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CONTROLLED HYPOTENSION IN HIP JOINT SURGERY

An Assessment of Surgical Haemorrhage
During Sodium Nitroprusside Infusion

A. K. VAZEERY & O. LUNDE

Department of Anaesthesiology and Department of Orthopaedic Surgery, Central Hospital of Rogaland,

Stavanger, Norway

Controlled hypotension, combined with light balanced anaesthesia, was
employed during total hip replacement operations on 25 patients. Sodium
nitroprusside (Nipride, Rocbe), in the form of a 0.01 per cent (100 ug/ml)
infusion, was used as a hypotensive agent. The mean arterial blood pressure
(MABP) was lowered from 108 to 64 mmHg (range 60—70) (P<0.001). The
average blood loss during the operations was 212 m! and none of the
patients required homologous blood transfusion. In comparison with 25
normotensive patients undergoing similar surgery, the difference in the
mean volume of haemorrhage between the two groups was 826 ml
(P<0.001). The difference in the total haemorrhage, however, between the
same two groups was 518 ml (mean) (P<0.01). The results were compared
with those of another investigation in which epidural anaesthesia was used
to diminish bleeding during surgery on the hip.
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Induced hypotension in major surgical
operations has been in vogue for several years
yet its application has been hampered by
occasional unpleasant side effects caused by
either a lack of knowledge of the hypotensive
agent or of the technique used to accomplish
the diminished bleeding. The earlier
hypotensive  techniques of arteriotomy
(Bilsland 1951) were abandoned in favour of
more beneficial methods when the autonomic
ganglion blocking agents were introduced,
providing a relatively avascular field for
surgical procedures (Royester et al. 1951,
Steven & Tovell 1954, Holms 1956, Nayman
1960). Deliberate hypotension has been
employed in thoracic surgery (Lewis 1951),
prostatic surgery (Bruce 1960) and in large
blood vessel surgery (Glenn et al. 1954) in
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order to diminish the blood loss. It has also
been used to attain ischaemia of the surgical
wound in orthopaedic surgery (Holms 1956),
in gynaecological surgery (Linacre 1961) and
in reconstructive plastic surgery (Enderby
1961). Deviations from the normal clinical

state, such as hypovolaemic anaemia
and polycythaemia, have been clear-cut
contraindications in the same way as

cardiovascular or cerebrovascular, renal or
hepatic pathological involvement. In spite of
the fact that there has been considerable
criticism of hypotensive anaesthesia, the
promising results after surgical ischaemia
cannot be denied (Gillies 1950, Safar 1955,
Enderby 1961, Learmonth 1976). Never-
theless, deliberate hypotension cannot be re-
garded as a routine procedure and it is
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employed only when specifically indicated
(Eckenhoff 1955, Adams 1975). After the
initial introduction of methonium compounds
in induced hypotension, trimetaphan
(arfonad) became very popular due to its
evanascent action (Nicholson et al. 1953).
Later clinical experience, however, showed
that its application was not all that
straightforward (Payne 1956) because of the
histamine release. Moreover, it often created
problems due to tachyphylaxis. Halothane has
been used as an adjuvant to hypotensive
drugs (Smith et al. 1960, Neill & Nixon 1965,
Taylor et al. 1970) but its application in
elderly people cannot be entirely justified as it
has a potent myocardial depressive action.
The introduction of sodium nitroprusside
(SNP) has eliminated many of the hazards of
ganglion Dblocking agents although its
administration by experienced anaesthesio-
logists is absolutely essential due to its
highly potent action. Its use has been declared
safe by Vesey et al. (1976) (with appro-
priate authenticity) provided the dose does
not exceed a maximum of 1.5 mg/kg body
wt. This investigation was conducted to assess
the volume of haemorrhage during as well
as after surgery on the hip using SNP in
the dose recommended by the above-
mentioned authors (Vesey et al. 1976).

