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Nadolol and potassium iodide in 
combination in the surgical 
treatment of t hyrotoxicosis 

With the two aims of rapidly reducing circulating thyroid hormone 
levels and controlling the symptoms of thyrotoxicosis, we have 
prepared 17 thyrotoxic patients for  subtotal thyroidectomy, using a 
combination of potassium iodide administered for  10 days and the 
long acting beta-adrenoceptor antagonist nadolol. All I 7  patients had 
normal serum thyroxine levels after 10 days of such treatment 
although 10 still showed elevation of serum tri-iodothyronine and 
considerable elevation in the most severely toxic patient. All patients 
were, however, clinically euthyroid preoperatively . 

Nadolol was adminstered once daily, hence avoiding the problems 
of drug administration in the immediate postoperative period, and 
plasma nadolol concentrations were high throughout the perioperative 
period. Serum thyroxine and tri-iodothyronine levels were signiji- 
cantly lower and reverse tri-iodothyronine levels higher 24 h post- 
operatively than before operation. All patients remained stable 
throughout the perioperative period. 

We  conclude that this regimen has a number of advantages in the 
preparation of patients f o r  thyroidectomy, in reducing the degree of 
thyrotoxicosis, in convenience of drug administration and in ensuring 
adequate circulating concentrations of beta-adrenoceptor antagonist 
whilst still retaining a relatively short preoperative phase of drug 
treatment . 

Subtotal (partial) thyroidectomy is widely performed as de- 
finitive treatment for thyrotoxicosis (1, 2). While propranolol 
alone may be adequate preoperative preparation (3-7) the 
perioperative course, particularly in severely thyrotoxic 
patients, can be complicated despite large doses (8). Oral 
administration in the immediate postoperative period may be 
difficult and adequate plasma levels can be guaranteed only by 
giving propranolol via nasogastric tube (9). In patients pre- 
pared with propranolol the metabolic and endocrine response 
to surgical stress is abnormal with impairment of the normal 
rise in blood glucose and cortisol levels during and after 
thyroidectomy (10). 

Propranolol was first used as a preparation for surgery in 
association with potassium iodide (Lugol’s iodine) (3, 11, 12) 
and 10 days’ preoperative treatment produced a significant fall 
in circulating thyroid hormones and allowed operation on 
patients who were euthyroid or with only minor elevations of 
serum tri-iodothyronine (T3) (1 3). 

The non-selective beta-adrenoceptor antagonist nadolol con- 
trols the symptoms and signs of thyrotoxicosis, gives a modest 
reduction in circulating serum T3 concentrations (14, 15) and 
produces prolonged beta-adrenoceptor blockade in thyrotoxic 
patients at a dose of 160 mg given once daily (14). In addition 
the drug is poorly lipid soluble and might be expected to be free 
from centrally mediated neuroendocrine effects. 

A combination of potassium iodide and nadolol (ad- 
ministered once daily) might therefore overcome the problems 
encountered when operating on thyrotoxic patients using 
propranolol alone and we report our experience using this 
combination in 17 patients including some with severe 
thyrotoxicosis. 

Patients and methods 
Seventeen patients (1  male, mean age 35.8 years) of whom 16 had 
Graves’ disease and 1 a toxic multinodular goitre, consented to the 
study which had local Ethical Committee approval. Sixteen patients 
received nadolol alone for a mean of 16.2 days (range 3-28) including 8 

patients taking part in a 3-week study of the dose-response relation- 
ships of nadolol in thyrotoxicosis (14). The dose of nadolol. 80mg 
initially, was increased to 160mg daily after 3-7 days treatment. In I 
patient the dose was subsequently reduced again to 80mg because of 
the development of ankle oedema in association with bradycardia. All 
17 patients then received nadolol and potassium iodide 60mg three 
times daily for a further 10 days and were then admitted to hospital for 
subtotal thyroidectomy the following day. Surgery was deferred for 5 
days in 1 patient because of an acneiform rash on the upper chest 
possibly related to iodide allergy. Iodide was discontinued. nadolol 
160 mg continued and oxytetracycline administered. 

