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We measured tnast-cell tryptase in postmortem blood from 22 heroin addiets
dying suddenly after injection. In 32%, the eoncentration of tryptase was
elevated (slO |J.g/l), and the mean value of tryptase was significantly
different from a control group dying from knowti, nonimtnunologic eauses
(f <0.05). The increased tryptase concentrations indicate that death was
preceded by systemic tnast-cell degranulatioti. All victims of drug deaths had
morphine in tjlood, most below 0.2 |J,g/ml. In 71% of the victims of drug-
related deaths with tryptase values s lO |j,g/l, the intermediate degradation
product, 6-monoacetyl-tnorphine, was tiot found in blood, whereas this was
the case in only two vietitns with values below that cutoff point. This indicates
that those with high tryptase concentrations survived longer than those with
lower values. No correlation was found between the IgE levels and tryptase
in either group, supporting the hypothesis that tryptase release was not
mediated by an allergie reaetion. Tlie well-known property of opiates to
stitnulate unspecifically the liberation of histamine and other constituents of
mast-cell granules offers one explatiation of our observations. Tlie results
suggest that many heroin fatalities arc eaused by an anaphylactoid reaetion.
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Death by no definitely demonstrable cause is
common among drug addicts. Quite often the
victims are found dead in a public toilet, with the
syringe on the floor beside them or with the needle
still in the ami. Tlie apparent suddenness of many
of these deaths and the unspecific findings at
postmortem investigation give no clue to the patho-
genic mechanistns, the main findings being acute
organ stasis and sometimes signs of agonal aspi-
ration of stomach contents (1-3).

Tlie concentration of morphine (heroin is rapidly
degraded to morphine) in postmortem blood seldom
exceeds 0.2 |ug/ml, a concentration which would not
give rise to significant respiratory depression, per
se. The exact cause of these deaths therefore
remains obscure. It has been suggested that these
fatalities may be caused by overdose (4), but this
has never been substantiated. Statistically, these
accidental drug deaths can be correlated to impu-
rity of the drug, relapse after abstinence periods,
and polydrug abuse (5). The acute symptoms of
heroin intoxication with respiratory and circulatory

shock, and pulmonary edema resemble anaphylaxis
(6), and it has therefore been speculated that such
deaths might be caused by an allergic reaction (7).
Opiates are known to stimulate mast-cell degran-
ulation unspecifically (8), and thus may give rise to
an anaphylactoid reaction caused by release of
mediators from mast-cell granules.

The major mediator, histamine, cannot be atia-
lyzed in postmortem blood because of its rapid
breakdown. Tryptase is a neutral protease with high
specificity for mast cells and is released together
with histamine (9). In contrast to histamine, tryp-
tase has its peak blood concentration at about 1 h
after release, with a half-life of 2 h. Moreover, it is
stable in blood samples at room temperature for
several days (10). Tlierefore, tryptase could be used
as a proxy for histamine to diagnose anaphylaxis
postmortem (11). In living subjects, normal tryp-
tase values are below the detection limit of the test,
i.e., <2 |ig/l (10).

An alternative explanation of these acute drug-
associated deaths is a rapid drop in blood pressure
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and respiratory and cardiac failure due to acute,
nonspecific mast-cell degranulation caused by heroin
and morphine. To test this hypothesis, we measured
tryptase in postmortem blood from 22 deaths after
heroin injection and in 26 controls dying suddenly
from known, nonimmunologic causes. Correlations
were made between, on the one hand, tryptase
concentrations, and total serum IgE and toxicologic
findings of heroin degradation products in blood
on the other. The influence of postmortem delay
on tryptase concentrations in peripheral blood was
also investigated.

Material and methods
Patients

Twenty-two drug addicts - consecutive cases during
a period of 1 year - dying after intravenous
injection (age 35±5.9 years [mean±SD]; two
women and 20 men) and 26 controls (age 38±10
years; two women and 24 men) were included in
the study. Tlie controls were consecutive cases,
collected during the same period as the drug
fatalities, 50 years of age or below, and had all died
from known causes, i.e., cardiac fatalities, suicidal
hanging, and traumatic brain damage. Infectious
disease, asthma, and other immunologically com-
promising states were excluded. The time lapse
after death (i.e., time when found dead) varied
between 1 and 5 days (3.42±1.2 days), during which
time the bodies were stored at 4°C.

