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Both epidural and paravertebral blocks are effective in controlling post-thoracotomy pain, but
comparison of preoperative and balanced techniques, measuring pulmonary function and stress
responses, has not been undertaken previously. We studied 100 adult patients, premedicated
with morphine and diclofenac, allocated randomly to receive thoracic epidural bupivacaine or
thoracic paravertebral bupivacaine as preoperative bolus doses followed by continuous infusions.
All patients also received diclofenac and patient-controlled morphine. Significantly lower visual
analogue pain scores at rest and on coughing were found in the paravertebral group and
patient-controlled morphine requirements were less. Pulmonary function was significantly
better preserved in the paravertebral group who had higher oxygen saturations and less
postoperative respiratory morbidity. There was a significant increase in plasma concentrations
of cortisol from baseline in both the epidural and paravertebral groups and in plasma glucose
concentrations in the epidural group, but no significant change from baseline in plasma glucose
in the paravertebral group. Areas under the plasma concentration vs time curves for cortisol
and glucose were significantly lower in the paravertebral groups. Side effects, especially nausea,
vomiting and hypotension, were troublesome only in the epidural group. We conclude that
with these regimens, paravertebral block was superior to epidural bupivacaine.
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Thoracotomy, with its associated pathophysiological abnaand oxygenatiod.? For the optimal effect it is logical to
malities, produces one of the most damaging surgical insudtsrt the regional analgesic regimen in the preoperative
which it is possible to inflict on patienis? Thoracotomy perioc® and to maintain it after operation for several days
pain arises as a result of severe chest wall trauma, includimgtil wound healing is established. At the same time the
fractured ribs and damaged peripheral nerves, and centraé of a multimodal or ‘balanced’ approach to premedication
nervous system hypersensitivity. The chest wall cannot and postoperative analgesia should also be considéred.
be immobilized to control this pain, it must remain inCombination regimens consisting of an effective afferent
constant motion, indeed vigorous motion, if secretions abtock, an opioid and a non-steroidal anti-inflammatory drug
to be cleared. Additional challenges are that many patierfidSAID), starting in the preoperative period and continued
are elderly, they may be malnourished and they frequenthto the postoperative period, may be expected to produce
have co-existing cardiac and respiratory diseases. optimal results.

Many strategies to control this pain have been describedBoth epidural and paravertebral local anaesthetic blocks
but when the factors influencing its generation are considave been shown to be highly effective in controlling this
ered, regional analgesia is the most logical approach. Tipigin. Three prospective, randomized comparisons have
is because ‘neurogenic’ pain, which occurs with intercostaben madé&;'° but the use of preoperative and continuous
nerve damage resulting from chest wall trauma, in additidralanced techniques and investigation of their effects on
to central nervous system hyperexcitability, are both knowpulmonary function (our primary research question) and
to be poorly sensitive to opioids? 4 and reliance on these stress responses do not appear to have been undertaken
drugs has many detrimental effects, especially on respiratipreviously.
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Patients and methods infusion. Buccal prochlorperazine 3 mg 6-hourly was given

We studied 100 consecutive patients, aged 17-80 yr, und%PA?lematnd Ior hausea Snd{og vtomtlrtllng. ¢ i
going elective posterolateral thoracotomy after obtainin patients were subjected o the same postoperative

approval from the Local Ethics Committee and informegct'.Ve nursing and physiotherapy regime Briefly, all
patient consent. Exclusion criteria were: lack of patierﬂat'ents were returned to the thoracic ward where they were

consent; sepsis over the thoracic vertebrae, empyemangrseOI upright in bed for the rest of the day of operation,
: o : .they were seated out of bed on day 1 and were expected
systemic sepsis; allergy to amide-type local anaestheti

S . X . .
) oo Lo oh . (t_;o 'be walking, mobile and self-caring by day 2. Continuous
diclofenac or morphine; contraindications to NSAID; psy40% oxygen was given for the first 3 nights after operation.

g?'t?]tg%:rﬁﬁﬁz% g:)?r%”r:%tg ((:)(r)?gtzizizgnﬁzﬂezcgzg%eiﬁ@e continuous regional analgesic technique with regular
SAID was continued for 5 days.

poor comr_nar_1d_ of the English Ianguage’ ’?eed .for N The postoperative data collection period lasted for 48 h
additional incision (e.g. laparotomy); endocrine disease . . ) .
. : . o and this was carried out, non-blinded, by the nursing staff
including diabetes mellitus; and coagulopathy.