On the morning of operation nadolol 160mg (80mg in 1 patient 
referred to above) was administered at 6a.m. With one exception who 
received no premedication, patients were premedicated with papavere- 
tum 10-20mg and hyoscine 0.2-0.4mg and anaesthesia was induced 
with thiopentone 5 mg/kg and alcuronium 0.25 mg/kg. Maintenance 
anaesthesia was with N,O/O, (70/30 per cent) with supplementation 
using halothane 0.5 per cent. During the operation patients received 
Hartmann’s solution, 500 rnl during the first hour and 500 ml during 
the subsequent 2 h, followed by 5 per cent dextrose in water-1500ml 
during the following 18 h. Postoperative analgesia was with methadone 
7.5 mg or cyclimorph (cyclizine 50 mg + morphine 10 mg) and anti- 
emetic therapy was with prochlorperazine 12.5 mg. The surgical tech- 
nique was comparabie in all patients, with the thyroid remnant being 
left equal in size to  a 10-g section of the excised gland. Patients were 
followed closely postoperatively and in addition to regular pulse, blood 
pressure and temperature recordings. all patients were reviewed after I .  
4. 8 and 24 h. Nadolol was continued for 5 days. 

Blood was taken at  the time of diagnosis (all). before starting on 
iodide (12 cases), on the day of admission (all), and 24h post- 
operatively (13 cases) and serum was frozen at  -20°C for estimation 
by radioimmunoassay of serum tri-iodothyronine (T3) and thyroxine 
(T4) (16) and reverse tri-iodothyronine (rT3) (17). Blood was also 
withdrawn, in 12 patients, 12 h post-dosing on the day of admission 
and during the perioperative period. and plasma was frozen at -20 -C 
for subsequent assay of nadolol(18). Blood glucose was measured by a 
glucose oxidase method at intervals before. during and after operation. 

Comparisons in individual patients have been made using the 
Student’s / test for paired observations and correlations obtained by 
the method of least squares regression. Data throughout are presented 
as  mean values ks.e. of the mean. 
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Results 
Changes induced by treutment preoperutivelj 
Eject  oti t l i jwid status: Seven patients were considered to be 
severely thyrotoxic at initial assessment with the 
Crooks- Wayne diagnostic index for thyrotoxicosis ( 1  9) (i.e. 
2 30 and serum T3 2 8 nmol/l). No patient was clinically thyro- 
toxic when admitted to hospital 1 day before operation. 
Changes in serum T3 and T4 are shown in Table I .  On the day 
of admission for operation all patients had a normal serum T4 
although only 7 had a normal serum T3, with the remainder of 
the patients therefore exhibiting biochemical T3 toxicosis. In 
most cases the serum T3 was modestly elevated (up to 
3.95 nmol/l) but one patient, initially severely thyrotoxic, had a 
serum T3 of 5.80 nmol/l (T4, 1 I 1 nmol/l).There was no corre- 
lation between the initial serum thyroxine and the preoperative 
serum thyroxine but there was a weak correlation ( r  = 0.68, 
P<O.OI) between initial serum T3 and preoperative serum T3 
(Fig. I ) .  
Efects  on heart rate: Mean casual sitting pulse was 1 1 4 k 5  
beats/min at time of diagnosis and 6 9 k 2  beats/min at 12h 
post-dosing on the day of admission with all patients having a 
casual sitting pulse of <90 beats/min at this time. The mean 
reduction in casual sitting pulse rate was 39 3 per cent. One 
patient initially in atrial fibrillation had reverted to sinus 
rhythm with nadolol alone. 