Collection of samples

The autopsies were done by one of us (E.E.).
Peripheral blood was sampled at autopsy between
1 and 5 days postmortem, and serum was frozen
immediately at -20°C. In the drug addicts, patho-
logic changes were carefully excluded, including
venous air embolism. In all cases, histologic sec-
tions from the brain, myocardium, lungs, liver,
kidneys, proximal coronary arteries from the three
main branches, and laryngeal wall about midway
between the epiglottis and the vocal cords were
studied.

Tlie influence of postmortem delay was studied
in 11 cases. In those cases, peripheral blood was
collected in a syringe by suction through the skin
in the left inguinal region on days 1, 3, or 5 before
autopsy.

Determination of tryptase and total IgE

Mast-cell tryptase and total serum IgE were meas-
ured with commercial tests, according to the in-
structions of the manufacturer (Pharmacia Tryptase

RIACT, which measures mainly (3-tryptase [12],
and Pharmacia CAP System IgE FEIA, Pharmacia
Diagnostics, Uppsala, Sweden). The detection limit
of the assay is 2

To.xicologic aiialvsis

In all the cases, toxicologic analysis for alcohol
and therapeutic drugs (screening tests), and, in
the drug fatalities, narcotic substances, was done
at the National Forensic Chemistry Laboratory,
Linkoping, Sweden. Unconjugated morphine and
6-monoacetyl-morphine were detected with gas
chromatography-mass spectrometry (GCMS).

Statistical evaluation

For statistical evaluation, the unpaired r-test was
used. Sets of data were correlated by the Spearman
rank test. Results were expressed as mean ± SD.

Results
In seven drug-associated deaths (32%), tryptase
was elevated above a cutoff value (s:10[jg/l). In
the control group, two cases (8%) had values
>10|jg/l. The mean value of tryptase was
13.4±22.9 j.ig/1 in the drug fatalities and 5.4±5.4 |Ug/
1 in the controls. Tlie difference between the groups
was statistically significant (P<0.05) (Fig. 1).

In five drug victims, IgE was elevated (>200 kU/
1) compared with five victims among the controls
(not significant, P>0.05).

In all the drug deaths, morphine was detected
in blood to a mean value of 0.18±0.12 |ug/ml
(Table 1). In f5 cases, the intermediate degrada-
tion product of heroin, 6-monoacetyl-morphine,
was detected in low concentrations. In five cases,
amphetamine (0.2-1.2 |ag/ml) was found, and in
five cases traces of tetrahydrocannabinol. Ethanol
was found in 13 cases (range 0.1-2.0%o). In a few
cases, therapeutic concentrations of benzodiaze-
pines, anabolic steroids, and dextropropoxyphene
were found. Among the controls (Table 2), two
cases of nonlethal ethanol intoxication (1.4-1.9%o)
were found, and in one case therapeutic levels of
a neuroleptic drug.

No correlations were found between the levels
of morphine, IgE, ethanol, and other drugs on the
one hand and tryptase on the other. However, in
all cases with elevated tryptase, other drugs or
ethanol were found in nonlethal concentrations.
Nor was there any correlation between tryptase
concentrations and interval between deatli and
autopsy (Tables 1 and 2).

In comparison of the victims with tryptase con-
centrations >10|JgA with victims with the lowest
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Fig. 1. Tryptase concentrations in |.ig/l (log scale) in postmortem sera from 22 drug addicts (shaded box) and 26 controls (open box).
Square symbol in box indicates mean. Bottom symbol shows minimum value, bottom of vertical line marks 5th percentile, and bottom
of box 25th percentile. Median line marks 50th and top of box 75th percentile. Top of vertical line marks 95th percentile, and upper
symbols 99th and 100th percentiles, respectively (maximum value). Difference between groups was statistically significant (P<0.05).

