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ummary : A review of the arterial acid-base status on
admission to hospital of 62 adults with severe

salicylate poisoning showed that arterial pH was normal
or high in most patients, but low in 8. The mean plasma
salicylate concentrations of the acidaemic and non-
acidaemic patients were similar and the difference in
arterial pH was associated with a marked fall in standard
bicarbonate in the former group. No significant differ-
ence of Pco2 between the two groups was found, and
hence no simple relationship exists between hypocapnia
and the development of acidaemia in salicylate poisoning.
Acidaemia is shown to be associated with impaired con-
sciousness and to carry a grave prognosis.

Introduction

In reviewing acid-base disturbances in salicylate poisoning
Smith (1966) stated that there was a "voluminous and often
contradictory literature on the subject." Confusion has arisen
on three points in particular. (1) Assessment of acid-base
status has rarely included measurements of both respiratory
and metabolic components ; the results of isolated estimates of
plasma CO2-combining power are apt to be misconstrued
(Greer, Ward, and Corbin, 1965 ; McLaughlin, 1965). (2)

Nearly all investigators have used capillary or venous blood
samples (Singer, 1954; Done, 1960) with attendant difficulties
in the collection of specimens or the interpretation of results.
(3) Generalizations about the pathogenesis of the disturbance
have been made from the findings in acutely poisoned children
or in adults treated with therapeutic doses of aspirin (Winters,
White, Hughes, and Ordway, 1959); the conclusions may not
be valid for poisoned adults, in whom there have been few
systematic studies (Ghose, 1967 ; Posner and Plum, 1967).
While there is no doubt that acidaemia may be a feature of

salicylate poisoning in young children (Tschetter, 1963;
Schwartz and Landy, 1965), we are aware of only two specific
reports of poisoned adults with arterial pH below normal
(Schreiner, Berman, Griffin, and Feys, 1955 ; Ghose and
Joekes, 1964), each concerning only one patient. This suggests
that acidaemia is a most uncommon finding in adults. Never-
theless, one patient with capillary pH below normal was
included in the series of Ghose (1967) and a further two patients
in that of Morgan and Polak (1969).

In order to determine the incidence of acidaemia, to assess
its significance, and to identify the clinical features which might
indicate its occurrence, we have reviewed the arterial acid-base
findings in 62 severely poisoned adults.

Patients and Methods
During the three years 1966-8 460 patients over 12 years of

age were admitted to the Regional Poisoning Treatment Centre,
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Royal Infirmary, Edinburgh, for the treatment of salicylate
poiomng.

Plasma salicylate concentrations on admission and after
gastric aspiration and lavage were assayed in the ward side-
room (Brown and Smith, 1968). Arterial blood gas analysis
was carried out, before further treatment, in those patients who
were found to have salicylate levels exceeding 40 mg./100 ml.
or who presented with uncommon features of salicylism-for
example, impaired consciousness. Thus 62 patients with ages
ranging from 14 to 67 years were studied, one patient on two
occasions; their age and sex distribution is shown in Fig. 1.
Thirty-six of these patients were included in a previous report
(Lawson et al., 1969).
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had arterial pH, Pco2, and standard HCO within these limits.
Most patients showed hypocapnia and metabolic acidosis, and
in 22 the Pco2 and standard HCO were less than 29-5 mm. Hg
and 19-5 mEq/l.-that is, more than three standard deviations
from the normal means.
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FIG. 1.-Age and sex distribution for 62 patients with

severe salicylate poisoning.

Arterial blood samples were obtained by brachial or femoral
artery puncture and analysed immediately at 38° C. by the
micro-Astrup equilibration method (Radiometer PHM 27).
Temperature correction was not made, as none of the patients
was significantly hypothermic or hyperthermic; oxygen satura-
tion was complete in all cases except when pulmonary oedema
developed. Serial venous blood samples were taken for estima-
tion in the laboratory (MacDonald, 1965) of the peak plasma
salicylate concentrations. In general patients were treated by
forced diuresis (Lawson et al., 1969).
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FIG. 2.-Initial arterial acid-base status of 62 severely poisoned patients
(63 admissions). The box indicates the normal ranges for pH and
standard HCO3; the symbols indicate the observed PCo2 (mm. Hg):

0 13-19; @ 20-29; A 30-39; A 40-47.

