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The Empiric Use of Naloxone in Patients 
With Altered Mental Status: A Reappraisal 

Study objective: To determine whether clinical criteria (respirations of 
12 or less, miotic pupils, and circumstantial evidence of opiate abuse) 
could predict response to naloxone in patients with acute alteration of 
mental status (AMS) and to evaluate whether such criteria predict a final 
diagnosis of presence or absence of opiate overdose as accurately as re- 
sponse to na]oxone. 

Cases and setting: Seven hundred thirty patients with AMS who re- 
ceived naloxone for diagnostic or therapeutic purposes at the discretion of 
two large, urban, paramedic base teaching hospitals. 

Methods: We reviewed paramedic run sheets and audiotapes on all 730 
patients as well as available hospital records of all patients who demon- 
strated any response to naloxone to determine whether overdose was re- 
sponsible for their clinical presentations. We also reviewed hospital re- 
cords for a selected sample of naloxone nonresponders. 

Main results and conclusion: Only 25 patients (3.4%) demonstrated a 
complete response to naloxone, whereas 32 (4.4%) manifested a partial or 
equivocal response. Nineteen of 25 complete responders (76%), two of 26 
partial responders (8%) (with known final diagnosis), and four of 195 non- 
responders (2%) (with known final diagnosis) were ultimately diagnosed 
as having overdosed. Respirations of 12 or less or the presence of any one of 
the three clinical findings as a group were each highly sensitive in predict- 
ing response to naloxone, and at least as sensitive as response to naloxone 
in predicting a diagnosis of opiate overdose. Selective administration of 
naloxone for AMS would have decreased the use of this drug by 75% to 
90% while still administering it to virtually all naloxone responders who 
had a final diagnosis of opiate overdose. [Hoffman JR, Schriger DL, Luo JS: 
The empiric use of naloxone in patients with altered mental status: A 
reappraisal. Ann Emerg Med March 1991;20:246-252.] 

I N T R O D U C T I O N  
Since its introduction in 1967, naloxone has greatly improved the treat- 

ment  of patients with opiate overdose. Enthusiasm regarding the benefits 
of this drug in certain patients has resulted in the broad recommendation 
that an initial dose of 0.8 to 2.0 mg naloxone be given to all patients with 
acute alteration in mental status (AMS). 1-3 Proponents of this strategy ar- 
gne that naloxone is an accurate diagnostic tool for the confirmation or 
exclusion of opiate overdose and that it also provides therapeutic benefit to 
some narcotized patients. Because naloxone has been described as being 
free of substantial adverse effects, this strategy of empiric administration 
in all cases of acute AMS has become extremely popular, despite the fact 
that its usefulness has never been tested. 

After many years of using this policy of empiric naloxone administra- 
tion, we have begun to question its value , particularly regarding its diag- 
nostic usefulness. In our experience, it has been always possible to predict 
on the basis of easily determined clinical findings which patients will re- 
spond to the drug. Furthermore, diagnostic information gained in some 
patients with a clear response to naloxone is often offset by diagnostic 
confusion created in a substantial number of others with an equivocal re- 
sponse as well as in patients with false-negative (mixed drug overdoses) or 
false-positive (fortuitous awakening around the time naloxone is given) re- 
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actions. 
In addition, there is a growing body 

of evidence that while naloxone is 
very safe in the emergency depart- 
ment setting, it is not completely 
without toxicity that can be quite se- 
vere. 4-6 Furthermore, even the thera- 
peutic advantage of early administra- 
tion of naloxone is unclear for most 
patients: In the absence of respira- 
tory depression, patients with opiate 
overdose are usually in no acute dan- 
ger. In addition, some patients expe- 
rience sufficient arousal to allow 
them to be combative, refuse medi- 
cal care, and risk the significant com- 
plications that can occur because the 
half-life of naloxone is shorter than 
that of most street narcotics. Finally, 
although the availability of generic 
naloxone since 1986 has substan- 
tially reduced the cost of the drug, its 
empiric administration to the many 
thousands of AMS cases nationally 
each year still results in considerable 
aggregate costs, which could be dra- 
matically decreased by limiting use 
of the drug to selected patients. 

It was our intent in this study to 
focus exclusively on the possibility 
that the diagnostic value of naloxone 
is l imi ted  in pat ients  wi th  non- 
specific AMS. To this end, our pri- 
mary hypothesis was that response 
to naloxone in such patients is al- 
most always predictable on the basis 
of easily determined clinical charac- 
teristics. 

