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Effects of caudal block 
with mepivacaine on 
resting ventilation and 
ventilatory response to 
carbon dioxide in 
sedated children 

We examined the effects of caudal anaesthesia ~ing 10 mg.kg -~ 

of one or two per cent mepivacaine without epinephrine on resting 

ventilation, arterial blood gas tensions and the ventitatory 

response to carbon dioxide in 27 sedated children. Expired 

minute volume and respiratory frequency decreased significantl) 

after the caudal blocks in both groups. Pa02 and PaC02 re- 

mained unchanged in both groups. The slope of the C02 response 

curve increased sign~cantly in both groups. The mean plasma 

mepivacaine levels were 4.6 +- t .6  (SD) and4.6 • 1.0 ~g " ml- t 

20  minutes altar the caudal  b locks  with one and  two per  cent 

raeplvaeaine, respectively. These results demonstrate that rest- 
ing ventilation is impaired but the venlilatory response to carbon 

dioxide is improved similarly by caudal block with one or two 

per cent mepivacaine. 
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Caud~ anaesthesia has been used for surgery and post- 
operatSve pain relief in children. L However, little is known 
of the effect of caudal anaesthesia or~ respiratory function. 
Recently, we demonstrated a marked improvement in the 
ventilatory response to carbon dioxide following caudal 
block with lidocaine or bupivacaine. 2 We also showed a 
slight impairment of resting ventilation following caudal 
block with 10 mg.kg -~ of 1.5 per cent Iidocaine. 
However, no data are available concerning caudal epidural 
administration of mepivacaine in children. 

The effect of caudal block with lidocaine or bupiva- 
caine on the C02 response is due to a systemic stimulating 
effect on the ventilatory control mechanism of Iidocaine 
or bupivacaine absorbed into the bloodstream from the 
caudal epidural space. 3'4 The effect of caudal block with 
Iidocaine on resting ventilation is due either to the 
peripheral nerve block or to the systemic effect of 
Iidoeaine on the respiratory centre, chemoreceptors or 
myoneural junction. 5 

The present study was designed to compare the 
venUlatory effects of caudal blocks with one and two per 
cent mepivaeaine, and to determine whether caudal 
epidural mepivacaine alters the slope of the CO2 response 
curve, as do lidocaine and bupivacaine_ 

Methods 

Patients 
The study was approved by our institution's human 
research review committee and parental consent was 
obtained for each patient. Twenty-seven patients sched- 
uled for elective minor paediatric surgery under caudal 
anaesthesia, weighing between 9 and 18 kg, were selected 
for this study. Their ages ranged from one to six years. All 
were free from cardiorespiratory disease. Children were 
randomly divided into three groups: ten children in 
Groups I and lI received one and two per cent mepiva- 
caine solution without epinephrine in the caudal epidural 
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space, respectively, and six children in Group III received 
no drug throughout this study. 

Caudal block 
All children were premedicated with 6-7 m g . k g  t of 
secobarbitone, not exceeding 100 mg, 0.5 mg'kg -~ of 
pentazocine and O.01 mg' kg- x of atropine IM, one hour 
before induction of anaesthesia. General anaesthesia was 
induced with 0.5-1.5 per cent halothane, nitrous oxide 
and oxygen by mask, for placement of an intravenous can- 
nula and the caudal epidural catheter. The intravenous 
cannula was placed in a vein on the back of a hand and 
a mixture of five per cent dextrose in water and lac- 
tated Ringer's solution was administered at a rate of 
5 ml'kg -I 'ha" -1 . 

Each patient v, as placed in a lateral decubitas position 
for the caudal block. After skin preparation and draping, a 
18-gauge disposable needle (Terumo) was inserted in the 
sacral canal and an epidural catheter (Portex) was inserted 
through the needle. Following removal of the needle, the 
child was turned supine and 0.5 ml of one per cent 
lidocaine without epinephrine was injected intradcrmally 
and subcutaneously for painless puncture of the femoral 
artery, after which the inhalation anaesthetics were 
discontinued. 

