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I. Introduction 

1. In this action, the Plaintiffs, Arkansas prisoners under death 

sentences (hereinafter “the Prisoners”), seek equitable relief against Wendy 

Kelley, the Director of the Department of Correction, and against the 

Arkansas Department of Correction (collectively, “the ADC”). The Prisoners 

challenge as unconstitutional Arkansas Act 1096 of 2015 (the new lethal-

injection statute), which grants the ADC extensive new discretion and 

purports to legitimize unnecessarily risky lethal-injection procedures. The 
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Prisoners also challenge as unconstitutional the particular lethal-injection 

protocol that the ADC has adopted under the new statute, which creates a 

demonstrated risk of severe pain that is substantial when compared to 

known and available alternatives. The Prisoners seek, among other things, a 

declaration that Act 1096 is unconstitutional, a permanent injunction 

forbidding the ADC from executing them under Act 1096, and a permanent 

injunction forbidding the ADC from executing them pursuant to its current 

lethal-injection procedure. 

II. Procedural History 

2. The Prisoners originally challenged the lethal-injection statute 

and protocol in a complaint filed on April 6, 2015 (Case No. 60CV-15-1400), 

the same day that Act 1096 became law.  

3. On April 10, 2015, the ADC noticed the removal of 60CV-15-1400 

to federal court. 

4. On April 18, 2015, the Prisoners voluntarily dismissed the 

federal case without prejudice.  

5. That same day, with no federal case to block state-court 

litigation, the Prisoners filed an amended complaint in 60CV-15-1400.  
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6. On May 5, 2015, the Prisoners—seeking to advance this matter 

with diligence to avoid any emergency litigation—served the ADC with 

comprehensive discovery requests in 60CV-15-1400. 

7. On May 19, 2015, the ADC filed a motion to dismiss, which raised 

a formalistic challenge to this Court’s jurisdiction. The ADC’s motion 

conceded that this Court did have jurisdiction over the Prisoners’ causes of 

action but complained that the Court needed to exercise that jurisdiction 

under a different case number.  

8. Out of an abundance of caution, and to ensure that there is no 

question about the jurisdiction of this Court, the Prisoners filed this new 

action (60CV-15-2921) on June 29, 2015, to get the new case number the ADC 

insisted they acquire.  

9. On July 17, 2015, based on the parties’ stipulation, this Court 

dismissed without prejudice case number 60CV-15-1400 in deference to this 

case (60CV-15-2921), in which its jurisdiction is undisputed. 

10. On September 9, 2015, the State set execution dates for all the 

Prisoners except Ledell Lee.  

11. On September 28, 2015, the Prisoners filed an Amended 

Complaint asserting eight causes of action: (1) Act 1096 violates the 

Contracts Clause of the Arkansas Constitution, Art. 2, § 17; (2) Act 1096 
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violates the Speech Clause of the Arkansas Constitution, Art. 2, § 6; (3) Act 

1096 violates the procedural protections of the Cruelty Clause of the 

Arkansas Constitution, Art. 2, § 9; (4) Act 1096 violates the Due Process 

Clause of the Arkansas Constitution, Art. 2, § 8; (5) Act 1096 violates 

separation of powers, Art. 4; (6) Act 1096 substantively violates the Cruelty 

Clause; (7) Act 1096 violates the Ex Post Facto Clause of the Arkansas 

Constitution, Art. 2, § 17; (8) Act 1096 violates the Publication Clause of the 

Arkansas Constitution, Art. 19, § 12.  

12. On September 30, 2015, the Prisoners filed an Emergency Motion 

for Partial Summary Judgment or, Alternatively, for a Preliminary 

Injunction.  

13. On October 5, 2015, the State moved to dismiss the Amended 

Complaint. The Court dismissed (1) the Separation of Powers claim insofar as 

it alleged that Act 1096 delegates excessive authority to select execution 

drugs and (2) the Ex Post Facto Claim. The Court denied the motion to 

dismiss on all other claims.  

14. On October 9, 2015, the Court issued a temporary restraining 

order (“TRO”) preventing the State from executing the Prisoners pending a 

preliminary-injunction hearing.  
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15. On October 13, 2015, the State filed a petition for certiorari in the 

Arkansas Supreme Court, No. CV-15-829, asking the Supreme Court to 

vacate this Court’s TRO.  

16. On October 20, 2015, the Supreme Court vacated this Court’s 

TRO but issued its own stay of executions “pending the resolution of the 

litigation currently pending in Pulaski County Circuit Court, No. 60CV-15-

2921.” 

17. On December 3, 2015, this Court ruled upon the parties’ earlier 

cross-motions for summary judgment. The Court (1) granted summary 

judgment to State on the Separation of Powers claim insofar as it alleged that 

the Act infringes upon the authority of the judiciary; (2) granted summary 

judgment to the Prisoners on their claims under the Contracts Clause, the 

Speech Clause, the procedural component of the Cruelty Clause, the 

procedural component of the Due Process Clause, and the Publication Clause; 

and (3) denied summary judgment on the substantive Cruelty Clause and 

substantive Due Process claims. 

18. On December 3, 2015, the State filed notice of an interlocutory 

appeal.  

19. On June 23, 2016, the Arkansas Supreme Court reversed. In its 

opinion, the Supreme Court adopted the two-part test stated in Glossip v. 
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Gross, 135 S. Ct. 2726 (2015). That test requires prisoners challenging the 

method of their execution to (1) show that the method involves a 

“demonstrated risk of severe pain” and (2) “plead and prove a known and 

available alternative” that would substantially reduce the risk. Id. at 2737, 

2739. The Supreme Court held that the Prisoners had not sufficiently pled an 

alternative execution method. See Kelley v. Johnson, 2016 Ark. 268, at 18–19. 

The opinion said nothing about the Prisoners’ evidence that the current 

execution method poses an unacceptable risk of severe pain. 

20. The Arkansas Supreme Court ordered the Prisoners’ Amended 

Complaint dismissed. The order was silent on whether the dismissal was 

with prejudice or without prejudice. When a court dismisses a complaint for 

failure to state adequate facts, “it is improper for such a dismissal to be 

granted with prejudice and without leave to plead further pursuant to [Ark. 

R. Civ. P. 12(j)].” Ballard Grp., Inc. v. BP Lubricants USA, Inc., 2014 Ark. 

276, at 19, 436 S.W.3d 445, 456. Accordingly, the Prisoners have the right to 

replead those portions of the Amended Complaint that the Arkansas 

Supreme Court found deficient.    

21. The Prisoners now amend their Amended Complaint pursuant to 

Ark. R. Civ. P. 15(a), which provides, in pertinent part, that “a party may 

amend his pleadings at any time without leave of court.” 
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III. Summary of Causes of Action 

22. In summary form, the Prisoners’ causes of action are as follows: 

a. Claim 1: Substantive Violations of Art. 2, § 9: Act 1096 and 

Arkansas’s chosen lethal-injection procedure substantively violate the 

ban on cruel or unusual punishment found in Art. 2, § 9 of the 

Arkansas Constitution. Under the Act, the ADC has adopted a three-

drug procedure (midazolam then vecuronium bromide then potassium 

chloride). This protocol subjects each Prisoner to an objectively 

intolerable and objectively unreasonable risk of serious harm. In the 

best case, it will fail to adequately sedate the Prisoners and will 

paralyze them so they are unable to express the feeling of suffocation 

and of being burned alive that the second and third drugs will cause. As 

a scientific matter, and as manifested in executions in Ohio, Oklahoma, 

Arizona, and Alabama, there is no chance this protocol will avoid 

causing the Prisoners torturous pain and a high chance it will lead to a 

botched execution. Several available alternative execution procedures, 

specified below, would significantly reduce the risk of pain and 

suffering. The statute is not severable; accordingly, the entire statute is 

invalid. 
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b. Claim 2: Violation of Due Process under Art. 2, § 8. The 

fundamental fairness guaranteed by the state due-process clause 

requires that condemned inmates be given access to information 

necessary to determine whether a cruel-or-unusual-punishment 

violation exists. Specifically, the Prisoners are entitled to information 

showing that the drugs come from a reliable (read: FDA-approved) 

manufacturer and that the drugs meet applicable potency 

requirements. By permitting the ADC to conceal such information, Act 

1096 violates Article 2, § 8 of the Arkansas Constitution.  

c. Claim 3: Violation of Due Process under Art. 2, § 9. Act 

1096 violates procedural protections implied by Art. 2, § 9 of the 

Arkansas Constitution. This provision protects any prisoner from cruel 

or unusual punishment. An implication of the right to be free from 

cruel or unusual punishment is a right to information necessary to 

determine whether a punishment would be cruel or unusual. 

Information showing that the drugs come from a reliable (read: FDA-

approved) manufacturer and that the drugs meet applicable potency 

requirements is necessary to determine whether Arkansas’s execution 

procedure will be cruel or unusual. Act 1096 prevents the Prisoners 
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from accessing such information and thus violates the state guarantee 

against cruel or unusual punishment. 

d. Claim 4: Violation of Separation of Powers: Act 1096 

violates Art. 4 of the Arkansas Constitution (the Separation-of-Powers 

Article) in two separate respects: 

i. First, the Act violates separation-of-powers by 

unlawfully delegating excessive discretion to the ADC, an 

executive department. A divided Arkansas Supreme Court very 

narrowly upheld Ark. Code Ann. § 5-4-617 (2014), the method of 

execution law as it existed prior to Act 1096. See Hobbs v. 

McGehee, 2015 Ark. 116. Rather than contenting itself with the 

substantial discretion narrowly allowed by McGehee, the General 

Assembly chose in Act 1096 to vest the ADC with extensive 

additional discretion. This new discretion is a bridge too far. Act 

1096 newly vests the ADC with a discretion unbounded by any 

meaningful definition of the chemical compounds that will 

actually comprise the lethal injection and permits the ADC 

absolute say in choosing among (1) a safe barbiturate approved 

by the FDA and made by a well-regulated pharmaceutical 

manufacturer, (2) the incredibly risky grey-market chemicals 
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cooked up by unregulated compounding pharmacists—chemicals 

which have resulted in multiple botched executions in other 

states, or (3) a three-drug protocol that is assured to cause severe 

pain and suffering while cloaking such torture by paralyzing the 

subject as he is burned alive from the inside. The new discretion 

conferred by Act 1096, when considered along with the 

substantial discretion already provided by § 5-4-617 (2014), 

renders Act 1096 invalid under Hobbs v. Jones, 2012 Ark. 293. 

The statute is not severable; accordingly, the entire statute is 

invalid. 

ii. Second, the Act violates the separation of powers by 

impairing the judicial function. The judiciary has the prerogative 

and responsibility to review actions of the executive department 

for compliance with constitutional commands. Specifically, the 

judiciary has the prerogative and responsibility to ensure that a 

prisoner’s right to be free from cruel and unusual punishment is 

protected, and it has a duty to ensure that the ADC does not 

violate Art. 2 § 9 in carrying out any execution. Act 1096 shrouds 

in secrecy information that is critical to the judiciary’s ability to 

exercise these prerogatives and fulfill these duties. Thus, it 
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violates the separation of powers. The statute is not severable; 

accordingly, the entire statute is invalid. 

e. Claim 5: Violation of the Ex Post Facto Clause: Act 1096 

violates the ex post facto clause of the Arkansas Constitution (Art. 2, 

§ 17) because it creates a significant risk that the Prisoners will 

experience a more painful execution and more anxiety leading up to the 

execution.1 

IV. Parties 

23. The Plaintiffs are all prisoners under a sentence of death and in 

the custody of the ADC while awaiting execution.  

24. Defendant Wendy Kelley is the Director of the ADC. Defendant 

Kelley oversees the ADC and all of its employees and agents. She is 

personally responsible for procuring drugs for use in lethal injection.  

25. Defendant Arkansas Department of Correction is an agency of 

the executive branch of the State of Arkansas. The ADC is responsible for 

                                                 
1 The Prisoners acknowledge that the Court previously dismissed their Separation 
of Powers and Ex Post Facto claims. Repleading is necessary here to preserve the 
right to appeal denial of those claims. See McMullen v. McHughes Law Firm, 2015 
Ark. 15, at 11, 454 S.W.3d 200, 207 (“[A]n amended complaint, unless it adopts and 
incorporates the original complaint, supersedes the original complaint.”). Though 
the claims have now been renumbered, this Second Amended Complaint repeats the 
Separation of Powers and Ex Post Facto Claims verbatim from the Amended 
Complaint.  
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carrying out death sentences in general and for procuring and using lethal-

injection drugs.  

V. Jurisdiction and Venue 

26. This Court has jurisdiction over the subject matter of this action 

pursuant to Arkansas Constitutional Amendment 80, the declaratory-

judgment statute, Ark. Code Ann. § 16-111-101 et seq., and Ark. Code Ann. § 

17-87-105. This Court has personal jurisdiction over the Defendants under 

Ark. Code Ann. § 16-4-101(B). 

27. Venue in this Court is authorized by Ark. Code Ann. § 16-60-

103(3), which allows suits against state agencies and state officers to be 

brought in Pulaski County. 

VI. Statement of Facts 

 A. Prior Legislation and Litigation 

28. Lethal injection has been Arkansas’s method of execution since 

1983. 

29. In 2009, the General Assembly rewrote Arkansas’s method-of-

execution statute to grant the ADC unfettered discretion to select any 

chemical or chemicals to use in lethal-injection procedures without providing 

it any guidance on how to go about making the selection. See Arkansas Act 

1296 of 2009, Ark. Code Ann. § 5-4-617 (2010). 



 

13 

30. The Arkansas Supreme Court subsequently struck down this 

statute as an unlawful delegation of legislative authority because it lacked 

reasonable guidance containing sufficient standards to cabin the ADC’s 

discretion, in violation of the Separation-of-Powers Article. See Hobbs v. 

Jones, 2012 Ark. 293. 

31. In response, the General Assembly adopted a new method-of-

execution statute, Arkansas Act 139 of 2013, Ark. Code Ann. § 5-4-617 (2014).  

32. The 2013 law, among other things, stated: “The Department of 

Correction shall carry out the sentence of death by intravenous lethal 

injection of a barbiturate . . .” 

33. Significantly, the 2013 statute required the ADC to select a 

manufactured barbiturate. See Arkansas Act 139 of 2013 §§ 1(d), 2(c), 

2(e)(2)(E). 

34. Under an emergency clause, the 2013 statute became effective on 

February 20, 2013. 

35. On April 11, 2013, the ADC adopted a new lethal-injection 

procedure under the authority of the new statute. The procedure called for 

condemned inmates to be injected with specified quantities of Lorazepam and 

Phenobarbital Hydrochloride. Id. at 9. 
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36. On April 26, 2013, the Prisoners filed a lawsuit challenging both 

the 2013 statute and the specific procedure the ADC had adopted. See 

McGehee et al. v. Hobbs et al., No. 60CV-13-1794 (Pulaski County Cir. Ct.). 

Among other things, the Prisoners argued that Act 139 still unlawfully 

delegated legislative authority to the ADC by granting it unfettered 

discretion to choose among a broad range of drugs and by granting it 

unfettered discretion over whom to select for its execution team and whether 

to train them. 

37. On February 21, 2014, this Court entered summary judgment for 

the Prisoners, striking down Arkansas Act 139 of 2013, Ark. Code Ann. § 5-4-

617 (2014), as contrary to the Separation-of-Powers Article of the Arkansas 

Constitution. 

38. On appeal, a divided Arkansas Supreme Court reversed and 

narrowly upheld the validity of Arkansas Act 139 of 2013, Ark. Code Ann. § 

5-4-617 (2014). The opinions in the case make clear that the question was 

close.  

B. Arkansas Act 1096 of 2015 

39. On April 6, 2015, the Governor signed Act 1096 of 2015, attached 

hereto as Exhibit 1. 
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40. Section 2(a)–(c) of Act 1096 deletes the requirement that the ADC 

use a barbiturate drug—a requirement that had been imposed by Arkansas 

Act 139 of 2013, Ark. Code Ann. § 5-4-617 (2014), and was essential to the 

Arkansas Supreme Court upholding the law. 

41. Section 2(c) gives the ADC the discretion to forego using a 

barbiturate and to use the following drugs instead: “Midazolam, followed by 

vecuronium bromide, followed by potassium chloride.” 

42. Act 1096 deletes the requirement that the ADC use safe, FDA-

regulated, bulk-manufactured drugs. Specifically, it deletes three references 

to manufactured drugs that had been in Arkansas Act 139 of 2013, Ark. Code 

Ann. § 5-4-617 (2014), and, in context, required the ADC to use safe, FDA-

regulated, bulk-manufactured drugs. 

43. In lieu of a requirement that the ADC use safe, FDA-regulated, 

bulk-manufactured drugs, Section 2(d) of Act 1096 gives the ADC unfettered 

discretion to use drugs “[o]btained from a compounding pharmacy.” 

44. Finally, Section 2(b) of Act 1096 purports to allow private parties 

and the ADC to deliver, receive, dispense, and administer controlled 

substances without a prescription. 
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C. Problems with Compounded Drugs 

45. Act 1096 provides the ADC with unfettered discretion to use 

compounded drugs. See Ark. Code Ann. § 5-4-617(d) (2015). 

46. The use of compounded drugs in executions would create grave 

risks as compared to FDA-approved bulk-manufactured drugs. Exh. 9, Aff. of 

Larry D. Sasich. In contrast to bulk-manufactured drugs, which are subject to 

stringent oversight by the FDA, the oversight of compounding pharmacies in 

the United States “is at best haphazard.” Id. ¶ 8. The use of compounded 

drugs in executions “carries a substantial risk of causing . . . unnecessary and 

lingering pain and suffering” because such drugs are “of unknown 

composition” and are “highly likely to be contaminated” or to be otherwise 

“compromised” in terms of quality. Id. ¶ 30. 

47. Act 1096 provides the ADC with unfettered discretion to choose 

between drugs proven to be pure and effective by FDA approval and 

compounded drugs, which carry a substantial risk of causing unnecessary 

and lingering pain and suffering. 

D. Differences Within the Class of Barbiturate Drugs 

48. Act 1096 provides the ADC with unfettered discretion to choose 

any drug among the broad class of drugs known as barbiturates. See Ark. 

Code Ann. § 5-4-617(c)(1) (2015). 
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49. Dr. David Waisel, a practicing anesthesiologist and professor of 

anesthesia at Harvard, attests to the wide differences among different 

barbiturates. Exh. 10. As Dr. Waisel explains, barbiturates range from ultra-

short-acting, which produce “a rapid onset in the body (typically within 

seconds),” to long-acting, which “may take considerably longer to take effect 

in the body, as well as may stay in the body for a significantly longer time.” 

Id. ¶¶ 3–4.  

50. Thus, considering Section 2(c)(1) in isolation, just that portion of 

Act 1096 gives the ADC unfettered discretion to execute the prisoners using a 

drug that would take effect within seconds or to execute the prisoners using a 

drug that could take an hour to take effect, resulting in a prolonged execution 

and lingering death. 

E. The Lack of Qualification and Training Requirements 

51. Act 1096 provides ADC’s director with unfettered discretion to 

determine “the identity . . . of the persons involved with carrying out the 

sentence of death.” Ark. Code Ann. § 5-4-617(g)(1)(G). 

52. Arkansas’s statute acknowledges that the execution procedure 

requires the intravenous injection of controlled substances, the use of 

technical “medical equipment” and “medical supplies” such as “catheters,” 
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and the proper sterilization of such medical equipment and supplies. Ark. 

Code Ann. §§ 5-4-617(f), (g)(1), (i)(2)(B). 

53. Yet the Act contains no requirement whatsoever that “the 

persons involved with carrying out the sentence of death” have any relevant 

medical or technical qualifications or training. 

54. The director could, consistent with the Act, pick prison guards, 

relatives of the decedents, or just random people off the street to carry out the 

entirety of the execution procedure. The Act is devoid of standards or 

guidelines to govern the choice of personnel.  

F. The ADC Has Adopted a Three-Drug Protocol 

55. Act 1096 gives the ADC unfettered discretion to choose between a 

one-drug barbiturate execution protocol and a three-drug execution protocol 

that omits the use of any barbiturate drug. Ark. Code Ann. § 5-4-617(c). 

56. The ADC exercised its discretion under Section 2(c)(2) of Act 1096 

to execute the Prisoners using “Midazolam, followed by vecuronium bromide, 

followed by potassium chloride.” The Lethal Injection Procedure, which is 

attached hereto as Exhibit 2, provides in pertinent part: 

a. The condemned inmate will first be injected with 500 mg of 

midazolam. 
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b. After at least five minutes, a member of the execution team 

“will confirm the inmate is unconscious” using unspecified techniques.  

c. The inmate will next be injected with 100 mg of 

vecuronium bromide. 

d. The inmate will then be injected with 240 mEq of 

potassium chloride. 

57. On July 10, 2015, Deputy Attorney General David Curran 

emailed the Prisoners’ counsel to notify them that the ADC had purchased 

midazolam, vecuronium bromide, and potassium chloride.  

58. The ADC’s initial batch of vecuronium bromide expired on June 

30, 2016. On July 12, 2016, counsel for the Prisoners learned via an ADC 

press release that the ADC had acquired a new supply of vecuronium 

bromide that expires on March 1, 2018. The ADC has not informed the 

Prisoners whether the drugs were made by an FDA-approved manufacturer; 

obtained from an FDA-registered facility; or obtained from a compounding 

pharmacy that has been accredited by a national organization that accredits 

compounding pharmacies.  

59. According to invoices the ADC provided to the Prisoners in 

response to a FOIA request, the ADC conducted a “purity analysis” of the 
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new batch of vecuronium bromide. The ADC has not informed the Prisoners 

of the results of the purity analysis. 

60. The ADC’s supply of potassium chloride expired on January 1, 

2017. As of this filing, the ADC has not restocked potassium chloride.  

G. The ADC’s Three-Drug Protocol is Fundamentally Flawed. 
 
61. The three-drug procedure the ADC has adopted will cause severe 

pain and suffering. 

62. Counsel for the Prisoners have retained Dr. Craig W. Stevens, 

Ph.D., a Professor of Pharmacology at Oklahoma State University–Center for 

Health Sciences, to study Arkansas’s lethal-injection protocol and author an 

extensive expert opinion and report. Dr. Stevens’s Amended Report is 

attached hereto as Exhibit 3. 

63. Dr. Stevens has extensive experience evaluating lethal-injection 

protocols. “With regard to the pharmacological issues of lethal injection, [he 

has] worked as a consultant with the state as well as with attorneys 

representing condemned inmates.” Exh. 3 at 4. Dr. Stevens has also worked 

with “both the prosecution . . . and the defendant” on criminal “cases 

involving pharmacological issues.” Id. 

64. After a thorough review of the matter, Dr. Stevens has concluded 

that the scientific literature mandates a categorical conclusion: “A prisoner 
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sedated only with midazolam would be conscious of the suffocating effects of 

vecuronium bromide but, as a result of its paralytic properties, be unable to 

communicate his or her distress. The prisoner would also be subjected to the 

burning sensation of the 3rd drug, potassium chloride.” Id. at 34.  

i. The Second and Third Drugs in Arkansas’s Execution 
Procedure Will Cause Severe Pain and Suffering Unless the 
Prisoner is First Placed under General Anesthesia. 

 
65. As Dr. Stevens explains in detail, the effects of the second drug in 

Arkansas’s Lethal Injection Procedure, vecuronium bromide, are harrowing: 

Vecuronium, like pancuronium, is a drug classified as a 
neuromuscular blocker or simply called a paralytic drug. 
Neuromuscular blockers work by blocking the action of 
acetylcholine which is the neurotransmitter released from a 
nerve ending onto the muscle that causes the muscle to contract 
(Hibbs and Zambon 2011). Clinical uses of neuromuscular 
blockers are to provide muscle relaxation for endotracheal 
intubation, and to ensure patient immobility during surgery or 
mechanical ventilation (Kovac 2009, Vecuronium Bromide for 
Injection Prescribing Information). Vecuronium is a chemical 
analog to pancuronium and is about 1.5 to 1.75 times more potent 
than pancuronium (Fahey et al. 1981). Vecuronium has about the 
same onset time as pancuronium (within 5 minutes) but has a 
shorter duration of action, and produces no cardiovascular effects 
or changes in heart rate or blood pressure. With higher doses of 
vecuronium, the onset time can be reduced to 2.4 minutes 
(Hilgenberg 1983).  
 
The clinical effects of vecuronium are shared by other 
neuromuscular blockers and include progressive loss of skeletal 
muscle contraction, first noted by drooping eyelids and muscle 
weakness (Hibbs and Zambon 2011). Motor weakness progresses 
eventually to a total flaccid paralysis. The small, quick muscles of 
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the eyes, jaw, and larynx relax before those of the arms, legs, and 
trunk of the body. Finally, the intercostal muscles that expand 
the ribs and the diaphragm are paralyzed, and breathing ceases. 
Without intubation and mechanical ventilation, death ensues 
from a lack of oxygen (hypoxia).  
 
There are a few studies of the effect of neuromuscular blockers 
given in human volunteers without an anesthetic agent. In a 
classic 1947 paper, a complete description of the effects of 
tubocurarine, an early neuromuscular blocker, on the central 
nervous system was examined (Smith et al. 1947). These 
researchers found that neuromuscular blockers had no effect on 
altering consciousness, memory, and had no analgesic effect. 
They concluded that these paralytic drugs should not be used 
alone as they may cause “serious psychic trauma.” A later study 
using trained anesthesiologists and the researchers themselves, 
found that in these awake subjects, vecuronium had no effect on 
consciousness and, like the earlier study by Smith and 
colleagues, that the most distress came from a feeling of 
shortness of breath and ‘air hunger’, even as they were artificially 
ventilated with supplemental oxygen at sufficient levels (Topulos 
et al. 1993). As early as 1950 clinicians realized that the use of 
paralytic drugs like vecuronium and pancuronium without 
adequate anesthesia leads to the possibility that a patient could 
be awake but incapable of indicating distress or pain because of 
muscle paralysis (Brice 1970). 
 
While these above studies were done on the researchers 
themselves that were trained in the procedures and knew what to 
expect, most research on the adverse effects of vecuronium and 
other neuromuscular blockers comes from cases where conscious 
patients were completely paralyzed but unable to communicate 
with health care workers. In emergency care, patients who 
experienced paralysis without sedation or anesthesia reported 
dysphoria and severe pain (Chong 2014). Patients in intensive 
care units who were paralyzed with pancuronium because they 
were intubated and on mechanical ventilators, but were not 
sedated and were conscious, reported that they felt “buried alive” 
and some thought they were already dead (Perry 1985). Most of 
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these patients said they would rather die than go through 4 days 
of being paralyzed while conscious again. A study of patients that 
emerged from anesthesia but were still paralyzed from 
neuromuscular blockers gave reports of panic, suffocation, and a 
feeling of already being dead (Thomsen et al. 2015). These 
experiences were horrific enough to trigger post-traumatic stress 
disorder (PTSD) in some unfortunate patients.  
 
The above papers show that vecuronium or pancuronium, or any 
other paralytic drug, should only be used in patients that are 
anesthetized and unconscious. In documented cases where 
patients or experimental subjects were awake but paralyzed, 
intolerable and damaging experiences of pain, panic, and 
suffocation occurred. 
 

Id. at 20–21. 
 

66. Dr. Stevens attests that potassium chloride, the third drug in 

Arkansas’s Lethal Injection Procedure, causes severe “burning pain.” Id. at 

37. He elaborates as follows: 

There are a few cases of high dose potassium chloride injection in 
awake patients, which only occurs as a result of an accident or 
intentional homicide in the hospital setting (Wetherton et al. 
2003). The earliest report of an accidental high dose of IV 
potassium chloride due to improper mixing was in a male patient 
who immediately complained of a severe pain moving up his arm 
(above the site of the IV) and a ringing in his ears (Lankton et al. 
1973). The patient then lost consciousness, stopped breathing, 
and his heart stopped beating. Another case study in that same 
year reported that an IV infusion of potassium chloride produced 
severe pain at the site of the IV infusion (Williams 1973). In a 
forensic report of four IV potassium chloride-induced deaths at 
hospital, one man who accidentally received a high dose IV 
infusion of potassium chloride screamed out in pain (Wetherton et 
al. 2003). Potassium chloride IV injections are also documented 
as a rare method of suicide in health care workers, but self-
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reports of the effects noted by these persons are unavailable 
(Battefort et al. 2012, Bertol et al. 2012).  
 
The above studies show that IV administration of potassium 
chloride at high doses leads to severe pain in awake, 
unanesthetized patients. 
 

Id. at 21–22. 
 

