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Introduction
Calcium Channel Blockers (CCB) are a versatile and popular class 

of drugs prescribed to treat hypertension, arrhythmias, and ischemic 
heart disease [1-3]. Verapamil, an inhibitor of the hepatic Cytochrome 
P450 (CYP) gene CYP3A4, is a nondihydropyridine calcium channel 
blocker, and is available in immediate or extended release formulations. 
In most patients with normal hepatic clearance, caution is advised 
when doses greater than 400-480 mg per day are used [4-6], because 
over-suppression of calcium flow can lead to severe cardiovascular 
compromise or collapse [7]. Consequently, CCBs are responsible for 
16% of cardiovascular drug toxic exposures and 38-48% of all deaths 
[6,7]. Adverse effects are due to exaggerated calcium channel blockade, 
since CCBs interrupt the flow of calcium through L-type voltage-
gated calcium channels. This disruption of calcium flow into cardiac 
myocytes inhibits the release of more calcium from the sarcoplasmic 
reticulum, causing a decline in cardiac contraction and heart rate [8]. 
Since L-type channels increase vascular smooth muscle tone, CCBs can 
also result in vasodilatations [7]. 

In patients with impaired hepatic clearance, the use of verapamil 
or other CCBs have not been thoroughly investigated despite the 
common use of these agents. This is especially important since the liver 
metabolizes CCBs, with an extensive first-pass effect via multiple CYP 
genes. Cirrhosis, a process of progressive hepatic fibrosis with distortion 
of the hepatic architecture and formation of regenerative nodules [9], 
is a form of impaired hepatic clearance. Despite the high prevalence of 
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Abstract
Objective

To report a case of profound bradycardia as a result of verapamil toxicity due to impaired metabolism in a 
cirrhotic patient.

Case report

A 57 year old man with cirrhosis presented with weakness and syncope and a heart rate of twenty beats per 
minute (bpm). Despite treatment with transcutaneous cardiac pacing, he developed a systole and required eight 
minutes of cardiopulmonary resuscitation before circulation was restored. After reviewing his medication list, 
verapamil toxicity was suspected as the etiology for his cardiovascular collapse because of the drug’s poor metabolic 
clearance in hepatic dysfunction. He was treated for calcium channel blocker toxicity, with calcium, insulin and 
dextrose infusions. By the seventh day, his blood pressure and heart rate were stable without invasive interventions. 
However, his liver was unable to recover from the initial shock, leading to the patient’s death.

Discussion

Calcium Channel Blocker (CCB) toxicity is associated with significant morbidity and mortality and is often 
diagnosed at the time of presentation (e.g. history of overdose). Treatment options include calcium infusion, which 
can lead to improvements in conduction, inotropy, and blood pressure; and high-dose insulin, which improves 
myocardial metabolism. These therapies were implemented in the patient, leading to hemodynamic stability, even 
in the setting of cirrhosis.

Conclusion

Caution is warranted when prescribing calcium channel blockers, such as verapamil, to patients with cirrhosis, 
since hepatic clearance will most likely be impaired, and may be associated with adverse events. If cirrhotic patients 
develop CCB toxicity, management is difficult, with few reports of specific treatment strategies.

cirrhosis, there are few reports of verapamil toxicity in this population 
[10,11]. In cirrhotic patients chronically taking CCBs, there are even 
fewer reports, with no descriptions in the last twenty years [12]. For 
these reasons, we describe a patient with liver disease who recently 
developed catastrophic cardiovascular complications of CCB toxicity, 
leading to his subsequent death. We also review conventional CCB 
toxicity management and discuss how this management is challenged 
in the setting of cirrhosis. 

Case Presentation
A 57-year old man presented with weakness and fatigue. He had 

a long history for hypertension, cirrhosis due to hepatitis C, and 
radiographic evidence concerning for hepatocellular cancer. He quit 
smoking two months prior to admission after smoking for 40 years, 
but did not drink alcohol or use intravenous drugs; in addition, he had 
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a strong family history for premature coronary and peripheral arterial 
disease. His baseline characteristics are presented in (Table 1), provided 
from an outpatient clinic visit one month prior to admission. At that 
time, he appeared to have well compensated cirrhosis, without ascites, 
edema, or encephalopathy. However, a hepatic lesion was noted on a 
hepatic ultrasound consistent with hepatocellular carcinoma; therefore, 
the visit served as the initiation of the transplant evaluation process. 
Also, his blood pressure was elevated, so the dosage of his verapamil, a 
medication he has taken for eight months, was increased from 120 mg 
to 240 mg. 

