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Discussion

Tetracycline may affect renal function in several ways. (1)
Degraded tetracycline produces renal tubular abnormalities
resembling those found in the Fanconi syndrome (Gross,
1963), and experimental studies suggest that anhydro-4-
epitetracycine is the toxic compound (Benitz and Diermeier,
1964). (2) In some normal subjects tetracycline has a natriuretic
and diuretic action (Shils, 1963; Roth et al., 1967). Although the
mechanism for this action is not understood, dehydration in
patients with pre-existing renal disease will lead to increas-
ing azotaemia. (3) In normal subjects tetracycline has an anti-
anabolic effect, and failure to utilize ingested proteins
causes a rise in the blood urea (Shils, 1963). (4) Intravenously
administered tetracycline, usually but not always in a dose
exceeding 1 g. daily and particularly in pregnancy, may cause
hepatic necrosis, and this may be accompanied by renal fail-
ure (Kunelis et al., 1965). In animals the toxic effects of tetra-
cycline are related to the blood level, which is higher when
renal disease impairs urinary excretion of the drug (Farhat et
al., 1958). Hyperbilirubinaemia, myoglobinaemia, haemoglo-
binaemia, and dehydration render the kidney- vulnerable to
the development of acute tubular necrosis in appropriate cir-
cumstances, such as postoperative shock. In animals a combi-
nation of haemoglobinaemia and tetracycline may produce
renal tubular necrosis, whereas neither alone has this effect
(Tapp and Lowe, 1966). In man tetracycline may perhaps
have a similar action on an already vulnerable kidney.

In the present two cases the tetracycline was of recent
manufacture and the drug was not given intravenously. Which
of the other possible mechanisms was responsible for the in-
creased azotaemia is uncertain. There is evidence in Case 1,
judging by the patient's weight loss and the development of
dehydration, that tetracycline caused a natriuresis and diure-
sis. This is supported by the negative sodium balance and
subsequent sodium retention, the weight gain, and the fall in
haematocrit that occurred when the tetracycline was stopped
(Fig. 1). We have no evidence as to the effect of tetracycline
on nitrogen metabolism in these two patients. In retrospect we
accept that, in view of the initial impairment of renal function
in both patients, the dosage of tetracycline used was too high
or an alternative antibiotic should have been given.

Conclusions
Treatment with tetracycline merits wider recognition as a

possible cause of deterioration in a patient with pre-existing
azotaemia or occult renal disease. We suspect that, in more
instances than the literature indicates, a rise in blood urea and
clinical deterioration occurring during treatment of renal in-
fection with tetracycline is ascribed to progression of the
pyelonephritis rather than to the tetracycline. Present evidence
suggests that tetracycline should not be used in patients with
impaired renal function, but if this is ever necessary the
dosage should be reduced and the blood urea level checked
frequently as recommended by Kunin et al. (1959). This anti-
biotic should not be prescribed for patients predisposed to
renal tubular necrosis by hyperbilirubinaemia, haemolysis, or
postoperative shock. Intravenous tetracycline should be
avoided in a dose exceeding 1 g. daily and should never be
given to pregnant women. Outdated degraded tetracycline
must never be used.

We wish to thank Dr. R. I. S. Bayliss for permission to publish
these cases and for considerable help in the preparation of the
manuscript. We are also grateful to the departnent of chemical
pathology for many of the biochemical determinations. Part of
the cost of studying these patients was defrayed by a grant to the
metabolic unit from the Westminster Hospital Governors and
the Medical School's Research Fund.
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S ummary: A clinical and electrophysiological follow-
up study was done on 23 patients with ulnar neuritis

treated by surgical transposition of the nerve at the
elbow. Pain was relieved in all those affected and other
sensory symptoms showed some degree of improvement
in most. Weakness tended to persist, but recovery of full
use of the hand followed operation in 74%. Muscle
wasting was the least likely to improve. The chance of
recovery-after operation was greatly reduced in patients
in whom preoperative symptoms had been present for
more than one year.

Introduction
Anterior transposition of the ulnar nerve is considered to be
the treatment of choice for established cases of ulnar neuritis
in which the lesion can be shown to be at the elbow (Sun-
derland, 1968).

Most reports of the results of surgical treatment of ilnar
neuritis have been optimistic (Richards, 1945; McGowan,
1950; Nigst, 1953; Jensen, 1959). Few cases, however, have
been followed over a long period and few results have been
analysed in detail. In particular little is known of the factors
affecting the prognosis after transposition, though both
McGowan (1950) and Jensen (1959) were able to show that
the slighter the paralysis the greater the chance of recovery.
We have recently completed a follow-up study of a group

of cases operated on at the National Hospital, Maida Vale, in
which particular attention has been paid to the degree of re-
covery and to the factors which affected it.
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Material and Methods