67. Because vecuronium bromide and potassium chloride each cause 

extreme pain, it is essential that a prisoner reach a state of general 

anesthesia before these two drugs are administered. Id. at 22. Unless the 

prisoner reaches a state of general anesthesia—which, as Dr. Stevens 

explains, is distinct from lesser levels of sedation, id. at 10–13—he will 

consciously experience the “serious psychic trauma” caused by the suffocating 

effects of vecuronium bromide and the severe burning pain caused by 

potassium chloride. Id. at 20–22 

68. Furthermore, because vecuronium bromide paralyzes every 

muscle in the body, a prisoner would manifest no external signs of distress 

despite experiencing this conscious suffocation and searing pain. Id. at 34. 

Even though the prisoner would subjectively experience extreme agony, the 

execution would appear peaceful to external observers. 
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ii. The First Drug in Arkansas’s Execution Procedure, 
Midazolam, is Pharmacologically Incapable of Inducing 
General Anesthesia at Any Dose, Meaning That the 
Prisoners Will Consciously Experience the Agonizing 
Effects of the Second and Third Drugs. 

 
69. As Professor Stevens documents in great scientific detail, 

midazolam is physically incapable of inducing general anesthesia, no 

matter how much of the drug is given. Id. at 5–14, 23–35. 

70. Midazolam, unlike barbiturates and other anesthetic drugs, has a 

“ceiling effect.” Id. at 8–9, 23–24, 35. That is, there is a maximum amount of 

sedation midazolam can produce, and no matter how much more of the drug 

is given, no further effect will be achieved. Id. 

71. Midazolam has a “ceiling effect” because, unlike anesthetic drugs, 

midazolam has no independent depressive effect; it produces a depressive 

effect only by pairing with a neurotransmitter called GABA already present 

in the body—but present in limited quantities. Id. at 7–8, 23–24. 

72. “GABA is a limited resource in the brain.” Id. at 23. When the 

body’s natural supply of GABA has been exhausted, additional midazolam 

will have no effect whatsoever because, again, midazolam does not have any 

independent effect but acts only by pairing with GABA.  

73. Using a rigorous methodology, Dr. Stevens’s Report demonstrates 

that “a 228 mg IV dose of midazolam would be expected to reach the 
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threshold concentration of midazolam to produce a ceiling effect.”2 Id. at 32. 

(emphasis in original). The additional 272 milligrams called for by Arkansas’s 

execution procedure is pointless; because no more GABA is available to pair 

with this additional 272 milligrams, it will have no effect. Id. at 7–8, 23–24.  

74. More importantly, the maximum level of sedation that can be 

produced by midazolam—i.e., the state of sedation reached through 

midazolam doses at or above the “ceiling”—is not sufficient to render any 

Prisoner insensate to pain or suffering. Id. at 35. Thus, whether the ADC 

injects a Prisoner with 228 milligrams of midazolam, 500 milligrams of 

midazolam, or 10,000 milligrams of midazolam, the result will be the same: 

the Prisoner will consciously suffocate to death under the effects of 

vecuronium bromide, while also consciously experiencing the searing, 

burning pain produced by potassium chloride. Id. at 35. 

                                                 
2 In the Amended Complaint, Dr. Stevens calculated the ceiling-effect dosage as 20 
mg. This calculation resulted from a mathematical error in Dr. Stevens’s original 
report. Specifically, on page 23 of his report, where Dr. Stevens calculated “an 
initial plasma concentration of 120,000 ng/mL of midazolam after a 500 mg IV 
dose,” he should have calculated “an initial plasma concentration of 12,000 ng/mL of 
midazolam after a 500 mg IV dose.” As Dr. Stevens explains in an introduction to 
the amended report, the error does not affect his overall conclusion that midazolam 
cannot render the Prisoners insensate to the pain sure to be caused by the 
vecuronium bromide and the potassium chloride. Exh. 3 at 1. Additionally, as Dr. 
Stevens discusses in his report, other researchers using a different methodology—
examination of bispectral-index data in patients injected with midazolam—have 
identified midazolam’s ceiling effect as occurring at about 25 mg. Id. at 34.   
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75. In In re Ohio Execution Protocol Litigation, No. 11-1016, 2017 

WL 378690 (Jan. 26, 2017), the U.S. District Court for the Southern District 

of Ohio, relying in large part on Dr. Stevens’s expert testimony, found that 

“use of midazolam as the first drug Ohio’s present three-drug protocol will 

create a ‘substantial risk of serious harm’ or an ‘objectively intolerable risk of 

harm’ as required by Baze [v. Rees, 553 U.S. 35 (2008),] and Glossip.” Id. at 

*53.  

 iii. The ADC’s “Consciousness Check” Provides No Protection 

76. As noted, the ADC’s Lethal Injection Procedure states that a 

member of the execution team “will confirm the inmate is unconscious” using 

unspecified techniques. However, this consciousness check “does not provide 

any assurance” that the Prisoner “will be sufficiently anesthetized or that he 

will not experience the pain and suffering caused by the second two drugs in 

Arkansas’s protocol.” Exh. 3 at 22 (emphasis added).  

77. As an initial matter, the Stevens Report documents that even 

trained anesthesiologists using actual anesthetic drugs and sophisticated 

techniques frequently misdiagnose patients as being unconscious when, in 

fact, they are actually aware and sensitive to pain. Id. Arkansas’s Lethal 

Injection Procedure does not require an anesthesiologist, a doctor, or even a 

nurse to check the Prisoners; the person purporting to check a given Prisoner 
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for consciousness need not have any medical degree or license at all. As Dr. 

Stevens explains, this increases the risk for error. Id.  

78. The ADC’s “consciousness check” fails on a more fundamental 

level. Any determination that a prisoner is unconscious in the sense that he 

would not experience the agonizing effects of the second and third drugs 

would necessarily be erroneous because midazolam (the only sedative 

drug in the ADC’s Lethal Injection Procedure) is physically incapable of 

producing general anesthesia, and absent a state of general anesthesia, 

the Prisoners will experience an agonizing death. Id. at 10–13, 22, 35.  

* * * 

79. For these reasons, the ADC’s Lethal Injection Procedure will 

cause severe pain and suffering. 

H. There Have Been Multiple Botched Executions Using 
Midazolam.  

 
80. The conclusion in Dr. Stevens’s report—that midazolam will not 

adequately sedate the Prisoners—has been borne out in at least four botched 

executions using midazolam.  

a. On January 16, 2014, Ohio executed Dennis McGuire using 

a combination of 10 mg midazolam and 40 mg hydromorphone. The 

execution took twenty-five minutes and “was accompanied by 
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movement and gasping, snorting and choking sounds.” Erica Goode, 

After a Prolonged Execution in Ohio, Questions over ‘Cruel and 

Unusual’, N.Y. TIMES, Jan. 17, 2014, available at 

http://nyti.ms/2glQUyI. 

b. On April 29, 2014, Oklahoma executed Clayton Lockett 

using 100 mg midazolam followed by a paralytic and potassium 

chloride. Lockett awoke during administration of the second and third 

drugs. Though the execution was halted, Lockett died forty minutes 

after the execution began. See Glossip, 135 S. Ct. at 2782 (Sotomayor, 

J., dissenting).  

c. On July 23, 2014, Arizona subjected Joseph Wood to an 

execution in which he was injected with 750 mg midazolam and 750 mg 

hydromorphone. Wood “gasped and snorted for nearly two hours” before 

he finally died. Id. at 2791.  

d. Most recently, on December 8, 2016, Alabama executed 

Ronald Bert Smith using 500 mg of midazolam followed by 600 mg of 

rocuronium bromide followed by 240 mEq potassium chloride. During 

the execution, which took thirty-four minutes, Smith “was apparently 

struggling for breath as he heaved and coughed for about 13 minutes.” 

Mark Berman & Robert Barnes, After Divided Supreme Court Allows 

http://nyti.ms/2glQUyI
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Alabama Execution, Inmate Heaves and Coughs During Lethal 

Injection, WASH. POST, Dec. 9, 2016, available at 

http://wapo.st/2hnRs7p. According to Spencer Hahn, an attorney for 

Smith present at the execution, two minutes after the midazolam began 

flowing, Smith began having “regular asthmatic-sounding barking 

coughs every ten seconds or so.” Exh. 11 ¶7. “He also lifted his head 

and looked around, moved his arms, clenched his left hand, and moved 

his lips in what appeared to be an attempt to say something. [His] eyes 

never closed, and he moved and coughed regularly throughout 

approximately the next fifteen minutes.” Id. Smith was awake after the 

first consciousness check, “as he was still moving his head, hands and 

arms, coughing, and attempting to speak.” Id. ¶8. After the second 

consciousness check, Smith’s “eyes remained open” (despite a guard’s 

attempt to push his left eye closed), and Smith “moved his right arm.” 

Id. ¶10–11. “Shortly thereafter, they must have administered the 

paralytic, as [Smith’s] breathing became very shallow and he stopped 

moving. His eyes remained open, with the left eye opening further as 

his breathing became imperceptible.” Id. ¶11. 

 

 

http://wapo.st/2hnRs7p
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I. Multiple, Superior Alternatives to the ADC’s Three-Drug  
 Procedure Are Available. 
 
81. Multiple alternative execution procedures are available that 

would significantly reduce the risk of pain and suffering. 

82. First, execution by firing squad would carry a significantly 

reduced risk of pain and suffering as compared to the ADC’s three-drug 

lethal-injection protocol. This method provides a more humane and reliable 

means than the torturous chemical procedure the ADC seeks to use. 

a. As it has previously admitted in this litigation, the State of 

Arkansas has access to guns, ammunition, and personnel skilled in the 

use of firearms. Ans. to Am. Compl. at 18. A firing squad is thus an 

available method of execution. 

b. Execution by firing squad is feasible, as is evident from the 

June 18, 2010, firing-squad execution of Ronnie Lee Gardner by the 

State of Utah and the firing-squad protocol used by the State of Utah in 

that execution. That protocol, which is attached as Exhibit 5, calls for 

the following procedures, each of which is possible for the ADC to 

implement without excessive difficulty:  

i. The execution is carried out at a “secure correctional 

facility operated by the department.” Ex. 5 at 51. 
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ii. The firing squad consists of five certified peace 

officers designated by the director of the Corrections Department, 

with two additional officers selected as alternates. Id. at 55. 

iii. The peace officers selected must “demonstrate 

proficiency with weapons designated to carry out the execution.” 

Id. Each officer must fire each designated weapon from a distance 

of 21 feet at a target the same dimension as that to be attached to 

the condemned. Id. An officer is disqualified if s/he fails “to 

accurately hit the specified target with one round from each 

weapon fired.” Id.  

iv. The leader of the execution team will arrange for .30 

caliber rifles, live rounds of ammunition, and blank rounds of 

ammunition. Id. at 62. The execution-team leader will also 

arrange for practice sessions and ensure that the equipment is 

clean and that there are backup .30 caliber rifles and 

ammunition. Id.  

v. There are at least three rehearsals for the execution. 

Id. at 92–93. 

vi. Before the execution, the condemned is escorted to 

the execution chamber and tied to a chair. Id. at 76–77. 
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vii. The execution-team leader loads the weapons with 

two rounds each. Id. at 89. One weapon is loaded with two blank 

cartridges, and “[c]are shall be taken to preclude any knowledge 

by the members of the firing squad of who is issued the weapon 

with the two blank cartridges.” Id. at 89–90.  

viii. A designated person places a target over the heart of 

the condemned. Id. at 90. This person leaves the chamber and the 

chamber is opened for public viewing. Id.  

ix. After the condemned gives his last words, a hood is 

placed over the head of the condemned. Id.  

x. Upon confirmation that no stay of execution has been 

issued, the firing squad fires the first volley. Id. If the condemned 

appears unconscious, the warden waits a maximum of three 

minutes and calls for the physician to check vital signs. Id. at 91.  

If no vital signs are detected, the physician will certify death. Id. 

If vital signs are still detected after the passage of ten minutes, 

the firing squad will fire a second volley. Id. at 91–92.  

xi. If the condemned appears conscious upon the first 

volley, the firing squad immediately fires the second volley. Id. at 

92.  
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xii. Persons who may come in contact with the 

condemned inmate’s body fluids are provided rubber gloves and 

bloodborne-pathogen-protection supplies and equipment. Id. at 

63. 

c. Dr. Jonathan Groner, a trauma surgeon and professor, 

attests that a firing-squad protocol like the one used for Gardner’s 

execution “will cause a nearly instantaneous death” and that this “swift 

death will also be painless.” Exh. 4, Aff. of Jonathan Groner, ¶¶ 6–7. 

Dr. Groner concludes that the “current midazolam protocol has a far 

greater risk of causing pain and suffering compared to the firing 

squad.” Id. ¶9. 

d. Available scientific data further suggest that an execution 

by firing squad causes rapid death. In a 1938 firing-squad execution in 

Utah, the executioners used an electrocardiograph to measure electrical 

activity in the condemned inmate’s heart. The inmate’s heart stopped 

15.6 seconds after he was shot. See Deborah W. Denno, The Firing 

Squad as “a Known and Available Alternative Method of Execution” 

Post-Glossip, 49 U. MICH. J.L. REF. 749, 785–86 (2016). By contrast, 

when Ronald Bert Smith was executed using a midazolam protocol 
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similar to Arkansas’s, he heaved and coughed for thirteen minutes and 

took thirty-four minutes to die. See supra ¶80.d. 

e. Available data show that a substantially greater risk of 

pain attends lethal-injection than attends the firing squad. Of 144 

firing-squad executions in the United States, two have been botched—

one because the prisoner refused to be tied to a chair (thus creating a 

moving target), and one because the executioners intentionally missed 

their mark. Denno, supra, at 787. By contrast, in a study of all 

executions from 1910–2010, lethal-injection was the method that was 

botched the most, at a rate of just over seven percent. Id. at 781.  

83. Second, execution using a massive overdose of an anesthetic 

gas—namely, sevoflurane—as the sole lethal agent would carry a 

significantly reduced risk of pain and suffering as compared to the ADC’s 

three-drug lethal-injection protocol. 

a. As the Stevens Report attests, an execution using 

sevoflurane as the sole lethal agent would produce a rapid and painless 

death. Exh. 3 at 35–37. Sevoflurane has the same mechanism of action 

as barbiturate drugs and, like barbiturate drugs, is sufficient to cause 

death on its own. Id. at 35. Studies have shown that, unlike midazolam, 

it would produce a state of anesthesia sufficient to prevent the inmate 
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from feeling the effects of the second and third drugs in the protocol. Id. 

at 36.   

b. It would be feasible for ADC to carry out an execution using 

sevoflurane. As Dr. Stevens explains, the equipment needed to 

administer sevoflurane is available on the internet for anyone—

including ADC employees—to purchase. Id. Administration of 

sevoflurane does not require medical expertise, and the training 

materials for operating the machinery is available online free of charge. 

Id.   

c. Sevoflurane is available for purchase by the ADC for use in 

executions. On July 18, 2016, an investigator for the Prisoners 

contacted Piramal Critical, which is based in Bethlehem, PA, and 

which manufactures sevoflurane. A representative informed the 

investigator that Piramal would be willing to sell sevoflurane and 

isoflurane directly to the ADC for use in executions. See Exh. 6, Aff. of 

Joseph Cummings.  

84. Third, execution by nitrogen hypoxia would significantly reduce 

the risk of pain and suffering compared to that inherent in the current lethal-

injection protocol.   
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a. Nitrogen hypoxia refers to a process whereby a person 

inhales nitrogen gas. The nitrogen displaces a person’s oxygen flow to 

the brain, thereby causing rapid unconsciousness and death within 

minutes.  

b. Hypoxia is distinct from asphyxia. Asphyxia prevents a 

person from exhaling carbon dioxide, leading to a feeling of air-hunger 

and panic. Hypoxia permits the exhalation of carbon dioxide and the 

effects of oxygen loss are not felt. For this reason, right-to-die 

proponents advocate nitrogen (or helium) asphyxia for use in 

euthanasia procedures.  

c. Because nitrogen is not a controlled substance, there are no 

legal barriers to acquiring it. Nor are there the sort of market controls 

on nitrogen attached to pharmaceuticals by companies who wish not to 

provide their healing products for the purpose of killing. 

d. Oklahoma commissioned a study of nitrogen hypoxia, 

which is attached hereto as Exhibit 7. The study concludes as follows:  

i. Nitrogen hypoxia would cause a prisoner to lose 

consciousness within twenty seconds and would be “painless” and 

“peaceful.” Exh. 7 at 8–9. 
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ii. Nitrogen hypoxia is simple to administer in a manner 

that ensures painless death. Specifically, the method requires 

fitting a bag over the head of the condemned, filling the bag with 

the gas, and using an elastic band to prevent the bag from 

slipping off the head. Id. at 6. “The parts needed to create the bag 

are inexpensive and available locally without prescription.” Id. A 

restraint system would ensure that the method works as 

intended even if the inmate tries to resist (e.g., by attempting to 

move the bag to access oxygen). Id. at 11.  

iii. Nitrogen hypoxia would not require the involvement 

of medical personnel. Id. at 9–10.  

iv. Nitrogen sources for administering this method are 

widely available and “should be easy to find and readily available 

for purchase for such purpose.” Id. at 11.  

e. Effective November 1, 2015, Oklahoma law provides that 

nitrogen hypoxia is the method of execution if lethal injection is held 

unconstitutional or is otherwise unavailable. 22 Okla. Stat. § 1014(B).  

f. In February 2015, a study commissioned by the Louisiana 

legislature recommended adding nitrogen hypoxia as an alternative 

execution method. The study, which is attached hereto as Exhibit 8, 
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concluded that nitrogen hypoxia would be “the most humane method,” 

that “a Gas Chamber would not be used,” and that “nitrogen is readily 

available.” Exh. 8 at 11.  

g. As is evident from these studies, nitrogen hypoxia is a 

feasible and readily available execution method that would 

substantially reduce the risk of excruciating pain that the midazolam 

protocol involves.  

h. On October 10, 2016, the Arkansas Senate and House 

Judiciary Committees met jointly to consider whether to commission a 

study of hypoxia as a method of execution. At the meeting, Cory Cox, 

legislative director for the Attorney General, told the Committees that 

they should not adopt hypoxia. See John Moritz, Execution by Gas Gets 

Panel Flak, ARK. DEM.-GAZ., Oct. 11, 2016, at A1. In objecting to the 

study, Rep. Laurie Rushing said that those on death row “need to be 

punished instead of wasting taxpayer money,” “even if it’s in the least 

humane way.” Id. Ultimately the proposal to commission a study of 

hypoxia was withdrawn.   

85. Fourth, execution by a lethal injection of FDA-approved, manufactured 

pentobarbital is a known and available alternative.  
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a. There is currently a market for departments of correction to purchase 

manufactured pentobarbital. This came to light in In re Missouri 

Department of Corrections v. Jordan, No. 16-3072 (8th Cir. 2016). That 

case concerned whether the Missouri Department of Corrections 

(“MDOC”) should have to respond to a subpoena from prisoners in a 

different state. As disclosed in a document made publically available 

(Exh. 12), the prisoners requested that MDOC produce “all drug labels 

and package inserts for any drug purchased or obtained by the 

department, from 2010 to the present, for use in lethal injections.” Exh. 

12 at 6. MDOC argued to the district court that it couldn’t respond to 

the subpoena insofar as it addressed pentobarbital purchases, because 

any response would reveal whether MDOC possessed manufactured, 

FDA-approved pentobarbital. Manufactured drugs have labels and 

package inserts; compounded drugs don’t. By saying there were 

responsive (though privileged) documents, MDOC would be admitting 

it possessed manufactured pentobarbital. Nevertheless, MDOC 

provided the district court a privilege log admitting it had privileged 

documents in response to the prisoners’ request, id. at 6–7, thereby 

admitting that it has been able to obtain manufactured pentobarbital. 
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See also Chris McDaniel, Missouri Execution Drug Purchases Revealed, 

BUZZFEED, Jan. 8, 2017, available at http://bzfd.it/2mg1UQJ.  

b. In Kelley v. Johnson, the Arkansas Supreme Court upheld 

the part of the method-of-execution statute that shields drug suppliers 

from disclosure. MDOC also has a confidentiality provision that allows 

it not to disclose the source of its execution drugs, which has allowed it 

to obtain pentobarbital consistently over many years. With this 

guarantee of confidentiality, ADC will be able to obtain manufactured 

pentobarbital.  

c. Manufactured pentobarbital would substantially reduce the 

pain and suffering that the current midazolam protocol is certain to 

cause.  

86. Fifth, execution by a lethal injection of compounded pentobarbital is a 

known and available alternative.  

a. As discussed above, compounded drugs carry significant 

risk. See supra Part VI.C. However, that risk is substantially less than 

that inherent in current three-drug protocol, which is certain to cause 

the Prisoners excruciating pain for want of adequate sedation.3  

                                                 
3 With appropriate safeguards in place, an execution procedure using compounded 
pentobarbital would significantly reduce the known risks of harm presented by 
the use of midazolam. As discussed in ¶46 and in Dr. Sasich’s affidavit, compounded 

http://bzfd.it/2mg1UQJ
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b. Compounded pentobarbital is available to the ADC, as 

shown by the successful efforts of other departments of correction to 

obtain compounded pentobarbital for executions. Specifically, the states 

of Georgia and Texas have recently obtained and used compounded 

pentobarbital.  

c. This execution method is feasible. The ADC has previously 

carried out lethal injections. Substitution of drugs does not affect the 

ADC’s ability to perform the execution.  

87. Sixth, execution using a two-drug protocol consisting of midazolam and 

potassium chloride would significantly reduce the risk of pain inherent in the 

current protocol.  
                                                                                                                                                             
pharmaceuticals carry their own specific risks of causing substantial suffering. For 
this reason, it is imperative to institute safeguards, including use of a 
reputable pharmacy that is licensed to compound sterile injectable drugs and 
testing of the drug shortly before the execution to ensure its identity, potency, 
and reliability. Once the appropriate safeguards are in place, this method would 
be acceptable. By suggesting compounded pentobarbital as an alternative, 
the Prisoners do not waive their right to challenge that method should the ADC 
one day adopt a protocol using a single injection of compounded pentobarbital. 
The Prisoners would be entitled to challenge the ADC’s choice to use 
compounded pentobarbital in lieu of other methods that would essentially eliminate 
the risk caused by injection of compounded drugs (e.g., firing squad). 

Any possible challenge to compounded pentobarbital is not ripe for review, 
however. Kelley v. Johnson, 2016 Ark. 268, at 21 n.3. The question at this juncture 
is not whether compounded pentobarbital would cause substantial pain and 
suffering, but rather whether it would reduce the pain and suffering midazolam 
would cause. Surely the ADC would agree that, whatever the risks involved with 
compounded pentobarbital, it is a superior alternative to a method of execution that 
is certain to inflict unnecessary pain and suffering on the Prisoners, as exhibited by 
troublesome executions using midazolam and the scientific evidence in this case.  
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a. Removal of vecuronium bromide from the current protocol 

eliminates the feeling of air hunger and being buried alive that the 

Prisoner is certain to feel absent adequate sedation. Though the 

execution will still cause the Prisoner pain—because he will still be 

injected with potassium chloride—this step is certain to reduce a major 

component of suffering inherent in the current protocol. By choosing a 

three-drug cocktail rather than a two-drug cocktail, ADC has elected to 

inflict unnecessary suffering on the Prisoners. The Arkansas 

Constitution forbids this.   

b. This execution method is readily available. The ADC has 

acquired these drugs in the recent past and has at least one of 

necessary drugs on hand as of this filing.  

c. This execution method is feasible. The ADC stands 

prepared to execute the Prisoners using a three-drug protocol. 

Removing one drug from the protocol requires minimal effort.  

VII. Claims for Relief 

Claim 1: Substantive Violations of Art. 2, § 9: 

88. All of the allegations set forth elsewhere in this Second Amended 

Complaint are incorporated by this reference as if fully set forth herein. 
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89. The ADC’s three-drug Lethal Injection Procedure will cause 

extreme pain and suffering. 

a. Midazolam cannot, at any dosage, render a person 

unconscious and insensate to pain and suffering.  

b. The second and third drugs in the listed protocol 

indisputably cause extreme pain and suffering.  

90. There exist multiple available, alternative methods of executions 

that would avoid or significantly reduce the risk of pain and suffering. These 

include:  

a. execution by firing squad; 

b. execution using a massive overdose of an anesthetic gas—

namely, sevoflurane—as the sole lethal agent;  

c. execution by nitrogen hypoxia;  

d. execution by a lethal injection of manufactured 

pentobarbital by itself;  

e. execution by a lethal injection of compounded pentobarbital 

by itself;  

f. execution by a two-drug cocktail of midazolam followed by 

potassium chloride.  
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91. The General Assembly has refused even to study the question of 

whether nitrogen hypoxia is a more humane execution method, preferring to 

inflict extreme suffering on the Prisoners rather than “wasting taxpayer 

money” that would be required to change the protocol. 

92. By refusing to remove vecuronium bromide from the protocol, the 

ADC sanctions a substantial and needless risk that the Prisoners will feel 

they are being buried alive during the executions. Vecuronium bromide is 

unnecessary to cause the Prisoners’ deaths.   

93. Accordingly, both Act 1096 and the ADC’s Lethal Injection 

Procedure substantively violate the ban on cruel or unusual punishments 

found in Art. 2, § 9 of the Arkansas Constitution. 

Claim 2: Violation of Procedural Due Process 

94. All of the allegations set forth elsewhere in this Second Amended 

Complaint are incorporated by this reference as if fully set forth herein.  

95. The Prisoners have a liberty interest in freedom from an 

unconsented and torturous injection.  

96. The fundamental fairness guaranteed by the due process clause 

requires that condemned inmates be given a meaningful opportunity to 

protect that liberty interest.  
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97. Without information showing that the drugs to be used in their 

executions are reliable, the Prisoners will have no meaningful opportunity to 

protect their liberty interest.  

98. Act 1096 prevents the Prisoners from accessing information 

showing that the drugs to be used in their executions are reliable.  

99. Act 1096 thus violates the procedural due process guaranteed by 

Art. 2, § 8 of the Arkansas Constitution.  

Claim 3: Procedural Violation of Art. 2, § 9  

100. All of the allegations set forth elsewhere in this Second Amended 

Complaint are incorporated by this reference as if fully set forth herein. 

101. Art. 2, § 9 of the Arkansas Constitution bans cruel or unusual 

punishment. 

102. The substantive rights of Art. 2, § 9 imply certain procedural 

safeguards, including access to information necessary to determine whether a 

Art. 2, § 9 violation is present. 

103. Information showing the reliability of the execution drugs is 

necessary to determine whether Arkansas’s execution procedure will be cruel 

or unusual. 
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104. Act 1096 prevents the Prisoners from accessing such information 

and thus violates the state constitutional guarantee against cruel or unusual 

punishment. 

Claim 4: Violation of Separation of Powers 

105. All of the allegations set forth elsewhere in this Second Amended 

Complaint are incorporated by this reference as if fully set forth herein. 

106. Article 4 of the Arkansas Constitution provides:  

The powers of the government of the State of Arkansas shall be 
divided into three distinct departments, each of them to be 
confided to a separate body of magistracy, to-wit: Those which are 
legislative, to one, those which are executive, to another, and 
those which are judicial, to another. 

 
No person or collection of persons, being of one of these 
departments, shall exercise any power belonging to either of the 
others, except in the instances hereinafter expressly directed or 
permitted. 

 
107. Act 1096 violates Art. 4 of the Arkansas Constitution in two 

separate respects: 

a. Act 1096 violates Art. 4 by unlawfully delegating excessive 

discretion to the ADC.  

i. Under Art. 4, the legislature may delegate discretion 

to an executive agency only if it provides reasonable guidelines 

that include appropriate standards. 
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ii. Act 1096 delegates excessive discretion to the ADC, 

an executive agency, by failing to provide meaningful definition 

and regulation of its power in relation to executions. 

iii. First, Act 1096 provides the ADC with the leeway to 

choose between, on one end, a barbiturate-only execution 

procedure and, on the other end, a completely different execution 

procedure that omits barbiturate drugs entirely: “Midazolam, 

followed by vecuronium bromide, followed by potassium chloride.” 

Act 1096 fails to provide reasonable guidelines and appropriate 

standards and thus is devoid of any meaningful definition or 

regulation to guide the ADC’s ostensible discretion in choosing a 

procedure between these two widely divergent poles. 

iv. Second, assuming the ADC chooses the barbiturate-

only procedure, Act 1096 provides the ADC with unfettered 

discretion to choose among the broad range of chemicals that 

qualify as barbiturates. See Hobbs v. McGehee, 2015 Ark. 116 

(Wynne, J., dissenting). 

v. Third, Act 1096 provides the ADC with unfettered 

discretion to choose between pure, FDA-approved manufactured 

drugs and compounded drugs that are likely to cause serious pain 
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and suffering. The Act fails to provide reasonable guidelines and 

appropriate standards to guide the ADC’s discretion in choosing 

between these two options. 

vi. Fourth, Act 1096 provides the ADC with unfettered 

discretion to select the members of the execution team without 

any reasonable guidelines and appropriate standards to provide 

guidance about who should be chosen. 

vii. Fifth, Act 1096 provides the ADC with unfettered 

discretion about whether and how members of the execution team 

should be trained. 

viii. In its totality, the discretion granted to the ADC 

under Act 1096 exceeds what it is permitted under Art. 4. 

ix. The statute is not severable; accordingly, the entire 

statute is invalid. 

b. The Act violates the separation of powers by impairing the 

judicial function.  

i. The judiciary has the prerogative and responsibility 

to review actions of the executive department for compliance with 

constitutional commands.  



