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The Safety of Prehospital Naloxone 
Administration by Paramedics 

We performed a retrospective review to investigate the safety of prehospital 
naloxone administration by paramedics as part of a protocol for all pa- 
tients presenting with an acutely depressed level of consciousness (LOC). 
The prevalence of naloxone-induced vomiting, seizures, hypotension, hy- 
pertension, and cardiac arrest was sought from the prehospital records of 
813 patients  treated during a 12-month period. The mean age of the 
treated patients was 42.4 +_ 9.7 years. The initial dose of naloxone was 0.4 
to 0.8 rag, and the mean total dose was 0.9 +_ 0.6 rag. No patients lost a 
pulse within ten minutes of receiving naloxone. Two patients (0.2%) expe- 
rienced a significant drop in systolic blood pressure, and one patient 
(0.1%) demonstrated a significant rise in systolic blood pressure within 
five minutes of naloxone administration. Vomiting occurred in two pa- 
tients (0.2%), and one patient (0.1%) suffered a tonic-clonic seizure within 
five minutes of naloxone administration. Of the 813 patients treated, 60 
patients (7.4%; mean age, 32.3 ++_ 6.7 years) were judged to have an im- 
proved LOC after naloxone, with 27 (3.3%) regaining a normal LOC. We 
conclude that in the above doses, naloxone is safe as part of prehospital 
protocols for paramedics treating patients with an acutely depressed LOC. 
However, the vast majority of patients treated empirically with naloxone 
in the field demonstrated no benefit. [Yealy DM, Paris PM, Kaplan RM, 
Heller MB, Marini SE: The safety of prehospital naloxone administration 
by paramedics. Ann Emerg Med August 1990;19:902-905.] 

INTRODUCTION 
Patients with an acutely depressed level of consciousness {LOC) often 

are initially treated by paramedics in the field. Among the many etiologies 
responsible for a depressed LOC, hypoglycemia and opiate narcosis are eas- 
ily reversed when the appropriate therapies are given. The initial treatment 
of opiate overdose is based on the maintenance of adequate oxygenation 
and ventilation. Following steps to achieve these goals, specific antidote 
therapy is indicated in narcotic-overdose patients. Naloxone is the pre- 
ferred agent for reversal of opiate-induced altered sensorium and respira- 
tory depression. 1-3 Although widely used, naloxone has been associated 
with such complications as vomiting, seizures, hypertension, hypotension, 
ventricular arrhythmias, and cardiac arrest. 4 9 The magnitude of the risk of 
these complications in the prehospital setting is undefined. Because of the 
potential for complications, some suggest smaller initial doses z and rou- 
tine intubation before naloxone administration. 4 

We performed a retrospective review to define the safety of naloxone 
administration by paramedics as part of a protocol for the treatment of 
patients wi th  an acutely depressed LOC. Specifically, the prevalence of 
vomiting, seizures, significant hypertension, hypotension, and precipita- 
tion of cardiac arrest was sought from the records of patients treated with 
naloxone. 

METHODS 
The P~ttsburgh Bureau of Emergency Medical Services (EMS) is staffed 

by 170 full-time paramedics and supervisory personnel, with 16 mobile ad- 
vanced life support units (ALS) available for dispatch. Patients are trans- 
ported to one of 16 hospital emergency departments in the metropolitan 

Donald M Yealy, MD*t 
Paul M Paris, MD, FACEP*I 
Richard M Kaplan, MSt 
Michael B Helle< MD, EACEP*t 
Sal E Marinit 
Pittsburgh, Pennsylvania 

From the Division of Emergency Medicine, 
University of Pittsburgh;* and the Center 
for Emergency Medicine of Western 
Pennsylvania,t Pittsburgh. 

Received for publication June 12, 1989. 
Revision received November 27, 1989. 
Accepted for publication February 1, 1990. 

Presented at the University Association for 
Emergency MEdicine Annual Meeting in 
Philadelphia, May 1987. 

Address for reprints: Paul M Paris, MD, 
FACEP, 230 McKee Place, Suite 500, 
Pittsburgh, Pennsylvania 15213. 