In 14 males and 16 females the arterial pH was within the
range 7-37-7 45 ; 12 males and 12 females showed alkalaemia.
Thus 26 males (group A) and 28 females (group B) had normal
or high arterial pH before treatment. Seven females (eight
admissions) (group C) and one man were acidaemic. The
principal biochemical findings in the acidaemic patients are
included in Table I.

Except in patients 1, 5, and 6a (Table I), the arterial speci-
mens were taken at or close to the times of peak plasma sali-
cylate concentrations. The relationship of arterial pH, Pco2
and standard HCO3 to the peak levels, and the relevant linear
correlations for the patients of groups A and B, are indicated
in Fig. 3.

Biochemical Findings

The initial acid-base status of 62 patients (63 admissions) is
sunmmarized in Fig. 2, with an indication of the "normal
range" for this hospital (for 100 patients, mean +2 standard
deviations of pH=7-41±0-04; of Pc02=39-5+67 mm. Hg;
of standard HCO3= 24-3+3 2 mEq./l). Only one patient

pH v. Salicylate
o + 0.43 (<0.05)
* -0.07 (>0.1)

Pco2 v. Salicylate

-0.56 (<0.01)
-0.03 (>0.1)

Stan.dard HCO3 v.
Salicylate

-0.001 (>0.1)
-0.32 (=0.1)

Table II shows the observed ranges of peak salicylate level,
and of initial pH, Pco2, and standard HCO,, with the appro-
priate means and standard deviations, for the three groups of

TABLE I.-Principal Biochemical and Clinical Findings in the Acidaemic Patients

Interval Acid-base Status before Highest
between Treatment Measured Level of

Patient Sex Age in Ingestion Plasma Consciousness Response to Forced History
No. Years and Standard Salicylate on Alkaline Diuresis

Admission Arterial Pco2 HCO3 Concentration Admission
(Hours) pH (mmx.Hg) (mEq/1.) (mg./100 ml.)

1 M 16 2 7*35 47 22 65* Conscious Uneventful
2 F 17 4 7*31 20 15 63 Conscious Uneventful
3 F 37 3 7-36 13 13 58 Conscious Uneventful 6 months pregnant
4 F 38 7 7-28 16-5 12 40 Drowsy Uneventful Partial gastrectomy; malabsorption;

megaloblastic anaemia; chronic
pyelonephritis

5 | F 26 24 73426 30 18 5 14 Drowsy (Not attempted) Six months pregnant; chronic
6a ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~hepatitis prgat choi

6a F 46 _ 7711 29 10 50St Unconscious Pulmonary oedema Partial gastrectomy; malabsorption;
osteomalacia; renal tubular

6b 5 7-29 13-5 11 35 Unconscious (Not attempted)
7 F j 62 Unknown 7-27 27 15 75 Delirious Pulmonary oedema
8 F 47 3 7-23 20-5 12 106 Delirious Pulmonary oedema;

died

*Two hours after admission. t Specimen taken 4 hours before admission.
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patients. It also summarizes the findings of a statistical com-

parison of the results for group B with those for groups A
and C respectively.
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FIG. 3.-Relationship of arterial acid-base measurements to
the plasma salicylate concentrations for 62 severely
poisoned patients (63 admissions). The open symbols refer
to women, and the closed to men; the triangles indicate
the acidaemic patients. The linear correlations, r (2a), for
the non-acidaemic patients are:

Clinical Features in Patients with Acidaemia

The principal clinical findings in the acidaemic patients are
summarized in Table I. In most cases salicylate poisoning was
an acute illness, with a lapse of only a few hours between inges-
tion of overdose and admission to hospital. However, patient 6
became poisoned, before her first admission, as a result of
chronic salicylate overdosage. Patient 4, who was addicted to
a compound preparation of aspirin, phenacetin, and codeine,
showed marked methaemoglobinaemia, and patient 7 had a
blood phenobarbitone level of 3 0 mg./100 ml. on admission.
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Apart from the latter there was no other evidence of the con-
comitant ingestion of sedative drugs by the acidaemic patients.