Our secondary hypothesis was that 
these same clinical characteristics 
perform at least as well as response 
to naloxone in identifying patients 
for w h o m  a cl inical  diagnosis of 
opiate overdose is ultimately made. 
If true, this would allow us to restrict 
the prehospital  adminis t ra t ion of 
naloxone to only those AMS patients 
for whom it might be expected to 
have therapeutic  benefit, thereby 
drastically decreasing the number of 
patients who receive this drug with- 
out in any significant way diminish- 
ing  t he  q u a l i t y  of ca re  de- 
livered to patients with opiate in- 
toxication. Such a policy should also 
minimize the diagnostic confusion 
currently created by partial or ques- 
tionable responses to naloxone and 
improve the prehospital care of AMS 
patients who do not  suffer f rom 
opiate intoxication. 

MATERIALS A N D  M E T H O D S  
The study population comprised 

all patients who received naloxone as 
part of the prehospital treatment pre- 
scribed by two busy Los Angeles 
paramedic radio base stations. UCLA 
base, situated in the UCLA Emer- 
gency Medicine Center,  provides 
medical control for six paramedic 
units  in a predominant ly  middle- 
class area of Los Angeles. Paramedic 
calls handled by this base during a 
12-month period beginning in De- 
cember 1986 were eligible for in- 
clusion in this study. 

Harbor base, located at Harbor- 
UCLA Medical Center, a UCLA-affil- 
iated county hospital, provides pri- 
mary radio control  for four para- 
medic units in an economically de- 
prived area of Los Angeles County; 
calls handled by this base during the 
first six months  of 1986 were in- 
cluded in the study. The catchment 
area of the units controlled by Har- 
bor base has a prevalence of opiate 
abuse that is expected to be higher 
than that of the Los Angeles norm, 
whereas the UCLA-affiliated para- 
medic units are located in areas in 
which opiate abuse is thought to be 
less endemic. 

The paramedic  run sheets and 
tape-recorded paramedic-base hospi- 
tal communications for all patients 
treated at each base station during 
the study period were reviewed. Pa- 
tients were included in the study if 
they were given naloxone for AMS. 
Data collected included the patient's 
response to naloxone as well as three 
specific clinical findings; these find- 
ings were respirations, pupil size, and 
presence or absence of circumstantial 
evidence of opiate abuse. Respira- 
tions and pupil size were chosen be- 
cause they are considered reliable 
signs of opiate intoxication, and Los 
Angeles paramedics record these pa- 
rameters on essentially all patients 
they treat. Respirations were scored 
as depressed (12 or less) or normal 
(more than 12), and pupils were 
scored as pinpoint or normal. 

A patient was scored as having cir- 
cumstantial evidence of opiate abuse 
only if paramedics noted the pres- 
ence of drug paraphernalia at the 
scene, needle track marks on the 
skin, or a history of IV drug use given 
by bystanders. Paramedics are trained 
to look for this circumstantial evi- 
dence and will generally document 
such findings when they are present; 
when the run sheet and tape record- 
ing failed to document the presence 

or absence of one or more of these 
circumstantial signs, the data sheet 
was scored as negative for this value. 
Response to naloxone was scored as 
complete, partial/equivocal, or ab- 
sent on the basis of information pro- 
vided to the base hospital by para- 
medics at the scene. 

We attempted to obtain the hospi- 
tal charts of all study patients treated 
by the UCLA base as well as all pa- 
tients from Harbor base with eithei 
complete or equivocal responses. Be- 
cause there is no formal link between 
the prehospital run sheet and the 
patient 's hospital chart at Harbor- 
UCLA Medical Center, it would have 
been prohibitively difficult to iden- 
tify and obtain hospital charts of all 
patients whose prehospital care was 
supervised by this facility; therefore, 
we intentionally limited our nonre- 
sponder sample to patients handled 
by the UCLA base. To ensure that 
this sample was representative of the 
total population of nonresponders, 
we compared prehospital  clinical 
cha rac te r i s t i c s  of UCLA nonre- 
sponders with a random sample d 
100 nonresponders handled by Har- 
bor base. 

The hospital charts of all naloxone 
responders, partial responders, and 
the sample of nonresponders were re- 
viewed by one of the physician au- 
thors to determine whether opiate 
overdose was included as a discharge 
diagnosis. The reviewing physician 
was unaware of the pa t ient ' s  re- 
sponse to naloxone when he made 
this decision. The presence or ab- 
sence of opiate overdose was then 
added to the patient's data form. 