After a resting period of 20 minutes and the baseline 
measurements for ten minutes, caudal analgesia was 
produced by injection of 10 mg.kg-I  of one or two per 
cent mepivacaine without epinephrine. The dosage given 
was determined in a previous study,6 to obtain an analgesic 
level up to Tto. A test dose was not used in this study. 
Thirty minutes after caudal injection, as all measurements 
were finished, the spread of cutaneous analgesia was 
observed by pin-prick testing. 6 

Measurements 
Arterial blood samples were taken by direct puncture from 
the femoral artery into heparinized disposable syringes 
(Terumo) before and 20 minutes after caudal injection in 
Groups I and I/, or at control and 30 minutes later in 
Group III. Immediately after sampling, PaOz and PaCO2 
were determined using a blood-gas analyzer (Radiometer 
ABL3). The results were not corrected for body 
temperature. 

After each arterial puncture, measurements of respira- 
tory frequency (f), expired minute volume (VE) and 
end-tidal CO2 concentration were made during room-air 
breathing and continued for three minutes. VE was 
measured using a mask (dead space volume, 15 ml) and a 
small transducer (dead space volume, l0 ml) connected 
to a hot-wire respiratory flowmeter IMinato Medical 
Science, Respiromonitor RM-200). 7 This had been cali- 
brated with lO0-m] and 1000-ml plastic syringes of air. 

TABLE I Patient characteristics 

Number of Age Weight Height 
Group paaents (yr) (kg) (crn) 

1: 1% mepivacaine 10 3.1 - (I.9 14.0---1.8 96• 7 
ll:2%mepivaeaine 10 3.0• l.~ 13.7 -+2.8 94-+ 11 
Ill:Contool 7 3.0 + 1.3 13.9--+2.3 94-+ 9 

Values are mean -+ SD. 

End-tidal CO2 concentration was measured using a CO2 
analyzer (Datex, Normocap), which was calibrated be- 
fore each measurement with two different gases. All 
signals were displayed on a 4-channel recorder (San.Ei, 
Rectigraph 8K). Tidal volume (VT) was derived from 
the measured values of f and VE. The volumes were 
expressed in BTPS. End-tidal CO2 partial pressure 
(PzTCO~) was calculated from the measured end-tidal 
CO: concentration. 

Following each measurement of resting ventilation, a 
CO2 stimulation test was performed by the Read's 
rebreathing method, s Each patient rebreathed exhaled 
CO/through a two-way breathing valve attached to a one- 
or two-litre reservoir, initially filled with seven per cent 
CO2 in O2. Oxygen was added to maintain a constant 
volume in the rebreathing apparatus. Rebreathing waS 
continued until end-tidal CO'2 coneen~adon increased to 
nine per cent, which was usually achieved within four 
minutes. The slope of the CO2 response curve was 
calculated at high PE'tCO2 (60 mmHg) for each subject 
and expressed as AVE per APETCO2. 

All measurements were made with quietly sedated 
patients in a supine position before the start of surgery. 
Plasma mepivacaine levels were determined by gas 
ehromatography, 6 using arterial blood samples taken for 
blood-gas analysis. 

Anaesthesia during surgery 
After all investigations had been performed, a suitable 
dose of 1.5 per cent mepivacaine without epinephrine was 
administered through the caudal epidural catheter and 
surgery was performed. The patient was managed with 
intravenous administration of 2-3 rag. kg- t of thiamylal 
or inhalational administration of nitrous oxide, oxygen and 
a low concentration of halothane by mask. Electrocardio- 
gram, heart rate, and rectal temperature were monitored, 
and arterial pressure was measured throughout the opera- 
tion in all the children. 

Statistical analysis 
The data obtained before and during caudal block in 
Groups I and U or obtained at control and 30 minutes later 
in Group III Were analyzed by repeated measures analysis 
of variance (ANOVA). Comparisons among the three 
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TABLE It Resting ventilation, arterial blood-gas tensions and the ventiIatory response to carbon dioxide before and during caudal block with 
one or two per cenl mepivacaine, and during control without block in sedated children 

Group I (t% mepivac~ineJ Group II (2% mepivucuine) Group Ill (Control) 

Before During Before During 
caudal caudot caudal caudal Control 30 rain 

f (min  -~) 2 0 . 9 •  3.4 I 7 . 6 •  2 .7 t$  2 0 . 7 •  2 3  l g . 6 •  1.771: 2 0 . 0 •  1 9 . 3 •  2,4 
V T ( m l - k g - ' )  9 . 9 •  L3 I0,7 + - 1.2 8 . 8 •  1.5 9.0 § 1.5 1 0 , 6 + 1 . 7  1 0 . 8 -  + 1.5 
"~E (ml" min -~ -kg -~) 206 • 22 188 • 15t:~ 184 • 43 168 • 31t~ 209 • 34 207 �9 37 
l~rCOz(rnmHg)  4 1 , 1 ~  3.4 41.0-* 4.0 3 8 , 4 -  + 2.4 3 9 , 5 -  2,07~t 41 ,3+-2 .0  4 1 _ 2 -  + 1.9 
AVE/APETCO z 

