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CASE PRESENTATION

A 55-year-old patient with a history of hypertension, hepatitis C,
and depression arrived at an urgent care center complaining of
abdominal discomfort and vomiting. Her systolic blood pressure
was 70 mmHg and her heart rate was 55 beats per minute. The
patient was transferred to a local Emergency Department (ED)
for evaluation. On arrival, she was awake, alert, and appropriate.
Her vital signs included a blood pressure of 88/50 mmHg, a
heart rate of 48 beats per minute, and a respiratory rate of 16
breaths per minute. She was afebrile. Her physical examination
was otherwise unremarkable. A finger-stick showed a blood glu-
cose concentration of 190 mg/dL.

Further history revealed that the patient started taking cloni-
dine, 0.1 mg bid two days prior to presentation. After her third
dose of clonidine, she noticed abdominal discomfort. Her other
medications included atenolol, 50 mg bid and sustained-release
diltiazem, 360 mg daily. She denied suicidal ingestion and con-
tinued to complain only of abdominal discomfort.

An ECG showed third-degree heart block. Pacemaker pads
were placed, and 50 grams of oral activated charcoal was ad-
ministered. IV access was obtained and 2 L normal saline was
administered, resulting in a mild improvement of her blood
pressure.

Laboratory tests revealed a metabolic acidosis with a pH of
7.12, pCO2 53 mmHg, pO2 63 mmHg, and serum bicarbonate
16 mEq/L. The patient’s arterial lactate was 6.9 mmol/L, and a
chemistry profile was remarkable for bicarbonate of 16 mEq/L,
BUN 20 mg/dL and for creatinine of 2.1 mg/dL.

The patient was initially treated with 1 gram of calcium
chloride and had transient improvement of her blood pressure.

Within an hour after presentation, the patient became pulseless
and unresponsive. She was resuscitated with 1 mg of epineph-
rine and 1 mg atropine, both administered by intravenous bo-
lus. Infusions of atropine and glucagon (dosages unclear) were
also initiated. Her blood pressure improved to 110/70 mmHg,
and her heart rate rose to 60 beats per minute. The regional poi-
son center was subsequently contacted, and the center recom-
mended discontinuation of the atropine infusion, bolus dosing
of calcium chloride 1 gram (13.5 mEq of calcium) as needed, up
to 5 grams initially, as well as the addition of a high-dose insulin
and dextrose infusion. Strong consideration for pulmonary ar-
tery pressure monitoring was suggested. The treating physician
felt uncomfortable with this regimen and opted instead to add a
norepinephrine infusion to the patient’s original treatment regi-
men. Over the next hour, the patient became increasingly brady-
cardic and hypotensive. In spite of maximal treatment with
calcium, atropine, and norepinephrine—she expired.

Which cases are required by law to be reported
to the medical examiner?

At the present time, there is no federal law that mandates report-
ing deaths to the medical examiner. Every jurisdiction has its
own requirements. It is advisable to contact local authorities to
determine which cases require reports to the medical examiner
(ME). Deaths that should generally be referred to the ME include
but are not limited to:

■ Deaths caused by homicide, suicide or accidental
deaths from overdoses, falls, and motor vehicle crashes.

■ Unusual or unexpected deaths—including suspected
foul play.
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■ Deaths caused by an agent or disease thought to be a
threat to public health.

■ Death related to a medical procedure.
■ Deaths that occur in the workplace.
■ Deaths that occur in institutionalized patients or peo-

ple in custody [1].

How is the manner of death determined?

The medicolegal determination of death has a rich and colorful
history. The role of the coroner was established by the English in
1194 AD. The word coroner is derived from the word crown, and
the position signified that the coroner was an agent of the king.
At that time the determination of the manner of death was of
great importance to the crown because it had economic implica-
tions. Felony offenses, such as murder, resulted in the levying of
fines against the perpetrator and the village in which the death
took place. Suicide was also considered a felony, and the dece-
dent’s property was turned over to the royal treasury. Needless to
say, there was limited medical knowledge, and a tremendous
amount of political pressure accompanied the office of the coro-
ner. The position had minimal credibility, as it was beholden to
political influences.