 

50 
 

ii. Specifically, the judiciary has the prerogative and 

responsibility to ensure that prisoners’ rights to be free from 

cruel and unusual punishment are protected, and it has a duty to 

ensure that the ADC does not violate Art. 2 § 9 in carrying out 

executions.  

iii. Act 1096 makes secret information that is critical to 

the judiciary’s ability exercise these prerogatives and fulfill these 

duties.  

iv. Act 1096 thus violates Art. 4. 

v. The statute is not severable; accordingly, the entire 

statute is invalid. 

Claim 5: Violation of the Ex Post Facto Clause 

108. All of the allegations set forth elsewhere in this Second Amended 

Complaint are incorporated by this reference as if fully set forth herein. 

109. Act 1096 creates a significant risk that the Prisoners will 

experience a substantially more painful or agonizing execution than they 

would have suffered under the law in effect at the time of their offenses. 

110. Act 1096 creates a significant risk that the Prisoners will 

experience substantially more mental anxiety leading up to the execution 
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than they would have experienced under the law in effect at the time of their 

offenses. 

111. Act 1096 thus violates the ex post facto clause of the Arkansas 

Constitution (Art. 2, § 17). 

VIII. Prayer for Relief 

WHEREFORE, the Prisoners pray for the following relief: 

i. That Act 1096 be declared unconstitutional in its entirety, both 

as applied and on its face; 

ii. That ADC’s three-drug execution protocol, consisting of 

midazolam, followed by vecuronium bromide, followed by potassium chloride, 

be declared unconstitutional; 

iii. That this Court order the ADC to immediately disclose 

information showing the drugs it intends to use in the Prisoners’ executions 

are reliable, including the names and addresses of the persons and entities 

producing and supplying its execution drugs;  

iv. That this Court enjoin the ADC from carrying out executions 

pursuant to Act 1096; 

v. That this Court explicitly reserve enforcement jurisdiction to 

ensure compliance with its injunction pending any appeal by the Defendants; 

and 
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vi. That this Court grant all other relief to the Prisoners to which 

they may be entitled and which this Court deems just and proper.  

 
Dated: February 24, 2017   Respectfully submitted, 

 
/s/ Jeff Rosenzweig  
Jeff Rosenzweig 
Ark. Bar No. 77115 
jrosenzweig@att.net 
300 Spring St., Ste. 310 
Little Rock, AR 72201 
(501) 372-5247 

 
       -AND- 
 
       /s/ John C. Williams  
       Ark. Bar No. 2013233 
       john_c_williams@fd.org 

1401 W. Capitol, Ste. 490 
Little Rock, AR 72201 
(501) 324-6114 
 
-AND- 
 
/s/ Deborah R. Sallings  
Deborah R. Sallings 
Ark. Bar No. 80127 
deborahsallings@gmail.com 
35715 Sample Road 
Roland, AR 72135 
 
Counsel for Plaintiffs
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foregoing on all counsel of record through the electronic filing system this 
24th day of February, 2017. 
 
 

     /s/ John Williams   
     JOHN C. WILLIAMS 
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2015 Arkansas Laws Act 1096 (H.B. 1751)

ARKANSAS 2015 SESSION LAWS

90th GENERAL ASSEMBLY, REGULAR SESSION, 2015
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Text .

Vetoes are indicated by  Text ;
stricken material by  Text .

ACT 1096
H.B. 1751

CORRECTIONAL INSTITUTIONS—EXECUTIONS—LETHAL INJECTION

AN ACT CONCERNING THE ADMINISTRATION OF A LETHAL INJECTION AT THE
DEPARTMENT OF CORRECTION; TO DECLARE AN EMERGENCY; AND FOR OTHER PURPOSES.

Subtitle

CONCERNING THE ADMINISTRATION OF A LETHAL INJECTION AT THE
DEPARTMENT OF CORRECTION; AND TO DECLARE AN EMERGENCY.

BE IT ENACTED BY THE GENERAL ASSEMBLY OF THE STATE OF ARKANSAS:

SECTION 1. DO NOT CODIFY. Legislative findings.

(a) The laws of Arkansas impose the sentence of death for its most serious offenses. The General Assembly finds it necessary
to provide a means of carrying out the sentence of death while also complying with the constitutional prohibition on cruel
and unusual punishment.

(b) To address objections to the method of lethal injection previously provided by law and to address the problem of drug
shortages, the General Assembly finds that it should adopt alternative methods of lethal injection to bring about the death
of the condemned prisoner.

(c) The General Assembly finds that this act meets those goals and satisfies the separation-of-powers doctrine by setting
forth the state's policy and the procedural guidelines for carrying out the sentence of death.

SECTION 2. Arkansas Code § 5–4–617 is amended to read as follows:

<< AR ST § 5–4–617 >>

5–4–617. Method of execution.
(a) The Department of Correction shall carry out the sentence of death by intravenous lethal injection of a barbiturate  the
drug or drugs described in subsection (c) of this section in an amount sufficient to cause death.

(b) The Director of the Department of Correction or his or her designee may order the dispensation and administration of
the drug or drugs described in subsection (c) of this section for the purpose of carrying out the lethal-injection procedure,
and a prescription is not required.
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(c) The department shall select one (1) of the following options for a lethal-injection protocol, depending on the availability
of the drugs:

(1) A barbiturate; or

(2) Midazolam, followed by vecuronium bromide, followed by potassium chloride.

(d) The drug or drugs described in subsection (c) of this section used to carry out the lethal injection shall be:

(1) Approved by the United States Food and Drug Administration and made by a manufacturer approved by the United
States Food and Drug Administration;

(2) Obtained from a facility registered with the United States Food and Drug Administration; or

(3) Obtained from a compounding pharmacy that has been accredited by a national organization that accredits
compounding pharmacies.

(b) Before the intravenous lethal injection is administered, the condemned prisoner shall be intravenously administered a
benzodiazepine.

(c) (e) The drugs set forth in subsections (a) and (b)  subsection (c) of this section shall be administered along with any
substances that the manufacturer has mixed with the drugs and  any additional substances, such as saline solution, called
for in the manufacturer's  instructions.

(d) (f) Catheters, sterile intravenous solution, and other equipment used for the intravenous injection of the drug or drugs
set forth in subsections (a) and (b)  subsection (c) of this section shall be sterilized and prepared in a manner that is safe
and commonly performed in connection with the intravenous administration of drugs of that type.

(e) (g) The Director of the Department of Correction  director shall develop logistical procedures necessary to carry out
the sentence of death, including:

(1) The following matters:

(A) Ensuring that the drugs and substances set forth in subsections (a)–(d) of  this section and other necessary
supplies for the lethal injection are available for use on the scheduled date of the execution;

(B) Conducting employee orientation of the lethal injection procedure before the day of the execution;

(C) Logistics  Determining the logistics of the viewing;

(D) Coordinating with other governmental agencies involved with security and law enforcement;

(E) Transferring the condemned prisoner to the facility where the sentence of death will be carried out;

(F) Escorting the condemned prisoner from the holding cell to the execution chamber;

(G) The  Determining the identity, arrival, and departure of the persons involved with carrying out the sentence of
death at the facility where the sentence of death will be carried out; and

(H) Making arrangements for the disposition of the condemned prisoner's body and personal property; and

(2) The following matters pertaining to other logistical issues:
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(A) Chaplaincy services;

(B) Visitation privileges;

(C) Determining the condemned prisoner's death, which must  shall be pronounced according to accepted medical
standards; and

(D) Confirming the type and concentration of the drugs and substances set forth in subsections (a)–(d) of this
section when they have been received by the department; and

(E) (D) Establishing a protocol for any necessary mixing or reconstitution of the drugs and substances set forth in
subsections (a)–(d) of  this section in accordance with the manufacturer's  instructions.

(f) (h) The procedures for carrying out the sentence of death and related matters are not subject to the Arkansas
Administrative Procedure Act, § 25–15–201 et seq.

(g) (i)(1) The procedures under subdivision (e)(1) (g)(1) of this section, and  the implementation of the procedures
under subdivision (e)(1) (g)(1) of this section, and the identities of the entities and persons who participate in the execution
process or administer the lethal injection are not subject to disclosure under the Freedom of Information Act of 1967, § 25–
19–101 et seq.

(2) The department shall keep confidential all information that may identify or lead to the identification of:

(A) The entities and persons who participate in the execution process or administer the lethal injection; and

(B) The entities and persons who compound, test, sell, or supply the drug or drugs described in subsection (c) of this
section, medical supplies, or medical equipment for the execution process.

(3) The department shall not disclose the information covered under this subsection in litigation without first applying to
the court for a protective order regarding the information under this subsection.

(j) The department shall make available to the public any of the following information upon request, so long as the
information that may be used to identify the compounding pharmacy, testing laboratory, seller, or supplier is redacted and
maintained as confidential:

(1) Package inserts and labels, if the drug or drugs described in subsection (c) of this section have been made by a
manufacturer approved by the United States Food and Drug Administration;

(2) Reports obtained from an independent testing laboratory; and

(3) The department's procedure for administering the drug or drugs described in subsection (c) of this section, including
the contents of the lethal-injection drug box.

(h) (k) The department shall carry out the sentence of death by electrocution if execution by lethal injection under this
section is invalidated by a final and unappealable court order.

(l) Every person that procures, prepares, administers, monitors, or supervises the injection of a drug or drugs under this
section has immunity under § 19–10–305.
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SECTION 3. SEVERABILITY CLAUSE. If any provision of this act or its application to any person or circumstance is
held invalid, the invalidity does not affect other provisions or applications of this act which can be given effect without the
invalid provision or application, and to this end the provisions of this act are severable.

SECTION 4. EMERGENCY CLAUSE. It is found and determined by the General Assembly of the State

of Arkansas that the courts now require heightened legislative oversight and control over the
procedures used in carrying out capital punishment. In addition, victims' families need assurance
that capital sentences will be carried out in compliance with prevailing case law. Therefore, an
emergency is declared to exist, and this act being immediately necessary for the preservation of
the public peace, health, and safety shall become effective on:

(1) The date of its approval by the Governor;

(2) If the bill is neither approved nor vetoed by the Governor, the expiration of the period of time
during which the Governor may veto the bill; or

(3) If the bill is vetoed by the Governor and the veto is overridden, the date the last house
overrides the veto.

/s/House

APPROVED: 4/6/2015

End of Document © 2017 Thomson Reuters. No claim to original U.S. Government Works.
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LETHAL INJECTION PROCEDURE (Attachment C) 
 
SECTION I.  General 
 
1. The Deputy Director, or designee, is responsible for assuring that the chemicals 

for lethal injection, the gurney, straps, and other necessary items, are available 
for use on the scheduled date of execution.  The Deputy Director, or the 
designee, shall be healthcare trained, educated, and/or experienced in matters 
related to the establishment and monitoring of IVs, the mixing and administration 
of the chemicals, and assessing the presence or absence of consciousness.    

 
2. When the chemicals have been received, the Deputy Director, or the designee, 

shall verify as to type and concentration, and thereafter supervise any necessary 
mixing or reconstituting of the chemicals in such a manner as will meet the 
injection requirements (see Chart A) and in accordance with manufacturer’s 
instructions. The mixed or reconstituted chemicals shall be transferred to an 
appropriate syringe(s) and thereafter placed in a designated Injection Drug Box. 
The box will be secured and conveyed to the Cummins Unit. 

 
3. The Deputy Director, or designee, shall maintain physical custody of the Injection 

Drug Box and physically convey the box directly to the execution chamber for 
use. If not used, the Deputy Director, or designee, shall secure the Drug Box until 
used or destroyed. 

 
4. Orientation of the executioner(s) to the Department’s Lethal Injection Procedure, 

if needed, will be conducted prior to the day of the execution and provided by the 
Director and/or designee(s). 

 
5. On the evening of the execution, the executioner(s) shall, under the supervision 

of the Director, or designee, enter the injection room prior to the scheduled time 
of the execution and shall immediately inventory the Injection Drug Box to ensure 
that all chemicals are accounted for and that the infusion device(s) are in 
readiness.   

 
6. The execution gurney will be positioned in the death chamber so that the Deputy 

Director, or designee, and the executioner(s) can directly observe the 
condemned inmate’s face and IV infusion site(s).    
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SECTION II.  IV Set-Up Procedure 
 
1. The Deputy Director, or designee, shall have an intravenous infusion device 

placed in each arm, or other standard anatomical venous point of entry, of the 
condemned inmate and a solution of N.S. (Normal Saline) available for an 
infusion medium. The individual(s) engaged in this activity will be referred to as 
the IV Team and shall be qualified as set forth in Section V.    

 
2. An IV administration set shall be inserted into the outlet of the bag of N.S. IV 

solution.  Two (2) IV bags will be set up in this manner. 
 
3. The administration set tubing for each set-up will be connected to the receiving 

port of the three-way control devices; one left arm/side, the other for the right 
arm/side. 

 
4. IV extension tubing will be connected to the discharge ports on the right/left 

three-way control devices and shall be thereafter connected to the applicable 
right and left IV insertion site(s).  Extension tubing will be of sufficient length to 
accommodate the distance from control device to IV insertion site(s). 

 
5. The tubing shall be cleared of air and made ready for use.   
 
6. Intravenous catheters shall be initiated through standard procedure for such 

devices. Once the infusion of the IV solution has been assured, the IV devices 
shall be secured as appropriate.   

 
7. At this point, the administration sets shall be running at a slow rate of flow (KVO), 

and ready for the insertion of syringes containing the chemicals.  The Deputy 
Director, or designee, shall maintain observation of IV infusion(s) to ensure that 
the rate of flow is uninterrupted.  NO FURTHER ACTION shall be taken until the 
prearranged signal to start the injection of chemicals is given by the Warden. 

   
8. In the event that a patent intravenous infusion site cannot be established, the IV 

Team shall be directed by the Deputy Director, or designee, to evaluate other 
possible infusion sites. All effort will be made to establish two (2) unrelated 
intravenous infusion sites.  If one (1) patent infusion site is established, and a 
second site proves to be a futile effort, the Deputy Director, or designee, may 
direct the IV Team to suspend further action to establish a second site and 
proceed with one site. In the case that no patent infusion site is established after 
reasonable attempts as determined by the IV Team, the Deputy Director, or 
designee, will direct the IV Team to suspend further action and thereafter 
summon trained, educated, and experienced person(s) necessary to establish a 
primary IV line as a peripheral line or as a central venous line.  

 
EVERY EFFORT WILL BE EXTENDED TO THE CONDEMNED INMATE TO ENSURE 
THAT NO UNNECESSARY PAIN OR SUFFERING IS INFLICTED BY THE IV 
PROCEDURE.  STANDARD PRACTICE OF USING A LOCAL ANESTHETIC (1% 
LIDOCAINE) WILL BE ACCOMMODATED AS NECESSARY.  
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SECTION III.  Preparation of Chemicals 
 
1. The Deputy Director, or the designee(s), and a member of the IV Team shall 

prepare the designated chemicals and syringes for a total of one (1) complete set 
of chemicals. One (1) complete set of syringes is used in the implementation of 
the death sentence and an additional complete set of the necessary chemicals 
shall be obtained and kept available.  The specific chemical contained in each 
syringe will be identified with the following information as set forth in the chemical 
charts:  

 a. Assigned number  

 b.  Chemical name  

 c.  Chemical amount  

 d.  Designated color 
 
2.  The quantities of chemicals prepared and administered shall not be 
 changed in any manner without prior documented approval of the director.  
 
3.  All prepared chemicals shall be utilized or properly disposed of in a timely 
 manner after the time designated for the execution to occur.  
 
4.  The chemical amounts as set forth in the Chemical Chart are designated for the 
 execution of persons weighing 500 pound or less. The chemical amounts shall 
 be reviewed and may be revised as necessary for an offender exceeding this 
 body weight.  
 
5. CHEMICAL CHART 
 
 a. CHART A: Three (3) Drug Protocol with Midazolam, Vecuronium Bromide  
  and Potassium Chloride 
 

CHEMICAL CHART 
Syringe No.  Label  
1A  250 mg midazolam, GREEN  
2A  250 mg midazolam, GREEN  
3A  60 ml saline, BLACK  
4A  50 mg vecuronium bromide, YELLOW  
5A  50 mg vecuronium bromide, YELLOW  
6A  60 ml saline, BLACK  
7A  120 mEq potassium chloride, RED  
8A  120 mEq potassium chloride, RED  
9A  60 ml saline, BLACK  
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 (1)  Syringes 1A and 2A shall each have a dose of 250 milligrams 
 midazolam for a total dose of 500 milligrams. Each syringe 
 containing midazolam shall have a GREEN label which contains 
 the name of the chemical, the chemical amount and the 
 designated syringe  number.  

 (2)  Syringes 4A and 5A shall each have a dose of 50 milligrams 
 vecuronium bromide for a total dose of 100 milligrams. Each 
 syringe containing the selected bromide shall have a  YELLOW 
 label which contains the name of the chemical, the chemical 
 amount and the designated syringe number.  

 (3)  Syringes 7A and 8A shall each contain 120 milliequivalents 
 potassium chloride for a total dose of 240 milliequivalents. Each 
 syringe containing potassium chloride shall have a RED label which 
 contains the name of the chemical, the chemical amount and the 
 designated syringe number.  

 (4)  Syringes 3A, 6A, and 9A shall each contain 60 milliliters of saline 
 solution. Each syringe shall have a BLACK label which contains 
 the name of the solution, amount of solution, and the designated 
 syringe number.  

 
SECTION IV.  Injection Procedure  

 
1. The three-way control device facilitates the movement of infusion fluid from 

saline bag or infusion fluid with the chemicals from the syringes. A valve serves 
to direct which fluid source is entering the IV set up. 

 
2. When the signal to commence is given by the Warden, the executioner(s) shall 

administer the chemicals in the order they appear in chart A under the direction 
of the Deputy Director, or designee, as follows: 

 
 a. Syringe 1A shall be inserted into the designated chemical receiving port of 

the three-way control device. 
 
 b. The flow of IV solution will be interrupted by moving the three-way valve 

assembly to allow the infusion of chemical from Syringe 1A.  
 
 c. The contents of Syringe 1A shall commence with a steady even flow of the 

chemical and continue until the full dose of the chemical has been 
administered.  Only the force necessary to activate the syringe plunger will 
be used. 

 
 d. When the contents of Syringe 1A have been injected, the three-way valve 

assembly will be moved so as to shut off the chemical receiving port and 
resume infusion of IV solution.  
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 e. Syringe 1A will be replaced by Syringe 2A and the procedure described in 
subparagraphs a-d for Syringe 1A will be repeated. This process will be 
repeated for all subsequent syringes. 

 
f. Following the administration of syringe numbers 1A, 2A, and 3A, and after 

at least five (5) minutes have elapsed since commencing the 
administration of syringe 1A, the Deputy Director, or designee, will confirm 
the condemned inmate is unconscious by using all necessary and 
medically-appropriate methods. The Deputy Director, or designee, shall 
also confirm that the IV line(s) remains affixed and functioning properly.  

   
g. Once the Deputy Director, or designee, determines that the condemned 

inmate is unconscious, the remaining chemicals will be administered in the 
order they appear in Chart A.    

 
h. In the unlikely event that the Deputy Director, or designee, determines that 

the condemned inmate remains conscious following the administration of 
the chemicals in syringe numbers 1A, 2A, and 3A, the back-up syringes of 
the first chemical (Syringe 1B and 2B) and saline (Syringe 3B), shall be 
administered via the secondary or alternative IV line.   

 
(1) Following the administration of syringe numbers 1B, 2B, and 3B, 

and after at least five (5) minutes have elapsed since commencing 
the administration of syringe 1B, the Deputy Director, or designee, 
will confirm the condemned inmate is unconscious by using all 
necessary and medically-appropriate methods. The Deputy 
Director, or designee, shall also confirm that the IV line(s) remains 
affixed and functioning properly.  

 
(2) Once the Deputy Director, or designee, determines that the 

condemned inmate is unconscious, the remaining chemicals will be 
administered via the secondary or alternative IV line in the order 
they appear in Chart A.      

 
 i. Throughout the chemical infusion process, the Deputy Director, or 

designee, will closely monitor the infusion site for evidence of infiltrate, 
vein collapse, or other challenge to the patency of the infusion site.      

 
  (1) Should a problem be suspected, the Deputy Director, or designee, 

will direct reduction of chemical flow rate or redirect chemical to the 
secondary or alternative site.  

 
  (2) In the use of a singular infusion site pursuant to Section II (8), if the 

infusion site is suspected to be compromised, chemical flow rate 
will be reduced. If problem persists, the: 
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   (a) injection procedure will cease;  
 
   (b) curtain to death chamber will close; and 
 

(c)  the IV Team summoned, and the infusion site problem 
corrected. 

 
(3) If all efforts to re-establish patent infusion site fail, the Deputy 

Director, or designee, will direct the IV Team to suspend further 
action and trained, educated, and experienced person(s) necessary 
to establish a primary IV line as a peripheral line or as a central 
venous line will be summoned to facilitate an IV infusion site.  

 
(4) When the infusion compromise is corrected, the IV Team and the 

summoned person(s) will be excused, the curtain reopened, and 
the lethal injection procedure continued. 

 
Section V.  IV Team Qualifications 
 
Each member of the IV team shall have at least two (2) years of professional 
experience and certification or licensure in at least one of the following fields:   
 
 1. Emergency Medical Technician-Intermediate, or 
 
 2. Emergency Medical Technician-Paramedic, or 
 
 3. Nurse, or 
 
 4. Physician Assistant, or 
 
 5. Physician.   
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Reason for an Amended Report 
 
The reason for the submission of an amended report is the discovery of a calculation error in 
section 5C of the original report. This was a simple error which led to an initial calculation of a 
higher blood concentration of a 500 mg IV midazolam dose.  
 
The original report stated as follows: “This study gave peak blood concentrations of nearly 120 
ng/mL (nanogram per milliliter) after a 5 mg IV dose. It follows then that with a 500 mg IV dose, 
the initial amount after direct IV bolus infusion is 100 times of what occurred with the 5 mg 
dose, which gives an initial blood concentration of 120,000 ng/mL of midazolam after a 500 mg 
IV dose.” [p 23 in original report, calculation error in bold, italics]. 120 ng/mL times 100 equals 
12,000 ng/mL (not 120,000 ng/mL). This has been corrected in the present version in section 
5Bii in the amended report on p. 29. Subsequent calculations were corrected accordingly to 
arrive at a new ceiling-effect dosage of 228 mg IV midazolam.  
 
The discovery of the calculation error does not essentially alter the summary and conclusions of 
the original report: that Midazolam’s ceiling-effect dosage is lower than the 500 mg dose in the 
State’s lethal-injection protocol and that a 500 mg dose of Midazolam cannot be relied on to 
render someone unconscious and insensate to the noxious stimuli that will occur from the 
application of the remaining drugs in the Arkansas lethal injection protocol. 
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1. Introduction  
 
A. Author Qualifications 
 
I am a full-time faculty member in the department of Pharmacology and Physiology at the 
College of Osteopathic Medicine, a unit of the Oklahoma State University, Center for Health 
Sciences campus in Tulsa, Oklahoma.  
 
After receiving my Ph.D. in Pharmacology from the Mayo Clinic, in Rochester, Minnesota, I 
completed a 2 year postdoctoral fellowship at the University of Minnesota Medical School in 
Minneapolis, Minnesota, and secured a position as an Assistant Professor of Pharmacology with 
my present employer in 1990. I advanced through the academic ranks to Associate Professor of 
Pharmacology in 1993, and Professor of Pharmacology in 2000.  
 
Besides my regular duties of teaching medical students, pursuing research and scholarly 
activities, and serving on college committees, I work part-time as a litigation consultant/expert 
witness on cases involving pharmacological issues. I have consulted in both civil and criminal 
cases, working with both the prosecution or plaintiff and the defendant.  
 
With regard to the pharmacological issues of lethal injection, I have worked as a consultant with 
the state as well as with attorneys representing condemned inmates.  
 
My curriculum vitae (CV) is attached as Appendix A to this report.  
 
B. Materials Considered 
 
Attorney Josh Lee, who retained me to study Arkansas’s lethal injection procedures, provided 
me with several documents that I reviewed and relied upon in preparing this Expert Report. 
These materials were: (1) an email from Deputy Attorney General David Curran, to which was 
appended redacted package inserts and labels for the drugs that Arkansas intends to use in its 
execution procedure; (2) an email from Assistant Attorney General Jennifer Merritt, to which 
was appended a document titled “Lethal Injection Procedure (Attachment C)”; and (3) 
Arkansas’s 2015 lethal injection statute, Ark. Code Ann. § 5-4-617 (2015). In addition to the 
above materials provided by Mr. Lee, I also considered pharmacological textbooks, reviews, and 
research studies (listed in Section 8, below), as well as Baze v. Rees, 128 S. Ct. 1520 (2008), and 
Glossip v. Gross, 135 S. Ct. 2726 (2015), which set the standard for when a lethal injection 
procedure may be said to violate the federal ban on cruel and unusual punishment. After Mr. 
Josh Lee left the Federal Public Defenders Office, my work as a pharmacology consultant 
continued with Mr. John C. Williams in the same office. Before submitting this amended report, 
I reviewed the Arkansas Supreme Court’s opinion in Kelley v. Johnson, 2016 Ark. 268, and 
portions of the briefing in that case. 
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C. Brief Description of Arkansas’s Execution Protocol 
 
The execution procedure appended to the email from Deputy Attorney General Jennifer Merritt 
is a three-drug lethal injection protocol. First, the prisoner is to be injected with 500 mg. of the 
drug Midazolam. Next, after waiting five minutes, a member of the execution team ostensibly 
“confirm[s] the condemned inmate is unconscious,” using unspecified methods. Then, the 
prisoner is to be injected with 100 mg (milligrams) of the muscle-paralytic drug, vecuronium 
bromide. Finally, the prisoner is to be injected with 240 mEq (milli-equivalents) of the heart-
stopping drug, potassium chloride. 
 
D. Referral Questions 
 
Mr. Lee asked me to offer my expert opinion on several issues. First, Mr. Lee asked me to 
discuss the pharmacology of all the different drugs authorized by Arkansas’s lethal injection 
statute, i.e., barbiturates, Midazolam, vecuronium bromide, and potassium chloride—with 
particular attention to any similarities and differences between barbiturates and Midazolam. 
Second, Mr. Lee asked for my opinion on whether Arkansas’s chosen lethal injection procedure 
(Midazolam, followed by vecuronium bromide, and potassium) is sure or very likely to cause 
serious pain and suffering. Third, Mr. Lee asked me to address whether alternative execution 
procedures would significantly reduce the risk of pain and suffering and, if they would, to 
describe some of those procedures. 
 
A thorough discussion of these issues follows. A summary of my opinions on the referred 
questions can be found in Section 7 of this Report. 
 
2. Midazolam and Fast-Acting Barbiturates are Fundamentally Different Drugs 
 
A. Pharmacological Equivalency and Pharmacological Substitution 
 
Each drug has a unique chemical (atomic) structure and exerts a unique profile of pharmacological 
effects. Drugs are classified both by their chemical structures and by their therapeutic uses. Drugs 
that have very similar chemical structures are grouped together based on that structure. Drugs 
that have similar therapeutic uses are also grouped together by their therapeutic or 
pharmacological effects. 
 
Pharmacological equivalency is present when two or more drugs exhibit the same or closely 
similar pharmacological properties. It is a working principle used by physicians who often 
substitute drugs due to drug allergies or for reasons of cost. Pharmacological equivalency is also 
the guiding principle for the FDA to accept a generic version of the same branded drug (e.g. 
Walgreen’s ibuprofen, the generic form, is pharmacologically equivalent to Advil®, the branded 
formulation of ibuprofen. See Meredith 2003, Borgheini 2003). 
 
Pharmacological substitution is the act of using one drug in the place of another. It is axiomatic 
that in order to maintain the same pharmacological and therapeutic effect of two drugs, the drug 
that is substituted must have pharmacological equivalency to the new drug. 
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There is no question that midazolam and fast-acting barbiturates (such as thiopental or 
pentobarbital) are different drugs. The key question in substituting drugs for lethal injection is 
one of a pharmacological nature: Does midazolam have pharmacological equivalency to fast-
acting barbiturates such that a valid pharmacological substitution can be made? Pharmacological 
equivalency between midazolam, a benzodiazepine, and fast-acting barbiturates, is examined 
herein with respect to pharmacological classification by chemical (atomic) structure, 
mechanisms of action, partial and full effects of these agents and the ‘ceiling effect’, 
therapeutic uses, and DEA scheduling of these agents. 
 