En route to the hospital, the patient developed profound 
bradycardia with a pulse of 20 beats per minute (bpm) that required 
cardiac transcutaneous pacing. On arrival to the hospital, his 
temperature was 37.5°C, blood pressure 80/47 mmHg, and pulse 80 
bpm. An attempt was made to place a transvenous cardiac pacer but 
was unsuccessful. He then developed a systole, and required eight 
minutes of cardiopulmonary resuscitation before regaining a pulse. He 
was endotracheally incubated for airway protection, transcutaneous 
pacing was resumed, and he was infused with intravenous fluids and 
norepinephrine. An electrocardiogram (ECG) revealed accelerated 
junction rhythm with occasional paced beats (Figure 1A). Laboratory 
data were notable for hyponatremia, hyperkalemia and metabolic 
acidosis (Table 2) but there were no signs of toxin ingestion, infection, 
or cardiac enzyme elevations.

The patient was then taken to the cardiac intensive care unit. 
Physical examination revealed constricted pupils, mechanical 
ventilation sounds in both lungs, diminished heart sounds due to 
transcutaneous pacing noise, a distended abdomen with no abdominal 
sounds, and erythematous and mildly edematous extremities. A 
computed tomogram of the chest and abdomen was notable for signs of 
cirrhosis and ileus, and a transthoracic echocardiogram revealed mild 

global left ventricular hypokinesis with an estimated ejection fraction 
of 40-45%.

He was presumptively treated for calcium channel blocker toxicity 
with high dose intravenous calcium therapy along with dextrose and 
insulin infusions. He received intravenous (IV) calcium gluconate 0.3–
1.2 g hourly (0.02 meq/kg/h–0.06 meq/kg/h) for six consecutive days, 
with intermittent 1 and 2 g doses thereafter. Initially, he was infused 
with 1 unit of insulin hourly along with 10 percent dextrose in water, 
ranging from 25 to 75 ml hourly (0.03 g/kg/h–0.09 g/kg/h). Thereafter, 
he required intermittent IV doses of 50 ml of 50 percent dextrose in 
water (25 g) and 1-8 units of insulin hourly (0.01 unit/kg/h–0.1 unit/
kg/h) titrated to a blood glucose level of 140–180 mg/dL. He also 
required renal replacement therapy, administered via continuous veno-
venous hemodialysis (CVVHD) for anuria likely due to ischemic acute 
tubular necrosis. Within one day, all of his metabolic abnormalities 
normalized, and a rhythm strip revealed atrial fibrillation (Figure 
1B). After four days, his ileus resolved, and he no longer required 
intermittent transcutaneous cardiac pacing since his rhythm reverted 
to sinus rhythm (Figure 1C). However, it was not until the seventh day 
that calcium, insulin and dextrose infusions were successfully weaned 
off and the patient maintained normal sinus rhythm with stable blood 
pressures. In addition, he no longer required mechanical ventilation or 
hemodialysis.

Despite improvements in his cardiovascular status, he continued 
to have worsening liver failure, with a peak AST greater than 20,000 
U/L, ALT at 4729 U/L, and alkaline phosphatase level of 204 U/L. He 
subsequently developed disseminated intravascular coagulation on the 
seventh day. His family made the decision to transition him to comfort 
measures and the patient died the next day. On that same day, his serum 
verapamil level (obtained on the second day of admission) returned 
from the outside laboratory and was 190 ng/mL (therapeutic range is 
70-350 ng/mL).

Discussion
Manifestations of CCB toxicity in patients with cirrhosis

The most common manifestations of CCB toxicity are bradycardia 
and hypotension – essentially pronounced manifestations of their 
therapeutic actions [7,8]. As a result, patients can develop a systole, 
complete heart block with associated junctional escape beats or rhythm, 
or slow ventricular rhythms [13,14]. In addition, non-cardiovascular 
symptoms can occur, including weakness, lightheadedness, or 
depressed mental status. Rarely, patients can develop paralytic ileus 
(due to calcium’s action on smooth muscle), bowel infarction, stroke, 
or pulmonary edema [8,15,16]. Finally, CCB toxicity can cause acidosis 
and hyperglycemia, because of calcium channel receptor blockade on 

Medications
Nadolol 40 mg by mouth daily

**Verapamil CR 120 mg by mouth daily, 
which was then increaed to 240 mg by 
mouth daily

Omeprazole 40 mg by mouth daily

Ranitidine 300 mg by mouth at night

Sildenafil 100 mg by mouth as needed

Zolpidem 10 mg by mouth at bedtime.