Twenty-nine patients were operated on between 1953 and
1967 and all were under the care of Professor Valentine Logue
or Mr. Lindsay Symon. Two have since died, two have left the
country, and five others could not be traced. Twenty patients
(12 men and 8 women) attended for review. Bilateral
procedures had been carried out in three subjects, so the
results of operation were available in 23 instances. The follow-
up period varied from 2 to 16 years (mean 6.0 years).
There had been a fracture at the affected elbow in three

cases (39, 39, and 45 years previously) and in another three
severe trauma to the elbow was well documented (one, one,
and nine years previously). In addition, one patient had sus-
tained a hyperextension injury of the elbow 15 years previously.
Clinical abnormality of the elbow was seen in 15 cases with
an increased carrying angle and a limited range of extension
and sometimes of flexion. X-ray films of the elbow had shown
changes of osteoarthritis in 11 cases. In six cases there was
neither clinical nor x-ray abnormality of the elbow. The
dominant hand was affected in nine instances and the non-
dominant in eight. Bilateral lesions occurred in three subjects.
No patient had diabetes mellitus or any other general condi-
tion associated with peripheral nerve lesions. One had meral-
gia paraesthetica, but no other entrapment neuropathies had
occurred in the group. None gave a history suggestive of ab-
normal liability to pressure palsies, nor a family history of this
(Earl et al., 1964).
The operation consisted of mobilization of the nerve from

the ulnar groove and its anterior transposition. The inter-
muscular septum was divided and in many cases the fascial
sheath of flexor carpi ulnaris was also incised. In four early
cases a bed was made in the muscles of the forearm for the
transposed nerve (Learmonth, 1942).
The patients' preoperative symptoms were sought by direct

interview and by reference to thL .1 ital records made at the
patients' first visits and at the ti: c-4 their operations. In the
case of discrepancies the notes made at the time of operation
were considered to be the most reliable.
The patients were all examined by both observers and

routine electrodiagnostic studies were made. Motor conduc.
tion was studied by use of surface electrodes over the ab-
ductor digiti minimi or a concentric needle electrode was in-
serted in the first dorsal interosseus; the ulnar nerve was then
stimulated at the wrist and above the elbow. The maximum
motor conduction velocity was then calculated as usual from
the measurement of latencies. A sensory action potential was

sought at the wrist during stimulation of the fifth digit by
ring electrodes (Gilliatt and Thomas, 1960).

Results
Preoperative Symptoms
In eight instances pain was felt in the ulnar border of the

palm, in the ulnar-supplied fingers, or in the ulnar border of
the forearm. In 20 instances the patients complained of tin-
gling or pins-and-needles in the palm or in the ulnar-.
supplied fingers, and in 21 numbness was noted in the same

territory. All complained of weakness, and in 21 instances the
patients had noticed wasting of the hand muscles. Functional
loss was present in all, with difficulty in fine movement (use
of knife or fork, buttoning clothes, holding small objects, etc.).
Duration.-The history was longer than 12 months in six

instances, in four others the symptoms had been present for
about a year,'and in the remaining 13 the history was shorter
than 12 months.

Postoperative Symptoms and Findings

At follow-up no patient complained of pain in the ulnar
territory, and the relief of this symptom had been prompt in

all eight cases (Table I). In all instances there had been ani
initial complaint of weakness. In 17 there had been sufficient
improvement for the patients to be able to say that they had
full use of the hand, and in nine instances weakness was now
denied. On examination, however, all but three showed some
residual loss of power in ulnar-supplied muscles.

TABLE I.-Outcome of Symptoms

No. of Patients
Pre-

Symptom operative

Weakness
Wasting.
Pain .

Tingling

Numbness

Worse

23
21
8

20

21

1

0

1

Postoperative
Improved

but
still

Same present

5

8
0

3

4

8
12
0

10

5

Total
Now No.
denied improved

9
0

8
6

11

17 (74%0)
12 (57 0)
8(100 %O)
16 (80%)
16 (76%)

Still
present

on
exam.

20
20

Sensory
change
in 19

Of the 21 cases with wasting, 12 had shown some im-
provement, though in only one did we fail to demonstrate
persistent loss of muscle bulk.

In 20 instances there had been a preoperative complaint of
tingling. In 10 this had been partly relieved and in six it had
been abolished. There had been 21 cases with numbness; in
11 this was now denied, and in five others it was reported as
improved. Despite this improvement in sensory symptoms it
was possible to demonstrate sensory change in 19 cases. In
nine of these objective evidence of sensory loss was unasso-
ciated with symptoms.
Only one patient complained of continued progression of all

her symptoms despite surgery (Case 1, Table II). She had both
the longest history (six years) and the most severe lesion. No
patient complained of any new symptoms since the time of
the operation and none complained of pain in the scar. Local
tenderness was slight and uncommon.
On examination only one patient had a clinically normal

hand. In all the others there was persisting evidence of ulnar
nerve damage. Two showed a motor defect only and one
showed a sensory abnormality alone.

Electrodiagnostic Studies
The motor conduction velocity in the elbow-to-wrist

segment of the ulnar nerve was measured in all cases except
one, in whom denervation appeared complete. There was a
comparable preoperative record available in 17 cases and the
figures are compared in the Chart. There is a clear tendency
for an increased motor conduction velocity to be found post-
operatively.
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Comparison of the maximum motor conduction velocity in the elbow-to-
wrist segment of the ulnar nerve preoperatively and postoperatively in

17 cases.
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A sensory action potential was sought at the wrist in all
cases. It was absent in 13, reduced in seven, and only within
the normal range in three. Insufficient preoperative studies
had been done for comparisons to be justifiable.

