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MANY REPORTS on anaesthesia for grossly obese subjects have been published. 1-6 
These reports emphasize the difficulties encountered in the management of obese 
subjects for anaesthesia and surgery. 

We have recently had experience with the anaesthetic and post-operative man- 
agement of 16 subjects who presented for intestinal bypass operations for gross 
obesity. We shall review the pathophysiology of this disease with particular refer- 
ence to the cardiovascular and respiratory systems and shall present a teehnique 
of management which takes cognizance of these problems. The "Pickwiekian syn- 
drome "~ characterized by alveolar hypoventilation, right heart failure and poly- 
cythaemia will not be discussed due to its rarity and because we did not encounter 
a case in this series. 

Intestinal short circuiting procedures are used to reduce weight in grossly obese 
patients after other methods have failed. Post-operative pulmonary complications 
are frequent and show a definite increase as the weight of the patients increases 
above ideal weight. 7 The mortality rate after upper abdominal operations in obese 
patients is two and one half times that of the non-obese patient, s 

Obesity is associated with pathological changes in the cardiovascular system. 
Hypertension is a common occurrence in obese patients 9 and will diminish with 
weight reduction. 1~ Backman 11 measured intravascular pressures in nineteen pa- 
tients weighing 108 to 172 kg. Brachial artery pressures were raised above normal. 
At rest, mean pulmonary artery pressure and pulmonary capillary venous pressure 
were also above normal. During exercise, right ventricular pressure, mean pul- 
monary artery pressure and pulmonary capillary venous pressure increased ab- 
normally as cardiac output increased. Cardiac output increases with increasing 
weight and may double the predicted cardiac output at ideal weight. 12 Total blood 
volume is expanded but blood volume on a weight basis is less than normal and is 
low in relation to total body weight? ~ Blood flow to adipose tissue forms an im- 
portant fraction of the increased cardiac output because fat is an active metabolic 
tissue. 11 The increased cardiac work load, elevated systemic and pulmonary pres- 
sure, and the enlarged stroke volume lead to muscular hypertrophy of the right 
and left ventricles. 13 The increased cardiac work-load affects mainly the left ven- 
tricle. 14 

The anaesthetist, aware of these alterations, must avoid further stress to the car- 
diovascular system. Infusion of water and electrolytes requires eareful regulation 
as 10 per cent of these patients may be in congestive heart failure. 9 Similarly the 
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FmunE 1. The expiratory reserve volume is markedly decreased by gross obesity and conse- 
quently hmctional residual capacity falls below closing volume. 

abnormal blood volume should be recognized before deciding on blood replace- 
ment. The systemic hypertension is sensitive to a high sympathetic tone secondary 
to hypoxaemia, hypercarbia, ineffective anaesthesia or inappropriate vasopresser 
therapy. Induction of anaesthesia in hypertensive patients frequently induces car- 
diac arrhythmias '5 while concurrent antihypertensive medication may cause labile 
pressor responses. 16 Spinal anaesthesia in the obese is associated with a 36 per cent 
incidence of significant hypotension. '~ 

Prolonged post-operative immobilization can lead to phlebothrombosis, s Two 
of the 16 patients in our series developed proven pulmonary emboli secondary to 
peripheral phlebothrombosis. One died from this complication. 

Respiratory function is altered by gross obesity. The striking abnormality is the 
constant reduction of functional residual capacity (F.R.C.).lr The diminution of 
F.R.C. is caused by a decrease in the expiratory reserve volume (E.R.V.) (Figure 
1). The measured functional residual capacities and expiratory reserve volumes of 
the patients in this series were consistently less than predicted values (Table I). 
Morbidly obese patients have F.R.C. values below closing volume in the seated 
and/or supine position and, therefore, dependent lung zones may be effectively 
closed throughout respiration 's so that inspired gas is distributed mainly to upper 
or non-dependent lung zones. A decrease in E.R.V. to 400 ml or 21 per cent of pre- 
dicted E.R.V. is usually associated with a fall in F.R.C. significantly large enough 
to shift gas distribution to non-dependent lung zones) T The resulting mismatch of 
ventilation to perfusion results in a decreased Va/Qc ratio and consequently low- 
ered arterial oxygen tensions. 
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TABLE I 
LUNG VOLUMES--THIRTEEN PATIENTS 
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Measured Predicted 
Mean (S.D.) Mean (S.D.) 