Vital signs 
Temperature 36.7°C
Blood Pressure 147 mmHg over 91 
mmHg
Heart Rate 58 beats per minute

Physical Exam

“The patient is alert and oriented times three with no evidence of confusion. The 
sclera are non-icteric. 

Pulmonary exam reveals clear lung sounds with no rhonchi, wheezing or rales. 
Cardiac exam revealed a baseline systolic ejection murmur, grade 2 out of 6, 
heard across the precoridium. Abdominal exam revealed a soft and non-tender 
abdomen with no ascites and no palpable spleen; his liver was 2 cm below the 
costal margin of the epigastrium. There was no edema of the extremities”.
Co-morbidities

Hypertension: managed for two years with nadolol and amlodipine; switched 
to verapamil from amlodipine eight months prior to hospitalization due to ankle 
swelling. 

Chronic Hepatitis C Infection.

Cirrhosis with MELD Score 8 

Hepatocellular carcinoma screening: recently found hepatic lesion; alpha fetal 
protein level measured at 39 ng/mL (rising from 23 ng/mL one year prior).

Table 1: Baseline characteristics of patient, provided by clinic visit one month prior 
to hospitalization.

A

B

C

Hospital Day 1

Hospital Day 2

Hospital Day 7

100
55

HR

ARR
AdultPacer OFF

83

Figure 1: A. Accelerated junctional rhythm with occasional paced beats. Hospital 
Day 1.
B. Atrial fibrillation after initiation of intravenous calcium & insulin. Hospital Day 2.
C. Normal sinus rhythm. Hospital Day 7.
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the islets of Langerhans [7,17].

CCB toxicity effects on cardiovascular and non-cardiovascular 
systems can have even more severe consequences in a patient 
with cirrhosis. Cirrhotic patients have elevated portal circulatory 
pressures and tend to have hyperdynamic vasodilated systemic cardio 
vasculatures, leading to low baseline blood pressures and high cardiac 
output [18,19]. In addition, cirrhotic have low intravascular volume, 
due to impaired synthesis of albumin and other proteins, resulting in 
a low intravascular osmotic pressure. Autonomic dysfunction is also 
common, leading to impaired myocardial contractility in response 
to orthostatic or vasoconstrictors [18,20,21]. Finally, cirrhosis is 
associated with adrenal insufficiency, leading to a decrease in cortisol-
driven responses and hemodynamic instability (the hepato-adrenal 
syndrome) [22-24]. The combination of these factors can make the 
management of cirrhotic patients with a critical illness, such as CCB 
toxicity, very challenging.

Case uncertainties 

Toxicity likely occurred due to the patient’s calcium channel blocker 
dose increase in the setting of a new hepatic lesion, which may have 
further worsened the underlying hepatic dysfunction due to cirrhosis. 
Verapamil metabolism is exquisitely sensitive to liver dysfunction, as it 
undergoes first pass elimination when given orally and is metabolized 
by the liver through the CYP 3A4 pathway [25,26]. This route of 
metabolism is completely altered in patients with cirrhosis due to 
reduced amount of functioning hepatocytes and extrahepatic shunting 
of blood supply, thus bypassing any functional hepatocytes. As a result, 
the bioavailability of oral immediate release verapamil increased to a 
mean 53% in patients with liver cirrhosis compared to 20 to 30% in 
healthy patients [27]. In addition, drug clearance was reduced to 20% 
of normal, with a steady state plasma concentration that was five times 
the normal value when given orally, along with a greater volume of 
distribution [27,28]. However, pharmacokinetic modeling for sustained 
release verapamil in patients with cirrhosis does not exist. 

We are limited by a lack of an obvious history of overdose and by 
the normal verapamil level obtained on the second day of admission. 
The random verapamil level must be interpreted cautiously, since the 
timing of his last dose was unknown and an accurate pharmacokinetic 
model does not exist. In addition, verapamil levels can be misleading 
since patients can be without complications at high levels and others 
can be toxic at normal levels [28]. Despite these limitations, the 
Naranjo probability scale revealed a probable relationship between 
his symptoms and verapamil administration [29]. Points were given 
for previous conclusive reports of this reaction, temporal relationship 
between drug administration and adverse event, improvement upon 
drug discontinuation and administration of an antagonist, worsening 
upon dose increase, and confirmation of adverse event by objective 
evidence (Table 3) [29]. 