Level of Consciousness.-Patients 1-3 were fully conscious
on admission and showed or developed the usual features of
salicylism, notably sweating and hyperventilation. Patients 4-8
also showed these signs, but with impairment of consciousness;
patients 4 and 5 were merely very drowsy, while patient 6 on
both admissions was unconscious, though responding moder-
ately to painful stimuli. In contrast, patients 7 and 8 showed
striking delirium in association with drowsiness.
Forced Diuresis.-Treatment of unconscious patients had to

be started before details of the past medical history were known.
Forced alkaline diuresis was attempted in seven of the acidaemic
patients, with a satisfactory response in terms of changes in
acid-base status and plasma salicylate levels. Patients 1-4
tolerated the imposed fluid load without difficulty, but patients
6-8 developed pulmonary oedema, which proved fatal in one
case (No. 8).
Medical History.-Three patients (Nos. 3, 5, and 7) were

alcoholics, and two (Nos. 3 and 5) were pregnant. Patients 4
and 6 were addicted to salicylate, barbiturates, and other drugs,
and had impaired renal function (see below) ; both of these
patients also had malabsorption and other complications of
gastric resection. Patient 5 suffered from chronic hepatitis
and had been in liver failure on three occasions.

Renal Function.-This was investigated in patients 4-7. In
two it was normal, but patient 4 had a creatinine clearance of
36 ml./min. and radiological changes of pyelonephritis. It
was later discovered that patient 6, who had creatinine clear-
ance of 33 ml./min., was known to have renal tubular acidosis
which had been attributed to analgesic abuse and pyelonephritis.
Though details of renal function in patient 8 are not known,
necropsy showed no renal abnormality other than glomerular
congestion.

Discussion

To avoid confusion of acid-base terminology we have adopted
the definitions set out by Andersen, Astrup, Campbell, Chinard,
Nahas, and Winters (1966); in particular, we have restricted
the use of the terms " alkalaemia " and " acidaemia " to indi-
cate respectively an arterial blood pH which is above or below
normal.
The present results confirm and extend the findings of pre-

vious studies (Ghose, 1967; Posner and Plum, 1967) of the
acid-base disturbance accompanying severe salicylate intoxica-
tion in adults. The majority of patients presenting with plasma
salicylate concentrations exceeding 40 mg./100 ml. show a

mixed disturbance, with metabolic acidosis and respiratory
alkalosis, with a resultant arterial pH which is normal or high.
Furthermore, a small number of adults show acidaemia; out
of 460 admissions on account of salicylate poisoning during
the period of this study nine were proved to have an arterial
pH below 7 37-an incidence of 2%. It is clearly not valid,
therefore, to suggest (Smith, 1966) that poisoned adults usually

TABLE II.-Comparison of Biochemical Data for the Acidaemic and Non-acidaernic Groups of Patients

Peak Plasma Salicylate Arterial Acid-base Status before Treatment
Patients Concentration (mg./100 ml.) pH (H+) (myEq/l.) Pco2 (mm.Hg) Standard HCO3 (mEq/l.)

Range Mean S.D. Range Range Mean S.D. Range Mean S.D. Range Mean S.D.

Group A (26 admissions;
non-acidaemic men) . . 46-93 64 13 7 40-7-53 40-30 36 0.02 15-35*5 25 4-8 13-5-24-5 21 1 6Group B (28 admissions;
non-acidaemic women) 32-92 62 17 7-37-7-54 43-29 36 0 03 14-32 22-5 5-5 17-5-24 20 1-8Group C (8 admissions;
acidaemic women) .. 14-106 55 26 7-11-7-36 78-44 54 0 10 13-5-30 21 6-4 10-18-5 13-5 2-6

Student'sstB- (52 degrees t= -0-58 t= -0-29 t= -1-6 t= -1-2
of freedom) (2P =0-57) (2P = 0-77) (2P =0-12) (2P=026)

Student's tB-C (34 degrees t =0-81 t= -8-3 t=0 59 t=8-4
of freedom) (2P = 0 42) (2P < 0 001) (2P = 0*56) (2P < 0 001)
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exhibit pure respiratory alkalosis and that metabolic acidosis
virtually never occurs.
Three patterns of acidaemia, each with particular clinical or

biochemical significance, can be distinguished. In only one
patient (Table I, No. 1) could acidaemia be attributed to respira-
tory acidosis. This was a transient state which altered to
typical respiratory alkalosis within two hours; the initial acid-
aemia in this case was of no clinical significance. Carbon
dioxide retention in salicylate poisoning has previously been
described only in children who developed pulmonary oedema
as a terminal event (Winters et al., 1959).
The remaining acidaenic patients were women, several of