B. Pharmacological Classification of Midazolam and Fast-Acting Barbiturates  
 
Table 1. Visual comparison of benzodiazepine and barbiturate chemical structures. 

BENZODIAZEPINES BARBITURATES 

  
Midazolam (Versed®) Pentobarbital (Nembutal®) 

   

Diazepam (Valium®) Thiopental (Pentothal®) 
 
Midazolam belongs to the class of drugs called benzodiazepines whereas drugs like pentobarbital 
and thiopental are members of the barbiturate class of drugs (Brenner and Stevens, 2013). The 
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chemical structure of midazolam and pentobarbital are shown in the first row of Table 1 above to 
provide an accessible first exposure to the differences between the two drugs. The untrained eye 
clearly recognizes that midazolam and pentobarbital do not have similar structures and are not 
close analogs. The second row in Table 1 shows examples of other drugs from the same class of 
drugs as midazolam and pentobarbital. Most notably, at the center of the benzodiazepines there is 
7-sided ring with two nitrogen atoms (N) attached to a 6-sided ring with one chloride atom (Cl). 
Quite differently, the two barbiturates do not contain such a core structure and instead consist of a 
single 6-sided ring containing two nitrogen atoms. The non-expert can see that the benzodiazepine, 
midazolam, is similar to diazepam (Valium®), and the barbiturate, pentobarbital (Nembutal®), is a 
close analog of thiopental (Pentothal®). There is an irrefutable difference between midazolam and 
fast-acting barbiturates at the atomic level. 
 
In summary, Table 1 shows that that there is no chemical, structural pharmacological 
equivalency between midazolam and fast-acting barbiturates. However, Table 1 does show 
that the substitution of thiopental with pentobarbital (from one fast-acting barbiturate to 
another fast-acting barbiturate) does meet the test for pharmacological equivalency by 
chemical structure.  
 
C. Mechanism of Action of Midazolam and Fast-Acting Barbiturates  
 
The pharmacology of drugs ranges from effects on the whole organism, to effects on specific 
tissues or organs, down to the actual mechanism of action at the molecular level. For many 
drugs, the action at the molecular level can be traced upward to the effect on the whole 
organism, yielding a nearly complete description of drug action. 
 
Starting at the molecular level, both midazolam and pentobarbital act on the GABAA receptor-
chloride ion channel complex (henceforth GABAA receptor). GABA is the acronym for gamma-
aminobutyric acid, an inhibitory neurotransmitter in the brain that is the natural activator of 
GABAA receptors (Sigel and Steinmann 2012, Sieghart 2015). When inhibitory neurons of the 
brain release GABA onto other brain neurons, the recipient neurons are inhibited and become 
more quiescent. This is an ongoing neurotransmitter action, occurring without the presence of 
any drugs or exogenous substances in the brain. The GABAA receptor is shaped like a funnel 
with a lid on it. When GABA binds to the receptor, the lid opens and chloride ions rush from the 
outside of the neuron to the inside. The chloride ions rushing inside the neuron causes the 
neuron to decrease its electrical activity. 
 
Benzodiazepines act at the GABAA receptor on brain neurons where GABA itself acts (Chang et 
al. 1981, Sigel and Barnard 1984) but at a different molecular site than GABA on the GABAA 
receptor (Cromer et al. 2002, Ernst et al. 2003). Midazolam and all benzodiazepines do not 
increase the synthesis of the inhibitory neurotransmitter GABA but enhance the effect of GABA 
at the GABAA receptor (Greenblatt et al. 1983). GABA must be released by inhibitory neurons 
and be acting on the GABAA receptor at the same time as the benzodiazepine for drugs like 
midazolam to enhance GABA inhibition (D’Hulst et al. 2009, Sieghart et al. 2012). GABA acts on 
the receptor and opens the lid to the chloride ion channel (funnel) and midazolam increases 
the frequency that the lid opens (Study and Barker 1981, Rogers et al. 1994). In that way, 
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midazolam helps GABA have a greater inhibitory effect. However without GABA present, 
midazolam does little to the GABAA receptor. 
 
Barbiturates such as pentobarbital also act at the GABAA receptor on brain neurons where 
GABA itself acts (Olsen and Snowman 1982, Greenfield LJ 2013). Barbiturates bind to a 
different spot on the GABAA receptors than benzodiazepines (Cestari et al. 1996). Unlike 
midazolam, pentobarbital and other barbiturates enhance GABA inhibition by increasing the time 
that the ion channel lid remains in the open position (Study and Barker 1981). Contrary to the 
mechanism of action of midazolam, pentobarbital, like all barbiturates, can cause neuronal 
inhibition even when GABA is not present (Mathers and Barker 1980, Jackson et al. 1982). 
Barbiturates therefore can open the lid on the ion channel by themselves and keep it open longer 
than benzodiazepines (MacDonald et al. 1989, Sancar and Czajkowski 2011). As a result, the flow 
of chloride ions into the neuron is not limited to enhancement only when GABA is present, but 
barbiturates can increase the rush of chloride ions into the neuron in the absence of GABA so that 
the activity of the neuron is completely shut down. Thus, barbiturates are more potent drugs at 
the GABAA receptor than benzodiazepines.  
 
In summary, a large body of pharmacological research on the mechanisms of action of 
midazolam and fast-acting barbiturates clearly demonstrates that benzodiazepines, like 
midazolam, and barbiturates, such as pentobarbital, do NOT exhibit pharmacological 
equivalency with regard to their detailed mechanism of action. Compared to barbiturates, 
benzodiazepines bind to a different site on the GABAA receptor, need GABA to co-activate the 
GABAA receptor to work, and increase the frequency of the opening of the chloride ion 
channel, not the time it remains open. 
 
D. The Pharmacology of the Partial Agonist, Midazolam, and the Full Agonists, Barbiturates 
 
Most drugs that are used clinically do something to cells or neurons that they affect. They bind to 
(act on) a target receptor and the receptor does something, like open an ion channel. These types 
of drugs that do something are called agonists. Other types of clinically-used drugs, like the 
antihypertensive drugs called ‘beta-blockers’, bind to a receptor and prevent another substance 
from doing something. These drugs are called antagonists.  
 
Agonists are further subdivided into partial agonists and full agonists. As their name suggests, full 
agonists produce a full pharmacological effect and partial agonists only produce a partial 
pharmacological effect. The difference between one drug being a partial agonist and another drug 
being a full agonist arises from the drugs’ differing mechanism of action. 
 
As noted above, midazolam, like all benzodiazepines, increases the frequency (not the duration) of 
ion channel opening only when GABA is present. As GABA is a neurotransmitter synthesized by 
inhibitory brain neurons, the amount of GABA released onto GABAA receptors is limited. Because 
midazolam depends on the co-activation of GABA to produce its effects, midazolam’s effects on the 
brain is therefore also limited. In this regard, midazolam is a partial agonist. 
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Barbiturates, to the contrary, do not need co-activation by GABA to produce their effects. 
Therefore, the neuronal inhibition produced by barbiturates is not limited. In this regard, 
fast-acting barbiturates are full agonists. 
 
By definition, partial agonists will exhibit a ‘ceiling effect’ in which greater doses will not 
produce a greater pharmacological effect. The ceiling effect of benzodiazepines, and the lack of 
ceiling effect for barbiturates, is so well-accepted that many medical pharmacology textbooks 
contain a Figure illustrating this fact. Fig. 1 below shows one such example. 
 

 
Fig. 1. Typical textbook example of a graph showing the differences between 
barbiturates (top line) and benzodiazepines (bottom line). The dose increases along 
the horizontal axis as you move to the right; the effects in humans increases as you 
move up the vertical axis. Note the ceiling effect shown for benzodiazepines versus 
the lack of ceiling effect for barbiturates. As the dose of benzodiazepine increases, a 
plateau (‘ceiling’) is reached before reliable general anesthesia is obtained. Increasing 
doses of barbiturates reliably produce anesthesia, coma, and death. Note: the term 
‘hypnosis’ is medical terminology for ‘sleep’. Adapted from Brenner and Stevens 2013. 
 

In summary, the fact that midazolam is a partial agonist, and that fast-acting barbiturates are 
full agonists, arises directly from their mechanisms of action, as barbiturates can act in the 
absence of GABA and increase the inhibition of brain neurons whereas midazolam and other 
benzodiazepines are limited with their effect only when GABA is present and thus cannot 
inhibit neurons as much as barbiturates. This pharmacological fact demonstrates that 
pharmacological equivalency is NOT met by substitution of a barbiturate with a 
benzodiazepine. The ceiling effect of a midazolam and other benzodiazepines, and the lack of 
ceiling effect with the use of barbiturates, is beyond controversy and taught to all medical and 
pharmacology students. 
 
 

BARBITURATES 
thiopental, pentobarbital 

BENZODIAZEPINES 
midazolam, diazepam 
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E. Therapeutic Uses of Benzodiazepines and Barbiturates 
 
The therapeutic use of a drug is a direct result of the drug’s pharmacological properties, 
including, most importantly, a drug’s mechanism of action. As noted above, while both 
benzodiazepines and barbiturates act on the GABAA receptor, they do so in very different ways. 
Because of the difference in their mechanism of action, the FDA approves benzodiazepines and 
barbiturates for difference therapeutic uses. Whereas barbiturates can be used as the sole 
agent for general anesthesia, benzodiazepines cannot.  
 
i. The Anesthesia Continuum  
 
Before examining the FDA-approved uses of midazolam, pentobarbital, and other agents, it is 
necessary to understand the terminology used in describing sedative and anesthetic effects. 
The authoritative professional organization for Anesthesiologists, the American Society for 
Anesthesiology (ASA), has published standards and definitions for the level of sedation and 
general anesthesia. There can be no question that these definitions serve as the foundation for 
any fact-finding. For this reason, the Continuum of Depth of Sedation Table from the ASA is 
presented below as Table 2 (next page). 
 
There are four levels defined for the Continuum of Depth of Sedation. Of these four levels, 
there are three levels of sedation and only one level of general anesthesia (see Table 2, column 
headers).  These are, in order of increasing depth of sedation, Minimum Sedation Anxiolysis, 
Moderate Sedation/Analgesia (“Conscious Sedation”’), Deep Sedation/Analgesia, and General 
Anesthesia.  
 
Two important facts come from Table 2. First, there is only one level for complete anesthesia, 
called General Anesthesia. This is the level which renders the patient, or a condemned inmate, 
to a state of unconsciousness (stated in the text below the Table, underlined) and insensate to 
all conscious sensation including pain (in the Table itself, end of row one, under General 
Anesthesia, boxed). The other three levels of sedation are characterized by response to pain 
and drug-induced depression of consciousness without loss of consciousness. For this reason, it 
is clear that any drug used as the first drug in the Arkansas lethal injection protocol must 
produce a state of General Anesthesia.  
 
Second, the specific use of the term ‘General’ in the name of the deepest level, ‘General 
Anesthesia,’ emphasizes overall brain-activity depression characterized by lack of pain 
sensation and unconsciousness. Use of the just the word ‘anesthesia’ does not mean ‘general 
anesthesia.’ As stated in the major authoritative pharmacology textbook, Goodman and 
Gilman’s The Pharmacological Basis of Therapeutics:1  “The clinical literature often refers to the 
anesthetic effects and uses of certain benzodiazepines, but the drugs do not cause a true 
general anesthesia because awareness usually persists.” It is clear that many uses of the word 
‘anesthesia’ in the medical literature do not mean ‘general anesthesia’ and should not be 
interpreted as such unless there was loss of all sensation (including pain) and unconsciousness.  
                                                      
1 Mihic SJ and Harris RA (2011) Chapter 17 Hypnotics and Sedatives, p 460, in Brunton LL et al. (Eds.), 

Goodman & Gilman’s Pharmacological Basis of Therapeutics, Macmillan Co., New York, NY. 
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Table 2. Continuum of Depth of Sedation Table from the ASA [Emphasis added]  
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Instead of anesthesia, the term ‘Moderate Sedation’ or another one of the three sedation-level 
descriptors should be used, if loss of consciousness and insensibly to pain were not present. 
Textbooks or review articles that state that IV benzodiazepines can produce anesthesia mean 
that these agents, in general, can produce levels of sedation along the anesthesia scale (Table 
2), not that they produce the specific, deepest level of anesthesia called General Anesthesia. 
Likewise, midazolam is sometimes referred to as ‘an anesthetic’ or able to produce 
‘anesthesia,’ but this does not mean midazolam can produce ‘general anesthesia’.  
 
As shown in the next subsection, the FDA-approved indications (therapeutic uses) for 
midazolam do not include ‘General Anesthesia’ (Table 3). Section 5 below discusses clinical 
studies showing that midazolam is unable to produce a state of General Anesthesia. 
 
ii. FDA-approved Labeling of Anesthetic Effects. 
 
Table 3 below is a list of therapeutic uses for benzodiazepines and barbiturates. Entries marked 
with a ‘YES’ indicate that this class of drugs (benzodiazepine or barbiturate) is FDA-approved 
for this indication and list which particular drug(s) is approved for this therapeutic use. 
 
Table 3. Comparison of therapeutic uses for five benzodiazepines and five barbiturates.  

Therapeutic Use Benzodiazepines Barbiturates 
Anxiety disorders YES, alprazolam, diazepam, 

lorazepam 
YES but only for ‘sedation’ with 

butabarbital 
Panic Disorder YES, alprazolam, clonazepam NO 
Acute Alcohol Withdrawal YES, diazepam NO 
Skeletal Muscle Spasm YES, diazepam NO 
Seizure Disorders YES, clonazepam, diazepam YES, pentobarbital (IV), phenobarbital 

(IV), thiopental (IV) 
Preoperative Sedation YES, midazolam (IM/IV) YES, pentobarbital (IV), secobarbital 
Outpatient Sedation YES, midazolam (IV) NO 
Anesthesia Induction YES, midazolam (IV) YES, thiopental (IV) 
Sole Anesthesia (brief) NO YES, thiopental (IV) 
Sedation for Intubated Ptx  YES, midazolam (IV cont.) NO 
Co-Anesthesia (Adjunct) YES, midazolam (IV) YES, thiopental (IV) 
Insomnia (short-term) NO YES, butabarbital, secobarbital, 

pentobarbital (IV)  
Induce Coma in Brain Trauma NO YES, thiopental (IV) 
Psychiatric Use (Narcoanalysis) NO YES, thiopental (IV) 

Note: Benzodiazepine data of therapeutic uses are from the FDA-approved Prescribing Information 
labels of alprazolam (Xanax®), clonazepam (Klonopin®), diazepam (Valium®), lorazepam (Ativan®), 
and midazolam (Versed® injection). Barbiturate data are from current FDA-approved labels—for 
butabarbital (Butisol®), pentobarbital (Nembutal® injection), phenobarbital (Luminal®), secobarbital 
(Seconal®)—excepting the discontinued label for thiopental (Pentothal®), which is no longer 
marketed. All drug formulations are oral tablets except where noted; IV=intravenous, 
IM=intramuscular. 

 
As shown in Table 3, there are 14 therapeutic uses for the benzodiazepine and barbiturate drugs. 
Among these 14 therapeutic uses, only 5 (or 35.7%) are common to both benzodiazepines and 
barbiturates. These shared indications are Anxiety Disorders, Seizure Disorders, Preoperative 
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Sedation, Anesthesia Induction, and Adjunct/Co-Anesthesia (used with a general anesthetic). It 
should be noted that benzodiazepines for the treatment of Anxiety Disorders have almost 
universally supplanted the older barbiturate drugs for this use (Howie 1975, Pieters and Snelders 
2007). Five indications are for the use of benzodiazepines only; Panic Disorder; Acute Alcohol 
Withdrawal; Skeletal Muscle Spasms; Outpatient Sedation; and Sedation for Intubated Patients. 
Four indications are for the use of barbiturates only: Sole Anesthesia (for brief procedures); 
Insomnia (for short-term treatment of 2 weeks); Induce Coma in Brain Trauma; and Psychiatric Use 
(Narcoanalysis), i.e., the limited and historical use of thiopental to get the therapy patient to talk, 
as in ‘truth serum’. 
 
Both midazolam and thiopental are indicated for use in Anesthetic Induction. Anesthetic Induction 
is a procedure to start the anesthesia process. Although midazolam is used for Anesthetic 
Induction, this use does not mean that midazolam can produce a state of General Anesthesia.  
Both midazolam and thiopental are indicated for use in Co-Anesthesia as adjunct anesthetics 
along with other agents. Use of midazolam as an adjunct agent in a Co-Anesthesia protocol does 
not indicate that midazolam by itself can produce a state of General Anesthesia.  
 
Thiopental, but not midazolam, is indicated for Sole Anesthesia, for brief (15 minute) procedures. 
Thiopental, a barbiturate, is able to be used by itself to provide general anesthesia, but 
midazolam, like other benzodiazepines, is limited in its potency and cannot produce general 
anesthesia but only sedation.  
 
Use of midazolam for Preoperative Sedation or Outpatient Sedation—both uses not reaching the 
level of General Anesthesia—is not germane to drug use for lethal injection. Likewise, use of 
midazolam to treat Anxiety disorders, Panic Disorder, Acute Alcohol Withdrawal, Skeletal Muscle 
Spasm, or Seizure Disorders is not pertinent to the production of General Anesthesia, the level of 
anesthesia needed to administer the second and third drugs used in Arkansas’s lethal injection 
protocol without pain.  
 
With regards to specific drugs, out of five indications for midazolam, midazolam shares only one 
therapeutic use with pentobarbital: Preoperative Sedation. 
 
In sum, comparison of the FDA-approved labels for benzodiazepines and barbiturates—and 
more specifically for midazolam and pentobarbital—demonstrates that pharmacological 
equivalency of barbiturates and benzodiazepines is NOT met considering the criteria of 
approved therapeutic uses. Most importantly, midazolam is not approved for use as a Sole 
Anesthetic as it cannot produce General Anesthesia. In contrast, the barbiturate thiopental was 
approved as a Sole Anesthetic for brief procedures. Midazolam cannot produce General 
Anesthesia, whereas barbiturate drugs like pentobarbital and thiopental are more potent (with 
no ceiling effect) and can produce a state of General Anesthesia. Evidence supporting these 
facts is elaborated below in Section 5. 
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F. DEA Scheduling of Midazolam and Fast-Acting Barbiturates  
 
Most prescription drugs are safe and without the potential for abuse and dependence. Thus, 
the vast majority of drugs prescribed by physicians do not come under the purview of the Drug 
Enforcement Administration (DEA). Drugs that pose a special danger of abuse or drug 
dependence are tightly regulated by the DEA and are called controlled substances. 
 
Midazolam and barbiturates are controlled substances according to the DEA, as promulgated by 
the Controlled Substances Act of 1970. The DEA places dangerous drugs into five schedules, with 
Schedule I drugs having no approved medical use and being the most dangerous. Schedule II-V are 
drugs with medical uses but with decreasing danger of abuse and dependence. Midazolam, as with 
most of the other benzodiazepines like diazepam (Valium®) and lorazepam (Ativan®) are placed 
into Schedule IV. Fast-acting barbiturates are considered much more dangerous drugs to abuse so 
they are scheduled the highest level for drugs still used medically, as Schedule II controlled 
substances. This is evidence that midazolam is deemed safer to use by the DEA, with less evidence 
of abuse and drug dependence than fast-acting barbiturates. Simply put, the DEA decision to 
schedule midazolam and the fast-acting barbiturates differently reflects the DEA finding that 
midazolam and fast-acting barbiturates do NOT exhibit pharmacological equivalency in causing 
drug dependence and abuse. 
 
G. Summary 
 
Pharmacological equivalency between benzodiazepines and barbiturates, and more specifically 
between midazolam and fast-acting barbiturates, was investigated by examining key aspects of 
the pharmacology of the two drug classes. The findings from this section are: 
 
i. There is no pharmacological equivalency between midazolam and fast-acting 

barbiturates using the criterion of chemical structures for benzodiazepines and 
barbiturates. 

 
ii. There is no pharmacological equivalency when examining the different mechanisms of 

action of benzodiazepines (midazolam) and barbiturates (pentobarbital, thiopental). 
 
iii. There is no pharmacological equivalency between the magnitude of pharmacological 

effects produced by benzodiazepines (partial agonists) and barbiturates (full agonists). In 
particular, it is well-known that midazolam has a ceiling effect that is not present 
barbiturates. 

 
iv. There is no pharmacological equivalency when examining the different therapeutic uses of 

benzodiazepines and barbiturates, or between midazolam and fast-acting barbiturates. In 
particular, midazolam is does not produce General Anesthesia and could not be used as a 
Sole Anesthetic, whereas barbiturates are used as Sole Anesthetics and do produce General 
Anesthesia. 
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v. There is no pharmacological equivalency in the drug abuse and dependence properties of 
benzodiazepines and barbiturates as confirmed by the different scheduling of these drugs 
by the DEA. 

 
3. Dosage and Characteristics of Pentobarbital Used in Lethal Injection 
 
A. Therapeutic, Toxic, and Lethal Dosages of Intravenous (IV) Pentobarbital 
 
Barbiturates are a class of sedative-hypnotic drugs, largely replaced in clinical therapeutics by 
the benzodiazepine class of sedative-hypnotics (Brenner and Stevens 2013). Examples of 
common barbiturate drugs are thiopental, pentobarbital, phenobarbital, and methohexital.  
 
Nembutal® Sodium Solution (Pentobarbital Sodium for Injection, USP) is an FDA-approved drug 
formulation that is manufactured by Akorn, Inc. a subsidiary of Oak Pharmaceuticals, Inc., 
headquartered in Lake Forest, IL (FDA 2015). Its official indications are listed on the FDA label 
for use as: a. Sedatives; b. Hypnotics, for the short-term treatment of insomnia; c. 
Preanesthetics; and d. Anticonvulsant, in anesthetic doses, in the emergency control of certain 
acute convulsive episodes, e.g. status epilepticus (Nembutal® Sodium Solution Prescribing 
Information, Oak Pharmaceuticals). Pentobarbital sodium IV solution is also used ‘off-label’ for 
the induction and maintenance of coma to reduce intracranial pressure in brain-injured patients 
(Woodcock et al. 1982). 
 
Clinical studies and forensic toxicology studies have determined the therapeutic, toxic, and 
lethal blood concentrations of pentobarbital (Musshoff et al. 2004; Regenthal et al. 1999; Schulz 
et al. 2012; Winek et al. 2001). These values are given in blood concentration ranges from the 
most recent paper, as shown in Table 4 below. 
 

Table 4. Therapeutic, toxic, and lethal ranges of pentobarbital blood concentrations. Concentrations 
given in mg/L (milligram per Liter) which is equal to mcg/mL (microgram per milliLiter). Half-life (t1/2) 
is given in the last column and is the time in hours it takes for half the amount of drug to be cleared 
from the bloodstream. From Schulz et al. 2012. 

 

 
 
There are no clinical studies determining the lethal dose of IV pentobarbital sodium in humans 
for obvious reasons. However, the largest IV pentobarbital sodium dose ever administered to 
human volunteers is reported in an early pharmacokinetic study from the 1950s (Brodie et al. 
1953). In two volunteers, 2.5 grams pentobarbital was injected IV over 50 minutes. While blood 
concentrations were not determined in these volunteers, the authors note that following these 
large doses of IV pentobarbital, the volunteers were deeply anesthetized and had to be put on a 
ventilator with oxygen “until spontaneous ventilation was deemed adequate.” Such studies 
could not be performed today due to safety and ethical concerns, but it is clear that a 2.5 gram 
dose given IV was a lethal dose in these two individuals as it caused them to stop breathing on 
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their own. These volunteers would have died without the supportive measures of the artificial 
ventilator and oxygen supplementation. 
 
The most straight-forward approach to determining the lethality of pentobarbital sodium used 
in lethal injection protocols is to pharmacologically model the blood concentrations of 
pentobarbital after a 5 gram IV bolus injection of pentobarbital sodium. Once a reasonable 
estimate is made of the pentobarbital blood concentrations after a 5 gram IV pentobarbital 
sodium dose, the blood levels obtained can be compared to lethal pentobarbital concentrations 
as shown in Table 4, above. 
 
B. Blood Levels of 5 gram Pentobarbital after IV Bolus Dose in Humans 
 
The study of drug movement after administration is called pharmacokinetics. The 
pharmacokinetics of pentobarbital sodium are characterized by a rapid distribution of 
pentobarbital throughout the body and into the brain. With direct IV administration, there is no 
absorption phase of the drug like when a pill is swallowed. For this reason, the peak blood 
concentration of IV pentobarbital is observed with the first time point of sampling after the IV 
bolus injection. 
 
As mentioned above, there are no studies in the literature that give the blood concentrations of 
pentobarbital following a 5 gram IV dose, as this is higher than approved clinical doses. 
However, it is possible to examine the pentobarbital blood concentrations in humans from 
studies following the administration of lower doses of IV pentobarbital sodium. The data from 
these studies can then be used to model the blood concentrations of pentobarbital after a 5 
gram IV dose.  
 
In 1953, the first study of the fate of pentobarbital in humans estimated the peak amount of 
pentobarbital in the blood after IV bolus administration of 1 gram (= 1000 mg) pentobarbital 
sodium (Brodie et al. 1953). This study gave peak blood concentrations of about 25 mg/L after 
the IV dose. Twenty years later, the first study using modern techniques in pharmacokinetic 
analysis determined the blood concentration of pentobarbital after an IV dose of 50 mg 
pentobarbital sodium (Smith et al. 1973). These authors found that a 50 mg IV dose of 
pentobarbital gave an initial peak blood concentration of about 1.5 mg/L. In a second 
pharmacokinetic study of IV pentobarbital sodium, a 100 mg IV dose yielded an initial 
pentobarbital blood concentration of about 3.0 mg/L (Ehrnebo 1974). A figure from this second 
modern paper is included below (as Fig. 2, top of next page) to portray the pentobarbital blood 
concentration curve over time following IV administration. 
 
Given that a 50 mg IV dose of pentobarbital gave an initial pentobarbital blood concentration of 
1.5 mg/L and that a 100 mg IV dose of pentobarbital (Fig. 2, below) gave an initial pentobarbital 
blood concentration of 3.0 mg/L (i.e. doubling the IV dose, doubled the initial blood 
concentration) it follows that a 5,000 mg IV dose of pentobarbital would give an initial 
pentobarbital blood concentration of 150 mg/L. This is calculated from the fact that a 5,000 mg 
IV dose (= 5 grams) is 100 times greater than the 50 mg IV dose and 100 times 1.5 mg/L equals 
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150 mg/mL. By examining Table 4 above, this initial pentobarbital blood concentration of 150 
mg/mL is 6 to 15 times greater than the lethal drug range listed as 10-25 mg/mL.  

 
Fig. 2. Blood levels of pentobarbital following rapid IV injection of 100 mg to seven 
human subjects. Data points are the mean values of pentobarbital blood concentrations, 
plus and minus one standard deviation error bars. From Ehrnebo 1974. Note: µg/mL is 
equal to mg/L. 
 

Given the above calculation that 5 grams of IV pentobarbital sodium yields an initial lethal 
blood concentration of 150 mg/L, the next determination is to model the fall of the 
pentobarbital blood concentration over time. It can be seen from Figure 2 above that the fall of 
pentobarbital blood concentrations occurs in two parts; the decrease in pentobarbital occurs 
more rapidly for the first hour, then the decrease slows down and changes slowly from the 
pentobarbital levels seen at one hour. The first rapid phase of the decrease in pentobarbital 
concentrations is due to the distribution of pentobarbital from the blood to the brain and other 
tissues. The second, slower phase in the decrease of pentobarbital is due to the elimination of 
pentobarbital from the blood by metabolism and excretion. The time it takes for the 
pentobarbital blood level to decrease by one-half is called the ‘half-life’ (t1/2). The first rapid 
phase of pentobarbital decrease has a smaller half-life than the half-life of the second slower 
phase of pentobarbital decrease. 
 
In order to determine the fall of pentobarbital concentrations over time, it is necessary to use 
the half-life data for IV pentobarbital from the pharmacokinetic studies cited above. Both of the 
modern pharmacokinetic studies of IV pentobarbital sodium show a rapid distribution of 
pentobarbital out of the blood of with a half-life of about 1 hour (Ehrnebo 1974; Smith et al. 
1973) which lasts for about 2 hours, then a longer elimination half-life of about 22-50 hours. 
Using these half-life values, the pharmacokinetic modeling of a 5 gram (5000 mg) IV dose was 
done using an Excel® spreadsheet, as noted previously in the scientific literature (Chamberlain 
2003).  
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The resulting graph of the decrease in pentobarbital blood levels after IV injection of 5 grams 
(5000 mg) is shown in Figure 3 below. This graph shows that with an initial blood concentration 
of 150 mg/L pentobarbital, the blood levels of pentobarbital decrease to 37.5 mg/L after 120 
minutes. Within the first 5 minutes, the blood levels decrease to 141 mg/L (inset graph, Figure 
3, below). Comparing these blood levels of pentobarbital with the lethal concentrations 
summarized in Table 4 above, after the first 5 minutes, the 5 gram IV dose of pentobarbital 
sodium yields blood levels of pentobarbital that are 5.6 to 14 times higher than lethal 
pentobarbital concentrations. After 120 minutes, the 5 gram dose gives blood levels that 
remain elevated above the lethal pentobarbital concentrations. 
 