We tested our primary hypothesis, 
that naloxone response can be pre- 
dicted by clinical characteristics, by 
evaluating the concordance between 
the chosen clinical findings and the 
response to naloxone. We tested our 
secondary hypothesis, that clinical 
findings identify patients with opiate 
overdose, by comparing the perfor- 
mance of clinical  predictors  and 
naloxone response with regard to the 
ultimate clinical diagnosis. 

We specifically chose final clinical 
diagnosis rather  than laboratory 
proof of presence or absence of opiate 
use as the gold standard regarding our 
secondary hypothesis for several rea- 
sons. First, toxicologic analysis of 
opiates is notoriously poor, both be- 
cause some impor tant  street nar- 
cotics like fentanyl are tested for in 
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TABLE 1. Sensitivity and specificity of the clinical findings in predicting response 
to naloxone 

Response to Naloxone 
Complete Partial 

Awakening Response No Response 
Sensilivity Specificity 

Clinical Parameter N (%)*t (N) N (%)* 

Respirations ~ 12 20 80 1 18 95 

Pinpoint pupils 22 88 5 33 90 

Circumstantial evidence 15 60 6 21 94 

Any one of the above 24 96 10 50 85 

Total patients 25 32 337 
*Sensitivity and s#ecilicily calculated with the partial resoonders deleted. 
+Sensinvily - N/25. 
*Specificity - 337 N/337. 

TABLE 2. Sensitivity and specificity of the clinical findings and of naloxone response 
in predicting a diagnosis of opiate overdose in 246 patients with known 
final diagnosis 

Sensitivity (%) Specificity (%) 
Clinical Parameter (95% CI) (95% CI) 
Respirations ~ 12 79 (57 -- 92%) 94 (89 96%) 

Pinpoint pupils 75 (53 -- 89%) 85 (80 -- 89%) 

Circumstantial evidence 67 (45 -- 84%) 95 (92 -- 98%) 

Any one of the above 92 (72 -- 99%) 76 (70 -- 81%) 

Naloxone Response 
Partial responders scored as responders 88 (67 -- 97%) 86 (81 -- 91%) 

Partial responders scored as nonresponders 79 (57 -- 92%) 97 (94 99%) 

Partial responders Omitted 86 (64 -- 96%) 97 (93 -- 99%) 

0nly a few very specialized laborato- 
ries and because even more standard 
agents such as heroin or methadone 
are routinely misidentified by most 
commercial laboratories. 7-9 Thus, the 
absence of opiates on laboratory anal- 
ysis does not reliably exclude narco- 
tism as a cause of AMS. Second, even 
if accurate toxicologic analysis could 
be performed routinely, the mere 
presence of opiates on qualitative 
screening in no way implies that this 
is the cause of AMS. Furthermore, 
laboratory results are not available 
for at least several hours, which 
would severely restrict any benefit of 
naloxone response as a screening test 
used to limit need for other diagnos- 
tic modalities (eg, computed tomog- 
raphy or lumbar puncture). 

Most important, our study is pri- 
mari ly an a t t empt  to de termine  
whether naloxone provides a diag- 
nostic benefit to clinicians; thus, re- 
gardless of what might have been 
found with routine and extensive 
laboratory testing for opiates, nalox- 

one's use for the clinicians treating 
the patients in this series could not 
have been greater than the extent to 
which it in fact helped them reach or 
exclude the diagnosis of narcotism. 
Although response to naloxone un- 
doubtedly influenced the ult imate 
clinical diagnosis in some or even 
many of the cases, this can only have 
biased our results in favor of  nalox- 
one's value (and thus against our hy- 
pothesis) because this could only 
increase the correspondence between 
response to naloxone and final diag- 
nosis. 

Sensit ivity and specificity were 
calculated in the standard manner. I° 
To maximize the likelihood of find- 
ing a diagnostic benefit of naloxone, 
we performed this calculat ion in 
three different ways based on each of 
three possible assumptions: 1) that 
partial responders should be consid- 
ered as having a positive response to 
naloxone, which would maximize 
sensitivity at the expense of specific- 
ity; 2) that partial responders not be 

considered as having a positive re- 
sponse, because in our experience 
few of these pat ients  u l t ima te ly  
prove to have opiate overdose; and 3) 
that a partial response is uninterpre- 
table and thus such patients should 
be r emoved  f rom cons ide ra t ion ,  
which may maximize accuracy in pa- 
tients with clear or absent response 
to naloxone at the expense of elim- 
inating a potentially substantial por- 
tion of the original population. 