We also considered nadolol toxicity, since it can present in a 
similar fashion as CCB toxicity; however, we thought it was unlikely 
for two reasons: the patient was placed on CVVHD, which should 
clear nadolol [30], and temporary cessation of insulin and calcium 
therapy led to reoccurrence of hypotension and bradycardia, which 
would not occur with beta blocker toxicity. In any case, no alternative 
diagnoses were satisfactory to explain the patient’s presentation (such 
as shock), and he did show clinical improvement with treatments for 
CCB toxicity. Interestingly his calcium, dextrose, and insulin dosing 
requirements were much lower but were required for a longer period of 
time when compared to previous published regimens for CCB toxicity. 
This could be due to the pharmacologic differences between sustained 
versus immediate release products. Unfortunately, despite successful 
treatment of CCB toxicity, his ultimate demise, even after his vital signs 
were stabilized, was likely attributed to a shocked liver on presentation 
that never recovered, ultimately leading to fulminant liver failure.

CCB toxicity management

As is in the case, management of severe CCB toxicity is difficult. In 
general, CCBs are not dialyzable, since they are highly protein bound 

Complete Metabolic Panel
Day 1 Day 2
Sodium 135 mEq/L 127 mEq/L 
Potassium 6.7 mEq/L 5.9 mEq/L
Chloride 105 mEq/L 88 mEq/L
Bicarbonate 12 mEq/L 14 mEq/L
Blood urea nitrogen 43 mg/dL 51 mg/dL
Creatinine 2.5 mg/dL 4.2 mg/dL

Arterial Blood Gas
Day 1 Day 2
pH 7.17 7.32 
PaCO2 24.9 mmHg 30.2 mmHg 
PaO2 76.6 mmHg 101.0 mmHg 
HCO3- 9.45 mEq/L 15.1 mEq/L
Base Excess -19.1 mEq/L -9.1 mEq/L
**Obtained while on a ventilator

Aspartate transaminase 145 IU/L 9469 
IU/L
Alanine transaminase 176 IU/L 2809 
IU/L
Alkaline phosphatase 173 IU/L 153 IU/L
Total Bilirubin 2.2 mg/dL 3.2 IU/L
Albumin 3.1 g/dL 2.3 g/dL
Total Protein 7.4 g/dL 5.3 g/dL
INR 1.2 2.2

Additional data
Day 1 Day 2
Lactic Acid 10.5 mmol/L 7.2 mmol/L
Ammonia 105 mg/dL 73 mg/dL
Troponin < 0.02 ng/mL 2.50 ng/mL
Total Creatinine 35 U/L 679 U/L
 Kinase

Complete Blood Count
 Day 1 Day 2
 White blood cells 14380 cells per liter 24090 cells per liter 
 Hemoglobin 13.1 g/dL 12.6 g/dL
 Platelets 196 cells per liter 111 cells per liter 
 Hematocrit 40.9% 39.0%
Microbial data
Blood cultures 
 Obtained 4 hours on arrival Negative
 Obtained 17 hours on arrival Negative
Urine cultures
Obtained 4 hours on arrival Negative
HIV Antibody test Negative

Toxicology 
**Note: Taken after intubation
Positive: opiates, benzodiazepines, 
cannabinoids.
Negative: methadone, barbiturates, 
phencyclidine, amphetamines, cocaine.

Table 2: Laboratory findings drawn on day 1 and day 2 of hospital admission.

Naranjo scale* Yes No Do not know or 
not performed.

1. Are there previous conclusive 
reports on this reaction?

+1

2. Did the adverse events appear after 
the suspected drug was given?

+2

3. Did the adverse reaction improve 
when the drug was discontinued or a 
specific antagonist was given?

+1

4. Did the adverse reaction appear 
when the drug was re-administered?

0

5. Are there alternative causes that 
could have caused the reaction?

1

6. Did the reaction reappear when a 
placebo was given?

0

7. Was the drug detected in any body 
fluid in toxic concentrations?

0

8. Was the reaction more severe when 
the dose was increased, or less severe 
when the dose was decreased?

+1

9. Did the patient have a similar 
reaction to the same or similar drugs in 
any previous exposure?

0

10. Was the adverse event confirmed 
by any objective evidence?

+1

Total Points +8

*Note that a score between 5-8 is seen as a “probable adverse drug reaction” while 
9 or greater is defined as “definite adverse drug reaction” [29].