Before operation, the use of the hand-held spirome and physiotherapists: the difference in concentration of

r-. X . .
(Respiradyne Cheeseborough Ponds, USjs explained tgupwacalne between the two groups was immediately

and preoperative baseline peak expiratory flow rate (PEF vious to the nurses who changed the infusion syringes.
preop P P y e aims of the study were deliberately not discussed with

was qbtamed. Linear visual analogl_Je pain scores were a{ﬁg ward staff to minimize bias. Four-hourly pain scores at
explained, as was the use of a patient-controlled analgels &t and on maximal coughing were recorded. A visual

machlr_le (PCA) (Baxter UK). Preme_d|cat|on cons_lsted Bhear analogue scale (VAS) was used with patients making
morphine 10 mg and prochlorperazine 12.5 mg i.m., lil mark on a 10-cm line (@no pain; 1G=worst pain

before operation with rectal diclofenac 50 mg. i%wfginable). Morphine requirements were transcribed from

Ran(_jomizat_io_n in the_ anaesthetic room was by sequenty PCA machine memory. Hourly sedation scores, nausea
allocation of eligible patients to computer-generated randogﬁd vomiting episodes for the first 24 h, and then 4-hourly

numbers. In the epidu_ral group, preoperative catheterizati ores were collected. A four-point scale was used for
of 5 cm of catheter, directed cephalad at T7-10 under lo dation, but only patients who were difficult to rouse

anaesthesia, was foollowe_d by r_:ltest dose of 0.5% bupivaca{'a?ade 4) are presented. Four-hourly oximetry was recorded.
3 mland then 0.25% bupivacaine 10—-15 ml. In the paravertey sitting position, in bed or in a chair, was adopted for

bral group at T6-8, ipsilateral to the thoracotomy, a standa{g_qrly spirometry, and maximal effort was encouraged
space location technique was uSeand this was followed by the nursing staff. Blood for measurement of glucose and

by injection of 0.5% bupivacaine up to 20 ml. At leasttiso| concentrations was obtained before operation in the
20 min were allowed to elapse before the start of surgerynsesthetic room, 15 min after skin incision, and 4, 12,
Anaesthesia, ~sufficient to obtund cardiovasculafy ang 48 h after operation. Untoward effects such as
responses, was provided using propofol, fentanyl and isofiygnotension, defined as a decrease in preoperative systolic
rane in air or oxygen. Double-lumen, endobronchial intubgy giastolic arterial pressure of 20% or more, and urinary
tion and ventilation were facilitated with rocuronium ofetention, defined as requirement for catheterization, were
vecuronium. Perioperative use of glucose-containing iMoted. Postoperative respiratory morbidity was defined as
fluids was avoided. Standard posterolateral thoracotofitee or more of the following: sputum changes, abnormalit-
was carried out in all patients, the intercostal level of whicfes in auscultation, chest radiological changes, fever greater
generally depended on whether lung surgery (T5-6) @{an 38°C, leucocytosis greater than a total white cell count
oesophageal surgery (T7-8) was being carried out. TBe14x10° litre and oxygen saturation less than 90% of
planned level of thoracotomy was known to the anaesthetigf. Serious complications such as these were included if
and the level of regional nerve block corresponded witihey occurred at any time during the hospital stay, the
this level. Single rib excision was carried out in all patientgjuration of which was also recorded. The number of patients
In the paravertebral group, before chest closure, @@mplaining of pain at the 6-month outpatient follow-up
epidural-type catheter was inserted by the surgeon into th@s also recorded.
paravertebral space under direct vision using a standardata were analysed using SPSS for Windows version 7.0
technique’3 During chest closure, a second bolus dose ahd Epidemiological Information for DOS version 5.0. The
0.25% bupivacaine up to 20 ml was injected into thassumption of normality was checked using the Komolgo-
paravertebral space or up to 10 ml in the epidural space.rtbv—Smirnov test before applyirtgests to parametric data.
both groups this was followed by continuous postoperati&om each patient’s serial measurements of PEFR, the
infusion of bupivacaine; 0.25% in the epidural group ankbdwest postoperative value was identified which was
0.5% in the paravertebral group, at a rate of 0.1 mftkg:. expressed as a fraction of the patient’s preoperative control
After operation, all patients also received diclofenac 50 mglue. The distribution of these ratios was compared between
8-hourly, orally or rectally, and patient-controlled morphin¢he two groups using a two-tailed independéenest. The
using a 1-mg bolus, 5-min lockout period and no backgroumdte of recovery of PEFR at 48 h was assessed from the
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Table 1 Patient characteristics and type of surgery in the paravertebral and 10}
epidural groups (mearsi or range) or number)