F.R.C. (L) 1.72 (0.22) 2.99 (0.38) 
E.R.V. (L) 0.36 (0.26) 1.37 (0.24) 
R.V, (L) 1.29 (0.17) I. 69 (0.19) 

F.R.C. = Functional residual capacity. 
E.R.V. = Expiratory reserve volume. 
R.V. = Residual volume. 
(S.D.) = -4- Standard deviation. 

Less obese patients may have a normal Va/Qc while seated but are likely to lose 
this advantage when placed supine for abdominal operations because the E.R.V. 
is further diminished in this position. 19 

In addition, chest wall compliance may be markedly decreased in seated obese 
subjects and result in low total respiratory compliance. 2~ Lung compliance remains 
normal. Decreased chest wall compliance is due to increased elastic resistance of 
the extrapulmonary structures to distension. Chest wall compliance declines further 
on changing from the seated to the supine position. Functionally the decreased 
chest wall compliance increases the oxygen cost of the work of breathing. ~~ 
Clinically, low total respiratory compliance and the high oxygen cost of the work 
of breathing may both contribute to the need for mechanical ventilation with a 
volume ventilator during anaesthesia. 

Functional residual capacity decreases soon after the induction of anaesthesia if 
the patient is breathing spontaneously. 2~ Obesity and anaesthesia both reduce the 
F.R.C. 22 and are associated with airway closure, gas trapping ~3 and in obese sub- 
jects a shift of ventilation to non-dependent lung zones. 24 These changes reduce 
arterial oxygen tension. Controlled ventilation during anaesthesia with large tidal 
volumes may reverse this process by moving tidal ventilation above the closing 
volume and consequently increase arterial oxygen tension? 5 Higher than usual 
inspired oxygen mixtures during anaesthesia will also help to bring arterial oxygen 
tensions to normal. 

Noble 4 and Warner 26 have emphasized difficulties with muscle relaxants in Obese 
patients. Abnormally large amounts of these agents may be used in response to low 
chest wall compliance 2~ or to surgical difficulties. Reversal of these agents is often 
inadequate 4 and attempts at spontaneous ventilation are frequently characterized 
by thoraco-abdominal incoordination, hypoxaemia and increasing hypercarbia 
which demand post-operative mechanical ventilation. 

Spinal 8 and epidural '-'e local anaesthetic dose requirements have been reported to 
be reduced in obese patients. Increased intra-abdominal pressure 2T may shift blood 
from the inferior vena cava to the epidural venous system as in the pregnant fe- 
male. 28 This would effectively decrease the volume of the epidural space and cause 
a wider spread of injected local anaesthetic agents. 

The technical difficulties encountered during anaesthesia and the post-operative 
period are listed in Table III. Blood pressure estimations using regular sized cuffs 
give falsely high measurements.~ 
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TABLE II 

Initial Dose 
Body Weight (lb) Lidocaine (rag) 

Mean 303 294 
S.D. -4-61 -4-54 
Range 275-425 200-400 

TABLE Ill 
OBESITY: TECHNICAL DIFFICULTIES 

1. Sphygmomanometer read ing-  false high. Use wide cuff or 
direct arterial pressure. 

2. Venipuncture and arterial puncture difficult. 
3. Short fat neck - endotracheal intubatlon may be difficult. 
4. Difficult to position for surgery and post-operative 

physiotherapy. 
5, Airway may be difficult to maintain with a mask. 
6. Nerve blocks, conduction anaesthesia; landmarks difficult 

to palpate. 

Edelist 1 clearly stated the objectives of an anaesthetic technique for abdominal 
surgery in the obese. They include strict maintenance of the airway, adequate 
muscle relaxation, optimum ox3,genation , avoidance of the residual effects of 
muscle relaxants, provision of periodic sighs and adequate intra-operative and 
post-operative tidal volume and efficient post-operative analgesia. 

We have established a technique of anaesthesia which fulfils these obiectives 
and combines epidural and general anaesthesia but excludes the use of long-acting 
muscle relaxants, post-operative intubation and mechanical ventilation. 

METHOD OF ANAESTHESIA AND POsT-OPERATIVE MANAGEMENT 

Mean patient body weights and weight ranges are shown in Table II. 
Prior to operation the patient receives careful instruction regarding deep- 

breathing exercises for the post-operative period. During the anaesthetist's pre- 
operative visit the anaesthetic technique is carefully explained and special empha- 
sis is placed on examination of the patient's peripheral veins, radial pulses, verte- 
bral column, and the configuration of the face and neck. 

Vital capacity is measured after an arterial blood sample has been obtained for 
blood gas analysis. Both these measurements are made while the patient is lying 
at 45 ~ head up, since tiffs is the position in which post-operative measurements are 
done. These serve as control measurements for comparison during the post-opera- 
tive period. 