(normal) levels (<5|j.g/l), there were two differ-
ences: in the first group, 6-monoacetyl-morphine
could not be detected in five cases and in very low
concentrations in the two remaining fatalities,
whereas in the group with low tryptase levels, 6-

Table 1. Twenty-two cases of death after injection of heroin. Tryptase in serum ng / l

totai serum igE in i<U/l. and result of toxicoiogic analysis; degradation products of

heroin Imorphine. 6-monoacetyi morphine) in ng/mi and postmortem deiay

Age
(years)

31
35
43
32
33
32
36
35
34
34
37
44
35
33
42
46
38
29
36
41
22
24

Tryptase

Mg/I

<2
2,1
2,5
2,5
3,2
3,3
3,4
3,7
4,1
4,6
5,2
5,3
6,9
9
9,9

10
12
15
18
20
46

106

sIgE

kU/i

120
57
7,5

60
45
90

390
220
11
12
11

280
11
11,2

51
24

120
76
47
25

366
310

Morphine
ng/ml

0,45

0,11

0,07

0,24

0,06

0,24

0,13

0,16

0,3
0,4
0,4
0,13

0,27

0,22

0,11

0,18

0,13

0,12

0,08

0,15

0,3
0,04

6-Monoacetyl-

morphine

ng/ml

0,03

0,07

0,006

0,004

0
0,006

0,003

0,02

0,007

0
0,03

0,004

0,01

0,02

0,007

0
0
0,009

0
0,002

0
0

Postmortem

delay (days)

3
5
2
3
2
4
2
4
7

5
3
5
4
2
5
4
4
3
5
5
3
3

monoacetyl-morphine could be found in all but two
cases, the mean values being 0.0016+0.0034 and
0.015+0.022 iLig/nil {P<0.05). Moreover, the concen-
trations of morphine were significantly higher in the
latter group (0.22+0.14 jig/ml vs 0.14±0.08 |ig/ml).

The morphologic findings in the drug-associated
deaths were few and nonspecific. No signs of heart
disease were seen. In the lungs, moderate to severe
pulmonary edema, acute blood stasis, and slight fresh
hemorrhages were found, but no conspicuous inflam-
matory changes. In the liver, slight-to-moderate,
chronic nonactive hepatitis was sometimes observed
in the histologic sections. No laryngeal edema was
seen at autopsy, but, in most cases, nonspecific
inflammation of the respiratory mucous membrane
was observed microscopically.

No significant changes in tryptase were seen
between days 1 and 3-5, the mean difference of
the percent change being +19.4+53.5%. Initially
low values on day 1 remained in the lower range
on days 3-5 except for one "rogue" case.

Discussion
We found statistically significant elevated levels of
tryptase in the drug addicts, inidcating that
many of these deaths were probably preceded
by mast-cell degranulation. No correlation between
total sIgE and tryptase was seen in either group.
This is consistent with the hypothesis that heroin/
morphine stimulated mast cells nonspecifically, i.e.,
without involvement of specific IgE antibodies.
However, theoretically, the lack of elevation of
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Table 2. Twenty-six controls dying of known causes. Tryptase in serum |.ig/l, total

serum IgE in kU/1, and postmortem delay

Age
(years)

39
22
50
50
40
48
50
45
43
20
42
46
35
44
39
37
19
48
22
41
27
44

C
N

J

42
33
34

Tryptase

MQ/I

<2
<2
<2
<2
<2
<2
<2

2
2.4
2.5
2.7
3.2
4.1
4.2
4.3
4.7
5.1
5.2
5.5
5.9
6.9
6.9
7.7
8.6

19.9

25

sIgE

kU/l

39
2.6

25
230
63
21
14
83
71
4.6

44
19
2.1

800
1.9

25
134
19

458
8.8

340
220

3.3
53
21

120

Postmortem

delay (days)