Ninety-five percent confidence in- 
tervals (CIs) for all parameters were 
calculated using the exact method of 
Fleiss; statistical tests comparing dif- 
ferences between proportions were 
calculated in the usual manner,  n 
The null hypothesis that the clinical 
findings and the response to nalox- 
one were identical in predicting a fi- 
nal diagnosis of opiate intoxication 
was eva lua ted  wi th  M c N e m a r ' s  
test. ]2 

RESULTS 
Seven hundred thirty patients re- 

ceived naloxone for AMS (468 at Haf- 
bor-UCLA and 262 at UCLA) during 
the s tudy period. Twenty-f ive  of 
these patients (3.4%) were consid- 
ered by the paramedics to have had a 
full response to naloxone, and 32 
(4.4%) were considered to have had a 
partial or equivocal response. The re- 
maining 673 {92.2%) were deemed 
nonresponders by the paramedics. Six 
of the 25 responders, 19 of the 32 par- 
tial responders, and 237 of the 673 
nonresponders  came from UCLA 
base; the remainder came from Har- 
bor base. Final diagnoses at discharge 
from the ED, or the hospital if admit- 
ted, were obtained on all 25 re- 
sponders, 26 of 32 partial responders, 
and 195 of 673 nonresponders. The 
sample of nonresponders for whom 
final diagnosis was obtained repre- 
sented 195 of the 237 nonresponders 
whose prehospital care was overseen 
by UCLA base. The remaining 42 
charts could not be located. 

The percentages of patients with 
pinpoint pupils, with respirations of 
12 or less, and with circumstantial 
evidence of opiate overdose were 
compared for the 195 nonresponders 
from UCLA base whose charts were 
obtained and a random sample of 100 
nonresponders from Harbor base. 
Differences were small in magnitude 
and not statistically significant, ex- 
cept for the expected higher inci- 
dence of circumstantial evidence of 
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overdose in the Harbor base popula- 
tion. Because such evidence is not 
specific for opiate (as opposed to 
other drug) overdose, we do not be- 
lieve that in the absence of the other 
elements it reflects that a greater 
number  of patients in this group 
would have been found to have an ul- 
timate diagnosis of opiate overdose 
had such final diagnosis been avail- 
able. (Regardless, we based our fur- 
ther estimates of diagnostic accuracy 
of clinical signs in the entire nonre- 
sponder group on respirations alone 
or on the presence of any one of the 
three parameters, each of which was 
not significantly different for the en- 
tire group of nonresponders asfor the 
UCLA base non re sponde r s  wi th  
known final diagnosis.) 

The sensitivity and specificity of 
the clinical findings in predicting a 
positive response to naloxone are 
presented (Table 1). Both pupil size 
(88%) and respirations of 12 or less 
(80%) were highly sensitive single 
predictors of posit ive response to 
naloxone.  Twenty- four  of the 25 
complete naloxone responders (96%) 
had at least one of the three clinical 
indicators. The specificity of each 
separate clinical parameter with re- 
gard to naloxone response was at 
least 90%; when the three parame- 
ters were combined, the specificity 
was 85%. 

Estimates of the sensitivity and 
specificity of the clinical findings in 
predicting a final diagnosis of opiate 
overdose are shown (Table 2). Al- 
t h o u g h  each  s ing le  p a r a m e t e r  
achieves a sensi t ivi ty of approxi- 
mately 75%, the presence of any one 
of the three criteria achieves a sensi- 
tivity of 92%. 

The sensitivity and specificity of 
response to naloxone as predictors of 
final diagnosis of opiate overdose are 
shown for all three possible assump- 
tions (ie, partial responders consid- 
ered positive, partial responders con- 
sidered negative, or those excluded) 
(Table 2). Because only two of the 32 
partial responders were diagnosed as 
having had an opiate overdose, per- 
haps the part ial  responder  group 
should optimally be treated as nonre- 
sponders; nevertheless, even with 
this group treated as complete re- 
sponders (to maximize the sensi- 
tivity of naloxone in detecting opiate 
overdose), the sensitivity is only 88% 
(95% CI, 67% to 97%); maximum 
specificity is found when partial re- 

TABLE 3. Comparison of naloxone response and clinical findings in identifying 
the 24 patients with opiate overdose 

Respirations 
12 Present 

or 
Pinpoint pupils 

or 
Circumstantial 
evidence Absent 

Response to Naloxone Response to Naloxone 
Positive Negative Positive Negative 

19 3 22 Present 18 3 21 

Respirations 
12 

0 2 2 Absent 1 2 1 

19 5 24 19 5 24 
P = .25* P = :61" 

*McNemar's test ol lhe null hypothesis lhat the b.,vo melhods are equivalenl. 

sponse is considered as negative, and 
in this case specificity equals 97% 
(95% CI, 94% to 99%). 