Epidural (n=49) Paravertebral (n=46) 81

1)
Age (yr) 61.7 (17-78) 62.5 (18-80) £ o E  PE
Sex (M:F) 33:16 32:14 © E PE E E P
Weight (kg) 69.6 (13.8) 67.9 (13.9) 8 PT E gpTPEP
Oesophagastrectomy 6 5 S 44 P E P
Anti-reflux procedure 7 9 (2] E P
Lobectomy 27 23 = P
E
Pneumonectomy 5 3 o 24
Pleurectomy 4 6 1
0 t 2

_ _ _ o 0 4 8 12 16 20 24 28 32 36 40 44 48
proportion of patients in each group achieving a PEFR Time after operation (h)
within 95% of their own preoperative control and was . .
compared using chi-square tests. The power of the stufi{g 1 Mean pein Scogesthat rgst,l rel_pres‘?r;ted byt?l‘ box a”‘; WtT:Skt?r p'Ot(ij
based on PEFR as the main outcome measure, was (,gg- 9¢ 'S Shown by the sing'e fine, iierquartie range by te box an

. . . he median by the shaded square. The paravertebral group (P) had
with a two-tailed alpha set at the conventional level of 0.0ggnificantly less pain than the epidural group (B)-0.02).
and a difference in the means of 25%. For plasma cortisol
and glucose measurements, the area under the curve for 101

each patient was calculated using the trapezoid rule and p pE

independent two tailed tests were used to analyse these g1 P E p |E PEPE p P
distributions. Patients with an incomplete set of plasma E ] E Pp
cortisol and glucose measurements were excluded from 6- E E

analysis but not from graphical representation. Data were E

analysed using independent sampldests, the Mann—
Whitney U test, analysis of variance (ANOVA) and chi-
square or Fisher's exact test, as appropriate. The null

P
44
24
hypothesis was rejected at a levelafess than 0.05. I n ﬂ % n ] H

Pain scores on coughing

8 12 16 20 24 28 32 36 40 44 48
Time after operation (h)

I

Results 0

There were no significant differences between the two
groups in age, sex, Weight or type of surgery (Table 1)_ Alfig 2 Mean pain scores on maximal coughing, represented by a ‘box and
epidural catheter could not be sited in five patients and dafasker’ piot, the range is shown by the single line, interquartile range
from the remaining 95 patients were analysed. The prese EZ dbgfg sl?i ;:';yn?:iaga?z :Eznsrh""ed‘;‘;iﬁf;r:r;hpe g?‘é%gi;’_ral group
of sensory loss to cold (ice), unilaterally in the paravertebral

group and bilaterally in the epidural group, was confirmed

: . ’ ; . 11- o Paravertebral
in all patients in the early postoperative period although no ] « Epidural
formal assessment of this was made. o 1.0 o
The distribution of visual analogue pain scores both at Q 0.9-] I
rest and on coughing were significantly different between 2 1 / —_—
groups (Mann-Whitney test). Patients in the paravertebral ‘g 0.8 L
group had significantly lower VAS pain scores both at rest g 0.7+ /I— I\
and on coughingR=0.02 and 0.0001, respectively) (Figs § 0.6 I
1, 2). Cumulative morphine consumption in the first and o I
second 24-h periods was significantly higher in the epidural 0.5
group (mean 105.8%95% confidence intervals 20.4) mg © 24 3 48
and 262 (67) mys85.5 (30) mg and 210.7 (63.8) mB= Time after operation (h)