In the American colonies, autopsies were prohibited, with
an exception granted for teaching medical students. The first
recorded autopsy in a criminal investigation occurred in Mary-
land in 1665. Although the victim in this case was noted to
have sustained a skull fracture and intracranial hemorrhage, the
coroner suggested that the patient had died “because he had
not gone to a doctor” [paraphrased] and the defendant was de-
clared innocent [2]. Later, as coroners were compensated for the
number of deaths that they certified, it purportedly became
common practice to discover a body (e.g., in a river), certify the
death, and return the body to its initial location of discovery
(the river) to be “rediscovered” at a later time. As a result of
such acts, by the late 1800s the office had lost all credibility [2].
The state of Massachusetts abolished the office of coroner in
1877. New York City followed suit in 1915, and the Office of the
Medical Examiner was established to create a more scientific de-
termination of the causes of deaths [3]. In 1918, the term “man-
ner of death” was included on death certificates and included
the following choices: natural, accident, suicide, homicide and
indeterminate [3].

Currently, coroners in the U.S. are elected laypeople responsi-
ble for conducting investigations of deaths [4]. Up to 25% of the
population in this country is covered by a coroner system that
has no requirement for medical expertise or death investigation
experience [4,5]. There is also a great deal of interstate variability
in training programs for coroners, and this can greatly impede
the quality of death investigations [4]. To address this issue,
many regions have replaced the coroner system with the Office
of the Medical Examiner. However, this trend has been slow to
develop, with less than half of the US population, in 1997, being
served by medical examiner systems [6]. Medical examiners are
physicians (often pathologists) who are officially appointed to

serve a city, county or region. Neither MEs nor coroners are re-
quired to have experience in forensics, and less than 100 physi-
cians have become board-certified in forensic medicine since
1959, so there is a wide variation in the quality of death investi-
gations across the US [7,6].

What does the medical examiner do when a case
is referred?

Once the ME has determined the need to review a case, there is
often a scene investigation that involves documenting the cir-
cumstances of the death, as well as the patient’s medical, social,
and psychiatric history. Many decedents undergo autopsy, al-
though this is not a requirement. Based on evidence and opin-
ion, the ME assigns a “cause of death” (a medical determination)
as well as a “manner of death” (a medico-legal determination).
But the determination of the cause and manner of death is not
always straightforward. Medical examiners rely on their training
and education as well as their investigative staff (forensic toxi-
cologist) and the medical literature to arrive at conclusions re-
garding cause and manner of death.

The pronouncement of a manner of death by a medical ex-
aminer is occasionally the source of public and private contro-
versy. The importance of this determination is noted in the fact
that religious burial or life insurance payments, to list but a few
examples, are often linked to this determination. Considerable
inconsistencies in determining the manner of death exist be-
tween individual MEs and coroners. A recent survey of 198 med-
ical examiner and coroners evaluated the differences in manner
of death classifications for twenty-three representative scenar-
ios. There was only one scenario with 100% agreement among
the subjects, and only 11 cases with >80% agreement. Sixty
three percent (63%) of the participants also felt that the term
“therapeutic complication” should be added to the list of
choices, and some felt that the classification, manner of death,
should be removed from the death certificate altogether. The pa-
per recommended the establishment of national guidelines to
achieve better consistency between medical examiners [8]. This
trend toward the use of national guidelines to reduce variability
in medical care echoes the lexis of the general movement in
much of medicine.

Similarly, there is an occasional disagreement between the
ME and another party linked to the decedent, such as the physi-
cians who cared for the patient prior to death. The other party
may be or may believe to be directly impacted by the determined
manner of death. For example, the treating physician may per-
ceive that their liability for the patient’s death hinges on the
medical examiner’s determined manner of death. This sentiment
is supported by documented information on a death certificate
that is generally considered definitive.