(nat. nain - t  �9 kg -I  -mmHg - t )  45.5 • 25.2 62.8 + 30.5t~: 45.0 + 20.3 67.2 -+ 26.8** 35.9 +- 9.1 36.3 • 13.0 
PaCO2(mmHg) ,*4_9-* 1.5 4 5 . 0 •  1 9  4 1 . 9 •  2.2 4 2 . 9 •  2 2  4 5 . 0 _ + 1 8  44.2_+ 1.3 

PaO2(mrnHg ) 90.4-.14.2 90.0• 9.4 92.5- + 9.9 95.6• 6,0 93.9-+2.8 98.7• 3.7 

Abbreviations: f, respiratory frequency; VT, tidal volume; VE, expired minute volume; PETCO2, end-tldaI CO~ partial pressure. 

Values are means _+ SD. 
*Significant difference from values before caudal anaesthesia, p < 0.05. 
t$iguificant difference from values before caudal anaesthesia, p <7 0.01. 
~$igaificant difference from changes of the control ~oup, p < 0.05. 

groups employed one-way ANOVA. Multiple palrwise 
comparisons between the groups were assessed by the t 
test with Bonferroni correction. P < 0.05 was considered 
significant. All results are expressed as mean -+ SD. 

Results 
Patient characteristics are summarized in Table 1 and all 
the data for the three groups are reported in Table 11. There 
were no significant differences in patient characteristics 
or baseline ventilatory and blood-gas values among the 
three groups. The mean upper levels of analgesia obtained 
30 minutes after caudal injection w e r e  T6.6+2.  I in Group I 
and T7.6_+2.1 in Group I1. 

VE and f decreased significantly after the caudal 
blocks. Mean V~: decreased by nine per cent in Groups I 
and II. Mean f decreased by 16 per cent in Group I and ten 
per cent in Group II. These changes in VE and fin Groups 
I and II were significantly greater than those in Group II1. 
VT did not change in either group. In Group III, VE, f and 
V'r stayed unchanged. PI~TCO2 mad PaCOz remained 
unchanged in Groups I and III but PETCO~ increased 
sigmficantly in Group I1. PaOz remained unchanged in 
each group. 

The mean slope (AVE,tAPETCOx) of the COz response 
curve increased significantly following caudM blocks 
with mepivaeaine, in Group I by 38 per cent and in Group 
I1 by 49 per cent, but there was no significant difference 
between the two groups. In Group III, there was no 
change in the slope. The changes in the slope in Groups I 
and II were significantly greater than that in Group 111. 

The mean plasma levels of mepivacaine were 4,6 --- 1.6 
and 4.6 + 1.0 txg-ml-t in Groups I and II, respectively, 
20 minutes after caudal injection. There was no correla- 

tion between the plasma levels and the changes in the 
slope of the ventilatory response to CO2. 

Discussion 
The present study shows that resting ventilation is 
impaired but the ventilatory response to CO2 is improved 
by caudal block with one or two per cent mepivacaine. 
The use of thls block is not precluded by the impairment of 
resting ventilation, because reductions of ~ were only 
nine per cent of control values. Although a significant 
increase in PErCOa was observed in Group II, the mean 
increase in PF.TCO2 of I. I mmHg was very small and of 
no clinical significance. The improvement in the ventila- 
tory response to CO2 is favorable in the use of this block, 
especially in sedated children. 