19:8 August 1990 Annals of Emergency Medicine 902/95 
Adapt & Opiant Exhibit 2032 

Nalox-1 Pharmaceuticals, LLC v. Adapt Pharma Limited et al. 
IPR2019-00698 

Page 1

f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


PREHOSPITAL NALOXONE 
Yealy et al 

area. Each year,  the re  are approx-  
imate ly  40,000 responses a t tended by 
the  EMS p e r s o n n e l ,  w i t h  approx-  
imate ly  15% requir ing ALS interven- 
t ions.  Second- and th i rd-year  emer-  
gency  m e d i c i n e  r e s iden t s  serve as 
p r i m a r y  m e d i c a l  c o m m a n d  for al l  
ALS calls by a two-way radio, wi th  
cont inual  moni to r ing  of all calls by a 
f acu l ty  b a c k u p  phys i c i an .  In addi-  
tion, residents  respond to many  ALS 
calls in a separa te  veh ic le  to ass is t  
w i th  d iagnosis  and t r ea tmen t .  Con- 
sult  wi th  tho  medica l  command  phy- 
sician is required before adminis t ra-  
t ion of any medicat ions.  

The protocol  for the management  
of pa t i en t s  w i th  an acu te ly  a l tered 
LOC requires  the pa ramed ic  to ob- 
t a in  a d i r e c t e d  h i s to ry ,  p e r f o r m  a 
br ie f  p h y s i c a l  e x a m i n a t i o n ,  p l ace  
ECG leads, adminis te r  supplementa l  
oxygen,  and i n se r t  a pe r i phe ra l  IV 
l ine whi le  ob ta in ing  blood for glu- 
cose e s t ima t ion .  If hypog lycemia  is 
d i agnosed  ( C h e m s t r i p  ® bG reagen t  
strip reading of 80 mg/dL or less), 50 
to 100 mL of a 50% dextrose solut ion 
is adminis tered.  Pat ients  wi th  a de- 
pressed LOC and no response to IV 
g lucose  or those  w i t h  a depressed  
LOC and  a g l u c o s e  e s t i m a t i o n  of 
nrore than 80 mg/dL received 0.4 to 
0.8 nag naloxone by the IV catheter.  
In some cases, na loxone  was given 
before  g lucose  e s t i m a t i o n ,  pa r t i c -  
ular ly  if the h is tory  and surrounding 
c i rcumstances  suggested opiate over- 
dose. The IV route  was preferred, but 
IM, sublingual,  SQ, and intratracheal  
(if intubated) routes were considered 
a c c e p t a b l e  w h e n  a p p r o v e d  by  the  
command  physic ian when IV access 
was unobtainable .  

The  in i t i a l  dose of na loxone  was 
based  on p u b l i s h e d  r e c o m m e n d a -  
tions for the field t r ea tment  of opiate  
overdose at the t ime  of t rea tment ,  to 
Only  after  r econ tac t  wi th  the  com- 
l n a n d  p h y s i c i a n  w e r e  a d d i t i o n a l  
doses a d m i n i s t e r e d  as needed based 
on ini t ia l  response. 

P a t i e n t s  were  m a i n t a i n e d  in the  
l a t e r a l  d e c u b i t u s  p o s i t i o n  w i t h  
nearby suct ion after the adminis t ra-  
t ion of na loxone  un t i l  no rma l  LOC 
had returned;  they were immobi l i zed  
if c e r v i c a l - s p i n e  i n j u r y  was  sus-  
pec ted .  If c l i n i c a l l y  ind ica ted ,  bag- 
v a l v e - m a s k  or e n d o t r a c h e a t  i n t u -  
b a t i o n  w a s  p e r f o r m e d  b y  t h e  
pa ramed ics  or f ield phys ic ians .  De- 
ta i led  t r ip sheets  were  ma in ta ined ,  
wi th  an emphas is  on the present ing 

h i s to ry ,  p h y s i c a l  e x a m i n a t i o n ,  and 
vital  signs, as were chronological  re- 
cordings of all in tervent ions  and clin- 
ical responses. 