 
Fig. 3. Blood levels of pentobarbital following IV injection of 5 grams (5000 mg) as 
modeled by the best available data. The initial blood concentration was 150 mg/L (at left 
arrow). The rapid decrease (distribution phase) used a half-life of 60 min that lasted for 
2 hours. The slower elimination phase used a half-life of 20 hours. Inset graph in upper 
right corner shows an enlargement of the first 5 minutes after IV injection (right arrow).  
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C. Differences Among Barbiturate Drugs 
 
Barbiturate drugs were discovered and used to a great degree before the advent of the 
benzodiazepine drugs in the 1960s (Harvey 1980). All benzodiazepines have the same 
mechanism of action, which differs from barbiturates’ mechanism of action (see Section 2C 
above). Barbiturate drugs potentiate and replace the action of GABA to greatly inhibit neurons, 
whereas benzodiazepines need GABA present to work and are limited in their pharmacological 
effects (i.e. are partial agonists, see Section 2D).  
 
The differences in various barbiturate drugs lie primarily in their pharmacokinetic 
characteristics, and are subclassified according to how long they exert their pharmacological 
effects. The barbiturates are also classified by their therapeutic effects, such that there are 
anesthetic barbiturates, such as thiopental, pentobarbital, amobarbital, and anticonvulsant 
barbiturates, such as mephobarbital and phenobarbital (Macdonald and Barker 1979).  
 
Barbiturates also differ by their individual chemical nature, most importantly in a term called 
lipophilicity. Lipophilicity, which means ‘fat-loving,’ describes a physical characteristic of drugs 
that correlates with how rapidly a drug can cross from the bloodstream to the brain. Rapid-
onset, ultrashort-acting anesthetic barbiturates, like amobarbital and pentobarbital, are more 
lipophilic than anticonvulsant barbiturates like mephobarbital or phenobarbital (Toon and 
Rowland 1983). Because of this, the highly lipophilic barbiturates (amobarbital and 
pentobarbital) have a faster onset of action, usually within 30 seconds to 1 minute after an IV 
bolus dose (Sessions et al. 1954).  
 
Finally, the barbiturates differ in terms of their potency: anesthetic barbiturates (pentobarbital 
and amobarbital) are more potent in their inhibition of brain neurons than anticonvulsant 
barbiturates like mephobarbital and phenobarbital (Macdonald and Barker 1979).  
 
The pharmacological differences between barbiturates precludes a substitution of 
pentobarbital with any other barbiturate except another fast-acting barbiturate.  
 
D. Summary 
 
The findings from this section are: 
 
i. The normal therapeutic blood concentration of pentobarbital ranges from 1-10 mg/L. Toxic 

blood concentrations of pentobarbital range from 10-19 mg/L and lethal concentrations of 
pentobarbital range from 15-21 mg/L and higher. 

 
ii. A 5 gram IV bolus dose of pentobarbital sodium produces initial pentobarbital blood 

concentrations of about 150 mg/L, which is 6 to 15 times greater than the accepted lethal 
dose range. After 5 minutes, the blood concentration of pentobarbital is 5.6 to 14 times 
greater than the lethal blood concentrations of pentobarbital. After 2 hours, the blood 
concentration of pentobarbital remains above the lethal blood concentration range. 
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iii. All barbiturates share the same mechanism of action but differ in potency, time of onset, 
duration of action, and therapeutic indications. Only fast-acting barbiturates like thiopental 
or pentobarbital are suitable for use in lethal injection protocols. 

 
4. Pharmacology of Vecuronium and Potassium Chloride 
 
According to the Arkansas method-of-execution statute, § 5-4-617, the Director of the Arkansas 
Department of Corrections shall select one of the following options for a lethal injection 
protocol: a one-drug protocol using a barbiturate, or a three-drug protocol using midazolam, 
followed by vecuronium bromide, followed by potassium chloride. The pharmacology and 
mechanism of action of the first drug in the three-drug protocol, midazolam, was detailed 
above (Section 2) and the ceiling effect of midazolam is discussed below (Section 5). The second 
and third drugs listed in the Arkansas three-drug lethal protocol are vecuronium bromide, at a 
dose of 100 mg, and potassium chloride, at a dose of 240 mEq, which are discussed here.   
 
A. Pharmacology and Clinical Effects of Vecuronium  
 
Vecuronium, like pancuronium, is a drug classified as a neuromuscular blocker or simply called a 
paralytic drug. Neuromuscular blockers work by blocking the action of acetylcholine which is 
the neurotransmitter released from a nerve ending onto the muscle that causes the muscle to 
contract (Hibbs and Zambon 2011). Clinical uses of neuromuscular blockers are to provide 
muscle relaxation for endotracheal intubation, and to ensure patient immobility during surgery 
or mechanical ventilation (Kovac 2009, Vecuronium Bromide for Injection Prescribing 
Information). Vecuronium is a chemical analog to pancuronium and is about 1.5 to 1.75 times 
more potent than pancuronium (Fahey et al. 1981). Vecuronium has about the same onset time 
as pancuronium (within 5 minutes) but has a shorter duration of action, and produces no 
cardiovascular effects or changes in heart rate or blood pressure. With higher doses of 
vecuronium, the onset time can be reduced to 2.4 minutes (Hilgenberg 1983).  
 
The clinical effects of vecuronium are shared by other neuromuscular blockers and include 
progressive loss of skeletal muscle contraction, first noted by drooping eyelids and muscle 
weakness (Hibbs and Zambon 2011). Motor weakness progresses eventually to a total flaccid 
paralysis. The small, quick muscles of the eyes, jaw, and larynx relax before those of the arms, 
legs, and trunk of the body. Finally, the intercostal muscles that expand the ribs and the 
diaphragm are paralyzed, and breathing ceases. Without intubation and mechanical ventilation, 
death ensues from a lack of oxygen (hypoxia).   
 
There are a few studies of the effect of neuromuscular blockers given in human volunteers 
without an anesthetic agent. In a classic 1947 paper, a complete description of the effects of 
tubocurarine, an early neuromuscular blocker, on the central nervous system was examined 
(Smith et al. 1947). These researchers found that neuromuscular blockers had no effect on 
altering consciousness, or memory and had no analgesic effect. They concluded that these 
paralytic drugs should not be used alone as they may cause “serious psychic trauma.” A later 
study, using trained anesthesiologists and the researchers themselves, found that in these 
awake subjects vecuronium had no effect on consciousness and, like the earlier study by Smith 
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and colleagues, that the most distress came from a feeling of shortness of breath and ‘air 
hunger,’ even as they were artificially ventilated with supplemental oxygen at sufficient levels 
(Topulos et al. 1993). As early as 1950 clinicians realized that the use of paralytic drugs like 
vecuronium and pancuronium without adequate anesthesia leads to the possibility that a 
patient is awake but incapable of indicating distress or pain because of muscle paralysis (Brice 
1970).     
 
While these above studies were done on the researchers themselves, who were trained in the 
procedures and knew what to expect, most research on the adverse effects of vecuronium and 
other neuromuscular blockers comes from cases where conscious patients were completely 
paralyzed but unable to communicate with health care workers. In emergency care, patients 
who experienced paralysis without sedation or anesthesia reported dysphoria and severe pain 
(Chong 2014). Patients in intensive care units who were paralyzed with pancuronium because 
they were intubated and on mechanical ventilators, but were not sedated and were conscious, 
reported that they felt “buried alive”; some thought they were already dead (Perry 1985). Most 
of these patients said they would rather die than go through 4 days of being paralyzed while 
conscious again. A study of patients who emerged from anesthesia but were still paralyzed from 
neuromuscular blockers gave reports of panic, suffocation, and a feeling of already being dead 
(Thomsen et al. 2015). These experiences were horrific enough to trigger post-traumatic stress 
disorder (PTSD) in some unfortunate patients.        
 
The above papers show that vecuronium or pancuronium, or any other paralytic drug, should 
only be used in patients that are anesthetized and unconscious. In documented cases where 
patients or experimental subjects were awake but paralyzed, intolerable and damaging 
experiences of pain, panic, and suffocation occurred.   
  
B. Pharmacology and Clinical Effects of Potassium Chloride 
 
Potassium chloride for injection is an electrolyte solution used for the treatment of 
hypokalemia, which means low blood-potassium levels (Potassium Chloride for Injection 
Prescribing Information). Hypokalemia can be life-threatening and can lead to dysfunction of 
excitable tissues such as cardiac, skeletal, and smooth muscle (Kruse and Carlson 1990). The low 
potassium of hypokalemia may result in muscular paralysis, respiratory failure, and cardiac 
abnormalities, which can be fatal.    
 
Potassium chloride for injection is also used in late-term abortions of a fetus with genetic or 
severe, non-viable abnormalities (Isada et al. 1992, Senat et al. 2002, Sfakianaki et al. 2014). In 
these cases, potassium chloride is delivered directly into the fetal heart chamber or into the 
umbilical vein.  
 
There are a few cases of high-dose potassium-chloride injection in awake patients, which only 
occurs as a result of an accident or intentional homicide in the hospital setting (Wetherton et al. 
2003). The earliest report of an accidental high dose of IV potassium chloride due to improper 
mixing was in a male patient who immediately complained of a severe pain moving up his arm 
(above the site of the IV) and a ringing in his ears (Lankton et al. 1973). The patient then lost 
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consciousness, stopped breathing, and his heart stopped beating. Another case study in that 
same year reported that an IV infusion of potassium chloride produced severe pain at the site 
of the IV infusion (Williams 1973). In a forensic report of four IV potassium-chloride-induced 
deaths at hospital, one man who accidentally received a high-dose IV infusion of potassium 
chloride screamed out in pain (Wetherton et al. 2003). Potassium-chloride IV injections are also 
documented as a rare method of suicide in health care workers, but self-reports of the effects 
noted by these persons are unavailable (Battefort et al. 2012, Bertol et al. 2012).   
 
The above studies show that IV administration of potassium chloride at high doses leads to 
severe pain in awake, unanesthetized patients.  
 
C. Importance of Achieving General Anesthesia 
 
In the case of lethal injection using a three-drug protocol, it is crucial to insure that the first drug 
achieves General Anesthesia because of the intolerable effects of the second drug (muscle 
paralytic) and third drug (potassium chloride). 
 
Clinical experience with non-responsive patients shows that a cautious approach to the risk 
evaluation of midazolam’s ability to produce General Anesthesia should be taken. Patients that 
are non-responsive are diagnosed of being in a vegetative state after repeated tests of 
consciousness show no evidence of sustained, reproducible, purposeful, or voluntary behavioral 
response to visual, auditory, tactile, or noxious stimuli (MacDonald et al. 2015). These tests in 
non-responsive patients are the same as tests used by anesthesiologists to detect the surgical 
plane of anesthesia. In the non-responsive patients, studies show that up to 43% of these 
patients that are diagnosed as vegetative are actually aware or conscious. Additionally, studies 
document that some patients are not unconscious even when strong general anesthetics, like 
pentobarbital or inhalation agents, are used. (Escallier et al. 2014) These findings mandate a 
conservative approach to questions of the first drug used in a three-drug lethal injection 
protocol. In other words, even under the best circumstances, clinicians assessing non-responsive 
patients and anesthesiologists inducing general anesthesia appear to get it wrong a significant 
percentage of the time and their patients are not unconscious (or anesthetized) as often as they 
think.  
 
Because even trained anesthesiologists using powerful anesthetic drugs fail to detect awareness 
or consciousness a significant proportion of the time, the “consciousness check” articulated in 
Section IV.2.h(1) of Arkansas’s lethal injection protocol does not provide any assurance that the 
condemned inmate will be sufficiently anesthetized or that he will not experience the pain and 
suffering caused by the second two drugs in Arkansas’s protocol. According to Section 1.1 of the 
protocol, the “Deputy Director, or designee” who performs the consciousness check need not 
even be a physician or nurse, much less an anesthesiologist. Further, because it is 
pharmacologically impossible for midazolam to produce a state of General Anesthesia, as 
discussed above in Section 2 and further below in Section 5, any determination that the prisoner 
is unconscious when not in a state of General Anesthesia would by definition be erroneous.   
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D. Summary 
 
i. Vecuronium administration produces paralysis of muscles, including muscles that 

promote breathing, preventing movement in patients undergoing surgery.  
 
ii. Vecuronium administered to unanesthetized subjects in clinical studies gives rise to 

pain, panic, and suffocation, without a means to communicate this to others due to 
complete muscle paralysis.  

 
iii. Potassium chloride is used to produce cardiac arrest (stop the heart) in the condemned 

inmate.  
 
iv. Studies show that use of potassium chloride by IV injection in an awake and 

unanesthetized patient leads to severe pain radiating from the site of the IV infusion 
and cessation of breathing and heart function while conscious. 

 
v. The condemned inmate must be in a state of General Anesthesia, noted by loss of 

consciousness and the inability to respond to a noxious stimulus, before the administration 
of vecuronium and potassium chloride. 

 
5. Calculation of the ‘Ceiling Effect’ Dosage of Midazolam Used in Lethal Injection 
 
This section discusses the concept of the “ceiling effect” in further detail. It calculates the 
ceiling-effect dose of midazolam using a methodology described below; it then discusses other 
clinical studies regarding midazolam’s ceiling effect and their bearing on the calculation 
contained herein.  
 
A. Introduction to the Issue of the ‘Ceiling Effect’ With an IV Bolus Dose of Midazolam 
 
The ‘ceiling effect’ refers to the fact that greater doses of midazolam do not produce a greater 
pharmacological effect. The ceiling effect is well-known for midazolam and all similar drugs in 
the class called benzodiazepine sedative-hypnotics. By way of contrast, there is no ceiling effect 
seen with barbiturate sedative-hypnotics like thiopental and pentobarbital (see Section 2D 
above). The ceiling effect of midazolam and other benzodiazepines is not controversial and is 
portrayed in many introductory pharmacology textbooks (see Fig. 1 above). 
 
As detailed in Section 2D above, benzodiazepines (including midazolam) act by enhancing the 
inhibitory effect of the neurotransmitter, GABA, on brain neurons. The decrease in neuronal 
activity produced by the inhibitory neurotransmitter, GABA, is not ‘all or none’. GABA simply 
decreases the ongoing activity of neurons by a graded amount, depending on how much GABA 
is present. GABA is a limited resource in the brain, as it is made and released by inhibitory brain 
neurons, which are finite in number. Therefore midazolam is limited in its action by the amount 
of GABA present, whereas barbiturates are not limited by the amount of GABA present. 
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A little more pharmacology of benzodiazepines’ mechanism of action and an analogy is needed. 
Midazolam and other benzodiazepines potentiate the binding of GABA at the GABAA receptor, 
but at a site different than where GABA binds. This is called allosteric modulation. To use an 
analogy, the allosteric action of midazolam might be thought of as a Boy Scout helping an 
elderly woman (GABA) across the street. The woman can cross the street without the Boy Scout 
(midazolam) but his presence and assistance helps the elderly woman move faster. Midazolam 
and other benzodiazepines can only enhance GABA action and have no inhibitory action on 
brain neurons on their own. By this allosteric mechanism of action, benzodiazepines have an 
innate ‘ceiling effect’ and can only produce sedation on a limited plateau. Using our analogy, 
the Boy Scout can move the elderly woman across the street only so fast, the act of getting the 
woman across the street is still limited by the ability of the woman to ambulate on her own two 
legs. There is a ‘ceiling effect’ in how fast the woman can cross the street, even if two or more 
Boy Scouts were to help her.   
 
Most telling that midazolam has a ceiling effect is the lack of a fatal blood level range for 
midazolam in the latest compendium of therapeutic, toxic, and fatal blood levels of over 1,000 
drugs (Schulz et al. 2012). Table 5 below shows the blank space for the fatal blood levels of 
midazolam. There are few fatalities. 
 
Table 5. Therapeutic, toxic, and lethal ranges of pentobarbital and midazolam blood concentrations. 
Note the lack of fatal concentration ranges for midazolam. From Schulz et al. 2012. 

 

 

 
 
B. Calculation of Ceiling Effect 
 
This subsection calculates midazolam’s ceiling effect using a modeling approach based on 
extrapolation from in vitro and cell-culture testing. The calculation considers that the Arkansas 
Lethal Injection Protocol employs two syringes with 250 mg midazolam each for a total of 500 
mg. The State’s procedure also states that “after at least five (5) minutes have elapsed since 
commencing the administration of syringe 1A [the first 250 mg midazolam syringe], the Deputy 
Director, or designee, will confirm the condemned inmate is unconscious by using all necessary 
and medically-appropriate methods.”  Accordingly, the present subsection ultimately seeks to 
answer whether midazolam’s ceiling effect is reached at or below (1) the brain concentration of 
midazolam produced immediately after the IV bolus administration2 of a 500 mg midazolam 
dose and (2) the brain concentration 5 minutes after IV midazolam administration. 
 
The first step of this modeling approach is to determine the concentration at which 
midazolam’s ceiling effect occurs in studies done in vitro (using brain cells in a laboratory dish). 
Second, a calculation of the blood concentration of midazolam following a 500 mg IV bolus dose 
                                                      
2 Bolus means a single IV injection all at one time as opposed to continuous infusion at a lower rate. 
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is made based on blood concentrations of midazolam following clinically-used doses. Third, 
based on the pharmacological data of midazolam crossing into the brain in preclinical studies, 
the extent of the 500 mg midazolam dose that enters the brain is calculated. Fourth, published 
studies are researched to calculate the concentration of midazolam in the brain after a 500 mg 
IV dose. Finally, by comparing the concentration of midazolam that produces a ceiling effect in 
studies done in vitro with the calculated concentration of midazolam in the human brain after a 
500 mg dose, the ceiling-effect dose is calculated.  
 
i. Ceiling Effect of Midazolam and Other Benzodiazepines Observed In Vitro 
 
This subsection will highlight cell culture in vitro studies and preclinical (animals) studies from 
the medical literature that determined the ceiling effect of midazolam and other 
benzodiazepines. These studies will provide specific numerical values that can be used to model 
the concentration in the brain of a condemned inmate after a 500 mg IV dose of midazolam. 
 
Table 6 below shows the threshold dose(s) that produced the observed ceiling effect in 
published studies of in vitro experiments. Most studies of diazepam show a ceiling effect 
threshold at 100 nM and all three studies of midazolam gave 100 nM as the concentration 
producing a ceiling effect.3 
 
 
 
 
 
 
 
 
 
 
 
 
                                                      
3 Drug concentrations are measured with different units in different types of experiments or clinical 

studies. The in vitro studies presented in this subsection use Molar Concentration, which is basically a 
certain number of grams (1 Mole) in a liter of solution. 1 Mole of a drug in 1 Liter of solution gives a 
1.0 M concentration. Then, using the metric system prefixes, we know that 1 M = 1000 mM (milli-
Mole) which equals 1,000,000 µM (micro-Mole), which is equal to 1,000,000,000 nM (nano-Mole). For 
these types of studies, the drug solutions are mixed to make up different strengths, like 1 nM, 10 nM, 
100 nM, and 1000 nM, and these different solutions are bathed on different sets of cells in a Petri dish 
and the pharmacological effects measured. The results shown below for the in vitro studies of 
benzodiazepine effects use drug solutions in the units of nM.   

 
    Other units are used in other studies below. Concentration of drug in blood is often given in ng/mL 

(nano-grams per milli-Liter). Again using the metric system prefixes, we know that 1 g (gram) equals 
1000 mg (milli-grams) equals 1,000,000 µg (or mcg; micro-gram) equals 1,000,000,0000 ng (nano-
gram). Finally, doses of drugs are administered on a per weight basis, such as 2 mg/kg, or as the same 
dose for everybody, such as 500 mg dose of midazolam administered intravenously (IV).  
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Table 6. Summary of selected studies showing ceiling effect of diazepam and midazolam 
Benzodiazepine Ceiling effect at: Preparation Reference 
Diazepam 10 nMa Cell culture (mouse spinal 

neurons) 
Skerritt and Macdonald 
(1984)  

Diazepam 100 nM Cell culture (oocytes) Sigel and Baur (1988) 
Diazepam 50-100 nM Cell culture (mouse spinal 

neurons) 
Rogers et al. (1994) 

Diazepam 100 nM Cell culture (HEK cells) Li et al. (2013) 
Diazepam 100 nM Cell culture (oocytes) Rüsch and Forman (2005)  
Midazolam 100 nM Brain slices (rat) Rovira and Ben-Ari (1999)  
Midazolam 100-200 nM Brain slices (rat) Bai et al. (2001) 
Midazolam 100 nM Cell culture (oocytes) Rüsch and Forman (2005)  

a nM stands for ‘nanomolar’ which is a concentration term relating the number of drug molecules in a 
liter of solution.  

 
A ceiling effect, which is really just a limit on the potency of a drug (see discussion of partial 
agonists in Section 2D), was noted with benzodiazepines, including diazepam (Valium®) and 
midazolam (Versed®), in the research studies that determined the mechanism of action for 
benzodiazepine drugs. Samples of figures from these original research papers are reproduced 
below (next two page) so that it will be obvious that a ceiling effect is documented and 
pervasive in the scientific and pharmacological literature.  
 
Figures 4-7 on the next two pages show the actual graphs that confirm a ceiling effect for the 
benzodiazepines diazepam and midazolam from in vitro studies. The ceiling effect on these 
figures is denoted by a horizontal dashed blue line; this is the plateau that is reached where 
benzodiazepines given at higher concentrations do not produce greater effects.  
 
Figure legends under the graphs further explain the graphs and the ceiling effect concentration. 
This is the lowest concentration of drug that produces the plateau effect or ceiling effect.  
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Fig. 4. Various doses of the benzodiazepine, Diazepam, were added with 
GABA (open circles) and other drugs and the current measured on the 
vertical scale (Y-axis). Arrow shows ceiling effect threshold at 100 nM. 
Horizontal dash line shows the ceiling effect. From Fig. 4 in Li et al. 2013. 
 

 

 
Fig. 5. Various doses of the benzodiazepine, Diazepam (closed circle, top 
curve) were applied to cells in the presence of GABA and the current 
measured on the vertical scale (Y-axis). Arrow shows ceiling effect 
threshold at 10-7 M which is equal to 100 nM. Horizontal dash line shows 
the ceiling effect. From Fig. 4 in Sigel and Baur 1988.  
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Fig. 6.  Various doses of Midazolam (closed circle, top curve) along the 
horizontal scale (x-axis) were applied to cells in the presence of GABA and 
current measured on the vertical scale (Y-axis). Arrow shows ceiling effect 
threshold at 0.1 µM which is equal to 100 nM. Horizontal dash line shows 
ceiling effect. From Fig. 5B in Bai et al. 2001. 

 
 

 
 

Fig. 7. Various doses of Midazolam (closed circle, top curve) or Diazepam 
(closed squares, bottom curve) along the horizontal scale (x-axis) were 
applied to cells in the presence of GABA and current measured on the 
vertical scale (Y-axis). Arrow shows ceiling effect threshold at 10-7 M which 
is equal to 100 nM. Horizontal dash line shows ceiling effect. From Fig 2A 
in Rüsch and Forman 2005. 
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ii. Blood Levels of 500 Mg Midazolam after IV Bolus Dose in Humans 
 
As mentioned above, there are no studies in the literature that give the blood concentrations of 
midazolam following a 500 mg IV dose in humans, as this is higher than approved clinical doses. 
However, it is possible to review the blood concentrations in humans from studies examining 
the blood concentrations after clinical doses of IV midazolam. The data from these studies can 
then be used to model the blood concentrations of midazolam after a 500 mg IV dose.  
 
A clinical study measured the peak amount of midazolam in the blood after IV bolus 
administration of 5 mg midazolam in eight healthy volunteers (Schwagmeier et al. 1998). This 
study gave peak blood concentrations of nearly 120 ng/mL (nanogram per milliliter) after a 5 
mg IV dose. It follows then that with a 500 mg IV dose, the initial amount after direct IV bolus 
infusion is 100 times of what occurred with the 5 mg dose, which gives an initial blood 
concentration of 12,000 ng/mL of midazolam after a 500 mg IV dose.  
 
A direct linear modeling of the 500 mg IV dose from the 5 mg dose is supported by other 
studies. In a more recent study using half of the above 5 mg IV dose, a 2.5 mg IV dose of 
midazolam, the peak blood concentration of 51.2 ng/mL which is about half the peak blood 
concentration seen in the above clinical study using a 5 mg IV dose of midazolam (Veldhorst-
Janssen et al. 2011). Therefore it is not unreasonable to use this linear relationship to 
extrapolate as is done above 
 
Given the estimate that the initial concentration of midazolam in the blood after a 500 mg IV 
bolus dose is 12,000 ng/mL, the next determination is to model the fall of midazolam blood 
concentration over time to determine the amount of midazolam that is available for transfer to 
the brain during the first 5 minutes. Five minutes is a crucial time point, as the Arkansas 
Department of Corrections Lethal Injection Procedure mandates that the offender being put to 
death will be checked for unconsciousness at least 5 minutes after the infusion of midazolam 
begins. 
 
In order to determine the midazolam blood concentrations over time, it is necessary to have 
established pharmacokinetic data for IV midazolam. A key paper in this regard examined the 
pharmacokinetic data after dosing volunteers with 0.1 mg/kg midazolam IV infusions after 1 
minute, 1 hour, and 3 hour lengths of infusion (Greenblatt et al. 2004). The dosing of midazolam 
with a 1 minute bolus infusion in this study comes closest to the method to be used by the 
Arkansas Department of Corrections (see above). Using these data from this study,4 it was 
possible to model the blood concentration curve over time following the IV dose of 500 mg 
midazolam (see Fig. 8 next page). The modeling of the blood concentration curve following a 
500 mg IV midazolam dose was done using an Excel spreadsheet, as noted in the scientific 
literature (Chamberlain 2003) and was done above in Section 3B.  
  

                                                      
4 The Greenblatt study found that a midazolam IV dose given in 1 minute had a half-life of immediate 

distribution (t½ alpha) of 21 min and a half-life of elimination (t½ beta) of 171.6 minutes. These 
parameters were plugged into the spreadsheet formula to give the model data plotted in Fig. 8. 
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Fig. 8. Blood concentration curve following a single IV bolus dose of 500 mg 
midazolam. Inset shows the region of the plot from 0-5 minutes. See text for 
further details. Arrows denote the initial blood concentration of midazolam 
and midazolam concentration after 5 minutes (inset). 

 
The key parameters calculated above are that following the 500 mg IV dose of midazolam, the 
initial highest concentration of midazolam is 12,000 ng/mL and after 5 minutes, the 
concentration of midazolam is 10,200 ng/mL.  
 
iii. Extent of Midazolam Entering the Human Brain after an IV Bolus Dose 
 
Studies that show the amount or extent of midazolam that enters the human brain would be 
best done by administering an IV dose in numerous people and then sampling brain tissue at 
various time points afterwards. These studies, of course, cannot be done. However, a number 
of preclinical studies in animals provide reliable data about the fraction of midazolam that 
crosses into the brain from the blood. These studies are reviewed next and will provide a value 
that can be used to determine the amount or extent of midazolam that enters the human brain 
after a 500 mg IV dose.  
 
It should first be noted that drugs in the blood bind to blood proteins such as albumin and 
gamma-globulins and the amount of protein binding varies with each drug. This is important as 
only the free (unbound) drug is available to cross from the blood into the brain to exert its 
effect. Midazolam is a drug with high blood-protein binding, on the order of 94-97% (Fragen 
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1997). Using 95% as an estimate, this gives only 5% of the amount of midazolam in the blood 
available for crossing the blood-brain barrier and entering the brain. Taking this into account for 
the two key parameters of interest noted above, a 500 mg IV bolus of midazolam gives an initial 
free-drug blood concentration of 600 ng/mL (12,000 X 0.05) and a free-drug blood 
concentration at 5 minutes of 510 ng/mL (10,200 X 0.05).  
 
Preclinical studies of the fraction of midazolam that enters the brain after an IV dose are done 
by sampling the cerebrospinal fluid (CSF) along with the blood at various times after midazolam 
administration (Arendt et al. 1983, Jones et al. 1988). The CSF is a good surrogate for the fluid 
surrounding the brain cells, as it is relatively protein-free so there is little to no binding of drugs 
to proteins like that which occurs in the blood. The CSF circulates around and through the brain 
and spinal cord, bathing these tissues (Lin 2008). Fig. 9 below shows the concentration of 
midazolam in the blood and in brain CSF at the same time points from the paper by Arendt 
1983. 
 