Relation of Outcome to Duration of Symptoms

Relief of pain occurred in every case. The recovery of other
symptoms was more variable and persistent signs were com-
mon, although full use of the hand was possible in 17 of the
23 cases.

TABLE II.-Outcome of Symptoms

-Duration-
Pre-

operative
Case symptoms
No. (months) Weakness Wasting Pain Tingling Numbness

1 72 - x -

2 36 + 0 + + 0
3 36 + 0 x 0 0
4 24 + + x +
5 18 0 0 + 0 0
6 16 0 0 + + 4+
7 12 + + x 0 0
8 12 + 0 + + +
9 12 + + + + +
10 12 + + x + +
11 11 + x + x +
12 11 -4 ± x 4- +
13 10 0 + x + 4-
14 9 + 0 x x x
15 6 0 0 + + +
16 6 + + x + +
17 6 - + x x +
18 6 + 0 x + +
19 4 + + x + +
20 4 + + + + +
21 3 0 + x + +
22 2 + x x + +
23 1i + +- x 4+ +

+ = Improved. - = Worse. 0 = Unchanged. x = Not present initially.

The one factor which seemed to influence the outcome was
the duration of the preoperative symptoms. In Table II the
patients are listed in order according to the duration of pre-
operative symptoms. Except in Case 1, who had the most
complete lesion preoperatively, there was no correlation
between length of history and severity of symptoms. Table
II sets out the outcome of each patient's preoperative
symptoms. It can be seen that the cases with the longest
histories had the worst prognoses. In the group of
six whose symptoms lasted more than one year before
surgery was undertaken, improvement in weakness occurred
in three, one showed some return of muscle bulk, and
one of the five claimed improvement in numbness.
Three of the six had unrelieved tingling. In the 17 cases
with a history of 12 months or less relief of symptoms was
usual. Thus 15 of the 17 reported increased power, 11 out of

15 thought that the wasting had improved. Thirteen out of 14
had less tingling, and 14 out of 16 had less numbness.

Discussion

The optimistic reports in earlier studies are supported by
the present findings. In particular 74% (17 out of 23) regained
full use of the hand after surgery and all who had experi-
enced pain were relieved. Despite the overall successful out-
come, however, minor symptoms persisted in many, and in the
majority residual neurological deficit was obvious. The resi-
dual wasting and weakness found on examination contrasted
with the claim of functional improvement. The degree of
motor recovery had presumably been sufficient for ordinary
purposes (two patients with an occupation demanding manual
dexterity (tailoring) noted residual difficulties).
There is clearly a relation between the length of history and

the results of surgery. If symptoms continued beyond 12
months less successful results were obtained from transposi-
tion. Referral for early surgery seems to be indicated, there-
fore, though some delay in the early months does not appear
to make any significant difference (Table II).
The electrophysiological studies in this group showed a

tendency for motor conduction velocity to increase after
operation (see Chart). The presence of some fibres with slow
conduction, however, presumably accounts for the failure of
return of the sensory action potentials.
The aetiology of ulnar neuritis is still debated (Sunderland,

1968; Vanderpool et al., 1968). The high incidence of clinical
abnormality of the elbow joint and the frequent radiological
evidence of osteoarthritis clearly suggests that mechanical
factors at the elbow were likely to be responsible in the pre-
sent group.

Information comparable to that obtained from the present
study is needed from a series of cases treated by local de-
compression to decide the relative merits of the two operative
techniques.

We wish to thank Professor Valentine Logue and Mr. Lindsay
Symon for permitting us to study patients under their care and for
their advice and encouragement.

REFERENCES
Earl, C. J., Fullerton, P. M., Wakefield, G. S., and Schutta, H. S. (1964).

Quarterly Journal of Medicine, 33, 481.
Gilliatt, R. W., and Thomas, P. K. (1960). Journal of Neurology, Neuro-

surgery and Psychiatry, 23, 312.
Jensen, E. (1959). Acta Psychiatrica et Neurologica Scandinavica, 34, 205.
Learmonth, J. R. (1942). Surgery, Gynecology and Obstetrics, 75, 792.
McGowan, A. J. (1950). Journal of Bone and Joint Surgery, 32B, 293.
Nigst, H. (1953). Helvetica Chirurgica Acta, 20, 37.
Richards, R. L. (1945). Edinburgh Medical journal, 52, 14.
Sunderland, S. (1968). Nerves and Nerve Injuries. Edinburgh, Livingstone.
Vanderpool, D. W., Chalmers, J., Lamb, D. W., and Whiston, T. B. (1968).J7ournal of Bone and Joint Surgery, 50B, 792.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J: first published as 10.1136/bm

j.1.5687.27 on 3 January 1970. D
ow

nloaded from
 

http://www.bmj.com/