0.008 and 0.005, respec-tlvgl-y). Pulmonary functlon,. %g 3 Postoperative mean peak expiratory flow rate (PEFR) as a fraction
assessed by PEFR, was significantly better preserved in §3gyeoperative control values. Error bars represent 95% confidence
paravertebral group (Fig. 3). The lowest postoperative PEFftrvals. Pulmonary function in the paravertebral group was
as a fraction of the preoperative control was 0.88M significantly better.

0.06) in the paravertebral group in contrast with 0.54 (0.05)

in the epidural groupR<0.004). These minima occurredpatients in the paravertebral group and in 18 of 49 in the
at similar mean postoperative times of 19 (2.4) and 19epidural group, the difference was not statistically significant
(3.2) h, respectively®=0.8). Although PEFR rate recovered(chi-square P=0.19). Oximetric recordings were signific-
to within 95% of preoperative control values in 23 of 4@&ntly better in the paravertebral group throughout the 48-h
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100+ o Paravertebral Table 2 Outcome in the epidural and paravertebral groups (number of patients)
* Epidural
<> Epidural Paravertebral
X 98
-~ (n=49) (h=46)
5 IJ\I\I 1
® 964 — Urinary retention 1 5
2 I/I I\I_I/I/I ~—I Nausea 10 2
® 94 - - Vomiting 7 2
& I_—I/I__I T I I‘I Chest infection 8 1
jo2 - .
> Ventilatory frequency<8 bpm 3 1
o 92+ Hypotension 7 0
Wound infection 2 0
90 ——— Myocardial infarction 0 1
0 4 8 12 16 20 24 28 32 36 40 44 48 Arrhythmia 3 1
: Confusion 1 3
Time after operation (h) Somnolence 1 1
Fig 4 Mean oxygen saturation with 95% confidence intervals. Thgereb_rovascular accident 1 0
L . . .Bleeding ulcer 1 0
paravertebral group had significantly higher saturations after Operat'Rlﬂmb/heavy legs 3 0
(P=0.0001). Emergency intensive care unit admission 3 3
Hospital stay (days) (mean (range)) 6.7 (3-16) 6.7 (4-11)
5.0 o Paravertebral Deaths 2 5
- * Epidural Post-thoracotomy neuralgia 10 3
5 4.0
£ \ glucose concentrations were significantly less in the paraver-
30 T~ tebral group P=0.003 and 0.006, respectively).
§ —_— \I There were no neurological complications in either group
oo 1 as a result of epidural or paravertebral catheterization.

The distribution of complications between the groups was
o+ ¢ significantly different (Mann-WhitneyJ test, P=0.008),
0 10 20 30 40 50 with a greater incidence of nausea, vomiting and postopera-
Time after operation (h) tive respiratory morbidity in the epidural group=£8 vs 1)
Fig 5 Mean plasma concentrations of cortisol as a fraction of preincisionél@ble 2). Postoperative hypotension, requiring temporary
control values, with 95% confidence intervals. The area under the cugessation of infusion, occurred in the epidural group only

was significantly lower in the paravertebral grolp<(0.004). (n=7). All patients who underwent an oesophagectomy or
20 Y Py pngumonectomy were catheterized as part qf their mon-

' « Epidural itoring; excluding these, there were 11 patients in the

1 epidural group compared with five in the paravertebral

o group who required catheterization for retention of urine.