PATIENTS AND METHODS

A comparative study was conducted of 50 patients
with coxarthrosis who were operated on and fitted
with a Charnley prosthesis. The patients com-
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prising this group showed no signs of
cardiovascular or other systemic diseases.
{Deliberate hypotension has been employed in just
over 300 orthopaedic patients and the same
clinical criteria have been observed in each case.)
The standard Charnley operative technique was
used. Postoperatively the patients were treated
routinely with Warfarin sodium (marevan).
Twenty-five patients were operated upon under
normotension (NTN) and in the remaining 25
patients controlled hypotension (CHN) was
induced prior to operation. There were nine
patients who were operated on bilaterally, i.e. on
one side under NTN and on the other side under
CHN. The average age of the patients, 36 women
and 14 men, in both the groups was 70.4 years.
The ranges, however, varied slightly, being 57-86
years in the normotensive group and 55-80 years
in the hypotensive group (Table 1).

The surgical haemorrhage was measured by
weighing the wet swabs and the towels.
Postoperative blood loss was determined by
measuring the volume of blood in the vacuum
drain, which was usually removed 1-3 days after
the operation. A meticulous watch was kept on
the postoperative diuresis and a comparison was
made with the normotensive group. At the time of
insertion of the acrylic material, the clinical
changes in the patient, if any, were closely
observed. The patients were not given pro-

phylactic  treatment with antibiotics or
hydrocortisone.
The number of blood transfusions was

determined and compared with the normotensive
group. In the event of blood loss exceeding 500
ml, homologous blood was used for replacement.
The hypotensive group included a patient who
refused blood transfusion on religious grounds and
her wishes were complied with. Her haemoglobin
level dropped from 13.6 g on the day of operation
to 11.4 on the following day. It returned to normal
during the subsequent days.

The results of this investigation were compared
with a study conducted at the Academic Hospital,

Table 1. Patients treated for coxarthrosis with Charnley’s prosthesis under
normotension (NTN) or controlled hypotension (CHN} and light balanced
anaesthesia. (Data given as mean and range.)

Controlled
Normotension hypotension
No. of patients 25
Age (years) 70.4 (57-86) 70.4 (55-80)
Weight (kg) 68.6 (52-85) 69 (54-90)
Hb (g%) 13.8 (11.7-16.8) 13.9 (12.2-16.9)

Duration of operation (min)

109.4 (95-120)

94 (82-105)
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Uppsala, Sweden (Jakobson & Wigren 1972). The
21 patients in this study underwent 27 operations
using Muller’s prosthesis on the hip. Twelve
patients in this group received epidural
anaesthesia and 15 were operated under general
anaesthesia.

ANAESTHETIC TECHNIQUE

After a standard premedication with atropine 0.6
mg, pethidine 50100 mg and promethazine 25-50
mg (Hopkins et al. 1957) 1 hour before the opera-
tion, anaesthesia was induced using methohex-
itone 70-100 mg, followed by suxamethonium 50
mg. All the patients were artificially ventilated
(IPPV & Hyperventilation) with a mixture of
50-50 per cent oxygen and nitrous oxide.
Analgesia was provided using fentanyl and further
muscular relaxation was obtained with d-
tubocurarine (Albertson et al. 1956, Neill & Nixon
1965). All the patients received 1.0 1 Ringer's
acetate and 1.0 1 fructose on the day of the surgery.
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inserted into the radial artery for the continuous
monitoring of the mean arterial blood pressure
(MABP). Five minutes before the skin incision the
MABP was lowered to 60—65 mmHg Térr and
this was maintained throughout the surgery.
Halothane was added only when absolutely
necessary. The SNP infusion was discontinued
just before the closure of the surgical wound in
order to restore the blood pressure to the pre-SNP
levels. The surgeon was then asked to check the
bleeding points if any. The recording of the
MABP was as in Table 2. Arterial blood
specimens were collected before, during and after
the administration of SNP, in order to keep an eye
on any possible changes in the blood chemistry of
the patient. All the patients were lying in the
supine position during surgery.