Although the medical examiner is the final arbiter of the
manner of death, the court, on occasion, may be asked to decide.
A review of lawsuits that challenged the manner of death found
that in 15 of 16 evaluated cases, a lower court upheld the foren-
sic findings. However, in 5 of those 15, the decisions were later
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reversed by a higher court. For example, one challenge was
brought by the parents, both physicians, of an infant whose
manner of death was ruled a homicide. They provided convinc-
ing evidence from multiple experts that the death was due to
natural causes, and the Ohio Supreme Court ordered a change to
the manner of death on the death certificate [9].

Several well publicized deaths of people in police custody
have received considerable attention. An ME’s investigation
may be of critical importance to the public and to prison offi-
cials. If an ME determines that the cause of death is natural, there
may be a widely publicized outcry of bias or influence from the
family and friends of the deceased. According to some authors,
MEs may be pressured by officials to offer a favorable opinion
[2]. Historic and recent examples of this are noted in the litera-
ture: A former Chief Medical Examiner of New York City was al-
legedly fired for repeatedly refusing to change the cause of
death on certificates [2]. After attributing the death of several
teenage girls killed in a car crash to inhalant abuse, a Pennsylva-
nia Medical Examiner was released from duties following a public
disagreement with the parents of the victims [10]. The Pennsyl-
vania ME reportedly reconstructed the scene by spraying the
inhalant in a car and measuring his own blood concentrations
of the product, and he concluded that the blood concentrations
in the victims were high enough to prove abuse rather than am-
bient exposure [10].

CASE CONTINUATION

Since the circumstances surrounding the case were uncertain,
the body was sent to the medical examiner’s office for post-
mortem evaluation. A scene investigation at the patient’s home
revealed no evidence of drug stockpiling, and the diltiazem pill
container had its full contents. The patient’s physician was inter-
viewed, and the physician stated that the patient was also on
fluoxetine for depression, although the bottles were never
found, and the patient had not revealed this information to the
emergency physician.

A postmortem examination was unrevealing. No pills were
detected in the stomach or gastrointestinal tract. Analysis of the
postmortem heart blood revealed an atenolol concentration
slightly above the therapeutic range and a therapeutic clonidine
concentration. The diltiazem concentration was 13,900 mcg/L
(therapeutic range: 86–188 mcg/L). The cause of death was de-
termined to be cardiotoxicity complicating diltiazem adminis-
tration. The Medical Examiner determined that the manner of
death was due to therapeutic complication.

Why was the manner of death in this case 
considered a therapeutic complication rather
than a suicide?

Once again, the cause of death is a medical term. Given the
blood concentration of diltiazem and the complete clinical pic-
ture, it is clear that the patient’s cause of death is diltiazem toxi-
city. The manner of death, however, is a medico-legal term based

on evidence and opinion. Although the clinical and laboratory
features of this case are consistent with an acute overdose, there
is not any scene evidence to support this decision. Although the
patient had a history of depression, a high blood concentration
of diltiazem, and all of the clinical features of calcium channel
antagonist poisoning, the patient apparently denied a history of
overdose. The patient’s bottles of medication purportedly con-
tained accurate pill counts. Additionally, blood analysis con-
firmed that the patient took multiple therapeutic medications
and analysis confirmed that the medications were not taken in
overdose. Despite the impressive blood concentrations of dilti-
azem, there was insufficient forensic evidence to establish sui-
cide as the cause of death.