After arrival in the operating room a secure intravenous infusion is established 
and the patient is prepared for epidural anaesthesia. The epidural space is located 
using the loss of resistance technique at the most convenient site closest to the 
interspace between the first and second lumbar vertebrae. We use a slightly longer 
and heavier #16 Tuohy needle than usual in these patients. Frequently the exact 
interspace at which the epidural is performed is difficult to determine because of 
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the severe obesity. A polyvinyl catheter is carefully inserted 5 cm into the epidural 
space aRer four to five ml of normal saline have been injected through the Tuohy 
needle to open the epidural space. 

The patient is then placed in the supine position and 2 per cent lidocaine with 
1:200,000 epinephrine is injected through the epidural catheter. The mean initial 
dose of local anaesthetic used in this series was 294 (SD --- 54)* mg (Table II). 
General anaesthesia is induced after the level of analgesia has been verified. 

Anaesthesia is usually induced with intravenous thiopentone followed by intra- 
venous succinylcholine to facilitate tracheal intubation. However, if a difficult 
tracheal intubation is expected due to a short, thick neck one must proceed with an 
awake intubation after topical anaesthesia has been applied to the upper airway. 

Analgesia and muscle relaxation are maintained by the continued use of hourly 
epidural injections of 2 per cent lidocaine with epinephrine. "~~ Repeat doses of local 
anaesthetic are in the order of 50 per cent of the initial dose. Adequate tidal venti- 
lation is obtained by ventilating the lungs with tidal volumes of 10 to 15 ml/kg at 
10 to 12 times per minute with an Air-Shields volume ventilator. Tidal volume was 
measured during expiration with a Wright respirometer. The patient's tolerance 
to controlled ventilation, tracheal intubation and other manoeuvres beyond the 
level of the epidural block are guaranteed by using small intermittent intravenous 
doses of a short-acting narcotic (fentanyl citrate) and an inspired gas mixture of 
nitrous oxide and oxygen (4:2L). 

Central venous pressure and arterial lines should be established for continuous 
monitoring, direct blood pressure recording and intermittent blood gas analysis. 

Upon completion of the operation, the tracheal tube is removed and spontaneous 
respiration allowed with oxygen delivered by a high humidity mask. Epidural 
analgesia is maintained with an appropriate volume of local anaesthetic given at 
hourly intervals. The patient is nursed at 45 ~ in an attempt to maintain the tidal 
ventilation above closing volume. 1:~.''4 The duration of anaesthesia and the length 
of stay in the recovery room are shown in Table IV. With this regimen the patient 
remains comfortable during chest physiotherapy, deep-breathing exercises and 
can be turned frequently. Regular determinations of vital capacity, "~' and blood 
gases with serial chest X-rays are used to evaluate the patient's progress. Most pa- 
tients are able to ventilate adequately, cough and turn without the aid of epidural 
analgesia within 24 hours. Small doses of narcotics for analgesia may be required 
over the next 24 to 48 hours. 

The mean stay in hospital after operation was 11 days (Table IV). This figure 
excludes two patients, one of whom died of a pulmonary embolus four days after 
operation and another who remained in hospital forty-two days due to complica- 
tions arising from the operation. The post-operative complications were considered 
to be those noted clinically and those found by X-ray examination (Table V). 

DISCUSSION 

Facilitation of post-operative care is the rationale for the use of epidural anaes- 
thesia and post-operative analgesia. Post-operatively, pain, a large body mass, and 

*SD = Standard deviation. 
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TABLE IV 

Duration of Duration in *Hospitalization 
Anaesthesia Recovery room Post Surgery 

(Hours) (Hours) (Days) 

Mean 4.2 26 11 
S.D. 4-1.0 4-9 4-2 

*Excludes two patients hospitalized for 4 and 42 days (see text). 
S.D. = Standard deviation. 

TABLE V 
POST-0PERATIVE PULMONARY COMPLICATIONS 

Patient 
Weight 

(lb) Clinical & Laboratory Chest X-Ray 

380 Low Pap, Interstitial pulmonary 
oedema 

340 Cyanosis, dyspnoea, low Pao~ Nil 
395 Febrile - due to intra- Pulmonary embolus 

abdominal complications 8 days post-operative 
235 Fever - chronic bronchitis Nil 
375 Fever Atelectasis 