T h e  p r e h o s p i t a l  cha r t s  of al l  pa- 
t i en ts  t rea ted  w i t h  na loxone  dur ing 
the 12-month  pe r iod  f rom January  
t h r o u g h  D e c e m b e r  1986 w e r e  re- 
viewed. Any  pat ients  wi thou t  a pal- 
pable pulse at the t ime of naloxone 
a d m i n i s t r a t i o n  or who were t rea ted  
as par t  of a c o m b i n a t i o n  of the  al- 
tered response and mu l t i p l e  t r auma  
protocols  were excluded. In addition, 
a l though the al tercd LOC protocol  is 
a p p l i c a b l e  for  p a t i e n t s  w i t h  any  
change in sensor ium,  na loxone  was 
admin is te red  only to pat ients  wi th  a 
sub j e c t i ve  depressed  s e n s o r i u m  or 
r e s p i r a t o r y  dr ive  as judged by the 
paramedics .  

The  char ts  were rev iewed for age 
and sex; vi tal  signs, subjective LOC 
(as judged  by p a r a m e d i c s  and  re- 
corded in the narrative), and cardiac 
r h y t h m  before and after each inter-  
v e n t i o n ;  i n i t i a l  and to t a l  doses  of 
n a l o x o n e  and rou te ;  and  deve lop -  
men t  of vomi t ing  or seizures wi th in  
five minu t e s  of the adminis t ra t ion  of 
naloxone and before admiss ion to an 
ED. 

Before data analysis,  we arbi trar i ly 
defined "signif icant  hypotens ion"  af- 
ter na loxone  admin is t ra t ion  as occur- 
r i n g  w h e n  the  m e a s u r e d  s y s t o l i c  
blood pressure decreased to less than 
30 m m  Hg and obtained an absolute 
value of less than 120 m m  Hg, and 
" s i g n i f i c a n t  h y p e r t e n s i o n "  a f t e r  
naloxone admin is t ra t ion  as occurring 
when the systol ic  blood pressure in- 
creased to more than 30 m m  Hg and 
ob ta ined  an abso lu te  va lue  of more  
than 160 m m  Hg. 

The data were analyzed using de- 
scr ip t ive  methods ,  w i th  con t inuous  
va r i ab le s  r epo r t ed  as the  m e a n  _+ 
s tandard  devia t ion .  Nine ty - f ive  per- 
c e n t  u p p e r  l i m i t s  of c o n f i d e n c e  
(ULC) were calculated for the r isk of 
each compl ica t ion.  ~ 

RESULTS 
A total  of 81,3 pat ients  met  the cri- 

teria for review, wi th  no pat ients  ex- 
c l u d e d  b e c a u s e  of m i s s i n g  char t s .  
There were 480 male  (59%) and 333 
female (41%) pat ients  (mean age, 42.4 
+- 9 .7  years) .  T h e  t o t a l  n a l o x o n e  
doses  r anged  f rom 0.4 to 2.4 mg  
(mean, 0.9 +_ 0.6 nrg). Admin i s t r a -  
t i o n  r o u t e s  w e r e  IV (800), i n t r a -  
tracheal  (seven), sublingua] (four), IM 

(one), and SQ (one). Of all  pa t i en t s  
t reated wi th  naloxone,  60 (7.4%) de- 
v e l o p e d  s o m e  s u b j e c t i v e  i m p r o v e -  
m e n t  in their  LOC wi th in  five min-  
utes  of admin i s t ra t ion  as recorded by 
the a t tending paramedics .  The mean  
age of the pa t ien ts  wi th  any subjec- 
t i v e  i m p r o v e m e n t  in  L O C  a f t e r  
naloxone was 32.3 + 6.7 years. Also, 
27 p a t i e n t s  (3.3%} were  judged to 
have regained a normal  LOC before 
arrival  at the  receiving ED. In 22 of 
these 27 pat ients  (82%), the prehospi-  
ta l  cha r t  s t a t ed  tha t  w i t n e s s e s  ob- 
served or pa ramed ics  or peace offi- 
cers found evidence of recent  opiate  
use at the scene. 