Every single naloxone responder 
with a final diagnosis of opiate over- 
dose had at least one of the three 
clinical findings, and all but one had 
respirations of 12 or less (Table 3). 
Thus, the sensitivity of clinical find- 
ings for a final diagnosis of opiate 
overdose is not increased by the addi- 
tion of positive response to naloxone, 
whereas the specificity is dramati- 
cally decreased. 

Six of the 25 complete responders 
to naloxone (24%) ultimately were 
proven to have had false-positive re- 
sponses, as they were not ultimately 
given a diagnosis of opiate overdose. 
In four of these patients, the acute 
episode of AMS was related to a sei- 
zure, whereas in two, it was due to 
head trauma; in none of these cases 
did the ult imate diagnosis include 
opiates or any other class of drug 
overdose  (which migh t  have re- 
sponded directly to naloxone). Thus, 
what was apparently misinterpreted 
as a response to naloxone in these 
cases appears in retrospect to have 
been due to the natural lightening 
that occurs with t ime during the 
postictal period or after head trauma. 

DISCUSSION 
Of 730 patients receiving naloxone 

in the field for AMS, only 25 (3.4%) 
were considered to have had an un- 
equivocal ly  posi t ive  response. A 
larger number (32 patients) were con- 
sidered to have had a partial or equiv- 
ocal response. Taken together, only 
57 of the 730 patients (7.8%), or ap- 
proximately one patient in 14, had 
any response to the drug. If only the 
responders to naloxone ultimately di- 
agnosed as having opiate overdose 

are considered, the frequency of true- 
positive response decreases to 2.9%, 
or about one patient in 35. Thus, 
even in an area in which opiate abuse 
is higher than the national norm, the 
large majority of all AMS patients 
will have absolutely no response to 
naloxone, and ever fewer patients 
will manifest  the unequivocal  re- 
sponse that occurs because of rever- 
sal of opiate overdose. 

It is apparent in our study popula- 
tion that it is possible to use easily 
obtained clinical parameters to select 
a group of patients who are more 
likely to respond to naloxone (Table 
1) and more likely to have a final di- 
agnosis of opiate overdose (Table 2) 
while maintaining a high sensitivity 
for each of these conditions. Further- 
more, these data suggest that  the 
clinical parameters are as good or 
better than naloxone in correctly di- 
agnosing the presence or absence of 
opiate intoxication (Table 2). Easily 
determined clinical indicators de- 
tected 22 of the 24 patients in our 
study diagnosed as having an opiate 
overdose, whereas only 21 of them 
had any response to naloxone (and 
only 19 had a complete response). 
The two patients with opiate over- 
dose who were not  ident if ied by 
these clinical findings did not re- 
spond to naloxone, suggesting that 
serial administration of these tests 
fails to improve sensitivity over that 
achieved through the use of the clini- 
cal findings alone. The study indi- 
cates that there is no diagnostic ben- 
efit derived from the administration 
of naloxone to all AMS patients. 

In addition, response to naloxone 
created a substantial amount of diag- 
nostic confusion, as not only were 
there several false-positives among 
the complete responders (who fortu- 
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TABLE 4. Expected performance of three strategies for administering noloxone to 
patients with AMS 

Adminislration Strategy 
All Patients* Any One of Threet Respirations ~< 125 

N % N % N % 

Number of patients who 
would receive naloxone 730/730 100.0 177/730 24.2 56/730 7.7 

Number with complete 
response to naloxone 25/730 3.4 24/177 13.6 20/56 35.7 

Number with equivocal 
response to naloxone 32/730 4.4 10/177 5.6 1/56 1.8 

Number with no response 
to naloxone 673/730 92.2 143/177 80.8 35/56 62.5 

Naloxone is administered to *all patients wilh AMS, tAMS patients with respirations ~ 12 or pinpoinl pupils or circumstantial evidence of overdose, and ~,AMS 
patients with respirations ~ 12. 