A reasonable argument could be made that the high blood
diltiazem concentration suggests that the patient took an acute,
intentional overdose. The approximate fatal blood concentra-
tion reported in the literature is 15,000 mcg/L, similar to the
concentration in this patient [11]. However, diltiazem blood
concentrations may vary 10-fold following a standard dose [12].
Diltiazem redistribution occurs postmortem from the tissue, lead-
ing to elevated concentrations in heart blood, which was the site
of the sampling in this case. Basic drugs with large volumes of
distribution tend to accumulate in the lungs and diffuse post-
mortem into the right and left heart chambers, suggesting that
high concentrations of diltiazem in heart blood postmortem
have actually redistributed from the lungs rather than the liver
or heart [13]. Furthermore, postmortem blood concentrations
may be misleading since the lysis of erythrocytes (which accumu-
late diltiazem) following death may contribute to substantially
higher concentrations than would be expected during pre-
mortem therapeutic dosing.

Is the death certificate ever wrong? What are the
potential pitfalls in defining manner of death?

A recent pilot study looked at the quality assurance process in a
medical examiner’s office over a one-year period. The ME certi-
fied 1267 deaths and 47 (approximately 4%) of the certificates
had erroneous information. Of these 47 incorrect certificates,
two (approximately 4%) listed an erroneous cause of death and
three (approximately 6%) suggested an incorrect manner of
death. All of the certificates were amended. To explain the incor-
rect determination of the cause or manner of death, the study
noted the lack of timely results of forensic toxicology testing as
one of the key factors [14].

Another review examined the pitfalls of attributing the man-
ner of death to suicide when, in fact, there may be a drug-drug
interaction or altered pharmacokinetics. In patients with hepatic
insufficiency, there is a 69% increase in oral diltiazem bioavail-
ability [12]. An oral dose of 360 mg of diltiazem administered to
a patient with liver failure, in whom there is markedly reduced
first-pass elimination, may conceptually raise a patient’s serum
concentrations above the therapeutic range and produce car-
diotoxicity. Thus, the bioaccumulation of the drug—even at
therapeutic dosing—may lead to the erroneous assumption that
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the toxic blood concentration is due to an acute overdose rather
than to a therapeutic complication [15]. Although this patient
did not have liver failure, it is unclear to what magnitude the
blood concentration of diltiazem may rise following therapeutic
administration in a patient with liver failure and whether the
precipitous onset of clinical toxicity is consistent with a thera-
peutic misadventure.

Although it is attractive to estimate the dose of a drug based
on blood concentrations, it is difficult to extrapolate theoretical
premortem doses from postmortem drug concentrations because
the volume of distribution in an individual patient may vary and
postmortem redistribution may elevate blood concentrations.
One gets an analytically true elevation but a clinically false positive.

The presence of a drug in blood postmortem should not nec-
essarily suggest that the drug is related to the cause of death. For
example, the National Association of Medical Examiners guide-
lines on certifying cocaine-related deaths commented that there
are three possible prerequisites for determining a cocaine related
death: the history surrounding the death can be associated with
acute cocaine exposure, or; the immediate cause of death is read-
ily identifiable and associated with cocaine, or; chronic cocaine
use leads to an ultimately fatal disease process [16].

Another study from forensic toxicology literature addressed
the potential for errors in death investigations due to a relative
unfamiliarity with clinical pharmacology. The study suggested
that most physicians are continually learning about pharmacol-
ogy because they are actively prescribing drugs. This is often not
the case for forensic pathologists and death investigators. This
characterization, however, may be an overly generous statement
about practicing clinicians because there is variability in the de-
gree to which all medical personnel maintain timeliness of their
information. The study identified the most commonly encoun-
tered pharmaceuticals in death investigations and called for
forensic physicians to use pharmacology texts to familiarize
themselves with the mechanism of actions of these agents [17].
Interestingly, the author of the study did not mention the role of
the medical toxicologist in assisting the medical examiner.

Medical toxicologists can play a substantial consultative role
in the postmortem assessment of the toxicologic cause of death.
Medical toxicologists can assist in the interpretation of post-
mortem drug data and provide a medical examiner with pre-
mortem and postmortem pharmacokinetic and clinical insight.
The role of a medical toxicologist in assisting in the determina-
tion of the manner of death is less clear, but medical toxicologist
may, for example, provide insight into typical workplace condi-
tions, therapeutic dosing regimens, or substance abuse demo-
graphics.