whom suffered from concurrent disease (Table I). Clinically
these patients can be considered in two groups. Patients 2 and
3 showed no unusual clinical signs, and were treated unevent-
fully by forced alkaline diuresis; again the acidaemia was of
no significance. The third group of patients (Nos. 4-8), how-
ever, showed impairment of consciousness, and all except No. 5
were gravely ill. Moreover, pulmonary oedema occurred on
three out of five occasions on which forced diuresis was
attempted; in patient 8 it proved fatal. Impaired consciousness
is a feature we have never seen in patients with normal or high
blood pH except where barbiturate had been taken in addition
to salicylate (Lawson et al., 1969). The possibility of con-
comitant ingestion of drugs other than salicylate in our acid-
aemic patients must be considered, but we are satisfied that
this did not occur except in patients 5 and 7 (see above). It is
unlikely that the clinical or biochemical features of salicylism
were greatly influenced in either of these cases.
The fact that seven out of the eight acidaemic patients were

women suggested that there might be sex-linked differences
between the biochemical results for the non-acidaemic patients.
Statistical comparison (Table II) of the findings for the male
and for the female patients, however, showed no significant
differences. It was clear, however, that the occurrence of acid-
aemia was associated with metabolic acidosis. The findings
do not substantiate the view of Tenney and Miller (1955)
that acidaemia does not occur in salicylate poisoning except as
a reflection of respiratory acidosis after impairment of ventila-
tory function. At the same time the lack of significant
difference between the Pco2 of the acidaemic and the non-
acidaemic groups of patients suggests that hypocapnia per se is
not the cause of acidaemia, as postulated by Greer et al. (1965)
and by Berry and Scheuer (1967). It must be concluded that
acidaemia results from interference by salicylate with meta-
bolic pathways (Smith, 1966) leading to the accumulation of
organic anions, but the precise mechanism is not understood.

Schwartz and Landy (1965) demonstrated increased urinary
excretion of keto-acids and amino-acids in poisoned children,
and considered that metabolic acidosis resulted from inadequate
renal compensatory mechanisms. While this may be a relevant
suggestion in adults with impaired renal function (patients 4
and 6) or subject to chronic intoxication (patient 6a), it is un-
likely to be valid when a short time span is involved, as in most
of our patients and particularly patient 8, who became acid-
aemic within three hours of ingesting an overdose of aspirin.
Such individuals must respond abnormally to salicylate in that
the rise in circulating organic anions is overwhelming. The
fact that adults may so rapidly become acidaemic shows a much
closer parallel with poisoning in children (Winters et al., 1959)
than has previously been believed, and perhaps indicates one
reason why many adults die of salicylate poisoning outside
hospital (Campbell, 1963).

It is noteworthy that acidaemia was found in patients with
a wide range of peak plasma salicylate concentrations-indeed,
the mean value was slightly less than that found for the non-
acidaemic patients (Table II). There was also poor correlation

of the blood gas measurements with the plasma levels, contrary
to the suggestion of Ghose (1967). These points illustrate the
difficulty of quantitatively assessing the severity of salicylate
poisoning.

In our experience, provided that no sedative drugs have been
ingested simultaneously, impairment of consciousness in sali-
cylate poisoning has invariably been associated with acidaemia.
In other reports, however, impaired consciousness has been
noted in severely poisoned patients with normal or high blood
pH (Robin, Davis, and Rees, 1959; Posner, Swanson, and
Plum, 1965 ; Levy, 1967; Morgan and Polak, 1969; Savege,
Ward, Simpson, and Cohen, 1969). The variation in mental
state in these patients is perhaps due to the possibility that the
acid-base status of cerebrospinal fluid rather than arterial blood
determines the state of consciousness (Posner and Plum, 1967;
Cameron and Semple, 1968; Plum, Posner, and Smith, 1968).
Our experience of the treatment of acidaemic patients is

limited, but we feel that the development of acute pulmonary
oedema on three of the seven occasions on which forced diuresis
was attempted is significant. In these circumstances intra-
venous fluids should be given at a slower rate than previously
advocated (Lawson et al., 1969), at least until acidaemia has
been corrected.

We are grateful to Dr. Henry Matthew for his permission and
encouragement to report on these patients under his care; to Dr.
A. A. H. Lawson and many other colleagues who assisted in the
collection of specimens; and to Miss Jean Cameron, who carried
out many of the analyses.
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