Individual informed
consent and “institutional approval for the study were ob-
tained. A thoracic epidural catheter was inserted at T8-T9
level prior to genmeral anesthesia. Anesthetic drugs used
during surgery included : thiopental, fentanyl, pancuro-
niun, N 0/0, and halothane in standard doses. The follo-
wing measur&nents were performed during quiet breathing in
the supine 30° head-up position :

-> Changes in rib cage (AXre) and sbdominal (AXab) cir-
cunferences were simultaneously measured with two
differential linear transfommers.

-> Swings in gastric (APgas) and esophegeal (APes) pres-
sures were measured with two balloon catheters connected
to Validyne MP 45 transducers. Swings in transdiaphragne-
tic pressures ( APdi) were obtained by sumation of gas-
tric and esophageal signals (Gould SP 110 A).

The ratic APgas/APdi and AXab/(A Xab+tAXrc) were taken
as an index of the diaphragmatic contribution to tidal
breathing.

~> Electrical activity of the diaphragm (Fdi) was recorded
by 2 pairs of electrodes surgically inserted in the costal
and the crural parts on the left hemidiaphragm. Electrodes
are multifilement steel wires, 40cm long, insulated with
polyethylene, except for their terminal 3om which were in-
serted in the muscle and spaced lcm apart. They were
returned to the abdominal surface through the abdominal
wall. Crural and costal Edi signals were emplified, filte-
red (200-2000Hz) and integrated (DISA 15 COl EMG ampli-
fier). The peak inspiratory amplitude of integrated crural
and costal electrical signals were used for assessement of
diaphragnatic electricel activity (Edi-crur, FEdi-cost).
The ratio APdi/Edi was calculated by simultaneously re-
cording APdi and Edi and taken as an index of diaphrag-
matic efficiency. Electrodes were easily drawn out at the
end of the study.

-> Functional residual cepacity (FRC) was measured by the
helium dilution method.

Respiratory variasbles were obtained 24h before surgery
(T0) except Edi. After surgery, measurements including Edi
were repeated before (T1) end one hour after (T2) a seg-
mental block, up to T4 segnent, achieved with 0.5% plain
bupivacaine (mean dose : 55+l4mg). Respiratory variables

were calculated as the mean of 30 cycles. Values are given
as mean + SD. Statistical sanalysis was an enalysis of
variance.

RESWLTS : are summarized in table 1 and 2. Between TO
and T1 : there was a significent decrease inAXab/(AXab +
Xre) , APgas, APdi and APgas/APdi. FRC decreased signifi-
cantly. Between Tl and T2, the segnental block was respon-
sible for a significant increase inAXab/(AXab + AXrc) ,
Pgas, APdi and APgas/APdi. Both Fdi-cost and Edi-crur
increased significantly.APdi/Edi values were unchanged.

DISCUSSION : This study demonstrates that both costal
(+60%) and crural (+49%) diaphragmatic electrical acti-
vities are increased by a thoracic extredural block after
UAS. Therefore, the partial reversion of the diaphragmatic
dysfunction can be related to the increase in diaphragma-
tic electrical activity. Diaphragmatic efficiency does not
appear to be modified. These results suggest that extradu-
ral 0.5% bupivacaine may interrupt phrenic inhibitory af-
ferents conducted by medullary pathways. Direct stimula-
tion of respiratory centers by local anesthetic after its
vascular resorption from the epidural space may also be
involved.
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TABLE I : Sequential changes in respiratory variables

0 T T2
APgas 2.53 - 0.01" 2.01*
(cnt,0) + 0.70 +1.35 + 0.90
APdi 8.90 6.88" 9.26"
(cmH20) +1.93 +2.72 + 3.76
*
APgas/ APdi 0.29 - 0.01 0.26"
%) + 0.07 + 0.24 + 0.09
AXab 0.73 0.04" 0.39°
(AXeb +AXre)  + 0.08 +0.08 +0.20
* -+
AR ) 13.84 17.76 14.76
(c.min ™) + 2,23 + 2.58 + 1.96
FRC 2.6 2" 2.2"*
(n + 0.5 +0.5 + 0.5

TABLE 2 : Edi changes after UAS

(Values ere given in arbitrary units)
APdi/Edi-cost

Edi-cost  Edi-crur APdi/Edi-crur

ol 14.66 12.65 0.53 0.62
+ 4.82 + 5.02 + 0.30 + 0.30

n 23697 18.58" 0.51 0.55
+ 9.68 + 6.9 + 0,27 + 0.29
*=p<0.05vs T0 +z=p<0.05vs Tl
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