TABLE 5. Positive and negative predictive values and accuracy of selected clinical 
findings in populations in which opiate overdose represents 1%, 5%, and 
10% of AMS patients 

Prevalence of Opiate Overdose in Patients With AMS 
1% 5% 10% 

Respirations ~ 12 

Any clinical finding 

Positive response tO 
naloxone 

PPV NPV ACCU PPV NPV ACCU PPV NPV ACCU 

0,12 1.00 0.94 0.41 0.99 0.93 0.59 0.98 0.93 

0.04 1.00 0.76 0.17 0.99 0.77 0.30 0.99 0.78 

0.06 1.00 0.86 0.25 0.99 0.86 041 0.98 0.86 

itously awoke around the time the 
naloxone was administered) but also 
the number of equivocal responders 
to naloxone was greater than either 
the number of complete responders 
or even the total number of patients 
with opiate overdose. If the clinician 
interprets these equivocal responses 
as evidence of opiate overdose, he 
will be misclassifying most of these 
patients; in terpre t ing  part ial  re- 
sponse as evidence against opiate 
overdose further decreases the sensi- 
tivity of response to naloxone. Fi- 
nally, treating partial response as "in- 
determinate" excludes naloxone re- 
sponse as a potential tool in a group 
even larger than the small group of 
opiate overdoses for whom this diag- 
nostic challenge with naloxone is 
supposed to provide potential benefit 
(Table 2). 

Our study design, with incomplete 
sampling of the nonresponders, does 
not permit precise calculation of the 
total number of patients with each of 
the clinical parameters or of all pa- 
tients with and without a final diag- 
nosis of opiate overdose. Neverthe- 
less, if we assume that the patients 

for whom we do not have complete 
information (42 patients at UCLA 
base and 342 patients at Harbor base 
for whom we do not have a final di- 
agnosis, and 336 nonresponders from 
Harbor base for whom we do not 
have clinical parameters) were simi- 
lar to the entire group in each of 
these regards, we can make some 
other predictions about using various 
strategies to decide which patients 
should receive naloxone (Table 4). We 
know the number of patients with a 
final diagnosis of opiate intoxication 
for all 9.5 full responders (19 of 25), 26 
of 32 partial responders (two of 26), 
and 195 of 673 nonresponders (three 
of 195). If the patients for whom final 
diagnoses were obtained are repre- 
sentative of all patients in the study, 
there would have been an additional 
0.46 partial responders and an addi- 
tional 7.35 nonresponders with a fi- 
nal diagnosis of opiate overdose; 
thus, a reasonable estimate of the 
prevalence of opiate intoxication in 
our sample is 32 of 730 (4.4%). 

Similar calculations are used (Ta- 
ble 4) and demonstrate that either 
strategy of selective naloxone admin- 

istration dramatically decreases the 
total number of patients receiving 
the drug while markedly increasing 
the p e r c e n t a g e  of c o m p l e t e  re- 
sponders among those to whom it 
would be given (from 3.4% to as high 
as 35.7% in patients with respira- 
tions of 12 or less). In addition, these 
strategies also decrease the number 
of patients who would have a partial 
(and thus diagnostically confusing) 
response to this agent. Finally, the 
percentage as well as absolute num- 
ber of patients receiving the drug 
with no possible benefit (negative re- 
sponders) are similarly greatly dimin- 
ished, particularly with the strategy 
of naloxone administration only in 
the presence of bradypnea. 

Had naloxone been administered 
only to those patients who had ex- 
hibited one of the three clinical indi- 
cators, the number of patients receiv- 
ing the drug would have decreased 
from 730 to roughly 177 (24.2%). In- 
cluded in these 177 patients are 24 of 
the 25 patients who had complete re- 
sponses to naloxone (and all of the 22 
naloxone responders with an ulti- 
mate diagnosis of opiate overdose), 
and ten of the 32 patients who had 
partial or equivocal responses (in- 
cluding both patients from this group 
wi th  opiate overdose). Thus, the 
number of dosesof naloxone admin- 
istered in this study could have been 
reduced by more than 75% by limit- 
ing prehospital use of the drug to 
AMS patients with either pinpoint 
pupils, respirations of 12 or less, or 
circumstantial evidence of drug over- 
dose, while still treating 96% of the 
positive responders to naloxone and 
100% of the patients who had both a 
positive response to naloxone and a 
final diagnosis of opiate overdose 
(Table 4). 