Which pharmacologic agents could be responsible
for this patient’s presentation?

Clonidine should be included in the differential diagnosis
for hypotension and bradycardia. Clonidine is an imidazoline
with potent α2-adrenergic receptor agonism. Central stimulation
of these receptors results in presynaptic inhibition of sympathetic

tone, leading to a decrease in blood pressure and heart rate
[18,19]. Similarly, stimulation of central imidazoline receptors
results in lowering of blood pressure [20]. Other clinical manifes-
tations of clonidine toxicity include CNS depression, miosis, and
hypoventilation that mimic opioid toxicity and are occasionally
reversible with naloxone.

Atenolol is a β-adrenergic antagonist that primarily exerts its
hypotensive effects by inhibiting the effect of catecholamines on
the β-receptors of the cardiac myocytes. The resultant decrease in
inotropy and chronotropy leads to a lowering of heart rate and
blood pressure. Over time, a decrease in peripheral vascular resis-
tance is observed, although the mechanism of this decline is un-
clear [21]. Clinically, overdose of β-adrenergic antagonists, when
taken alone, is rarely life threatening in patients whose cardiac
output is not dependent on sympathetic tone. However, those
patients who require high sympathetic tone, such as those with
congestive heart failure, may experience serious hypotension and
bradycardia as a prelude to cardiovascular collapse. β-adrenergic
antagonist overdose may be accompanied by altered mental status
and occasionally by hypoglycemia. The hypoglycemia is partly
due to impaired glycogenolysis and gluconeogenesis.

Are all calcium channel blockers associated with
hypotension and bradycardia?

There are several different types of calcium channel antago-
nists with differing toxicity profiles. The dihydropyridines include
nifedipine, isradipine, amlodipine, nimodipine, nisoldapine and
nicardipine. These agents selectively target vascular smooth mus-
cle and predominantly cause vasodilation [22]. Toxicity from
these drugs is characterized by hypotension and tachycardia,
which is usually ameliorated by the administration of fluids. In
more severely poisoned patients, treatment with calcium or va-
sopressors, such as norepinephrine, may be necessary.

Verapamil and diltiazem belong to the phenylalkylamine
and benzothiazepine classes, respectively. These agents competi-
tively inhibit L-type calcium channels on the cardiac and, to a
lesser extent, vascular myocytes. In the heart, this blockade re-
duces the influx of calcium into the myocyte during systole and
thereby decreases the dose-dependent calcium-induced calcium
efflux from the sarcoplasmic reticulum. This, in turn, diminishes
the excitation-contraction coupling interaction between actin
and myosin, leading to decreased contractility [23]. Clinical man-
ifestations of diltiazem or verapamil toxicity include hypoten-
sion and bradycardia because they affect the myocardial calcium
channels more than the dihydropyridines [22]. Poisoning by all
calcium channel blockers is often accompanied by hyperglycemia
because pancreatic β-islet cells release insulin in response to cal-
cium entry through L-type calcium channels [24].

What are the options for treating patients with
calcium channel antagonist toxicity?

Patients with calcium channel blocker poisoning should be at-
tached to a continuous ECG monitor, and IV access should be
obtained with a large-bore catheter. Initiate a normal saline
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intravenous at a rapid infusion rate (based on the patient’s clini-
cal status). If the patient is hemodynamically unstable after a dil-
tiazem or verapamil overdose, a central line should be placed
with the consideration of pulmonary artery pressure monitoring
to determine the relative balance of cardiac output and systemic
vascular resistance. These parameters will assist with decisions
about appropriate use of pressors and other pharmacotherapeu-
tics. Orogastric lavage should be considered in patients who
have ingested calcium channel blockers; however, the utility in
patients who ingest sustained-release preparations is likely to be
minimized by the larger size of the tablets. Caution should also
be taken during lavage, given its propensity to induce bradycar-
dia in some patients. Given the high-risk nature of calcium
channel blocker poisoning, 1g/kg of activated charcoal (AC)
should typically be administered to patients who are able to
safely drink, and in some situations a nasogastric tube may be
inserted for its administration. Several doses of activated char-
coal (0.5g/kg) should be given to patients who have ingested a
sustained-release product. In addition, these patients should
have whole bowel irrigation (WBI) with 1–2 L/h of polyethylene
glycol electrolyte lavage solution until the rectal effluent is clear.