 
Fig. 9. Midazolam-concentrations curve in blood (plasma, top curve) and 
in brain CSF (bottom curve) after a single 10 mg/kg IV bolus dose. Note that 
the CSF concentration is much less than blood at all time points but mirrors 
the blood curve. From Fig. 2 (left panel) in Arendt et al. (1983). 

 
The calculations performed in the study shown in Fig. 9 yielded a brain CSF/blood concentration 
ratio of 0.14 or 14% (Arendt et al. 1983). This ratio can be used in our determinations of brain 
concentration after 500 mg IV dose of midazolam to calculate that an initial blood 
concentration of 600 ng/mL midazolam equals 84 ng/mL in the brain (600 X 0.14) and at 5 
minutes after start of infusion, the blood concentration of 510 ng/mL is equal to 71.4 ng/mL 
(510 X 0.14) in the brain. 
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iv. Dosage of IV Midazolam That Produces a Ceiling Effect in Humans 
 
The above data gave the measurement of midazolam in blood in the units of ng/mL, or 
nanogram per milliliter, is a weight per volume measure, like mixing a teaspoon of salt in a glass 
of water). However, the existing data on the concentration of midazolam that produces a ceiling 
effect from in vitro studies reviewed above gave a value of 100 nM (nanomolar), which is in 
different units. The brain concentration of midazolam, as calculated in ng/mL above, must be 
converted to nanomolar terms to compare it with the existing in vitro data showing that 
midazolam’s ceiling effect occurs at a midazolam concentration of 100 nM. This conversion is 
done by using the molecular weight of midazolam which gives the relationship between grams 
and moles.5 For example, a concentration of midazolam of 32.6 ng/mL in the brain equals 100 
nM in molar terms.  
 
The calculated values of the brain concentrations of midazolam following a 500 mg IV dose gave 
an estimate of 84 ng/mL when the infusion begins and 71.4 ng/mL after 5 minutes elapsed from 
the start of the infusion. These two values expressed in nM are: 84 ng/mL = 257.9 nM and 71.4 
ng/mL = 219.2 nM. 
 
Given that midazolam shows ceiling effects at 100 nM concentration (see Table 6 above), the 
estimated initial brain concentration for midazolam using a 500 mg IV dose is about 2.6 times 
higher (at 257.9 nM) than the concentration of midazolam that produces a ceiling effect (100 
nM). Five minutes6 after the 500 mg IV midazolam administration, the brain concentrations for 
midazolam are estimated to be 219.2 nM or approximately double the ceiling effect 
concentration of 100 nM shown in preclinical studies (Table 6).  
 
The midazolam dose that results in a 100 nM concentration of midazolam, the ceiling effect 
concentration, is obtained by using the values of brain concentration obtained with a 500 mg IV 
dose above after 5 minutes. A 500 mg IV dose gives a brain concentration of 219.2 nM after 5 
minutes which is 2.192 times the ceiling effect concentration of 100 nM. Therefore, a dose that 
is 2.192 times less than 500 mg is 228 mg. Thus, a 228 mg IV dose of midazolam would be 
expected to reach the threshold concentration of midazolam to produce a ceiling effect after 5 
minutes.  
 
C. Comparison to clinical studies 
 
Midazolam’s anesthetic effects have also been studied in the clinical setting. This section 
provides an overview of bispectral analysis (BIS), reports results based on BIS, and discusses 
discrepancies between the ceiling effect calculated using the above modeling method and the 
ceiling effect noted in BIS-based studies. 
                                                      
5  Calculations were assisted by the Molar solution concentration calculator found at 

www.physiologyweb.com.  
 
6  Five minutes was chosen as the time point to examine as that is the time after midazolam 

administration that the first consciousness check is performed according to the Arkansas lethal 
injection protocol. 
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i. Bispectral Analysis (BIS)  
 
Scientific models of consciousness rely on the measurement of activity in different areas of the 
brain and the known functions associated with them. When a general anesthetic is given, there 
is inhibition of the activity in the higher-order association areas of the brain more so than in the 
primary processing areas of the brain (MacDonald et al. 2015). Most telling, as patients come 
out of general anesthesia, there is dramatic and sudden activation of the higher-order 
association areas of the brain regions that correlates with patient responding to verbal 
commands (Långsjö et al. 2012). To a first approximation, consciousness is correlated to activity 
in brain-association areas and therefore unconsciousness is correlated to lack of activity in these 
brain association areas.  
 
Researchers and clinicians have developed a way to measure the depth of general anesthesia 
using the technique of electroencephalograms (EEG). The EEG recordings are processed by the 
computer with a method called bispectral analysis, or BIS (Escallier et al. 2014). BIS gives a single 
number, on the scale from 100 (completely awake and alert) to 0 (coma and EEG burst 
suppression). BIS values are the most common objective means for assessing the effects of 
anesthetic agents, with lower values correlated to greater degrees of brain-activity depression.  
 
Clinical signs of anesthesia correlate moderately well with BIS scores (Weaver et al. 1970). BIS 
values less than 60 are targeted during general anesthesia procedures as that is the depth of 
anesthesia associated with lack of awareness (Weaver et al. 1970). In this study, BIS values of 60 
or less correlated with General Anesthesia, 65 with Deep Sedation and 80 to Moderate Sedation 
(see ASA table in section 2E above). Later studies have verified that a BIS value of 40-60 is 
considered to reflect the state of General Anesthesia (Escallier et al. 2014). For example, one 
study showed the BIS levels of patients who moved at skin incision (mean BIS value of 65) was 
greater than patients who did not move in response to skin incision (mean BIS value of 40) 
(Johansen and Sebel 2000). 
 
Using thiopental doses to induce (but not maintain general anesthesia) gave BIS values as low as 
60 (Yoo et al. 2012). Pentobarbital has decreased the depth of General Anesthesia in cases of 
intractable seizures to BIS values as low as 3 to induce barbiturate coma (Jaggi et al. 2003). 
These studies show that barbiturates are capable of reducing BIS levels consistent with General 
Anesthesia, and that high-dose administration of barbiturates can reduce cortical brain activity 
to near zero.  

 
ii. Clinical studies of midazolam and BIS 
 
Generally, midazolam is used as a premedicant before general anesthesia or for regional 
anesthesia (Khanderia and Pandit 1987). Midazolam is a less reliable induction agent than 
thiopental and induction of anesthesia using midazolam alone is unpredictable. Clinically, 
benzodiazepines such as midazolam are not used as much for anesthesia or induction of 
anesthesia but for conscious sedation (Giovannitti and Trapp 1991). Conscious sedation is a 
drug-induced state of relaxation where the patient remains conscious with reflexes intact and 
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little effect on cardiovascular or respiratory function (see ASA table in section 2E above). 
Midazolam is often used with an opioid analgesic in outpatient procedures such as colonoscopy 
and oral surgery.   
 
Clinical studies examining the relationship of midazolam’s BIS values to the level of sedation are 
considered first. BIS values of in the range of 77-92 were reported after repeated IV doses of 
midazolam in a surgical outpatient study (Sandler 2000). In surgery patients, the BIS threshold 
for responding to a verbal command after midazolam was 80, whereas patients did not respond 
to verbal command when a BIS score of 77 was observed (Ibrahim et al. 2001). In a clinical study 
using adult healthy volunteers, IV midazolam was infused until patients become unresponsive to 
mild prodding or shaking (Lui et al. 1996). Midazolam at total doses ranging from 4.5 to 20 mg IV 
decreased the BIS to a mean value of 69.  
 
Clinical studies that show a ceiling effect of midazolam with regard to lowering the BIS values 
are described next. These studies noted that increasing doses of IV midazolam do not produce 
greater pharmacological effects in lowering the BIS values. One study noted that an IV 
midazolam dose of 0.3 mg/kg (25 mg for a typical 180 lb. adult) did not produce greater 
depression of the brain (as noted by the BIS value) than a dose of 0.2 mg/kg, or about 16 mg 
(Miyake et al. 2010). The authors note that a greater maximal effect was not seen in previous 
studies where IV midazolam showed a maximal dose of brain activity depression yielding a BIS 
value of 70, but not lower (Ibrahim et al. 2002, Kuizenga et al. 2001). These data suggest that a 
ceiling effect in humans occurs after an IV infusion dose of 25 mg.  
 
The sedation that can be produced by midazolam, and the lack of General Anesthesia at any 
dose, is insufficient to render the prisoner insensate to the torturous effects of vecuronium 
bromide and potassium chloride. A prisoner sedated only with midazolam would be conscious of 
the suffocating effects of vecuronium bromide but, as a result of its paralytic properties, be 
unable to communicate his or her distress. The prisoner would also be subjected to the burning 
sensation of the 3rd drug, potassium chloride. 
 
iii. Comparison between modeling and clinical studies 
 
The dose of IV midazolam that produces a ceiling effect in clinical studies is lower (25 mg) than 
the theoretical ceiling-effect dose calculated above (228 mg). The difference in these results are 
not unexpected. The ceiling-effect dose of 25 mg comes from clinical studies examining 
midazolam’s effects in patients. The calculated ceiling dose of 228 mg midazolam is mainly 
based on in vitro and preclinical studies. It is likely that that in vitro data using cell cultures are 
less sensitive to midazolam compared to the clinical effects of midazolam in patients.  
 
Significantly, the ceiling effect of midazolam in the range of 25 to 228 mg IV means that 
increasing doses of midazolam do not produce increasing effects. The ceiling effect of 
midazolam is the reason why midazolam cannot produce the general anesthesia needed for a 
first drug in a three drug protocol.  
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D. Summary 
 
The findings from this section are: 
 
i. The ceiling effect of midazolam is a direct result of midazolam’s mechanism of action. 

Pentobarbital and other barbiturates have a different mechanism of action and therefore do 
not exhibit a ceiling effect. 

 
ii. Research done in vitro shows that the ceiling effect of midazolam occurs, under those 

conditions, at a concentration of 100 nM.  
 
iii. An IV bolus dose of 500 mg midazolam produces a brain concentration that is 2 times higher 

than the concentration of midazolam that produces a ceiling effect at 5 minutes.  
 
iv. An IV bolus dose of 228 mg midazolam is sufficient to reach the threshold of midazolam’s 

ceiling effect at 5 minutes after administration. Amounts beyond that dose are not expected 
to produce a greater effect. 

 
v. Clinical studies show that the ceiling effect of IV midazolam occur at infusion doses of about 

25 mg. These studies show that greater midazolam doses do not produce greater depression 
of brain activity and cannot produce a state of General Anesthesia. 

 
vi. Midazolam at a dose of 500 mg IV cannot be relied on to render someone sufficiently 

unconscious to block the noxious stimuli that will occur from the application of the remaining 
drugs in the protocol. 

 
6. Pharmacological Considerations of Alternative One-Drug Protocols for Lethal Injections 
 
Anesthetic Gases Produce General Anesthesia and Overdose Death  
 
While IV anesthetics like thiopental, pentobarbital, or propofol are used to induce anesthesia, 
inhalational agents (gases) are generally used to maintain general anesthesia during surgical 
procedures (Potyk 1998). Halothane was the prototypical inhalational agent, but is no longer 
available in the U.S. due to a high incidence of hepatic toxicity with its use (Rosenberg and 
Weaver 1991). General anesthesia for most surgical operations is done using newer inhalational 
agents, like sevoflurane, desflurane, or isoflurane (Ghatge et al. 2003). Inhalational agents, like 
barbiturates, are potent activators of the GABAA receptor (Franks and Lieb 1994). Like 
barbiturates and unlike benzodiazepines, inhalational general anesthetics can produce their 
potent effects at the GABAA receptor with or without GABA present. Inhalational general 
anesthetics like sevoflurane, desflurane, and isoflurane also act on a number of other ion 
channels to shut down brain activity (Franks 2006). 
 
Desflurane and isoflurane irritate the respiratory tract during induction of anesthesia, so they are 
used for maintaining general anesthesia once induction with another agent has occurred 
(Rosenberg and Weaver 1991). For that reason, only sevoflurane will be considered further in 
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this section. Sevoflurane is an ideal inhalational agent, as it can be also be used for induction of 
anesthesia and therefore substitute for an IV general anesthetic like thiopental, pentobarbital, or 
propofol (Ghatke et al. 2003). Sevoflurane is not pungent to the patient and produces a rapid 
onset of general anesthesia. A state of general anesthesia occurs within 2 minutes after 
administration of sevoflurane for induction and is quicker than after administration of isoflurane 
(Ghatge et al. 2003, Sakai et al. 2005).  
 
As detailed in Section 5C above, a calculation based on the EEG activity (the BIS value) during 
administration of an anesthetic provides an objective measure of the level of sedation. A BIS 
value of 40-60 is considered to reflect the state of General Anesthesia (Escallier et al. 2014). 
Sevoflurane administration reliably produces a state of General Anesthesia and decreases BIS to 
values consistent with General Anesthesia or deeper, with BIS values as low as 10-20 (Kreuer et 
al. 2008). In a study of women undergoing C-section, sevoflurane decreased BIS to a mean value 
of 39 (Zand et al. 2014). For interventional radiology, BIS levels titrated to the range of 40-49 
were needed to prevent movement of patients undergoing procedures with sevoflurane 
anesthesia (Jung et al. 2015).  
 
Sevoflurane administration can lead to death by cardiac and respiratory depression, as shown by 
the forensic reports of cases involving sevoflurane overdose deaths (Levine et al. 2007, Rosales 
et al. 2007).  
 
The procedures for administering an anesthetic gas requires less training than placement and 
delivery of a drug by IV. With sevoflurane, there is no need for IV access to induce anesthesia; 
sevoflurane is non-irritating and can be used directly for mask induction (Sakai et al. 2005). 
There is a cost for the equipment, and the anesthesia machine should include a waste gas 
scavenger system.7 Because inhalational agents like sevoflurane are even more potent than 
barbiturates, they can be used in over-dosage as the sole lethal agent and would produce a rapid 
and painless death. 
 
Equipment costs are relatively inexpensive, with used Anesthesia Machines, including 
sevoflurane and isoflurane vaporizers, available on Ebay and other medical-equipment-resale 
sites for around $2,000.8 Newly manufactured machines may go for 3-5 times that cost 
depending on the model and features. Online training for personnel operating the Anesthesia 
Machines is available from manufacturers’ websites.9  
 

                                                      
7 Examples of various waste gas scavenger systems are given in the 2013 white paper entitled 

“Management of Waste Anesthetic Gases” from the American Association of Nurse Anesthetists 
(AANA) available at: 
www.aana.com/resources2/professionalpractice/Documents/PPM%20Management%20Waste%20Ga
s.pdf 

 
8 Ebay Anesthesia Machines at: www.ebay.com/bhp/anesthesia-machine 
 
9 For example, at http://static.draeger.com/trainer/apollo/apollo_trainer/start.html#id=A1100 
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The inhalant drugs sevoflurane, desflurane, and isoflurane are commercially available in FDA-
approved forms. Sevoflurane is available from Abbvie Pharmaceuticals in North Chicago, IL; 
Piramal Critical in Bethlehem, PA; Baxter Health Corporation in Deerfield, IL; Halocarbon 
Products in Peachtree Corners, GA; and Shanghai Hengrui, in Shanghai, China. Desflurane 
(Suprane®) is sold by Baxter Health Corporation of Round Lake, IL. Isoflurane (Forane®) is also 
available from Baxter Health Corporation and four other manufacturers.  
 
In summary, FDA-approved, fast-acting inhalant anesthetics are commercially available, and a 
massive overdose of such drugs would produce a rapid and painless death.   
 
7. Overall Summary and Conclusions 
 
i. The State’s decision to substitute midazolam for pentobarbital or thiopental as the first drug 

in the three-drug lethal injection protocol was made without sound medical or scientific 
reasoning or expert pharmacological advice. Pharmacological substitution is a legitimate 
method to provide equal pharmacological effects when one drug may no longer be available. 
For example, the muscle paralytic pancuronium, the second drug in the three-drug lethal 
injection protocol, can be substituted with the muscle paralytic vecuronium without violating 
pharmacological equivalency, as the two drugs are in the same drug class and have the same 
mechanism of action. Pancuronium and vecuronium have pharmacological equivalency.  

 
However, it is not pharmacologically defensible to substitute barbiturates (like pentobarbital 
or thiopental) with the benzodiazepine midazolam, because no pharmacological equivalency 
exists. The final evidence of midazolam’s non-equivalency with thiopental or pentobarbital is 
the fact that no state has attempted to use midazolam in a one-drug lethal injection protocol. 
If midazolam and pentobarbital (or thiopental) were pharmacologically equivalent, midazolam 
could be used as the sole agent in a one-drug lethal injection protocol using, as many states 
have done, using a single barbiturate drug, namely pentobarbital. The lack of one-drug lethal 
injection protocols using midazolam by any State in the Union is a tacit admission that 
midazolam and pentobarbital (or thiopental) are not pharmacologically equivalent. 

 
ii. Because midazolam cannot induce General Anesthesia, a prisoner sedated with midazolam 

would consciously experience the suffocating effects of the vecuronium bromide and the 
burning pain of the potassium-chloride injection. The consciousness check specified by 
Arkansas’s lethal injection protocol provides no protection; inasmuch as midazolam is 
pharmacologically incapable of providing adequate anesthesia, any determination that the 
prisoner is adequately anesthetized would necessarily be erroneous. As such, Arkansas’s 
lethal injection protocol is sure or very likely to cause serious pain and suffering. Due to the 
paralytic effects of vecuroniun bromide, such serious pain and suffering would likely be 
invisible to observers of the execution procedure. 

 
iii. A single-drug execution protocol would significantly reduce the risk of pain and suffering. 

FDA-approved, fast-acting inhalant anesthetics are commercially available and would produce 
a rapid and painless death. 
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AFFIDAVIT OF JOSEPH CUMMINGS. I¡I

l, Joseph Cummings, lll, do declare as follows:

L. I am currently employed as an lnvestigator with the Eastern District Federal Public

Defender Office of Arkansas. I was assigned to complete a work request pertaining to the

Lethal lnjection Litigation that is currently being l¡t¡gated by our office. One of the work

requests I received requested that I contact various pharmaceutical companies to obtain

information about the products sevoflurane and isoflurane. First, was to verify if sevoflurane

and/or isoflurane are available for purchase to Department of Correction Agencies. Second, to

establish whether the company has any objections to the use of their products by Department

of Correction Agencies for use in executions; and if the company has any provisions set forth in

their distribution contracts to prevent their products from being obtained by Department of

Correction Agencies for use in executions.

2. On July L8,2OL6,l contacted Piramal Healthcare. Piramal Healthcare is located at 3950

Schelden Circle in Bethlehem, Pennsylvania. I spoke to Ester Kessler by telephone to discuss

the issues stated above. Ms. Kessler is a Sales Representative for Piramal Healthcare. Ms.

Kessler stated if the Arkansas Department of Correction was a member of the Federal Supply

Schedule or Managed Healthcare Associates, the Arkansas Department of Correction would

have access to their products, isoflurane and sevoflurane, through multiple wholesale

companies at a discounted price for purchase. Ms. Kessler stated the products, isoflurane and

sevoflurane, would be available for direct purchase from the manufacturer if the Arkansas

L
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Department of Correction was not a member of the Federal Supply Schedule or Managed

Healthca re Associates.

3. I declare under penalty of perjury under the laws of the United States of America that

the above information is true and correct to the best of my knowledge.

FURTHER AFFIANT SAYETH NOT.

ph l. Cummings, lll
Capital Habeas Unit lnvestigator
Fede ra I Pu b I ic Defen der Office-Eastern District

ACKNOWLEDGMENT

STATE OF ARKANSAS

COUNW OF PULASKI

Subscribed and sworn to before me, a Notary Public, on this 20th day of July, 20L6.

Notary Public

My Commission Expires:

PU|jSKI COUNTY
NOTARY PUBLIC - ARKANSAS

My Commiston Êxpkæ May 3l,2Ol7
Côtrmission No. 1206í 103

(

)

)

)

2
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FDA alerts health care professionals not to use sterile 
drugs from Downing Labs (aka NuVision Pharmacy)
[7/18/2014] The U.S. Food and Drug Administration is alerting health care professionals and consumers not to use 
drugs marketed as sterile produced by Downing Labs LLC, also known as NuVision Pharmacy, in Dallas, as they 
may be contaminated.   

Health care professionals should immediately check their medical supplies, quarantine any sterile drug products from 
NuVision, and not administer them to patients. Administration of a non-sterile drug product intended to be sterile may 
result in serious and potentially life-threatening infections or death. 

NuVision’s products were distributed nationwide. Most of the product labels include: NuVision Pharmacy, Dallas TX. 
75244 1-800-914-7435.  

FDA investigators inspected NuVision and observed insanitary conditions that result in a lack of sterility assurance of 
purportedly sterile drug products produced by the company, which puts patients at risk (Form FDA-483 issued July 
16, 2014). The inspection revealed sterility failures in 19 lots of drug products intended to be sterile, endotoxin 
failures in three lots of drug products, and inadequate or no investigation of these failures. Endotoxins are substances 
found in certain bacteria that cause a wide variety of serious reactions such as fever, shock, changes in blood 
pressure, and in other circulatory functions. 

Patients who have received any drug product produced by NuVision and have concerns should contact their health 
care professional. 

FDA is not aware of recent reports of illness associated with the use of these products. FDA asks health care 
professionals and consumers to report adverse events or quality problems associated with the use of NuVision’s 
products to FDA’s MedWatch Adverse Event Reporting program by: 

x Completing and submitting the report online at MedWatch Online Voluntary Reporting Form 
x Downloading and completing the form (PDF - 1.22MB), then submitting it via fax at 1-800-FDA-0178 

For more information: 

x FDA press release, April 15, 2013: FDA issues alert about lack of sterility assurance of drug products from 
ApotheCure, Inc. and NuVision Pharmacy and of forthcoming recall   

x FDA Form 483 issued April 16, 2013 
x FDA press release, May 18, 2013: FDA expands alert to health care providers about lack of sterility assurance of 

all sterile drug products from NuVision Pharmacy 
x FDA recall request, July 26, 2013 
x FDA press release, Aug. 16, 2013: FDA reminds health care providers not to use sterile products from NuVision 

Pharmacy 
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Grandpa's Compounding Pharmacy, Inc. 5/2/14

Department of Health and Human Services

Public Health Service
Food and Drug Administration

San Francisco District
1431 Harbor Bay Parkway
Alameda, CA 94501-7070
Telephone (510) 337-6700

Warning Letter

WL: 423162

CERTIFIED MAIL                                                                        
RETURN RECEIPT REQUESTED

May 2, 2014 

Daniel R. Wills 
General Business Manager 
Grandpa’s Compounding Pharmacy, Inc.
7563 Green Valley Road 
Placerville, CA 95667-3917 

Dear Mr. Wills: 

Between September 3, 2013 and September 10, 2013, U.S. Food and Drug Administration (FDA) investigators 
conducted an inspection of your facility, Grandpa’s Compounding Pharmacy, Inc., 7563 Green Valley Road, 
Placerville, CA 95667-3917. During the inspection, FDA’s investigators were accompanied by California State Board 
of Pharmacy (BOP) inspectors.  At that time, the investigators noted that you were not receiving valid prescriptions for 
individually-identified patients for a portion of the drug products you were producing. In addition, the investigators 
observed serious deficiencies in your practices for producing sterile drug products and flaws in the design of your 
aseptic processing areas, which could lead to contamination of the products, potentially putting patients at risk. For 
example, we observed that the air supply duct work for the cleanroom consists of, in part, a (b)(4) held together, in 
part, with duct tape. We also observed that the cleanroom contained an in-wall air conditioner bringing outside air into 
the room where aseptic manipulations are occurring. These items are difficult to clean and could allow for air to enter 
the cleanroom that has unacceptable microbial and particulate levels. Furthermore, we observed operators with 
exposed wrist and forearm skin engaging in aseptic manipulations. In addition, we observed that your firm uses tap 
water and a(b)(4) to clean and depyrogenate containers and closures; these are not suitable to depyrogenate the 
containers and closures intended for injectable drug products.  Therefore, your products may be produced in an 
environment that poses a significant contamination risk.  These observations and others were noted on a Form FDA 
483, issued on September 10, 2013.  We acknowledge receipt of your firm’s response to the Form FDA 483 dated 
September 20, 2013, in which your firm stated it would cease all sterile compounding. 

 Based on this inspection, it appears that you are producing drugs that violate the Federal Food, Drug, and Cosmetic 
Act (FDCA). 
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A.  Compounded Drugs Under the FDCA

 At the time FDA inspected your facility, there were conflicting judicial decisions regarding the applicability of section 
503A of the FDCA [21 U.S.C. § 353a], which exempts compounded drugs from several key statutory requirements if 
certain conditions are met.[1] Nevertheless, receipt of valid prescriptions for individually-identified patients prior to 
distribution of compounded drugs was relevant for both section 503A of the FDCA and the agency’s Compliance 
Policy Guide 460.200 on Pharmacy Compounding (CPG) (2002), which was then in effect (CPG) (2002). [2] During the 
inspection, investigators observed that your firm does not receive valid prescriptions for individually-identified patients 
for a portion of the drug products you produce. Based on this factor alone, those drugs were not entitled to the 
statutory exemptions for compounded drugs described in section 503A of the FDCA and did not qualify for the 
agency’s exercise of enforcement discretion set forth in the CPG.[3]

 Since FDA inspected your facility, Congress enacted and the President signed into law the Compounding Quality Act 
(CQA)[4], which amended FDCA section 503A by eliminating the advertising restrictions that had been the basis for 
conflicting judicial decisions. The CQA otherwise left section 503A intact, and so clarified that the remainder of 
section 503A, including the requirement of valid prescriptions for individually identified patients, is applicable in every 
federal judicial circuit. Accordingly, the drugs you compound without valid prescriptions for individually identified 
patients are not entitled to the exemptions in section 503A.[5]

In addition, we remind you that there are a number of other conditions that must be satisfied to qualify for the 
exemptions in section 503A of the FDCA.[6]

B.  Violations of the FDCA

The drug products that you manufacture and distribute without valid prescriptions for individually-identified 
patients are misbranded drugs in violation of section 502(f)(1) [21 U.S.C. § 352(f)(1)] of the FDCA. In addition, your
sterile drug products are prepared, packed, or held under insanitary conditions whereby they may have been 
contaminated with filth, or whereby they may have been rendered injurious to health. As such, all sterile products you 
manufacture are adulterated within the meaning of section 501(a)(2)(A) [21 U.S.C. § 351(a)(2)(A)] of the 
FDCA. Furthermore, because you manufacture and distribute drugs without valid prescriptions for individually-
identified patients, the manufacture of those drugs is also subject to FDA’s Current Good Manufacturing Practice 
(CGMP) regulations for Finished Pharmaceuticals, Title 21, Code of Federal Regulations (CFR), Parts 210 and 
211. FDA investigators observed significant CGMP violations at your facility, causing such drug product(s) to be 
adulterated within the meaning of section 501(a)(2)(B) of the FDCA [21 U.S.C. § 351(a)(2)(B)]. 

Misbranded Drug Products

 Because the drug products for which you have not obtained valid prescriptions for individually-identified patients are 
intended for conditions that are not amenable to self-diagnosis and treatment by individuals who are not medical 
practitioners, adequate directions cannot be written for them so that a layperson can use these drug products safely 
for their intended uses. Consequently, their labeling fails to bear adequate directions for their intended uses, causing 
them to be misbranded under section 502(f)(1) of the FDCA [21 U.S.C. § 352(f)(1)], and they are not exempt from the 
requirements of section 502(f)(1) of the FDCA (see, e.g., 21 C.F.R. § 201.115). It is a prohibited act under section 
301(k) of the FDCA [21 U.S.C. § 331(k)] to do any act with respect to a drug, if such act is done while the drug is held 
for sale after shipment in interstate commerce of the components used to make the drug and results in the drug being 
misbranded. 

Adulteration Charges

 Additionally, FDA investigators noted that your sterile drug products were prepared, packed, or held under insanitary 
conditions, whereby they may have become contaminated with filth or rendered injurious to health, causing your drug 
products to be adulterated under section 501(a)(2)(A) of the FDCA [21 U.S.C. § 351(a)(2)(A)]. Examples of these 
conditions include an air supply system that is composed of, in part, a (b)(4) held together, in part, with duct tape; an 
in-wall air conditioner; operators performing aseptic manipulations with exposed wrist and forearm skin; and the use 
of tap water and a (b)(4) to clean and depyrogenate containers and closures intended for injectable drug products. 
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FDA investigators also noted CGMP violations at your facility, causing the drug products for which you have not 
obtained valid prescriptions for individually-identified patients to be adulterated under section 501(a)(2)(B) of the 
FDCA [21 U.S.C. § 351(a)(2)(B)]. The violations include, for example: 

1.  Your firm failed to establish an adequate air supply filtered through high-efficiency particulate air filters under 
positive pressure in the aseptic processing areas (21 CFR 211.42(c)(10)(iii)). 