RESULTS

Haemorrhage during surgery. The average
blood loss during controlled hypotension was

Prior to the commencement of sodium
nitroprusside infusion (0.01 per cent solution in 212 ml (range 160-350 ml). In the
5.5 per cent glucose), an intra-arterial cannula was normotensive group the mean surgical
Table 2. Mean arterial blood pressure (MABP) in mmHg (range in parentheses)
Normotension Controlled hypotension
At admission 126.1(87-180) # At admission 125.2 (85-183)
Before induction Before induction
of anaesthesia 114 (80-107)® of anaesthesia 108.2(90-130) ©

During operation 93.7 (80-107)

After extubation
At recovery from
anaesthesia

98.8(75-133)

116.2 (80-140)

After induction

of anaesthesia 91.8(73-117)4

During SNP infusion 64.4 (60-70) €
10 mins after
discontinuation of SNP  92.6 (78-120)

After extubation
At recovery from
anaesthesia

104.1 (85-127)

119 (83-143)

Difference a—b=20.3 (N.S.)
Difference ¢c—d=16.4 (P<0.05)
Difference c—e=43.8 (P<0.001)

Table 3. Mean haemorrhage in ml (range in parentheses)

. Controlled
Normotension h .
ypotension
Haemorrhage during operation 1038 (500-1750) # 212 (160-350) b
Postoperative haemorrhage 808 (590-1205) 877 (695-1130)
Total haemorrhage 1846 (1090-2725) ¢ 1328 (905-1335)d

Difference a—b=826 (P<0.001)
Difference c—d=518 (P<0.01)
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HAEMORRHAGE DURING POSTOPERATIVE HAEMORRHAGE
SURGERY (ml) i)
2000 2000
1500 1500
1000 1000
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40 S
20 4
0 34
CHN  NTN 24
CHN (CONTROLLED HYPGTENSION} 1 jl
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GA (GENERAL ANAESTHESIA) 0
EPID (EPIDURAL) CHN NTN EPID

Figure 1. Haemorrhage and operating time during
surgery for total hip replacement with different
anaesthetic techniques

haemorrhage was 1038 (range 5001750 ml).
The difference between the two groups was
highly significant, ie. 826 ml (P<0.001)
(Table 3). In the Swedish investigation, the
average blood loss was 1775 ml using general
anaesthesia but it was reduced to 820 ml
using epidural anaesthesia (Figure 1). The
difference between the epidural and the
hypotensive groups was also highly signifi-
cant (P<0.001).

Postoperative haemorrhage. It was noted that
the blood loss after CHN was slightly more
(mean 877, range 695-1130 ml) as compared
with NTN (mean 808, range 590-1205 ml).
The difference, however, was clinically in-
significant (Table 3). In the work done at
Uppsala the postoperative blood loss was 900
ml with both epidural and general anaesthesia
(Figure 1).

Total haemorrhage. The total blood loss
under controlled hypotension was on average
1328 ml (range 905-1335 ml) as compared
with the normotensive group where the mean
haemorrhage was 1846 ml (range 1090-2725).
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The difference between the two groups was
significant (P<0.01) (Table 3).

Operating time. The operating time was
reduced to a certain extent, i.e. from a mean
of 109.4 min (range 95-120) with normoten-
sion to a mean of 94 min (range 82—-105) with
hypotension (P<0.05) (Table 1).

Bilateral total hip replacement. In the nine
bilaterally operated patients the difference in
the blood loss during the operations was on
average 820 ml The operating time was
reduced by 15 per cent.

Blood transfusions. A blood loss of more than
500 ml was replaced by homologous blood
during the operation or immediately
afterwards. With CHN the patients required
an average of 1.6 units of blood. Under NTN
the wunilateral and the bilateral hip
replacements needed 3.3 and 3.16 units of
blood, respectively. Under hypotension not a
single patient required transfusion during
surgery. The difference in blood transfusions
between the normotensive and hypotensive
groups was highly significant (P<0.001).