Operative course 
Clitiic~rd state: Recordings of pulse rate and systolic blood 
pressure at predetermined time intervals are shown in Fig. 2 
(readings at intermediate times did not differ significantly) and 
were stable during the 24-h postoperative period. Four patients 
developed bradycardia ( < 50 beatsimin) within 30 min of the 
induction of anaesthesia and in all cases this responded rapidly 
to intravenous atropine 0.3-0.6 mg. One patient was hyper- 
tensive and agitated immediately postoperatively but showed 
no sweating, tachycardia or pyrexia. Her condition settled 
rapidly with sedation and she was thereafter stable. Mean 
blood loss was 102k20ml due to thyroidectomy. 

No case of thyrotoxic crisis or exaggeration of the thyrotoxic 
state (tachycardia, temperature > 38 "C, sweating, mental con- 
fusion and agitation) was seen and the mean temperature 24 h 
postoperatively was 37 k I "C. Two patients, both cigarette 
smokers, developed evidence of postoperative chest infections. 
Patients were mobilized on the first postoperative day and the 
mean period of hospitalization was 7 days. 
Biocheniicul parameters: Changes in thyroid hormones in the 
perioperative period are shown in Table I .  T4 fell slightly but 
significantly (PcO.05) while there was a marked reduction in 
serum T3 (P<O.OOl) associated with a significant rise in serum 
reverse T3 (P<O.OOI) .  Of the 13 patients in whom serum T3 
was measured 24 h postoperatively, 2 had an elevated serum T3 
concentration (2.63 and 3.17nniol/l). In the patient in whom 
potassium iodide was discontinued for 5 days before operation 
the serum thyroid hormones rose briskly with serum T3 rising 
from 3.22 to  7,34nmol/l on the preoperative day. This patient 
also showed the pattern of fall in T3  and rise in rT3 on the day 
of operation but the data are not included in the values in Table 
I for the 24-h postoperative column. 

Mean serum calcium reached its nadir on the first post- 
operative day at  2. I5 f 0.03 mmol/l and no patient showed 
evidence of tetany. Blood glucose estimations in the peri- 
operative period are shown in Fig. 2 and no patient was 
hypogl ycaemic. 

Plasma nadolol concentrations in the perioperative period 
are shown in Table II. Plasma nadolol was maximal during the 
operation and decayed slowly thereafter. Plasma nadolol con- 
centrations 12h post-dosing on the day of operation (i.e. 
approximately 8 h postoperatively) were strikingly and sig- 
nificantly higher than on the day before operation ( P <  0.00 I) .  
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Discussion 
We had two main aims in embarking on the present study. 
First, to overcome the problems associated with propranolol 
administration in the perioperative period by using nadolol 
administered once daily and secondly to avoid the potential 
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Table I: VALUES O F  THYROID HORMONES 

T4 T3 rT3 
(nmol/l) (titnol/l j ( ntnol/l) 

At diagnosis 230k I8 7.72 0.74 1.26 f 0.1 2 
On nadolol 225+ 17 6.95 k 0.43 1.55 f 0.30 
After 10d 91 k 7  2.85 0.24 0.59 f 0.06 

24 h postop. 85+7 1.53 k0.23 1.22 k0.16 
0- 15-0'48 Normal range 75-140 0.9-2.4 

nadolol+ KI 

Postop., postoperatively. 
Values are means;t s.e.m. 

Table II: PLASMA NADOLOL CONCENTRATIONS 

I d  Before Inlra- Posiop. 
preop. pretned. op. 4 ii 811 24h 

Plasma 134k34 338+55 602+68 531 k 5 6  438+45 3 0 5 i 4 4  
nadolol 
(ngiml) 

PreOp.. preoperatively; premed., premedicdtion; intra-op.. intra-operatively; 
postop., postoperatively. 
Values are means&s.e.m. 

hazards of operating on severely thyrotoxic patients by using a 
10-day course of potassium iodide to block thyroid hormone 
secretion while still retaining a relatively short period of 
preoperative preparation. 