An alternate strategy would have 
paramedics administer naloxone only 
to patients with respirations of 12 or 
less. While this strategy would have 
failed to detect four of the naloxone 
responders, only one of these four pa- 
tients was ult imately diagnosed as 
having opiate overdose (Table 3). 
This small decrease in sensitivity is 
substantially offset by a further in- 
crease in specificity, and the total 
number of patients receiving nalox- 
one would be decreased to only 56, or 
7.7% of the patients who actually re- 
ceived the drug (Table 4). 

A strategy of administering nalox- 
one only to patients with respira- 
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tions of 12 or less would have de- 
tected 20 of the 32 patients assumed 
to have a final diagnosis of opiate 
overdose (79%) as well as 18 of the 19 
(95%) opiate overdose patients who 
responded to naloxone (Table 3) 
while reducing the number of pa- 
tients receiving the drug by more 
than 90% (Table 4). Not only would 
this strategy have el iminated the 
need to give naloxone to nine of ev- 
ery ten AMS patients, it would also 
have reduced the number of partial 
responses from 32 to one and de- 
creased the number of false-positive 
complete responders from six to two. 

We strongly advocate this strategy 
of limiting the prehospital adminis- 
tration of naloxone to those AMS pa- 
tients with respirations of 12 or less. 
While this approach may on rare oc- 
casions exclude a patient with opiate 
overdose  who would  respond to 
naloxone, no harm will be done by 
delaying diagnosis and/or treatment 
until such patients arrive in the ED; 
at the same time, the total number of 
patients receiving naloxone in the 
field without  any possible benefit 
will be maximally limited. While the 
value of subsequent administration 
of naloxone in the ED has never been 
formally analyzed (and cannot  be 
fairly evaluated on the basis of our 
data), allowing physicians to selec- 
tively decide which patients with 
AMS should receive this drug would 
undoubtedly retain many of the ben- 
efits demonstrated here while allow- 
ing medical judgment to determine if 
any other patients without clear-cut 
indications might still benefit from 
its use. 

The performance of the three strat- 
egies (naloxone to all, naloxone to 
patients with at least one clinical in- 
dicator, and naloxone only to those 
with respirations of 12 or less) for 
areas in which the prevalence of 
opiate overdose in the population of 
patients with AMS varies from 1% 
(an area in which opiate overdose is 
uncommon) to 5% (an area similar to 
that found in this study) and 10% (an 
area in which opiate abuse is ex- 
tremely high) is examined in Table 5; 
once again, it is assumed that pa- 
tients for whom final diagnosis is 
known are representative of the en- 
tire study group. At each prevalence, 
the negative predictive value of ab- 
sence of bradypnea (for ultimate diag- 
nosis of opiate overdose) is high (at 
least 98%), meaning that in each 'of 

these populations almost no patients 
with opiate overdose would be de- 
nied naloxone if the drug were lim- 
ited to patients with decreased respi- 
rations. Similarly, while even at the 
highest prevalence many  patients 
with decreased respirations would 
prove not to have an ultimate diag- 
nosis of opiate overdose, response to 
naloxone remains an even poorer 
positive predictor of this diagnosis 
regardless of prevalence. Respirations 
also perform at least as well as re- 
sponse to naloxone with regard to to- 
tal accuracy at each prevalence. 

Several potential problems with 
this study merit discussion. Threats 
to the internal validity of the study 
arise primarily from our use of a hy- 
brid study design. Had it been possi- 
ble to obtain a final diagnosis for all 
730 patients, no assumptions regard- 
ing the representativeness of the non- 
responder sample would be required, 
and estimates of the sensitivity and 
specificity of naloxone and the clini- 
cal indicators in detecting opiate 
overdose would be more accurate. In 
addition, the exact number of pa- 
tients with a final diagnosis of opiate 
intoxication would be known, and 
direct estimation of the disease prev- 
alence and associated parameters 
would have been possible. Further- 
more, the sample size for many of 
the sensitivity and specificity calcu- 
lations would increase, resulting in 
more precise estimates of these pa- 
rameters and increased discrimina- 
tory power. 