2.  Your firm failed to establish and follow appropriate written procedures that are designed to prevent 
microbiological contamination of drug products purporting to be sterile, and that include validation of all aseptic and 
sterilization processes (21 CFR 211.113(b)). 

3.  Your firm failed to ensure that manufacturing personnel wear clothing appropriate to protect drug product from 
contamination (21 CFR 211.28(a)). 

4.  Your firm failed to establish an adequate system for monitoring environmental conditions in aseptic processing 
areas (21 CFR 211.42(c)(10)(iv)). 

5.  Your firm does not have, for each batch of drug product purporting to be sterile and/or pyrogen-free, appropriate 
laboratory determination of satisfactory conformance to final specifications for the drug product (21 CFR 211.167(a)). 

It is a prohibited act under section 301(k) of the FDCA [21 U.S.C. § 331(k)] to do any act with respect to a drug, if 
such act is done while the drug is held for sale after shipment in interstate commerce of the components used to 
make the drug and results in the drug being adulterated. 

C.  Corrective Actions

We are aware that the California State BOP issued a Notice of Violation and Embargo Notice to your firm on 
September 6, 2013. Additionally, on September 10, 2013, the California State BOP issued another Embargo Notice 
to recall all sterile drug products due to a lack of viable sterility and endotoxin testing, ordered your firm to 
immediately cease and desist the compounding of injectable sterile drug products (effective until October 31, 2013), 
and cancelled your firm’s sterile compounding license.  In a letter to the BOP dated September 16, 2013 (and 
referenced in your response to the Form FDA 483 dated September 20, 2013), you agreed to voluntarily relinquish 
your State of California Sterile Compounding License (LSC 99109) to the BOP. 

In your September 20, 2013 response to the Form FDA 483, you stated that you had decided at that time to no longer 
continue sterile compounding. In addition, you stated that your lawyer was “looking over the observations and may 
have a further response, but he is currently on vacation.” No other responses from your firm have been received by 
FDA since that time. In your letter to the California State BOP dated September 16, 2013, you stated you would 
continue to compound products that do not require you to have the licensed sterile compounding permit, as well as all 
other operations as a retail pharmacy. 

FDA strongly recommends that if you decide to resume production of sterile drugs, your management immediately 
undertake a comprehensive assessment of your manufacturing operations, including facility design, procedures, 
personnel, processes, materials, and systems. In particular, this review should assess your aseptic processing 
operations. A third party consultant with relevant sterile drug manufacturing expertise could be useful in conducting 
this comprehensive evaluation. 

As noted above, your firm has manufactured and distributed drug products without valid prescriptions for individually-
identified patients, and the manufacture of such drugs is subject to FDA’s drug CGMP regulations, 21 CFR Parts 210 
and 211. Before resuming such operations, you should fully implement corrective actions that meet the minimum 
requirements of 21 CFR Part 211 in order to provide assurance that the drug product(s) produced by your firm 
conform to the basic quality standards that ensure safety, identity, strength, quality, and purity.  
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In addition, if you resume sterile compounding, you should also correct the violations of FDCA section 502(f)(1) noted 
above. 

D.  Conclusion

The violations cited in this letter are not intended to be an all-inclusive statement of violations at your facility. You are 
responsible for investigating and determining the causes of the violations identified above and for preventing their 
recurrence or the occurrence of other violations. It is your responsibility to ensure that your firm complies with all 
requirements of federal law and FDA regulations. 

If you decide to resume sterile drug operations, you should take prompt action to correct the violations cited in this 
letter. Failure to promptly correct these violations may result in legal action without further notice, including, without 
limitation, seizure and injunction. 

Within fifteen working days of receipt of this letter, please notify this office in writing if you have taken specific steps to
correct violations, or you may inform us that you do not intend to resume production of sterile drugs.  If you intend to 
resume production of sterile drugs in the future, please include an explanation of each step being taken to prevent the 
recurrence of violations, as well as copies of related documentation. If you do not believe that the products discussed 
above are in violation of the FDCA, include your reasoning and any supporting information for our consideration. In 
addition to taking appropriate corrective actions, you should notify this office prior to resuming production of any 
sterile drugs in the future. Your written reply should be addressed to: 

Lawton Lum 
Director, Compliance Branch 
U.S. Food and Drug Administration 
1431 Harbor Bay Parkway 
Alameda, CA 94502 

If you have questions regarding any issues in this letter, please contact Mr. Russell Campbell, Compliance Officer, at 
510-337-6861. 

Sincerely, 
/S/

Kathleen M. Lewis, J.D. 
District Director 

cc:        
Virginia Herold, Executive Officer 
California State Board of Pharmacy 
1625 N Market Street 
Sacramento, CA 95834 

[1] Compare Western States Med. Ctr. v. Shalala, 238 F.3d 1090 (9th Cir. 2001) with Medical Ctr. Pharm. 
v. Mukasey, 536 F.3d 383 (5th Cir. 2008).

[2] The CPG set forth a non-exhaustive list of factors that FDA considered in determining whether to take 
enforcement action when the scope and nature of a pharmacy's activities raised concerns. This CPG has 
been withdrawn in light of new legislation. See below.

[3] See 21 U.S.C. § 353a(a) (granting compounded drugs statutory exemptions if, among other things, 
“the drug product is compounded for an identified individual patient based on the . . . receipt of a valid 
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prescription order or a notation, approved by the prescribing practitioner, on the prescription order that a 
compounded product is necessary for the identified patient . . . .”); CPG at 2 (“FDA recognizes that 
pharmacists traditionally have extemporaneously compounded and manipulated reasonable quantities of 
human drugs upon receipt of a valid prescription for an individually-identified patient from a licensed 
practitioner. This traditional activity is not the subject of this guidance.”).

[4] Drug Quality and Security Act, Public Law 113-54, 127 Stat. 587 (Nov. 27, 2013).

[5]The CQA contains a number of other provisions, including new exemptions and requirements for 
compounders seeking to operate as outsourcing facilities. A discussion of the CQA and the agency’s 
plans to implement the new law may be found at 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/default.ht
m.

[6] For example, section 503A also addresses anticipatory compounding, which includes compounding 
(not distribution) before receipt of a valid prescription order for an individual patient. We are not 
addressing anticipatory compounding here.
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Sichuan Pharmaceutical Co., Ltd. 9/9/11

Department of Health and Human Services
Public Health Service
Food and Drug Administration
Silver Spring MD 20993

Warning Letter
VIA UPS MAIL

WL: 320-11-019
September 09, 2011 

Mr. Wang Gouping 
General Manager 
Sichuan Pharmaceutical Co., Ltd. 
No. 189 Hualong Road 
Pengzhou, Sichuan, China 611930 
Dear Mr. Gouping: 

During our June 23 to 29, 2010 inspection of your active pharmaceutical ingredient (API) manufacturing facility, 
Sichuan Pharmaceutical Co., Ltd. located at No. 189 Hualong Road, Pengzhou, Sichuan, China, an investigator from 
the Food and Drug Administration (FDA) identified significant deviations from Current Good Manufacturing Practice 
(CGMP) for the manufacture of APIs. These deviations cause your API(s) to be adulterated within the meaning of 
section 501(a)(2)(B) of the Federal Food, Drug, and Cosmetic Act (the Act) [21 U.S.C. § 351(a)(2)(B)] in that the 
methods used in, or the facilities or controls used for, their manufacture, processing, packing, or holding do not 
conform to, or are not operated or administered in conformity with, CGMP. 

We have reviewed your firm’s response of August 05, 2010 and December 13, 2010, and note that it lacks sufficient 
corrective actions. 
Specific deviations observed during the inspection include, but are not limited, to the following: 

1. Failure to have appropriate procedures in place to prevent cross-contamination. 
From September 2008 to July 2009 your firm manufactured (b)(4) API in workshop (b)(4), which is adjacent to
workshops (b)(4) and (b)(4) where you manufactured (b)(4) API and (b)(4) injection, respectively. However, 
you failed to have adequate controls and monitoring program to prevent cross-contamination between these 
adjacent workshops. 

In addition, your firm manufactures a (b)(4) API ((b)(4) (API) in a facility that was previously used to 
manufacture (b)(4) without conducting adequate decontamination, renovation, and activation of the facility. Your firm 
has failed to conduct adequate assessment of the cross-contamination risks. 
Please note that analytical testing of a product for possible contamination with (b)(4) is not sufficient to ensure 
adequate conditions for (b)(4) manufacture. In your response to this letter include your plans for decontamination, 
renovation, and reactivation (if appropriate) of your facility including the decontamination agent, decontamination 
plans, analytical methodology for environmental and product testing, and the data obtained to support the 
effectiveness of the decontamination plan. 

The deviations detailed in this letter are not intended to be an all-inclusive statement of deviations that exist at your 
facility. You are responsible for investigating and determining the causes of the deviations identified above and for 
preventing their recurrence and the occurrence of other deviations. If you wish to continue to ship APIs to the United 
States, it is the responsibility of your firm to ensure compliance with all U.S. standards for CGMP and all applicable 
U.S. laws and regulations. 

Additionally, your firm is neither registered nor has it listed every API in commercial distribution in the United States 
with FDA, as required by 21 C.F.R. § 207.40 and section 510(i) of the Act [21 U.S.C. § 360(i)]. Information on how to 
register and list is available at the following internet website:http://www.fda.gov/cder/drls/registration_listing.htm. You 
must complete the required registration and listing and provide evidence that you have fulfilled these requirements in 
your response to this letter. 

Until all corrections have been completed and FDA has confirmed corrections of the deviations and your firm’s 
compliance with CGMP, FDA may withhold approval of any new applications or supplements listing your firm as an 
API manufacturer. In addition, failure to correct these deviations may result in FDA refusing admission of articles 
manufactured at Sichuan Pharmaceutical Co., Ltd. located at No. 189 Hualong Road, Pengzhou, Sichuan, China into 
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the United States. The articles are subject to refusal of admission pursuant to section 801(a)(3) of the Act [21 U.S.C. 
§ 381(a)(3)] in that the methods and controls used in their manufacture do not appear to conform to Current Good 
Manufacturing Practice within the meaning of section 501(a)(2)(B) of the Act [21 U.S.C. § 351(a)(2)(B)]. 

Within fifteen working days of receipt of this letter, please notify this office in writing of the specific steps that you have
taken to correct deviations. Include an explanation of each step being taken to prevent the recurrence of deviations 
and copies of supporting documentation. If you cannot complete corrective action within fifteen working days, state 
the reason for the delay and the date by which you will have completed the correction. 
Additionally, your response should state if you no longer manufacture or distribute (b)(4) API and provide the date(s) 
and reason(s) you ceased production. Please identify your response with FEI # 3002808073. 

If you have questions or concerns regarding this letter, contact Milva E. Meléndez, Compliance Officer, at the below 
address and telephone number. 

U.S. Food and Drug Administration 
Center for Drug Evaluation and Research 
Office of Manufacturing and Product Quality 
Division of International Drug Quality 
White Oak, Building 51 
10903 New Hampshire Ave 
Silver Spring, MD 20993 
Tel: (301) 796-0662 
Fax: (301) 847-8741

Sincerely, 

/Steven Lynn/ 
Steven Lynn 
Director 
Office of Manufacturing and Product Quality 
Office of Compliance 
Center for Drug Evaluation and Research 
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Revised 08/06/2015 

LETHAL INJECTION PROCEDURE (Attachment C) 

SECTION I.  General

1. The Deputy Director, or designee, is responsible for assuring that the chemicals 
for lethal injection, the gurney, straps, and other necessary items, are available 
for use on the scheduled date of execution.  The Deputy Director, or the 
designee, shall be healthcare trained, educated, and/or experienced in matters 
related to the establishment and monitoring of IVs, the mixing and administration 
of the chemicals, and assessing the presence or absence of consciousness.

2. When the chemicals have been received, the Deputy Director, or the designee, 
shall verify as to type and concentration, and thereafter supervise any necessary 
mixing or reconstituting of the chemicals in such a manner as will meet the 
injection requirements (see Chart A) and in accordance with manufacturer’s 
instructions. The mixed or reconstituted chemicals shall be transferred to an 
appropriate syringe(s) and thereafter placed in a designated Injection Drug Box. 
The box will be secured and conveyed to the Cummins Unit. 

3. The Deputy Director, or designee, shall maintain physical custody of the Injection 
Drug Box and physically convey the box directly to the execution chamber for 
use. If not used, the Deputy Director, or designee, shall secure the Drug Box until 
used or destroyed. 

4. Orientation of the executioner(s) to the Department’s Lethal Injection Procedure,
if needed, will be conducted prior to the day of the execution and provided by the 
Director and/or designee(s). 

5. On the evening of the execution, the executioner(s) shall, under the supervision 
of the Director, or designee, enter the injection room prior to the scheduled time 
of the execution and shall immediately inventory the Injection Drug Box to ensure 
that all chemicals are accounted for and that the infusion device(s) are in 
readiness.

6. The execution gurney will be positioned in the death chamber so that the Deputy 
Director, or designee, and the executioner(s) can directly observe the 
condemned inmate’s face and IV infusion site(s).    
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SECTION II.  IV Set-Up Procedure

1. The Deputy Director, or designee, shall have an intravenous infusion device 
placed in each arm, or other standard anatomical venous point of entry, of the 
condemned inmate and a solution of N.S. (Normal Saline) available for an 
infusion medium. The individual(s) engaged in this activity will be referred to as 
the IV Team and shall be qualified as set forth in Section V.

2. An IV administration set shall be inserted into the outlet of the bag of N.S. IV 
solution.  Two (2) IV bags will be set up in this manner. 

3. The administration set tubing for each set-up will be connected to the receiving 
port of the three-way control devices; one left arm/side, the other for the right 
arm/side.

4. IV extension tubing will be connected to the discharge ports on the right/left 
three-way control devices and shall be thereafter connected to the applicable 
right and left IV insertion site(s).  Extension tubing will be of sufficient length to 
accommodate the distance from control device to IV insertion site(s). 

5. The tubing shall be cleared of air and made ready for use.

6. Intravenous catheters shall be initiated through standard procedure for such 
devices. Once the infusion of the IV solution has been assured, the IV devices 
shall be secured as appropriate.

7. At this point, the administration sets shall be running at a slow rate of flow (KVO), 
and ready for the insertion of syringes containing the chemicals.  The Deputy 
Director, or designee, shall maintain observation of IV infusion(s) to ensure that 
the rate of flow is uninterrupted.  NO FURTHER ACTION shall be taken until the 
prearranged signal to start the injection of chemicals is given by the Warden. 

8. In the event that a patent intravenous infusion site cannot be established, the IV 
Team shall be directed by the Deputy Director, or designee, to evaluate other 
possible infusion sites. All effort will be made to establish two (2) unrelated 
intravenous infusion sites.  If one (1) patent infusion site is established, and a 
second site proves to be a futile effort, the Deputy Director, or designee, may 
direct the IV Team to suspend further action to establish a second site and 
proceed with one site. In the case that no patent infusion site is established after 
reasonable attempts as determined by the IV Team, the Deputy Director, or 
designee, will direct the IV Team to suspend further action and thereafter 
summon trained, educated, and experienced person(s) necessary to establish a 
primary IV line as a peripheral line or as a central venous line.

EVERY EFFORT WILL BE EXTENDED TO THE CONDEMNED INMATE TO ENSURE 
THAT NO UNNECESSARY PAIN OR SUFFERING IS INFLICTED BY THE IV 
PROCEDURE.  STANDARD PRACTICE OF USING A LOCAL ANESTHETIC (1% 
LIDOCAINE) WILL BE ACCOMMODATED AS NECESSARY.  
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SECTION III.  Preparation of Chemicals 

1. The Deputy Director, or the designee(s), and a member of the IV Team shall 
prepare the designated chemicals and syringes for a total of one (1) complete set 
of chemicals. One (1) complete set of syringes is used in the implementation of 
the death sentence and an additional complete set of the necessary chemicals 
shall be obtained and kept available. The specific chemical contained in each 
syringe will be identified with the following information as set forth in the chemical 
charts:

 a. Assigned number  

 b.  Chemical name  

 c.  Chemical amount  

 d.  Designated color 

2.  The quantities of chemicals prepared and administered shall not be 
 changed in any manner without prior documented approval of the director.

3.  All prepared chemicals shall be utilized or properly disposed of in a timely 
 manner after the time designated for the execution to occur.

4.  The chemical amounts as set forth in the Chemical Chart are designated for the 
 execution of persons weighing 500 pound or less. The chemical amounts shall 
 be reviewed and may be revised as necessary for an offender exceeding this 
 body weight.  

5. CHEMICAL CHART

 a. CHART A: Three (3) Drug Protocol with Midazolam, Vecuronium Bromide  
  and Potassium Chloride 

CHEMICAL CHART
Syringe No. Label
1A 250 mg midazolam, GREEN
2A 250 mg midazolam, GREEN
3A 60 ml saline, BLACK
4A 50 mg vecuronium bromide, YELLOW
5A 50 mg vecuronium bromide, YELLOW
6A 60 ml saline, BLACK
7A 120 mEq potassium chloride, RED 
8A 120 mEq potassium chloride, RED 
9A 60 ml saline, BLACK
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 (1)  Syringes 1A and 2A shall each have a dose of 250 milligrams 
 midazolam for a total dose of 500 milligrams. Each syringe 
 containing midazolam shall have a GREEN label which contains 
 the name of the chemical, the chemical amount and the 
 designated syringe  number.  

 (2)  Syringes 4A and 5A shall each have a dose of 50 milligrams 
 vecuronium bromide for a total dose of 100 milligrams. Each 
 syringe containing the selected bromide shall have a  YELLOW

label which contains the name of the chemical, the chemical 
 amount and the designated syringe number.  

 (3)  Syringes 7A and 8A shall each contain 120 milliequivalents 
 potassium chloride for a total dose of 240 milliequivalents. Each 
 syringe containing potassium chloride shall have a RED label which 
 contains the name of the chemical, the chemical amount and the 
 designated syringe number.  

 (4)  Syringes 3A, 6A, and 9A shall each contain 60 milliliters of saline 
 solution. Each syringe shall have a BLACK label which contains 
 the name of the solution, amount of solution, and the designated 
 syringe number.  

SECTION IV.  Injection Procedure 

1. The three-way control device facilitates the movement of infusion fluid from 
saline bag or infusion fluid with the chemicals from the syringes. A valve serves 
to direct which fluid source is entering the IV set up. 

2. When the signal to commence is given by the Warden, the executioner(s) shall 
administer the chemicals in the order they appear in chart A under the direction 
of the Deputy Director, or designee, as follows: 

 a. Syringe 1A shall be inserted into the designated chemical receiving port of 
the three-way control device. 

 b. The flow of IV solution will be interrupted by moving the three-way valve 
assembly to allow the infusion of chemical from Syringe 1A.

 c. The contents of Syringe 1A shall commence with a steady even flow of the 
chemical and continue until the full dose of the chemical has been 
administered.  Only the force necessary to activate the syringe plunger will 
be used. 

 d. When the contents of Syringe 1A have been injected, the three-way valve 
assembly will be moved so as to shut off the chemical receiving port and 
resume infusion of IV solution.
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 e. Syringe 1A will be replaced by Syringe 2A and the procedure described in 
subparagraphs a-d for Syringe 1A will be repeated. This process will be 
repeated for all subsequent syringes. 

f. Following the administration of syringe numbers 1A, 2A, and 3A, and after 
at least five (5) minutes have elapsed since commencing the 
administration of syringe 1A, the Deputy Director, or designee, will confirm 
the condemned inmate is unconscious by using all necessary and 
medically-appropriate methods. The Deputy Director, or designee, shall 
also confirm that the IV line(s) remains affixed and functioning properly.  

g. Once the Deputy Director, or designee, determines that the condemned 
inmate is unconscious, the remaining chemicals will be administered in the 
order they appear in Chart A.

h. In the unlikely event that the Deputy Director, or designee, determines that 
the condemned inmate remains conscious following the administration of 
the chemicals in syringe numbers 1A, 2A, and 3A, the back-up syringes of 
the first chemical (Syringe 1B and 2B) and saline (Syringe 3B), shall be 
administered via the secondary or alternative IV line.

(1) Following the administration of syringe numbers 1B, 2B, and 3B, 
and after at least five (5) minutes have elapsed since commencing 
the administration of syringe 1B, the Deputy Director, or designee, 
will confirm the condemned inmate is unconscious by using all 
necessary and medically-appropriate methods. The Deputy 
Director, or designee, shall also confirm that the IV line(s) remains 
affixed and functioning properly.

(2) Once the Deputy Director, or designee, determines that the 
condemned inmate is unconscious, the remaining chemicals will be 
administered via the secondary or alternative IV line in the order 
they appear in Chart A.     

 i. Throughout the chemical infusion process, the Deputy Director, or 
designee, will closely monitor the infusion site for evidence of infiltrate, 
vein collapse, or other challenge to the patency of the infusion site.

  (1) Should a problem be suspected, the Deputy Director, or designee, 
will direct reduction of chemical flow rate or redirect chemical to the 
secondary or alternative site.

  (2) In the use of a singular infusion site pursuant to Section II (8), if the 
infusion site is suspected to be compromised, chemical flow rate 
will be reduced. If problem persists, the: 
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   (a) injection procedure will cease;  

   (b) curtain to death chamber will close; and 

(c)  the IV Team summoned, and the infusion site problem 
corrected.

(3) If all efforts to re-establish patent infusion site fail, the Deputy 
Director, or designee, will direct the IV Team to suspend further 
action and trained, educated, and experienced person(s) necessary 
to establish a primary IV line as a peripheral line or as a central 
venous line will be summoned to facilitate an IV infusion site.  

(4) When the infusion compromise is corrected, the IV Team and the 
summoned person(s) will be excused, the curtain reopened, and 
the lethal injection procedure continued. 

Section V.  IV Team Qualifications 

Each member of the IV team shall have at least two (2) years of professional 
experience and certification or licensure in at least one of the following fields:

 1. Emergency Medical Technician-Intermediate, or 

 2. Emergency Medical Technician-Paramedic, or 

 3. Nurse, or 

 4. Physician Assistant, or 

 5. Physician.   
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Reason for an Amended Report 
 
The reason for the submission of an amended report is the discovery of a calculation error in 
section 5C of the original report. This was a simple error which led to an initial calculation of a 
higher blood concentration of a 500 mg IV midazolam dose.  
 
The original report stated as follows: “This study gave peak blood concentrations of nearly 120 
ng/mL (nanogram per milliliter) after a 5 mg IV dose. It follows then that with a 500 mg IV dose, 
the initial amount after direct IV bolus infusion is 100 times of what occurred with the 5 mg 
dose, which gives an initial blood concentration of 120,000 ng/mL of midazolam after a 500 mg 
IV dose.” [p 23 in original report, calculation error in bold, italics]. 120 ng/mL times 100 equals 
12,000 ng/mL (not 120,000 ng/mL). This has been corrected in the present version in section 
5Bii in the amended report on p. 29. Subsequent calculations were corrected accordingly to 
arrive at a new ceiling-effect dosage of 228 mg IV midazolam.  
 
The discovery of the calculation error does not essentially alter the summary and conclusions of 
the original report: that Midazolam’s ceiling-effect dosage is lower than the 500 mg dose in the 
State’s lethal-injection protocol and that a 500 mg dose of Midazolam cannot be relied on to 
render someone unconscious and insensate to the noxious stimuli that will occur from the 
application of the remaining drugs in the Arkansas lethal injection protocol. 
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1. Introduction  
 
A. Author Qualifications 
 
I am a full-time faculty member in the department of Pharmacology and Physiology at the 
College of Osteopathic Medicine, a unit of the Oklahoma State University, Center for Health 
Sciences campus in Tulsa, Oklahoma.  
 
After receiving my Ph.D. in Pharmacology from the Mayo Clinic, in Rochester, Minnesota, I 
completed a 2 year postdoctoral fellowship at the University of Minnesota Medical School in 
Minneapolis, Minnesota, and secured a position as an Assistant Professor of Pharmacology with 
my present employer in 1990. I advanced through the academic ranks to Associate Professor of 
Pharmacology in 1993, and Professor of Pharmacology in 2000.  
 
Besides my regular duties of teaching medical students, pursuing research and scholarly 
activities, and serving on college committees, I work part-time as a litigation consultant/expert 
witness on cases involving pharmacological issues. I have consulted in both civil and criminal 
cases, working with both the prosecution or plaintiff and the defendant.  
 
With regard to the pharmacological issues of lethal injection, I have worked as a consultant with 
the state as well as with attorneys representing condemned inmates.  
 
My curriculum vitae (CV) is attached as Appendix A to this report.  
 
B. Materials Considered 
 
Attorney Josh Lee, who retained me to study Arkansas’s lethal injection procedures, provided 
me with several documents that I reviewed and relied upon in preparing this Expert Report. 
These materials were: (1) an email from Deputy Attorney General David Curran, to which was 
appended redacted package inserts and labels for the drugs that Arkansas intends to use in its 
execution procedure; (2) an email from Assistant Attorney General Jennifer Merritt, to which 
was appended a document titled “Lethal Injection Procedure (Attachment C)”; and (3) 
Arkansas’s 2015 lethal injection statute, Ark. Code Ann. § 5-4-617 (2015). In addition to the 
above materials provided by Mr. Lee, I also considered pharmacological textbooks, reviews, and 
research studies (listed in Section 8, below), as well as Baze v. Rees, 128 S. Ct. 1520 (2008), and 
Glossip v. Gross, 135 S. Ct. 2726 (2015), which set the standard for when a lethal injection 
procedure may be said to violate the federal ban on cruel and unusual punishment. After Mr. 
Josh Lee left the Federal Public Defenders Office, my work as a pharmacology consultant 
continued with Mr. John C. Williams in the same office. Before submitting this amended report, 
I reviewed the Arkansas Supreme Court’s opinion in Kelley v. Johnson, 2016 Ark. 268, and 
portions of the briefing in that case. 
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C. Brief Description of Arkansas’s Execution Protocol 
 
The execution procedure appended to the email from Deputy Attorney General Jennifer Merritt 
is a three-drug lethal injection protocol. First, the prisoner is to be injected with 500 mg. of the 
drug Midazolam. Next, after waiting five minutes, a member of the execution team ostensibly 
“confirm[s] the condemned inmate is unconscious,” using unspecified methods. Then, the 
prisoner is to be injected with 100 mg (milligrams) of the muscle-paralytic drug, vecuronium 
bromide. Finally, the prisoner is to be injected with 240 mEq (milli-equivalents) of the heart-
stopping drug, potassium chloride. 
 
D. Referral Questions 
 
Mr. Lee asked me to offer my expert opinion on several issues. First, Mr. Lee asked me to 
discuss the pharmacology of all the different drugs authorized by Arkansas’s lethal injection 
statute, i.e., barbiturates, Midazolam, vecuronium bromide, and potassium chloride—with 
particular attention to any similarities and differences between barbiturates and Midazolam. 
Second, Mr. Lee asked for my opinion on whether Arkansas’s chosen lethal injection procedure 
(Midazolam, followed by vecuronium bromide, and potassium) is sure or very likely to cause 
serious pain and suffering. Third, Mr. Lee asked me to address whether alternative execution 
procedures would significantly reduce the risk of pain and suffering and, if they would, to 
describe some of those procedures. 
 
A thorough discussion of these issues follows. A summary of my opinions on the referred 
questions can be found in Section 7 of this Report. 
 
2. Midazolam and Fast-Acting Barbiturates are Fundamentally Different Drugs 
 
A. Pharmacological Equivalency and Pharmacological Substitution 
 
Each drug has a unique chemical (atomic) structure and exerts a unique profile of pharmacological 
effects. Drugs are classified both by their chemical structures and by their therapeutic uses. Drugs 
that have very similar chemical structures are grouped together based on that structure. Drugs 
that have similar therapeutic uses are also grouped together by their therapeutic or 
pharmacological effects. 
 
Pharmacological equivalency is present when two or more drugs exhibit the same or closely 
similar pharmacological properties. It is a working principle used by physicians who often 
substitute drugs due to drug allergies or for reasons of cost. Pharmacological equivalency is also 
the guiding principle for the FDA to accept a generic version of the same branded drug (e.g. 
Walgreen’s ibuprofen, the generic form, is pharmacologically equivalent to Advil®, the branded 
formulation of ibuprofen. See Meredith 2003, Borgheini 2003). 
 