In bradycardic patients, 0.5–1 mg of atropine should be con-
sidered every 3–5 minutes to a maximum of 3 mg (0.02 mg/kg in
children). However, atropine is unlikely to be beneficial in the
setting of severe toxicity, since the myocardium is globally dys-
functional in these cases and the bradycardia is not related to
increased vagal tone. A potential complication of atropine ad-
ministration is decreased gastrointestinal motility which can
decrease the effectiveness of WBI.

Conceptually, high concentrations of extracellular calcium
compete for functional channels and optimize cardiac function.
In experimental animals and human cases, calcium salt adminis-
tration is reported to improve hemodynamic function [25–27].
However, these effects are often transient and not always clini-
cally effective [28,29].

In cases where calcium salts do not correct hypotension, va-
sopressors may be required. The decision regarding vasopressor
therapy should be guided by physiologic principles. Norepi-
nephrine predominately affects α1 receptors on the vasculature,
thereby causing vasoconstriction. However, the resultant in-
creased afterload can further impair cardiac output from a poorly
contractile heart. Epinephrine, at serum concentrations obtained
by infusion, functions primarily as a β-agonist and has only
weak α1 effects. Thus the response to epinephrine may be para-
doxical, leading to improved cardiac output at the expense of
peripheral vasodilation and a potential fall in the mean arterial
pressure. Invasive hemodynamic monitoring is useful in aiding
the decision regarding optimal use of pressors.

In animal models, myocardial glucose uptake is significantly
increased in the setting of verapamil toxicity. Concomitant insulin
administration enhanced glucose uptake and improved inotropy
as well as survival in severely poisoned dogs [30]. Subsequent re-
ports have shown impressive responses to insulin-glucose therapy
in humans (following large overdoses with calcium channel

blockers) who have exhibited refractory hypotension and brady-
cardia [31,32]. These successes suggest that insulin and glucose
therapy should be instituted early in the course of serious calcium
channel blocker toxicity and may be a useful adjunct to other
pharmacologic interventions.

The aim of insulin-glucose therapy is to saturate insulin re-
ceptors and maximize cardiac glucose utilization. The dosing
regimen is incompletely defined and not validated; however, an
initial bolus of insulin should be about 1 U/kg accompanied by
25 gm of dextrose (one ampule of D50W IV) [32]. The dextrose
may be withheld if the initial blood glucose is >250 mg/dL
(13.9 mmol/L). Many health care providers become uncomfort-
able when this dose of insulin is administered, so it should be
administered in a closely monitored setting in the ED or ICU. A
continuous infusion of insulin is started at 0.5 U/kg/hr along
with a dextrose infusion of 0.5g/kg/h [33]. The dextrose infusion
should be titrated to maintain a blood glucose concentration
between 100–200 mg/dL (5.6–11.1 mmol/L).

CONCLUSION

Although it is clear that the patient reported here died from car-
diotoxicity due to calcium channel blockade, it is not necessarily
easy to determine the manner by which the diltiazem overdose
occurred. In cases where the suspected cause of death is related
to a potential toxin, a medical toxicologist can provide detailed
information about the clinical pharmacology, manifestations of
toxicity, and clinical management of poisoned patients to assist
the Medical Examiner in determining the cause and manner of
death.
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