Fortunately, the potential  prob- 
lems created by the use of sampling 
in the nonresponder population do 
not threaten our conclusions. It is in 
fact likely that due to sampling bias 
we have overest imated the sensi- 
tivity and specificity of response to 
naloxone in predicting a final diag- 
nosis of opiate overdose. There were 
six partial responders and 478 nonre- 
sponders for whom final diagnosis 
was not obtained. A few of these pa- 
tients (roughly eight if the sampled 
patients are representative of the en- 
tire group) are likely to have had a 
final diagnosis of opiate overdose; be- 
cause none of these pat ients  re- 
sponded to naloxone, inclusion of 
these "uncounted"  patients would 
decrease the sensitivity of naloxone. 

Depending on how many of the 
uncounted cases of opiate intoxica- 
tion had positive clinical indicators, 
the sensitivity of these clinical find- 

ings could increase, decrease, or re- 
main unchanged. At worst, if clinical 
indicators were present in none ot 
the uncounted cases, the decrease in 
sensitivity would be of the same size 
as the decrease in naloxone sensi- 
tivity. Thus, the bias in the sensi- 
tivity measurements is such that it 
underestimates the sensitivity of the 
clinical parameters relative to the 
sensitivity of naloxone, providing ad- 
ditional support for our contention 
that the clinical indicators are as 
good or better than naloxone re- 
sponse in identifying patients with 
opiate intoxication. 

There are several potential threats 
to the external validity of this study. 
It could be argued that the para- 
medics may have incorrectly classi- 
fied the patient's response to nalox- 
one or the value of the clinical find- 
ings. Al though this may be true, 
there is no reason to believe that the 
performance of Los Angeles para- 
medics is any different from that of 
paramedics  in other  parts of the 
country, and these classification er- 
rors are inherent in any such pro- 
gram. Furthermore, concern regard- 
ing paramedic errors is further reason 
to advocate delaying the administra- 
tion of naloxone until the patient ar- 
rives in the ED (hypoventilating pa- 
tients excepted). 

Final diagnosis in this study is 
based on a physician's discharge diag- 
nosis. The workup that led to this di- 
agnosis and the criteria for making a 
diagnosis of opiate intoxication were 
solely at the discretion of the treating 
physician. No attempt was made to 
mandate or obtain toxicologic con- 
firmation of the diagnosis. Had the 
primary purpose of this study been to 
accurately establish the specificity of 
naloxone for opiate receptors, for ex- 
ample, careful toxicologic analyses 
would have been required. Our pur- 
pose, however, was to critically ex- 
amine the current widespread strat- 
egy of empiric naloxone administra- 
tion as a diagnostic tool. Because the 
final diagnoses in our study patients 
were made by physicians already 
aware of each patient's response to 
naloxone, it is likely that any errors 
in clinical diagnosis would have been 
biased such that the concordance be- 
tween naloxone response and final 
diagnosis was enhanced. In addition, 
naloxone's value as a possible diag- ~ 
nostic tool for clinicians can be esti- 
mated only according to whether it 
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actually helps clinicians in their di- 
agnostic decision making. 

It is also possible that clinical pa- 
rameters might perform much less 
well as a predictor of opiate overdose 
in a population with a higher per- 
centage of mixed drug overdoses. 
Combinations of drugs such as co- 
deine and glutethimide ("loads") and 
heroin and cocaine ("speedballs") 
have been described as very popular 
in some areas (including Los An- 
geIes),13,14 and it is quite conceivable 
that among users of these drugs the 
offsetting effect of the second agent, 
on pupil size, for example, could hide 
the effect of the opiate. While this 
may be true, it is likely that the same 
confounding effect would alter the 
patient's response to naloxone. Thus, 
any circumstance tending to limit 
the predictive accuracy of clinical 
characteristics would be expected to 
similarly limit the diagnostic value 
of response to naloxone. 

CONCLUSION 
We believe that there is little justi- 

fication for routine empiric prehospi- 

tal use of naloxone in patients with 
altered mental status. Our data indi- 
cate that the presumed diagnostic 
value of response to naloxone as a 
predictor of presence or absence of 
opiate overdose has been great ly 
overs ta ted  and that  easily deter- 
mined clinical parameters perform at 
least as well in this regard. Limiting 
administration of naloxone to pa- 
t ients with clinical predictors of 
opiate overdose would save money 
and decrease the likelihood of ad- 
verse effects from the drug while also 
decreasing the diagnostic confusion 
created by equivocal responses in a 
substantial subset of patients. The 
strategy of administering naloxone 
only to AMS patients with bradypnea 
(respirations of 12 or less) would tar- 
get the drug to a popula t ion  for 
whom there is a substantial possi- 
bility of benefit. 
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