The second of these aims was partially achieved with all 
patients showing a normal serum T4 at  the time of operation. 
Ten patients, however, still had elevated serum T3 and this 
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comparatively large number remaining thyrotoxic after 10 days 
of potassium iodide is a t  variance with the findings of Feek et 
al. (13). There was a weak correlation between serum T3 levels 
before and after treatment with nadolol and potassium iodide 
and such a correlation was also found by Emerson (20, 21) who 
in addition noted that a rebound increase in serum T3 may 
occur as early as 4 days after introduction of iodide. The 
finding of a correlation between serum T3 levels before and 
after treatment and the potential for early escape from iodide 
control suggests that it is the very toxic patient with a high 
initial serum T3 value who may be inadequately controlled by 
iodide or escape from iodide control. We therefore feel that the 
thyroid status of an initially very severely toxic patient cannot 
be confidently predicted after 10 days of beta-blocker and 
iodide and that it is preferable to  render such a patient 
euthyroid with antithyroid drugs before embarking on surgery. 

Since many of our patients were biochemically thyrotoxic a t  
the time of operation this emphasizes the need for adequate 
circulating levels of beta-adrenoceptor antagonist during and 
after operation. The present study has shown that plasma 
nadolol levels are high throughout the perioperative period and 
are indeed higher than expected postoperatively. The likely 
explanation for this is that nadolol is poorly absorbed (22) and 
the effects of premedication and surgery may increase bioavail- 
ability by inhibiting gut motility. 

The high plasma nadolol levels were reflected in patients’ 
pulse rates in the perioperative period, which were in general 
very stable. The only problem encountered was bradycardia 
which developed in 4 patients shortly after induction of 
anaesthesia and was responsive to atropine. Hyoscine, which 
was used as premedication in all these patients, is known to 
cause secondary bradycardia (23) and it is clear that caution 
should be exercised in its use in a patient with a high degree of 
beta-adrenoceptor blockade. One further advantage of sus- 
tained high circulating drug concentrations is that the timing of 
surgery on the day of operation in relation to the timing of drug 
administration is not critical. 

While the dose of nadolol used in this study ( 1  60 mg in all but 
one patient) has previously been shown to be necessary to 
produce 24-h beta-blockade in the majority of thyrotoxic 
patients (14), it may be that patients who have been rendered 
less thyrotoxic by potassium iodide and in whom the drug 
pharmacokinetics are strikingly altered during the operative 
period will require a smaller dose of nadolol. The use of the 
higher dose does, however, add some flexibility to the timing of 
the operation in relation to the course of potassium iodide 
treatment, particularly if for any reason such as intercurrent 
illness the timing of operation has to be delayed. 

The changes in thyroid hormones over the course of 
operation are similar to those previously described during 
thyroidal and non-thyroidal surgery (10, 13, 24, 25) with a 
striking fall in serum T3 and rise in serum rT3. Since serum T4 
fell significantly in the 24 h postoperatively there appears to be 
no excessive release of stored thyroid hormone, thus allaying 
the fears expressed by Pimstone (26). The rise in.blood glucose 
in response to  surgical stress in all patients appeared to be 
normal despite fasting and a high degree of beta-adrenoceptor 
blockade. Short term alleviation of the thyrotoxic state may 
therefore allow repletion of hepatic glycogen reserves which are 
known to be depleted in thyrotoxicosis (27). 

In summary, we feel that this regimen has a number of 
advantages, particularly in rapidly reducing the levels of 
circulating thyroid hormones and in overcoming the problems 
associated with propranolol and its administration in the 
perioperative period. Surgery and anaesthesia appear to  alter 
the pharmacokinetics of nadolol to increase plasma concen- 
trations and the present study suggests that the dose of nadolol 
(1 60 mg) administered on the day of operation may be higher 
than is necessary in some patients. Further work will be 
necessary to clarify this point. 
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