Table 3: Naranjo scale revealing probable adverse drug reaction.
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(>90%) with high volumes of distribution (> 2 L/kg) [8]. Therefore, 
treatment is largely supportive. Little data exists on the efficacy of 
different management options. If the patient is stable, orogastric 
lavage may be helpful, especially if CCBs were ingested within one 
hour of presentation [8]. In patients who are more unstable, profound 
bradycardia should be initially treated with atropine, similar to other 
Advanced Cardiac Life Support patients [31]. If there is no improvement, 
transcutaneous or transvenous cardiac pacing can then be employed 
[8]. If cardiac output and perfusion pressure are not improved calcium 
chloride or calcium gluconate can be administered, which can lead 
to small improvements in conduction, inotropy, and blood pressure. 
These measures may not be sufficient, which may eventually require the 
addition of vasopressors [8]. 

In a few reports, the addition of high-dose insulin therapy (1-
10 units/kg) with concurrent glucose administration (to maintain 
eugylcemia) has been shown to be more effective than solely using 
calcium, epinephrine, or glucagon [17,32,33]. Since verapamil 
decreases the uptake of fatty acids in myocytes and decreases insulin 
secretion from pancreatic islet cells [17], the addition of insulin may 
lead to improved cardiac contractility and intact peripheral resistance, 
probably because insulin triggers cells to rely on carbohydrate rather 
than fatty acid metabolism [8,33]. Insulin may also have intrinsic 
inotropic properties through unknown mechanisms [17]. In a 
case series of five patients in circulatory shock due to verapamil or 
amlodipine overdose, high-dose insulin and dextrose infusions showed 
restoration of hemodynamic status [32]. This approach has led to few 
side effects, provided that serum glucose levels are frequently checked.

Also, CCB toxicity can be treated with intravenous lipid emulsion 
(ILE) infusion. ILE infusion was first used to treat local anesthetic 
systemic toxicity [34], but can also benefit patients with other lipophilic 
drug toxicities, including tricyclic anti-depressants, beta blockers, and 
calcium channel blockers. In animals, ILE has been shown to reverse 
verapamil toxicity [35], and Young et al. demonstrated ILE’s efficacy in 
a human patient treated with verapamil toxicity [36]. However, more 
clinical evidence is needed before ILE becomes a first line agent for non 
local anesthetic lipophilic toxicity. 

In cirrhotic patients, renal replacement therapy may theoretically 
be beneficial in removing non-protein bound verapamil. Although 
verapamil is a highly protein bound medication, cirrhotics have low-
protein levels, that may lead to a significant amount of unbound 
verapamil, which may be more easily dialyzable by standard renal 
replacement therapy. However, the results of studies assessing 
verapamil pharmacokinetics in renal failure and drug removal by 
hemodialysis vary, making it difficult to recommend hemodialysis [37-
39]. Furthermore, this mechanism of action may be unlikely, as the 
drug percentage that is bound has been found to remain unchanged in 
previous pharmacokinetic studies with cirrhotic patients [40]. Also, the 
large volume of distribution in patients with cirrhosis makes it further 
unlikely to be dialyzable [26]. 

In patients with liver disease who also have renal failure in the 
setting of acute or chronic liver failure, dialysis techniques to remove 
hydro soluble and non-hydro soluble substances from plasma can have 
significant benefits. One system, the molecular adsorbent recirculating 
system (MARS), has been shown to remove a variety of endogenous 
substances and albumin-bound toxins from blood, including bilirubin 
and ammonia [41]. Alternatively, albumin dialysis techniques have 
also been shown to clear benzodiazepines and derivative substances, 
improve systemic hemodynamic, and resolve hepatic encephalopathy 
quicker versus standard methods [41,42]. Either of these systems are 

worth considering, since both are able to manage the sequel of liver 
failure (e.g. rising ammonia levels, hemodynamic issues), in addition to 
clearing highly protein-bound medications.

Conclusion
Case reports and animal experiments have supported the use of 

intravenous fluids, calcium, vasopressors, high-dose insulin, glucagon, 
catecholamine, intravenous lipid emulsions and albumin dialysis 
techniques in patients with CCB toxicity. Given the critical condition 
of patients and the lack of data supporting the use of any single therapy, 
a combination of these management strategies is often employed, as 
evident in this case. In patients with cirrhosis, a similar strategy should 
be implemented. However, extra care should be taken because many 
patients with liver disease many have underlying compromise to their 
circulatory system. Finally, this patient’s presentation emphasizes the 
need for caution in prescribing calcium channel blockers, such as 
verapamil, to patients with cirrhosis since hepatic clearance can be 
impaired and result in adverse events.
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