N o  pa t i en t  deve loped  ven t r i cu l a r  
tachycard ia ,  f ibr i l la t ion ,  or asys to le  
af ter  n a l o x o n e  a d m i n i s t r a t i o n  (0%, 
ULC - 0.4%). One  p a t i e n t  (0.1%, 
ULC 0.5%) d e v e l o p e d  a gener-  
a l ized ton ic -c lon ic  se izure  after re- 
ceiving 0.8 mg IV naloxone;  no im- 
p r o v e m e n t  was no ted ,  and fu r the r  
h i s to ry  revealed  an under ly ing  sei- 
zure  disorder .  Two p a t i e n t s  (0.2%, 
ULC - 0.6%) vomi ted  after receiv- 
ing 0.8 mg IV naloxone;  one of these 
p a t i e n t s  d e m o n s t r a t e d  a r ap id  im-  
p rovement  in the  observed LOC be- 
fore emesis .  The  o ther  pa t ien t ,  ini- 
t ia l ly  described as "s l ight ly  drowsy,"  
had received ipecac before naloxone 
a d m i n i s t r a t i o n .  The  ED records  of 
both  pat ients  reported no evidence of 
aspiration, and they  were discharged 
by the  t r ea t i ng  p h y s i c i a n  w i t h o u t  
fur ther  follow-up. 

One pat ient  (0.1%, ULC = 0.5%) 
deve loped  s ign i f i can t  h y p e r t e n s i o n  
after na loxone  admin i s t r a t i on .  This  
pa t ien t  was observed to have no im- 
provenrent  in the subject  LOC by the 
paramedics,  wi th  a total  dose of 1.2 
mg adminis tered.  Another  seven pa- 
t i en t s  (8.6%) had increases  of more  
than 30 m m  Hg, yet  their  post- treat-  
men t  systol ic  blood pressures ei ther  
remained  at or re turned to 100 to 160 
m m  Hg. Two pat ients  (0.2%, ULC - 
0.6%) developed signif icant  hypoten-  
s ion after na loxone  admin i s t r a t ion ;  
each received 0.8 mg, but  only  a par- 
t ia l  i m p r o v e m e n t  in LOC was ob- 
served in one pat ient .  

DISCUSSION 
These  data conf i rm the safety of 

e m p i r i c  n a l o x o n e  t he r apy  by para-  
med ics  when  t rea t ing  pa t i en t s  w i th  
an acute ly  depressed LOC; there was 
l i t t l e  r isk of p rec ip i t a t ing  vomi t ing ,  
seizures, cardiac arrest, or significant 
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hype r t ens ion  and hypo tens ion .  This  
was true for pat ients  wi th  a cl inical  
improvemen t  after naloxone and for 
those  w i t h  no sub j ec t i ve  improve -  
m e n t  who  were  g iven  n a l o x o n e  as 
part of a protocol. 

Case reports  d o c u m e n t i n g  cardiac 
a r r e s t  a f t e r  n a l o x o n e  r e v e r s a l  of 
opia te  anes thes ia  in young, hea l thy  
adults  have surfaced, s yet  no data ex- 
is t  on the overall  prevalence of this  
compl ica t ion  in e i ther  the postopera- 
t ive  or e m e r g e n c y  se t t ings .  In the  
a f o r e m e n t i o n e d  case  r epor t s ,  ven-  
t r icular  f ibr i l la t ion developed rapidly 
after 0.2 to 0.4 mg IV naloxone, pre- 
sumably  from a ca techo lamine  surge 
p rec ip i t a t ed  by the agent.  However ,  
these pa t ien ts  may  differ from those 
t r e a t ed  for a c u t e l y  depres sed  LOC. 
Postoperat ive pat ients  have often re- 
ceived a var ie ty  of agents capable of 
a l t e r i ng  c i r c u l a t o r y  phys io logy  and 
are s t i l l  subject  to the stress of sur- 
gery.  Also ,  v o m i t i n g  and s e i z u r e s  
have been repor ted  as a direct  side 
effect of IV naloxone.  4 

A l i t e r a tu re  search found no data  
on the prevalence of vomi t ing  or sei- 
zures after naloxone adminis t ra t ion .  
None the le s s ,  i t  has been suggested 
that  rout ine  endotracheal  in tuba t ion  
be performed before naloxone admin-  
i s t ra t ion  to lessen the r isk of aspira- 
t ion of vomi tus .  4 Others  have sug- 
gested smal ler  in i t ia l  doses of nalox- 
one  (0.04 rag) in p a t i e n t s  w i t h  a 
suspected opiate  overdose to decrease 
the r isk  of complicat ions .  7 However,  
p r e s e n t  da ta  do no t  suppor t  these  
recommendat ions .  