Clinical evaluation of the patients

The following unusual complications were
observed,

Normotension
Controlled
hypotension

Moderate haematoma -
Thrombophlebitis
Myocardial insufficiency
(moderate, total haemorrhage
2725 mi) 1 -
Supraventricular tachycardia
during SNP infusion
(treated with practolol) -
Moderate reduction in Po, -
Accidental fracture -

[N
—

N -
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Under SNP-induced hypotension one
patient developed a tachycardia of 150/min.
She was treated with practolol and the pulse
stabilized and no further complications
ensued. One patient needed 0.5—1 per cent
halothane in order to maintain the MABP at
the desired low level. During SNP
administration there was an arterial reduction
of Po, in six patients (mean reduction 13.2
per cent) as compared with pre-SNP levels.
However all patients acquired their normal
Po, levels after the discontinuation of sodium
nitroprusside. Postoperatively, there was
one incident of thrombophlebitis in the
hypotensive group 30 days after surgery. It
was not related to SNP and the patient was
treated successfully. A moderate haematoma
occurred in the normotensive group. There
were no such complications after SNP
administration. One of the hypotensive
patients sustained a fracture of the femur, on
the day before discharge. She was reoperated
upon and had to stay in the hospital for
several months. This patient had been doing
very well before this accident happened and it
could not be attributed in any way to the
hypotension. The postoperative diuresis was
delayed in patients in the hypotensive group
but when compared to the normotensive
group there was no significant difference
clinicallty. There was no incidence of oligurea
or anurea in patients given controlled
hypotension. At the time of the insertion of
the acrylic material there was no change in
any of the parameters being monitored con-
tinuously. However, there was a slight
reduction in systolic blood pressure in two of
the normotensive patients (a mean reduction
of 11 per cent). The postoperative clinical
evaluation was conducted with the assistance
of the medical department of the clinic. In the
25 patients investigated, there was no
evidence of cardiovascular, cerebrovascular,
renal or hepatic complications immediately
after surgery or during the ensuing days. All
the patients were discharged after an average
hospital stay of 31 days (range 29-41) with
the exception of the patient who sustained a
fracture of the femur.
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DISCUSSION

Systematic hypotension without compen-
satory oxygenation of the central nervous
system leads to neuropathological conse-
quences derogatory to cerebral function due
to reduction in the cerebral blood flow.
However, the circulatory insufficiency
responsible for the diffuse changes in the
brain of the Rhesus monkey, in the study by
Brierley & Excell (1966), has not been
attributed entirely to the systemic hypoten-
sion but to a combination of hypotension and
the head-up position of the subject (Adam et
al. 1966). This combination results in a
markedly reduced oxygenation of the brain
tissue and thus a deleterious effect on brain
metabolism (Brierley & Excell 1966). The
effects of deliberate hypotension on cerebral
haemodynamics are dependent largely on the
compensatory mechanisms present in an in-
dividual. There appears to be little danger of
cerebral anoxia in the supine position when
the mean arterial blood pressure is reduced to
a level as low as 55 mmHg (Morris et al.
1953) with ganglion blockade. There is no
evidence of cerebral dysfunction in induced
hypotension as long as the blood flow in the
brain is not interrupted significantly (Slack &
Walter 1963). Deliberate hypotension is
regarded as safe, as long as the systolic blood
pressure is not reduced below 50 mmHg
(Slack & Walter 1964). In actual practice,
levels of mean arterial blood pressure lower
than 60—65 mmHg are not necessary and no
undesirable effects have been reported with a
combination of careful monitoring and correct
positioning of the patient subjected to
induced hypotension (Royester et al. 1951,
Eckenhoff 1955, Tough 1960, Enderby 1961,
Linacre 1961, Lindop 1975). Continuous
arterial monitoring is a simple procedure and
without ill-effects on the patients (Brown et
al. 1969, Zorab 1969). This was achieved in
all 25 patients in the present investigation
and did not inconvenience the patients in any
way. There were no psychological dis-
turbances, assessed on the same principles as
suggested by Eckenhoff et al. (1964)
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Respiratory function has not been found to be
reduced after exposure to deliberate
hypotensive anaesthesia. On the contrary it
has been proposed that hypotension can
increase the vital capacity of the patient
(Bromage 1956). There was no evidence of
any significant changes in the pattern of
diuresis as compared to normotensive
anaesthesia. Measurement of diuresis in
relatively short-term surgery (mean operating
time, 94 min) was considered unjustifiable
due to the possible risk of infection. Previcus
studies have shown that induced hypotension
does not significantly change the renal blood
flow, due to the presence of compensatory
mechanisms resulting in renal vasodilatation
and increased renal plasma flow offering pro-
tection from significant anoxic effects
(Shipley & Study 1951, Miles et al. 1952,
Evans & Enderby 1952).