the supine position guarantee a decrease in F.R.C. and a shift of tidal ventilation 
below closing volume, ls.8~ Intelligent therapy includes optimum analgesia, an 
increased inspired oxygen concentration and the use of all possible measures to 
ensure an F.R.C. above closing volume or at least similar to the pre-operative rela- 
tionship. Epidural analgesia avoids post-operative mechanical ventilation and the 
attendant potent central depressants or muscle relaxants required to control res- 
piration. In extubated patients narcotic analgesics are avoided. Patients who re- 
ceive epidural rather than narcotic analgesia after upper abdominal operations 
have higher oxygen saturations on the day following the operation? ~ Usually the 
pain from abdominal operations is associated with thoracic muscle spasm, increased 
intrathoracic pressure and decreased hmg volumes, including the F.R.C. :~8 This 
may be associated with post-operative hypoxaemia. ~4 Adequate epidural analgesia 
without central depression may a'lter this sequence and partially restore the de- 
creased F.R.C. towards normal? '~ Furthermore, during epidural analgesia patients 
can easily be nursed in a seated position, which further allows the F.R.C. to return 
towards pre-operative levels. Significantly none of the 16 patients in this series 
required post-operative mechanical ventilation and none required therapy other 
than that outlined above. 

S u ~ Y  

Sixteen extremely obese patients were anaesthetized for intestinal short circniting 
operations. Severe obesi .ty may cause pathological cardio-pulmonary changes. Car- 
diovascular alterations include increased systemic, pulmonary artery and pulmon- 
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ary capillary venous pressure. Cardiac output, total blood volume and left ventri- 
cular work increase. 

Expiratory reserve volume and consequently functional residual capacity de- 
crease with gross obesity. Functional residual capacity falls below closing volume 
and inspired gas may be distributed to non-dependent lung zones, resulting in 
decreased ventilation/perfusion ratios and arterial hypoxaemia. Low total respira- 
tory compliance increases the oxygen cost of the work of breathing. 

Obesity may change the dose requirements for regional anaesthesia and long- 
acting muscle relaxants. General anaesthesia may also reduce functional residual 
capacity. 

We used a technique of anaesthesia which consisted of epidural analgesia with 
intra-operative mechanical ventilation and which specifically avoided volatile in- 
halation agents and long-acting muscle relaxants. All patients were extubated im- 
mediately after operation and returned to the recovery room for an average dura- 
tion of 26 hours. Post-operative treatment included humidified oxygen, chest phy- 
siotherapy and elevation of the head of the bed to 45% Each patient's respiratory 
progress was monitored by repeated determinations of arterial blood gases and 
vital capacity and by serial chest X-rays. None of the patients in this group required 
post-operative tracheal intubation and mechanical ventilation. 

R~.SVM~ 

L'4tude porte sur 16 malades tr6s ob6ses anesth6si6s pour "by-pass" il6al. Une 
ob6sit6 importante peut entralner des changements cardio-pulmonaires. On ob- 
serve ff6quemment de l'hypertension art6rielle, de l'hypertension pulmonaire ar- 
t6rielle et veineuse. Le d6bit cardiaque, le volume sanguin total et le travail du 
ventricule gauche sont augment6s. 

Le volume de r6serve expiratoire et, par cons6quent, la capacit6 r6siduelle fonc- 
tionnelle sont diminu6s dans l'ob6sit4 grave. La FRC baisse sous le volume de 
fermeture et les gaz inspir6s peuvent se distribuer aux parties non d6pendantes du 
poumon, entralnant une hypox6mie secondaire ~t une diminution du rapport 
ventilation/perfusion. La compliance pulmonaire totale est basse ce qui augmente 
le travail respiratoire et la consommation d'oxygbne. 

L'ob6sit6 peut modifier les doses requises en anesth6sie r6gionale et en relaxants 
musculaires ~ longue action. L'anesth6sie g6n6rale contribue ~ diminuer la capacit6 
r6siduelle fonctionnelle. 

Notre technique d'anesth6sie comprend : analg6sie par 6pidurale et ventilation 
m6canique per-op6ratoire. On 6rite les agents volatiles et les relaxants musculaires 

longue action. 
Tousles malades sont extub6s imm6diatement apr6s chirurgie, et transf6r6s h la 

salle de r6veil o6 la dur6e du s6jour moyen ne d6passe pas 26 heures. Le traitement 
post-op6ratoire comprend: oxyg6ne humidifi6, physioth6rapie pulmonaire et t6te 
du lit lev6'e "~ 15 ~ On fait des contr61es de gaz art6riels, de capacit6 vitale et des 
R-X pulmonaires. 

Aucun des malades de ee groupe ne rut inmb6, ni ventil6 mecaniquement en 
post-op6ratoire. 
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