§1'5" Mean hospital stay was 6.7 (range 4-11) days for the
E’ . \I————I\[ paravertebral group and 6.7 (range 3-16) days for the
£ ?I\ — T epidural group. Three patients in each group were admitted
a0 ¥ as emergencies to the intensive care unit and there were
i seven deaths in total. Two deaths occurred in the epidural

05 group: one 10 days after operation as a result of an
' 0 10 20 30 40 50 anastomotic leak and coeliac artery thrombosis and one at
Time after operation (h) 7 days caused by post-pneumonectomy cardiac failure.

i . . I There were five deaths in the paravertebral group (the
g 6 Mean plasma concentrations of glucose as a fraction of preincision L . .
control values, with 95% confidence intervals. The area under the cur&gference was not significant): one 16 days after operation
was significantly lower in the paravertebral grolip=0.003). as a result of an anastomotic leak and multi-systems failure;
two at 4 days as a result of cardiac causes, one a cardiac

study (96 (0.2)%) compared with the epidural group (9&rrest in a post-lobectomy patient and the other after
(0.2)%) P=0.0001) (Fig. 4). myocardial infarction in a post-pneumonectomy patient;

Plasma concentrations of cortisol increased significantiynd two at 4 days as a result of respiratory causes, one
from baseline in the epidural and paravertebral groupsspiratory failure in a surgically inoperable patient and one
(ANOVA, P<0.004 for both groups). Plasma concentration®spiratory failure in a post-lobectomy patient. At the
of glucose increased significantly from baseline in th®llow-up outpatient clinic at 6 months, 10 patients in the
epidural group but not in the paravertebral group (ANOVAgpidural group had persistent chest pain (of a burning or
P=0.003) (Figs 5, 6). When the areas under the plasmdgsaesthetic quality, not related to tumour recurrence or
concentratiorvstime curves were compared (Mann—Whitinfection) compared with three in the paravertebral group
ney U test), the increases in both plasma cortisol ar(ds).
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Discussion confusion can arise, probably caused by bupivacaine accu-
(p_wulation (three patients in this study) (Table 2). It is likely

We found that tebral block ided signifi i ) . ;
e founc that paravertera’ nerve blotk provided signi IHE this is one way in which a profound afferent block is

antly better pain scores at rest and on coughing al ) . . 3
was accompanied by lower morphine requirements. The® eCteterI't? trh||st:1ecrhn|qtu?n(sie belo?c/j%)?trim ntal effect on
patients had superior pulmonary function, less postoperativem?sne oan(: ah nc; acoAcl)thy asra eti nefa ?me(r; 0
respiratory morbidity and better oxygenation compared wi p'monary mechanics. ough resection ot puimonary

those receiving epidural nerve block. The neuroendocring@ o< contributes, the sudden deterioration in the early

axis, as assessed by plasma concentrations of cortisol gr(])atoperatlve period is thought to be caused mainly by the

. respiratory effects of severe postoperative gainithin
glucose, was less stressed in the paravertebral group. Thes : . . .

. L opr heterogeneous surgical groupings, more patients in the
advantages were accompanied by fewer opioid-related side

effects and less hypotension than in the epidural group. epidural group underwent resection of pulmonary tissue

Many different drug regimens have been described f(g?s) and this may have had a minor mitigating effect on

. . . . . . ur results. However, we believe that in accordance with
epidural analgesia. We used plain bupivacaine and tried 10 . . ) . .
o . . . revious pathophysiological studigghe different results
maximize its effect using substantial doses, especially befare . L
. . . : in"these two groups of patients was primarily a result of
operation, balanced against maintenance of cardiovascu &

stability, especially in the postoperative period during o ferences in postoperative pain and its management,
Y, especiaty Ir postop > P 9 atients who are able to breathe deeply and cough effectively
very active mobilization regimen. Despite good postoper

. . . ) €Bacause their wound pain on movement is minimized ought
tive hydration, hypotension occurred in seven patie

(compared with none in the paravertebral group). We belie g be expected to have & higher PEFR than patients who

Fve pain on movement. The subsequent development of
that we had approached the cardiovascular limit of analge}l1 b q P

: R . L . ) a'lceater postoperative respiratory morbidity in the epidural
efficacy which it is possible to obtain with epidural bupiva: roup was probably likewise related to these qualitative
caine. Addition of an epidural opioid may have beeﬁ

beneficial in t ¢ Dai but wdi ifferences in analgesia.
eneticial in terms ot pain scores, but many StUdies N pygrarences in opioid use may have contributed to the