There  are l imi ta t ions  to our study. 
One poten t ia l  design bias l ies wi th in  
the  da ta  c o l l e c t i o n  t echn ique .  The  
paramedics '  recording of the pre- and 
pos t - t r ea tment  LOC was subjective; 
no p r ede t e rmined  ord ina l  scale (eg, 
modif ied  Glasgow Coma Score) was 
used. On ly  sys to l ic  b lood pressures  
were cons is ten t ly  available for eval- 
ua t ion  on each pat ient ,  thus  interfer- 
ing w i t h  ana lyses  of d i a s t o l i c  and  
mean  arterial  blood pressure changes. 
The accuracy of blood pressures ob- 
t a i n e d  in  t he  f i e ld  m a y  be ques-  
t ioned, but  previous researchers have 
s u g g e s t e d  t h a t  any  e r ro r s  m a y  be 
c l i n i c a l l y  i n s i g n i f i c a n t . l ' -  F u r t h e r -  
more,  i t  is un l ike ly  that  an impor tan t  
bias was encountered  because the ar- 
bi t rary cri teria for s ignif icant  hyper- 
tens ion  or hypotens ion  were selected 
after the  care was delivered but  be- 
fore chart  review. 

Our  data col lect ion was p r imar i ly  
from prehospi ta l  charts, w i th  l imi ted  
ED char t  review. This  was o m i t t e d  
because of the logist ic  difficulties in 
obtaining a s tandardized set of data 
on each pa t ien t  when  16 receiving fa- 
ci l i t ies were involved. This  does not  
a l low analyses of response and com- 
p l i ca t ion  rates based on final diag- 
noses. Also, no toxicologic screening 
data were  avai lable  for analys is  on 
the  va s t  m a j o r i t y  of p a t i e n t s .  For  
s imi la r  reasons,  we are no t  able to 
comple te ly  exclude the poss ibi l i ty  of 
late deve lopment  of symptoms  con- 
s is tent  w i th  pu lmonary  aspirat ion in 
the two pat ients  who vomi ted  after 
t rea tment .  However,  even if both de- 
ve loped  a sp i r a t i on  synd romes ,  the  
overal l  prevalence  of this  compl ica -  
t ion would  be equal to that  seen w i th  
vomi t ing  (0.2%). 

T h e  r e t r o s p e c t i v e  n a t u r e  of t he  
present  s tudy does raise the issue of 
data accuracy.  We chose to concen-  
trate on compl ica t ions  that  were eas- 
i ly observed and rou t i ne ly  recorded 
by the  p r e h o s p i t a l  care pe r sonne l .  
The qua l i ty  assurance  sys t em used  
by the EMS bureau stresses detailed, 
un i fo rm data  col lec t ion ,  w i th  s t r ic t  
gu ide l i ne s  for d o c u m e n t a t i o n  af ter  
all  i n t e r v e n t i o n s  dur ing  ALS cal ls .  
The  presence  of con t inuous  on- l ine  
med ica l  c o m m a n d  phys ic ians ,  w i t h  
many  ALS calls a t tended by the resi- 
dent  physicians,  also assists wi th  de- 
t ec t ion  of compl i ca t i ons  after ther-  
apy. G i v e n  the  above  s y s t e m  and  
s tudy design, we feel that  no cases of 
cardiac  arrest ,  seizures,  or v o m i t i n g  
were unrecorded.  

P u l m o n a r y  edema ,  a n o t h e r  ra re  
compl ica t ion  associated wi th  nalox- 
one therapy,13, ~4 was not  s tudied be- 
cause the  field documenta t ion  of this  
disease  is difficult .  Opia te  overdose  
alone can lead to pu lmonary  edema, ,3 
f u r t h e r  c l o u d i n g  any  c o n c l u s i o n s  
about  a direct  cause-and-effect  rela-  
t ionship  be tween naloxone adminis-  
t ra t ion and this side effect. 