After these comprehensive studies on the
capability of the vascular system to withstand
a low systolic blood pressure of 50 mmHg
and attain recovery by compensatory methods
(Kohlstaedt & Page 1943), patients were
submitted to a brief period of simulated
shock, with simultaneous continuous
monitoring, with beneficial results. In
addition to trials with arteriotomy (Bilsland
1951), high spinal anaesthesia has been
employed concomitantly to facilitate surgery
(Sarnoff & Arrowood 1946, Lynn et al. 1952).
Thus surgery on the hip which was con-
sidered a serious undertaking has been
rendered more beneficial and without grave
after effects (Kern 1952, Welch et al. 1975,

Donaldson 1975). Nevertheless the fact
remains that, in the performance of
arthroplasty, both trauma and profuse

haemorrhage remain a challenge to the
surgeon and the anaesthesiologist. The pre-
vention of shock can be accomplished by
efficient surgical techniques and prompt blood
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transfusion (Keith 1977) but it is a disturbing
fact that one has to submit these often old
and frail patients to massive blood
transfusions.

For several years methonium compounds
as well as trimetaphan (arfonad) have been
employed to avoid cumbersome blood
transfusions or in the majority of the cases
diminish them. Recent clinical application
of a peripheral vasodilator, sodium nitro-
prusside, which was recommended as early
as 1929 by Johnson, has solved many
problems for those engaged in hypotensive
anaesthesia. However, its high potency and
the use of inadvertently large doses have led,
in a few cases, to highly disappointing results
(MacRae & Owen 1974 and others) which
cannot be overlooked. After its initial clinical
trials (Page et al. 1955, Moraca et al. 1962,
Taylor et al. 1970, Siegal et al. 1971), its
metabolic effects have been extensively in-
vestigated (Vesey et al. 1974, 1976) and it has
been found not to cause any significant
changes in cerebral haemodynamics (Griffiths
et al. 1974). It is thus considered superior to
other hypotensive agents (Styles et al. 1973,
Landaver 1976). It can, however, cause
tachycardia as well as moderate reduction in
the arterial Po, levels, but these return to
normal levels after its discontinuation
(Wildsmith et al. 1975). The maximum dose
which earlier was considered to be 3.5 mg/kg
body wt. (McDowall et al. 1974) has been
reduced to 1.5 mg/kg body wt. after com-
prehensive investigations (Vesey et al. 1976).
In the study reported herein an average dose
of 0.54 mg/kg body wt. was employed (Table
4), which is well below the recommended max-
imum dose. In a further investigation it has
been demonstrated that the dosage of SNP can
be successfully lowered by using larger doses of
neuroleptic drugs in patients undergoing a
variety of different types of surgery (Vazeery et

Table 4. Sodium nitroprusside (SNP) infusion

Duration of SNP infusion {(mean and range)

Amount of SNP (mean and range)

80 (66—100) min
37.4 (13-50) mg
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al.). Its use over longer periods is not recom-
mended (Nourok et al. 1964). Controlled hypo-
tension accomplished by a combination of
sodium nitroprusside, curare (Thomas 1957,
Neill & Nixon 1965), and moderate hyperven-
tilation (Schieve & Wilson 1953, Harp &
Wollman 1973) can be extremely beneficial to a
patient undergoing total replacement of the hip,
provided the clinical state of the patient is
monitored continuously by experienced anaes-
thesiologists. It has its value in major ortho-
paedic surgery when it is mandatory to avoid
large blood transfusions.
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