There is only one report showing the effect of caudal 
anaesthesia on respiratory function in children, apart from 
our previous report. 2 Hatch e t  e l .  9 showed that caudal 
block with bupivacainc during halothane anaesthesia re- 
duces the influence of surgical stimulus anti hence redtices 
respiratory frequency, but have rlot shown a direct effect 
of caudal block on ventilation, in our previous study, 2 
mean Ve decreased by nine per cent following caudal 
block with 10 mg-kg - t  of 1.5 per cent lidocaine and by 
eight per cent following caudal block with 3.3 mg'kg -t  
of 0.5 per cent bupivacaine. The reductions in VE 
following caudal epidural injections of mepivacaine and 
other local anaesthetics are similar. The increase in the 
slope of the CO: response curve following caudal epidural 
injection of mepivacaine is also similar to that seen with 
lidocaine or bupivacaine. ~ 

The impairment of resting ventilation folIowing caudal 
block is due either to peripheral sensory and motor block 
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Or to the systemic depressant effects of local anaesthetics 
on the respiratory control centre in the mid-brain, on 
chemoreceptors in medulla and carotid bodies, 5 or on 
neuromuscular transmission, m In this study, the mean 
upper level of cutaneous analgesia was T6.6 in Group I and 
T7.6 in Group II. Deafferentation of the abdomen and 

lower chest wall leads to a reduction of sensory input to 
the respiratory motor nuclei and consequently to reduced 
motor output."  Furthermore, mcomplete peripheral 
motor nerve block of lower chest Wall would be present, 
although the level and the degree of spinal motor nerve 
block are unknown. Afferent and efferent nerve blocks 
would be a main cause of the impairment of resting 
ventilation. 

The direct depressant effect of absorbed mepivacaine 
on the respiratory centre is unclear, Although Nishino et 
at. ~2 have shown that phrenic nerve activity is depressed 
by the rapid injection of 2 rag. kg -  i of lidocaine in cats, 
this effect may result from a reduction of sensory input to 
the respiratory centre from depressed chemoreceptors. 
They noted that a subconvulsive dose of Iidocalne can 
produce excitatory activity in various areas of the brain. 
The improvement in the ventilatory response to CO2 is the 
result of a stimulation of the central activity induced by 
absorbed rnepivacaine. The mean plasma mepivacaine 
level of 4.6 p,g.ml -I seen in this study should bc high 
enough to stimulate central activity. The systemic effect 
of local anaesthetics on the control of ventilation has been 
reported in awake adults. Intravenous or epidural Iido- 
eaine increases the slope of the CO2 response curve. 3'~3 
Bupivacalne also increases the slope. 4 Although Labaille 
et al. 3 and Negro e t a l .  4 reported that an increasing 
plasma lidocaine or bupivacaine level increased the slope 
of the CO2 response curve, in this study no correlation 
between the plasma mepivacaine levels and the changes in 
the slope was found. 

This study was made with heavily sedated children 
premedicated with secobarbitone and pentazocine. How- 
ever, during the course of the study, no fluctuation of 
pulmonary ventilation and the ventilatory response to 
CO2 was found, as seen in Group IlL Caudal anaesthesia 
is ordinarily used in sedated chiIdren in surgical practice. 
Therefore, the results obtained in this study are clinically 
relevant. The doses of mepivacaine used and the blood 
levels obtained in this study were high, but no patient had 
signs of local anaesthetic toxicity under sedated condi- 
tions. These doses are necessary to obtain a satisfactory 
block for surgery such as inguinal herniorrhaphy or 
orchiopexy. 1,-i6 In the present study a test dose was not 
used, but in clinical practice a test dose of 1 ml of  local 
anaesthetics should be given. ~ Methodological considera- 
tions for measurements and patient conditions were 
discussed in our previous report. 2 
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R6sum6 
On a dtudid les effets de l'anesthisie caudale utifisant 

10 mg.kg -1 de un ou deux pour cem de m~pivaca~ne sans 

~pindphrine sur ta ventilation au repot, la guzomdtrie arldriefle 

et la r~ponse vemifatoire au C02 chez 27 enfants sous s(dation, 

Le volume minute expird et la fr~quence respiratoire di- 

minu~rent significativement apr~s le bloc caudal avec les deax 

concentrations, La Pa02 et la PaC02 demeur~rent inehang~es 

dans les deux groupes. La pente ae la courbe r~ponse au COz 

augmenta significativement apr~s le bloc caudal au.r deux 

concentrations. Les tatu moyens plasrnatiques de m~pivacalhe 

~taient de 4.6 + 1.6 (SD) et 4.6 +- ].0 ixg .ml -p 20 minutes 

apr~ le bloc caudal avec un et deux pour cent de m~pivacai~te 

respectivemem. Les rdsultats d~montrent que la ventilation au 

repos est altdrde mais la rdponse ventilatoire au CO~ est 

am~liorde apr~s bloc caudal avec un et deux pour cent de 

nu~pivacaihe. 
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