- ) k ) opioids have undesirable effects on respiratory function
study of thoracotomy pain which we could find, Sp'rometrYesuIting in progressive decreases in FREso, the higher

was not improved by addition of a neuraxial opioid to th€,ijences of nausea and vomiting in the epidural group
local anaesthetit> An important practical factor mitigating (probably related to the greater use of morphine) may have
against consideration of a local anaesthetic—opioid combingsq 4 negative effect on spirometric performance as forceful
tion regimen was that all patients had to be returned to thesr,itment of the abdominal musculature may have been
general thoracic ward as our hospital (during the studyyyntarily inhibited.
had no high dependency unit. Because of this we weregfort.related exhalation (PEFR) may have been inhibited
unsure how to safely provide additional rescue opioigy pilateral partial intercostal nerve block as weakness in
analgesia, as a combination of neuraxial and systemig intercostal muscles is known to be induced by epidural
opioids (for example) is known to be a major risk factofpca| anaesthetic (although overall lunglumesare minim-
of respiratory depressioff. Despite this potential study gjly affected)?* There are no data for paravertebral block
design drawback, most patients in the epidural groygr comparison, but as its effects are unilatéfatpntralat-
had pain scores and post-thoracotomy pulmonary functi@fg| chest wall function probably continued relatively unaf-
which were favourably comparable with other publisheghcted in this group of patients.
prospective, randomized studies using epidural local anaesBetter oxygenation in the paravertebral group was prob-
thetics? 1 combinations of epidural local anaesthetics angbly related to better postoperative pulmonary function, less
opioids;* '8 190r epidural opioidg? 1> 17 18 20-30 inhibition of clearance of secretions because of less pain
Approximately twice as much bupivacaine was used ith coughing and less opioid use. However, it is not possible
the paravertebral group compared with the epidural grog®say if this significant finding has any clinical significance.
and this probably influenced our results. We had consideredThe increases in plasma concentrations of cortisol and
and dismissed the idea of using equal doses of bupivacagi@cose were significantly less in the paravertebral group
as we wished to optimize the use of each of these two loe@impared with the epidural group (Figs 5, 6). Modification
anaesthetic techniques. We were unable to use any moféeuroendocrine stress responses after upper abddminal
bupivacaine epidurally (see above), but lowering the doseafid thoracic surgefyhas been demonstrated previously in
bupivacaine used paravertebrally would have disadvantaggddies using paravertebral nerve blocks but not epidural
this group of patients. One of the inherent advantages lobcks* We speculate that the reasons for this difference
paravertebral analgesia is that relatively large doses of locady be explained by qualitatively greater block of the
anaesthetic can be given safely (and are routinely gomatic nerves (probably related to larger doses of bupiva-
our unit)3! 32 although occasional episodes of temporargaine) together with block of the sympathetic chain and
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the rami communicantes when local anaesthetic is placed anesthesiology-based postoperative pain management service.
alongside the vertebral column rather than anatomically Anesthesiology 1988; 68: 100-6 _ .
distant from it in the epidural spaéé?3 I'7 Asantila R, Rosenberg PH, Scheinin B. Comparison of different
. . methods of postoperative analgesia after thoracotomy. Acta
We conclgdg that continuous paravertebral and epidural , ol Scand 1986: 30: 421-5
b|OCkS, begmnmg before Opera“on as part of a ba|an0¢§1 Larsen VH, Christensen P, Brinklav, Axelsen F. Postoperative pain
analgesic regimen, were highly effective for post-thoraco- reliefand respiratory performance after thoracotomy: a controlled
tomy pain. In this study, we found that paravertebral trial comparing the effect of epidural morphine and subcutaneous
analgesia was superior in terms of analgesia, pulmoneﬁ nicomorphine. Dan Med Bull 1986; 33: 1614

function, neuroendocrine stress responses, side effects ahdrichon PY, Pison C, Chaffanjon P, et al. Comparison of epidural
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