We did not  assess the  cost-effec- 
t iveness  of rout ine  prehospi tal  nalox- 
one a d m i n i s t r a t i o n  to all  p a t i e n t s  
w i th  an acu te ly  depressed LOC; in 
our series, more  than 92% of pa t ien ts  
t reated had no observable benefits.  In 
a d d i t i o n ,  the  va s t  m a j o r i t y  of pa-  
t ien ts  who  exper ienced  a comple t e  
re turn to a normal  LOC after nalox- 
one  a d m i n i s t r a t i o n  had  a h i s t o r y  
s t rong ly  su sp i c ious  for r ecen t  nar-  
cotic use. Our  design does not  a l low 

accurate  ident i f icat ion of all  pa t ien ts  
l ike ly  to respond to na loxonc  ther-  
apy, a l though those wi th  evidence of 
recent  opia te  use are very l ike ly  to 
demons t ra te  the mos t  improvement .  
However ,  it  is clear  tha t  some pa- 
t ients  exhibi ted  a comple te  response 
to n a l o x o n e  w h e n  o p i a t e  n a r c o s i s  
was  n o t  suspec ted .  The  pa r t i a l  re- 
sponses of some pat ients  may  be the  
resul t  of inadequa te  doses, m u l t i p l e  
drug ingest ions ,  or the  a l leged non-  
specif ic  arousal  proper t ies  of na lox-  
one in cer ta in  non-na rco t i c - induced  
condi t ions  of depressed LOC. 15 

Prospective research to identify the  
c h a r a c t e r i s t i c s  of p a t i e n t s  m o s t  
l i k e l y  to r e s p o n d  to n a l o x o n e  is 
needed to bet ter  ta i lor  the use of this  
agent in the field. Fur thermore,  anal- 
ysis of the costs and benefits  of selec- 
t ive versus  rou t ine  use of na loxone  
in pat ients  wi th  an acute ly  depressed 
LOC in a variety of prehospi ta l  sys- 
tems is needed before definit ive rec- 
ommenda t ions  concerning protocols  
can be made. 

Our  conclusions may  not  be val id  
wi th  the  use of larger doses of nalox- 
one, which  are often used to counter-  
act the  more potent  synthet ic  opiate  
c o g e n c r s .  P r e v i o u s  r e s e a r c h  w i t h  
higher doses of naloxone in overdose 
p a t i e n t s  and  h e a l t h y  s u b j e c t s  has  
fa i led  to d o c u m e n t  any s ign i f i c an t  
s ide  effects.~6, t7 T h e  c o n c l u s i o n s  
may also not  apply wi th  the use of 
n e w e r  o p i a t e  a n t a g o n i s t s ,  such  as 
nalmefene.  

C O N C L U S I O N  
T h e  use of n a l o x o n e  in i n i t i a l  

doses of 0.4 of 0.8 mg for the prehos- 
p i t a l  t r e a t m e n t  of p a t i e n t s  w i t h  
acute ly  depressed LOC is safe, w i th  
l i t t l e  r isk  of p rec ip i t a t ing  vomi t ing ,  
se izures ,  s i gn i f i can t  h y p e r t e n s i o n ,  
h y p o t e n s i o n ,  or  c a r d i a c  a r r e s t .  
S m a l l e r  doses  and  r o u t i n e  p r ead -  
m i n i s t r a t i o n  i n t u b a t i o n  appear  un- 
warranted  from our data. When  given 
to all pa t ients  wi th  a depressed LOC, 
the  m a j o r i t y  wi l l  no t  d e m o n s t r a t e  
any benefi t ,  yet  the  overal l  cost- to-  
benefit  ratio remains  undefined. 
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ERRATUM 

I n  t h e  a r t i c l e  " T h e  A b i l i t y  of P h y s i c i a n s  to  P red ic t  E l e c t r o l y t e  D e f i c i e n c y  F r o m  t h e  E C G , "  b y  W r e n n ,  Slovis ,  a n d  S lov i s  
[May  1990;19:580-583] ,  p a r t s  A a n d  B of t h e  f igu re  w e r e  i n a d v e r t e n t l y  s w i t c h e d .  
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