1
3
5
4

1
5
2
5
4
1
3
2
4
3
3
2
1

3
2
5
1
5
2
4
4
2

Cause of death

Brainstem trauma

Suicidal hanging

Suicidal hanging

Myocardial infarction

Myocardial infarction

Myocardial infarction

Myocardial infarction

Suicidal hanging

Suicidal hanging

Brainstem trauma

Brainstem trauma

Myocardiai infarction

Suicidal hanging

Suicidal hanging

Myocardial infarction

Myocardial infarction

Brainstem trauma

Brain laceration

Brainstem trauma

Myocardial infarction

Suicidal hanging

Myocardial infarction

Brainstem trauma

Suicidal hanging

Brainstem trauma

Brainstem trauma

sIgE could also be due to an acute consumption of
previously elevated levels. The radioallergosorbent
test (RAST) was not performed in this study.
Therefore, the cause of the observed elevation of
tryptase cannot be determined with certainty;
i.e., whether the mast-cell degranulation was
caused by IgE-mediated anaphylaxis or by a non-
specific reaction.

The relatively low concentrations of morphine in
blood and the existence of the intermediate degra-
dation product of heroin, 6-monoacetyl-morphine,
in most cases confirm that heroin had been injected
recently (4). The half-life of heroin in the body
is 9 min, and that of 6-monoacetyl-morphine is
38 min (13). In 71% of cases with tryptase >10|ig/l,
6-monoacetyl-morphine was not found. Tliis could
mean that these victims survived longer than the
others; alternatively, although more unlikely, it could
mean that they injected morphine, not heroin.

Hermens et al. have shown a dose-dependent
correlation between morphine concentration and
histamine release from mast cells (14). However,
we found no correlation between morphine con-
centrations and tryptase, probably because tryptase
diffused slower than histamine into the blood. This
correlation may not be obvious if the victim dies
suddenly, or if the interval between injection and
death is unknown.

Ethanol, opiates, and analgesics such as dextro-
propoxyphene have synergistic respiratory de-
pressant effects. The exact circumstances of the
drug-associated deaths in our study are unknown,
with the exception of two victims who were found
alive, but seriously ill, and died a witnessed death:
one in an ambulance about 20 min after the time
when he was found, and the other after about 1 h
with symptoms of hypotensive shock. Tliey had the
highest values of tryptase of 46 and 106 |ig/l,
respectively, supporting the notion that a survival
period of 10-20 min might be required before a
significant elevation of tryptase can be detected in
blood after mast-cell degranulation (10). One could
speculate that the prolonged agonal period, per se,
in these cases, might have caused the elevation by
an unknown mechanism. However, previous data
from cardiac deaths and deaths from other causes
with longer agonal periods did not show elevation
of tryptase (15). According to Garriott & Sturner
(4), who studied morphine concentrations and sur-
vival periods in acute heroin fatalities, the shorter
the survival period, the higher the morphine
concentrations. Our results showed a tendency
for higher morphine and 6-monoacetyl-morphine
values in those with low concentrations of tryptase,
who presumably had a shorter survival time,
and might have died within minutes of anaphy-
lactoid shock before tryptase had diffused into
the systemic circulation. However, it cannot be
excluded that some of these victims, those with
the highest morphine values, actually died of an
overdose.

Postmortem changes in tryptase concentrations
in blood need to be better understood. This has
also been concluded in a recent study by Randall
et al. (16). In their study, 5/49 controls had tryptase
values exceeding 10|ag/l, which is similar to our
control group, where 2/26 showed such an eleva-
tion. These were both traumatic deaths. Schwartz
et al. (10) and Yunginger et al. (17) have found that
in anaphylactic deaths tryptase values often exceed
10 iag/1, but in some cases it might be lower. In our
control group, 2/26 victims had values above the
cutoff value. Both of these victims died in traffic
accidents. Tlierelore, it cannot be ruled out that they
suffered a preceding anaphylactic reaction that
caused the accident Tlie time between death and
autopsy did not intluenee the values of tryptase, and
cannot explain the elevation in the two controls.

The results of the present study show that eleva-
tion of tryptase is common in drug-associated
fatalities and provide evidence of anaphylactoid
reaction as the cause of death. One explanation
of this observation is the direct action of heroin or
its degradation products on the mast cells. How-
ever, further studies are needed to explain our
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observations, and to obtain a better understanding
of the mechanisms of death after heroin injection.
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