Pharmacological substitution is the act of using one drug in the place of another. It is axiomatic 
that in order to maintain the same pharmacological and therapeutic effect of two drugs, the drug 
that is substituted must have pharmacological equivalency to the new drug. 
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There is no question that midazolam and fast-acting barbiturates (such as thiopental or 
pentobarbital) are different drugs. The key question in substituting drugs for lethal injection is 
one of a pharmacological nature: Does midazolam have pharmacological equivalency to fast-
acting barbiturates such that a valid pharmacological substitution can be made? Pharmacological 
equivalency between midazolam, a benzodiazepine, and fast-acting barbiturates, is examined 
herein with respect to pharmacological classification by chemical (atomic) structure, 
mechanisms of action, partial and full effects of these agents and the ‘ceiling effect’, 
therapeutic uses, and DEA scheduling of these agents. 
 
B. Pharmacological Classification of Midazolam and Fast-Acting Barbiturates  
 
Table 1. Visual comparison of benzodiazepine and barbiturate chemical structures. 

BENZODIAZEPINES BARBITURATES 

 
Midazolam (Versed®) Pentobarbital (Nembutal®) 

   

Diazepam (Valium®) Thiopental (Pentothal®) 
 
Midazolam belongs to the class of drugs called benzodiazepines whereas drugs like pentobarbital 
and thiopental are members of the barbiturate class of drugs (Brenner and Stevens, 2013). The 
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chemical structure of midazolam and pentobarbital are shown in the first row of Table 1 above to 
provide an accessible first exposure to the differences between the two drugs. The untrained eye 
clearly recognizes that midazolam and pentobarbital do not have similar structures and are not 
close analogs. The second row in Table 1 shows examples of other drugs from the same class of 
drugs as midazolam and pentobarbital. Most notably, at the center of the benzodiazepines there is 
7-sided ring with two nitrogen atoms (N) attached to a 6-sided ring with one chloride atom (Cl). 
Quite differently, the two barbiturates do not contain such a core structure and instead consist of a 
single 6-sided ring containing two nitrogen atoms. The non-expert can see that the benzodiazepine, 
midazolam, is similar to diazepam (Valium®), and the barbiturate, pentobarbital (Nembutal®), is a 
close analog of thiopental (Pentothal®). There is an irrefutable difference between midazolam and 
fast-acting barbiturates at the atomic level. 
 
In summary, Table 1 shows that that there is no chemical, structural pharmacological 
equivalency between midazolam and fast-acting barbiturates. However, Table 1 does show 
that the substitution of thiopental with pentobarbital (from one fast-acting barbiturate to 
another fast-acting barbiturate) does meet the test for pharmacological equivalency by 
chemical structure.  
 
C. Mechanism of Action of Midazolam and Fast-Acting Barbiturates  
 
The pharmacology of drugs ranges from effects on the whole organism, to effects on specific 
tissues or organs, down to the actual mechanism of action at the molecular level. For many 
drugs, the action at the molecular level can be traced upward to the effect on the whole 
organism, yielding a nearly complete description of drug action. 
 
Starting at the molecular level, both midazolam and pentobarbital act on the GABAA receptor-
chloride ion channel complex (henceforth GABAA receptor). GABA is the acronym for gamma-
aminobutyric acid, an inhibitory neurotransmitter in the brain that is the natural activator of 
GABAA receptors (Sigel and Steinmann 2012, Sieghart 2015). When inhibitory neurons of the 
brain release GABA onto other brain neurons, the recipient neurons are inhibited and become 
more quiescent. This is an ongoing neurotransmitter action, occurring without the presence of 
any drugs or exogenous substances in the brain. The GABAA receptor is shaped like a funnel 
with a lid on it. When GABA binds to the receptor, the lid opens and chloride ions rush from the 
outside of the neuron to the inside. The chloride ions rushing inside the neuron causes the 
neuron to decrease its electrical activity. 
 
Benzodiazepines act at the GABAA receptor on brain neurons where GABA itself acts (Chang et 
al. 1981, Sigel and Barnard 1984) but at a different molecular site than GABA on the GABAA 
receptor (Cromer et al. 2002, Ernst et al. 2003). Midazolam and all benzodiazepines do not 
increase the synthesis of the inhibitory neurotransmitter GABA but enhance the effect of GABA 
at the GABAA receptor (Greenblatt et al. 1983). GABA must be released by inhibitory neurons 
and be acting on the GABAA receptor at the same time as the benzodiazepine for drugs like 
midazolam to enhance GABA inhibition (D’Hulst et al. 2009, Sieghart et al. 2012). GABA acts on 
the receptor and opens the lid to the chloride ion channel (funnel) and midazolam increases 
the frequency that the lid opens (Study and Barker 1981, Rogers et al. 1994). In that way, 
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midazolam helps GABA have a greater inhibitory effect. However without GABA present, 
midazolam does little to the GABAA receptor. 
 
Barbiturates such as pentobarbital also act at the GABAA receptor on brain neurons where 
GABA itself acts (Olsen and Snowman 1982, Greenfield LJ 2013). Barbiturates bind to a 
different spot on the GABAA receptors than benzodiazepines (Cestari et al. 1996). Unlike 
midazolam, pentobarbital and other barbiturates enhance GABA inhibition by increasing the time 
that the ion channel lid remains in the open position (Study and Barker 1981). Contrary to the 
mechanism of action of midazolam, pentobarbital, like all barbiturates, can cause neuronal 
inhibition even when GABA is not present (Mathers and Barker 1980, Jackson et al. 1982). 
Barbiturates therefore can open the lid on the ion channel by themselves and keep it open longer 
than benzodiazepines (MacDonald et al. 1989, Sancar and Czajkowski 2011). As a result, the flow 
of chloride ions into the neuron is not limited to enhancement only when GABA is present, but 
barbiturates can increase the rush of chloride ions into the neuron in the absence of GABA so that 
the activity of the neuron is completely shut down. Thus, barbiturates are more potent drugs at 
the GABAA receptor than benzodiazepines.  
 
In summary, a large body of pharmacological research on the mechanisms of action of 
midazolam and fast-acting barbiturates clearly demonstrates that benzodiazepines, like 
midazolam, and barbiturates, such as pentobarbital, do NOT exhibit pharmacological 
equivalency with regard to their detailed mechanism of action. Compared to barbiturates, 
benzodiazepines bind to a different site on the GABAA receptor, need GABA to co-activate the 
GABAA receptor to work, and increase the frequency of the opening of the chloride ion 
channel, not the time it remains open. 
 
D. The Pharmacology of the Partial Agonist, Midazolam, and the Full Agonists, Barbiturates 
 
Most drugs that are used clinically do something to cells or neurons that they affect. They bind to 
(act on) a target receptor and the receptor does something, like open an ion channel. These types 
of drugs that do something are called agonists. Other types of clinically-used drugs, like the 
antihypertensive drugs called ‘beta-blockers’, bind to a receptor and prevent another substance 
from doing something. These drugs are called antagonists.  
 
Agonists are further subdivided into partial agonists and full agonists. As their name suggests, full 
agonists produce a full pharmacological effect and partial agonists only produce a partial 
pharmacological effect. The difference between one drug being a partial agonist and another drug 
being a full agonist arises from the drugs’ differing mechanism of action. 
 
As noted above, midazolam, like all benzodiazepines, increases the frequency (not the duration) of 
ion channel opening only when GABA is present. As GABA is a neurotransmitter synthesized by 
inhibitory brain neurons, the amount of GABA released onto GABAA receptors is limited. Because 
midazolam depends on the co-activation of GABA to produce its effects, midazolam’s effects on the 
brain is therefore also limited. In this regard, midazolam is a partial agonist. 
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Barbiturates, to the contrary, do not need co-activation by GABA to produce their effects. 
Therefore, the neuronal inhibition produced by barbiturates is not limited. In this regard, 
fast-acting barbiturates are full agonists. 
 
By definition, partial agonists will exhibit a ‘ceiling effect’ in which greater doses will not 
produce a greater pharmacological effect. The ceiling effect of benzodiazepines, and the lack of 
ceiling effect for barbiturates, is so well-accepted that many medical pharmacology textbooks 
contain a Figure illustrating this fact. Fig. 1 below shows one such example. 
 

 
Fig. 1. Typical textbook example of a graph showing the differences between 
barbiturates (top line) and benzodiazepines (bottom line). The dose increases along 
the horizontal axis as you move to the right; the effects in humans increases as you 
move up the vertical axis. Note the ceiling effect shown for benzodiazepines versus 
the lack of ceiling effect for barbiturates. As the dose of benzodiazepine increases, a 
plateau (‘ceiling’) is reached before reliable general anesthesia is obtained. Increasing 
doses of barbiturates reliably produce anesthesia, coma, and death. Note: the term 
‘hypnosis’ is medical terminology for ‘sleep’. Adapted from Brenner and Stevens 2013. 
 

In summary, the fact that midazolam is a partial agonist, and that fast-acting barbiturates are 
full agonists, arises directly from their mechanisms of action, as barbiturates can act in the 
absence of GABA and increase the inhibition of brain neurons whereas midazolam and other 
benzodiazepines are limited with their effect only when GABA is present and thus cannot 
inhibit neurons as much as barbiturates. This pharmacological fact demonstrates that 
pharmacological equivalency is NOT met by substitution of a barbiturate with a 
benzodiazepine. The ceiling effect of a midazolam and other benzodiazepines, and the lack of 
ceiling effect with the use of barbiturates, is beyond controversy and taught to all medical and 
pharmacology students. 
 
 

BARBITURATES 
thiopental, pentobarbital 

BENZODIAZEPINES 
midazolam, diazepam 
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E. Therapeutic Uses of Benzodiazepines and Barbiturates 
 
The therapeutic use of a drug is a direct result of the drug’s pharmacological properties, 
including, most importantly, a drug’s mechanism of action. As noted above, while both 
benzodiazepines and barbiturates act on the GABAA receptor, they do so in very different ways. 
Because of the difference in their mechanism of action, the FDA approves benzodiazepines and 
barbiturates for difference therapeutic uses. Whereas barbiturates can be used as the sole 
agent for general anesthesia, benzodiazepines cannot.  
 
i. The Anesthesia Continuum  
 
Before examining the FDA-approved uses of midazolam, pentobarbital, and other agents, it is 
necessary to understand the terminology used in describing sedative and anesthetic effects. 
The authoritative professional organization for Anesthesiologists, the American Society for 
Anesthesiology (ASA), has published standards and definitions for the level of sedation and 
general anesthesia. There can be no question that these definitions serve as the foundation for 
any fact-finding. For this reason, the Continuum of Depth of Sedation Table from the ASA is 
presented below as Table 2 (next page). 
 
There are four levels defined for the Continuum of Depth of Sedation. Of these four levels, 
there are three levels of sedation and only one level of general anesthesia (see Table 2, column 
headers).  These are, in order of increasing depth of sedation, Minimum Sedation Anxiolysis, 
Moderate Sedation/Analgesia (“Conscious Sedation”’), Deep Sedation/Analgesia, and General 
Anesthesia.  
 
Two important facts come from Table 2. First, there is only one level for complete anesthesia, 
called General Anesthesia. This is the level which renders the patient, or a condemned inmate, 
to a state of unconsciousness (stated in the text below the Table, underlined) and insensate to 
all conscious sensation including pain (in the Table itself, end of row one, under General 
Anesthesia, boxed). The other three levels of sedation are characterized by response to pain 
and drug-induced depression of consciousness without loss of consciousness. For this reason, it 
is clear that any drug used as the first drug in the Arkansas lethal injection protocol must 
produce a state of General Anesthesia.  
 
Second, the specific use of the term ‘General’ in the name of the deepest level, ‘General 
Anesthesia,’ emphasizes overall brain-activity depression characterized by lack of pain 
sensation and unconsciousness. Use of the just the word ‘anesthesia’ does not mean ‘general 
anesthesia.’ As stated in the major authoritative pharmacology textbook, Goodman and 
Gilman’s The Pharmacological Basis of Therapeutics:1  “The clinical literature often refers to the 
anesthetic effects and uses of certain benzodiazepines, but the drugs do not cause a true 
general anesthesia because awareness usually persists.” It is clear that many uses of the word 
‘anesthesia’ in the medical literature do not mean ‘general anesthesia’ and should not be 
interpreted as such unless there was loss of all sensation (including pain) and unconsciousness.  

1 Mihic SJ and Harris RA (2011) Chapter 17 Hypnotics and Sedatives, p 460, in Brunton LL et al. (Eds.), 
Goodman & Gilman’s Pharmacological Basis of Therapeutics, Macmillan Co., New York, NY. 
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Table 2. Continuum of Depth of Sedation Table from the ASA [Emphasis added] 
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Instead of anesthesia, the term ‘Moderate Sedation’ or another one of the three sedation-level 
descriptors should be used, if loss of consciousness and insensibly to pain were not present. 
Textbooks or review articles that state that IV benzodiazepines can produce anesthesia mean 
that these agents, in general, can produce levels of sedation along the anesthesia scale (Table 
2), not that they produce the specific, deepest level of anesthesia called General Anesthesia. 
Likewise, midazolam is sometimes referred to as ‘an anesthetic’ or able to produce 
‘anesthesia,’ but this does not mean midazolam can produce ‘general anesthesia’.  
 
As shown in the next subsection, the FDA-approved indications (therapeutic uses) for 
midazolam do not include ‘General Anesthesia’ (Table 3). Section 5 below discusses clinical 
studies showing that midazolam is unable to produce a state of General Anesthesia. 
 
ii. FDA-approved Labeling of Anesthetic Effects. 
 
Table 3 below is a list of therapeutic uses for benzodiazepines and barbiturates. Entries marked 
with a ‘YES’ indicate that this class of drugs (benzodiazepine or barbiturate) is FDA-approved 
for this indication and list which particular drug(s) is approved for this therapeutic use. 
 
Table 3. Comparison of therapeutic uses for five benzodiazepines and five barbiturates.  

Therapeutic Use Benzodiazepines Barbiturates 
Anxiety disorders YES, alprazolam, diazepam, 

lorazepam 
YES but only for ‘sedation’ with 

butabarbital 
Panic Disorder YES, alprazolam, clonazepam NO 
Acute Alcohol Withdrawal YES, diazepam NO 
Skeletal Muscle Spasm YES, diazepam NO 
Seizure Disorders YES, clonazepam, diazepam YES, pentobarbital (IV), phenobarbital 

(IV), thiopental (IV) 
Preoperative Sedation YES, midazolam (IM/IV) YES, pentobarbital (IV), secobarbital 
Outpatient Sedation YES, midazolam (IV) NO 
Anesthesia Induction YES, midazolam (IV) YES, thiopental (IV) 
Sole Anesthesia (brief) NO YES, thiopental (IV) 
Sedation for Intubated Ptx  YES, midazolam (IV cont.) NO 
Co-Anesthesia (Adjunct) YES, midazolam (IV) YES, thiopental (IV) 
Insomnia (short-term) NO YES, butabarbital, secobarbital, 

pentobarbital (IV)  
Induce Coma in Brain Trauma NO YES, thiopental (IV) 
Psychiatric Use (Narcoanalysis) NO YES, thiopental (IV) 

Note: Benzodiazepine data of therapeutic uses are from the FDA-approved Prescribing Information 
labels of alprazolam (Xanax®), clonazepam (Klonopin®), diazepam (Valium®), lorazepam (Ativan®), 
and midazolam (Versed® injection). Barbiturate data are from current FDA-approved labels—for 
butabarbital (Butisol®), pentobarbital (Nembutal® injection), phenobarbital (Luminal®), secobarbital 
(Seconal®)—excepting the discontinued label for thiopental (Pentothal®), which is no longer 
marketed. All drug formulations are oral tablets except where noted; IV=intravenous, 
IM=intramuscular. 

 
As shown in Table 3, there are 14 therapeutic uses for the benzodiazepine and barbiturate drugs. 
Among these 14 therapeutic uses, only 5 (or 35.7%) are common to both benzodiazepines and 
barbiturates. These shared indications are Anxiety Disorders, Seizure Disorders, Preoperative 
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Sedation, Anesthesia Induction, and Adjunct/Co-Anesthesia (used with a general anesthetic). It 
should be noted that benzodiazepines for the treatment of Anxiety Disorders have almost 
universally supplanted the older barbiturate drugs for this use (Howie 1975, Pieters and Snelders 
2007). Five indications are for the use of benzodiazepines only; Panic Disorder; Acute Alcohol 
Withdrawal; Skeletal Muscle Spasms; Outpatient Sedation; and Sedation for Intubated Patients. 
Four indications are for the use of barbiturates only: Sole Anesthesia (for brief procedures); 
Insomnia (for short-term treatment of 2 weeks); Induce Coma in Brain Trauma; and Psychiatric Use 
(Narcoanalysis), i.e., the limited and historical use of thiopental to get the therapy patient to talk, 
as in ‘truth serum’. 
 
Both midazolam and thiopental are indicated for use in Anesthetic Induction. Anesthetic Induction 
is a procedure to start the anesthesia process. Although midazolam is used for Anesthetic 
Induction, this use does not mean that midazolam can produce a state of General Anesthesia.  
Both midazolam and thiopental are indicated for use in Co-Anesthesia as adjunct anesthetics 
along with other agents. Use of midazolam as an adjunct agent in a Co-Anesthesia protocol does 
not indicate that midazolam by itself can produce a state of General Anesthesia.  
 
Thiopental, but not midazolam, is indicated for Sole Anesthesia, for brief (15 minute) procedures. 
Thiopental, a barbiturate, is able to be used by itself to provide general anesthesia, but 
midazolam, like other benzodiazepines, is limited in its potency and cannot produce general 
anesthesia but only sedation.  
 
Use of midazolam for Preoperative Sedation or Outpatient Sedation—both uses not reaching the 
level of General Anesthesia—is not germane to drug use for lethal injection. Likewise, use of 
midazolam to treat Anxiety disorders, Panic Disorder, Acute Alcohol Withdrawal, Skeletal Muscle 
Spasm, or Seizure Disorders is not pertinent to the production of General Anesthesia, the level of 
anesthesia needed to administer the second and third drugs used in Arkansas’s lethal injection 
protocol without pain.  
 
With regards to specific drugs, out of five indications for midazolam, midazolam shares only one 
therapeutic use with pentobarbital: Preoperative Sedation. 
 
In sum, comparison of the FDA-approved labels for benzodiazepines and barbiturates—and 
more specifically for midazolam and pentobarbital—demonstrates that pharmacological 
equivalency of barbiturates and benzodiazepines is NOT met considering the criteria of 
approved therapeutic uses. Most importantly, midazolam is not approved for use as a Sole 
Anesthetic as it cannot produce General Anesthesia. In contrast, the barbiturate thiopental was 
approved as a Sole Anesthetic for brief procedures. Midazolam cannot produce General 
Anesthesia, whereas barbiturate drugs like pentobarbital and thiopental are more potent (with 
no ceiling effect) and can produce a state of General Anesthesia. Evidence supporting these 
facts is elaborated below in Section 5. 
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F. DEA Scheduling of Midazolam and Fast-Acting Barbiturates  
 
Most prescription drugs are safe and without the potential for abuse and dependence. Thus, 
the vast majority of drugs prescribed by physicians do not come under the purview of the Drug 
Enforcement Administration (DEA). Drugs that pose a special danger of abuse or drug 
dependence are tightly regulated by the DEA and are called controlled substances. 
 
Midazolam and barbiturates are controlled substances according to the DEA, as promulgated by 
the Controlled Substances Act of 1970. The DEA places dangerous drugs into five schedules, with 
Schedule I drugs having no approved medical use and being the most dangerous. Schedule II-V are 
drugs with medical uses but with decreasing danger of abuse and dependence. Midazolam, as with 
most of the other benzodiazepines like diazepam (Valium®) and lorazepam (Ativan®) are placed 
into Schedule IV. Fast-acting barbiturates are considered much more dangerous drugs to abuse so 
they are scheduled the highest level for drugs still used medically, as Schedule II controlled 
substances. This is evidence that midazolam is deemed safer to use by the DEA, with less evidence 
of abuse and drug dependence than fast-acting barbiturates. Simply put, the DEA decision to 
schedule midazolam and the fast-acting barbiturates differently reflects the DEA finding that 
midazolam and fast-acting barbiturates do NOT exhibit pharmacological equivalency in causing 
drug dependence and abuse. 
 
G. Summary 
 
Pharmacological equivalency between benzodiazepines and barbiturates, and more specifically 
between midazolam and fast-acting barbiturates, was investigated by examining key aspects of 
the pharmacology of the two drug classes. The findings from this section are: 
 
i. There is no pharmacological equivalency between midazolam and fast-acting 

barbiturates using the criterion of chemical structures for benzodiazepines and 
barbiturates. 

 
ii. There is no pharmacological equivalency when examining the different mechanisms of 

action of benzodiazepines (midazolam) and barbiturates (pentobarbital, thiopental). 
 
iii. There is no pharmacological equivalency between the magnitude of pharmacological 

effects produced by benzodiazepines (partial agonists) and barbiturates (full agonists). In 
particular, it is well-known that midazolam has a ceiling effect that is not present 
barbiturates. 

 
iv. There is no pharmacological equivalency when examining the different therapeutic uses of 

benzodiazepines and barbiturates, or between midazolam and fast-acting barbiturates. In 
particular, midazolam is does not produce General Anesthesia and could not be used as a 
Sole Anesthetic, whereas barbiturates are used as Sole Anesthetics and do produce General 
Anesthesia. 

 

([KLELW���3DJH���



Expert Report: AR lethal injection pharmacology 

Page 15 of 46 

v. There is no pharmacological equivalency in the drug abuse and dependence properties of 
benzodiazepines and barbiturates as confirmed by the different scheduling of these drugs 
by the DEA. 

 
3. Dosage and Characteristics of Pentobarbital Used in Lethal Injection 
 
A. Therapeutic, Toxic, and Lethal Dosages of Intravenous (IV) Pentobarbital 
 
Barbiturates are a class of sedative-hypnotic drugs, largely replaced in clinical therapeutics by 
the benzodiazepine class of sedative-hypnotics (Brenner and Stevens 2013). Examples of 
common barbiturate drugs are thiopental, pentobarbital, phenobarbital, and methohexital.  
 
Nembutal® Sodium Solution (Pentobarbital Sodium for Injection, USP) is an FDA-approved drug 
formulation that is manufactured by Akorn, Inc. a subsidiary of Oak Pharmaceuticals, Inc., 
headquartered in Lake Forest, IL (FDA 2015). Its official indications are listed on the FDA label 
for use as: a. Sedatives; b. Hypnotics, for the short-term treatment of insomnia; c. 
Preanesthetics; and d. Anticonvulsant, in anesthetic doses, in the emergency control of certain 
acute convulsive episodes, e.g. status epilepticus (Nembutal® Sodium Solution Prescribing 
Information, Oak Pharmaceuticals). Pentobarbital sodium IV solution is also used ‘off-label’ for 
the induction and maintenance of coma to reduce intracranial pressure in brain-injured patients 
(Woodcock et al. 1982). 
 
Clinical studies and forensic toxicology studies have determined the therapeutic, toxic, and 
lethal blood concentrations of pentobarbital (Musshoff et al. 2004; Regenthal et al. 1999; Schulz 
et al. 2012; Winek et al. 2001). These values are given in blood concentration ranges from the 
most recent paper, as shown in Table 4 below. 
 

Table 4. Therapeutic, toxic, and lethal ranges of pentobarbital blood concentrations. Concentrations 
given in mg/L (milligram per Liter) which is equal to mcg/mL (microgram per milliLiter). Half-life (t1/2) 
is given in the last column and is the time in hours it takes for half the amount of drug to be cleared 
from the bloodstream. From Schulz et al. 2012. 

 

 
 
There are no clinical studies determining the lethal dose of IV pentobarbital sodium in humans 
for obvious reasons. However, the largest IV pentobarbital sodium dose ever administered to 
human volunteers is reported in an early pharmacokinetic study from the 1950s (Brodie et al. 
1953). In two volunteers, 2.5 grams pentobarbital was injected IV over 50 minutes. While blood 
concentrations were not determined in these volunteers, the authors note that following these 
large doses of IV pentobarbital, the volunteers were deeply anesthetized and had to be put on a 
ventilator with oxygen “until spontaneous ventilation was deemed adequate.” Such studies 
could not be performed today due to safety and ethical concerns, but it is clear that a 2.5 gram 
dose given IV was a lethal dose in these two individuals as it caused them to stop breathing on 
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their own. These volunteers would have died without the supportive measures of the artificial 
ventilator and oxygen supplementation. 
 
The most straight-forward approach to determining the lethality of pentobarbital sodium used 
in lethal injection protocols is to pharmacologically model the blood concentrations of 
pentobarbital after a 5 gram IV bolus injection of pentobarbital sodium. Once a reasonable 
estimate is made of the pentobarbital blood concentrations after a 5 gram IV pentobarbital 
sodium dose, the blood levels obtained can be compared to lethal pentobarbital concentrations 
as shown in Table 4, above. 
 
B. Blood Levels of 5 gram Pentobarbital after IV Bolus Dose in Humans 
 
The study of drug movement after administration is called pharmacokinetics. The 
pharmacokinetics of pentobarbital sodium are characterized by a rapid distribution of 
pentobarbital throughout the body and into the brain. With direct IV administration, there is no 
absorption phase of the drug like when a pill is swallowed. For this reason, the peak blood 
concentration of IV pentobarbital is observed with the first time point of sampling after the IV 
bolus injection. 
 
As mentioned above, there are no studies in the literature that give the blood concentrations of 
pentobarbital following a 5 gram IV dose, as this is higher than approved clinical doses. 
However, it is possible to examine the pentobarbital blood concentrations in humans from 
studies following the administration of lower doses of IV pentobarbital sodium. The data from 
these studies can then be used to model the blood concentrations of pentobarbital after a 5 
gram IV dose.  
 
In 1953, the first study of the fate of pentobarbital in humans estimated the peak amount of 
pentobarbital in the blood after IV bolus administration of 1 gram (= 1000 mg) pentobarbital 
sodium (Brodie et al. 1953). This study gave peak blood concentrations of about 25 mg/L after 
the IV dose. Twenty years later, the first study using modern techniques in pharmacokinetic 
analysis determined the blood concentration of pentobarbital after an IV dose of 50 mg 
pentobarbital sodium (Smith et al. 1973). These authors found that a 50 mg IV dose of 
pentobarbital gave an initial peak blood concentration of about 1.5 mg/L. In a second 
pharmacokinetic study of IV pentobarbital sodium, a 100 mg IV dose yielded an initial 
pentobarbital blood concentration of about 3.0 mg/L (Ehrnebo 1974). A figure from this second 
modern paper is included below (as Fig. 2, top of next page) to portray the pentobarbital blood 
concentration curve over time following IV administration. 
 
Given that a 50 mg IV dose of pentobarbital gave an initial pentobarbital blood concentration of 
1.5 mg/L and that a 100 mg IV dose of pentobarbital (Fig. 2, below) gave an initial pentobarbital 
blood concentration of 3.0 mg/L (i.e. doubling the IV dose, doubled the initial blood 
concentration) it follows that a 5,000 mg IV dose of pentobarbital would give an initial 
pentobarbital blood concentration of 150 mg/L. This is calculated from the fact that a 5,000 mg 
IV dose (= 5 grams) is 100 times greater than the 50 mg IV dose and 100 times 1.5 mg/L equals 
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150 mg/mL. By examining Table 4 above, this initial pentobarbital blood concentration of 150 
mg/mL is 6 to 15 times greater than the lethal drug range listed as 10-25 mg/mL.  

 
Fig. 2. Blood levels of pentobarbital following rapid IV injection of 100 mg to seven 
human subjects. Data points are the mean values of pentobarbital blood concentrations, 
plus and minus one standard deviation error bars. From Ehrnebo 1974. Note: μg/mL is 
equal to mg/L. 
 

Given the above calculation that 5 grams of IV pentobarbital sodium yields an initial lethal 
blood concentration of 150 mg/L, the next determination is to model the fall of the 
pentobarbital blood concentration over time. It can be seen from Figure 2 above that the fall of 
pentobarbital blood concentrations occurs in two parts; the decrease in pentobarbital occurs 
more rapidly for the first hour, then the decrease slows down and changes slowly from the 
pentobarbital levels seen at one hour. The first rapid phase of the decrease in pentobarbital 
concentrations is due to the distribution of pentobarbital from the blood to the brain and other 
tissues. The second, slower phase in the decrease of pentobarbital is due to the elimination of 
pentobarbital from the blood by metabolism and excretion. The time it takes for the 
pentobarbital blood level to decrease by one-half is called the ‘half-life’ (t1/2). The first rapid 
phase of pentobarbital decrease has a smaller half-life than the half-life of the second slower 
phase of pentobarbital decrease. 
 
In order to determine the fall of pentobarbital concentrations over time, it is necessary to use 
the half-life data for IV pentobarbital from the pharmacokinetic studies cited above. Both of the 
modern pharmacokinetic studies of IV pentobarbital sodium show a rapid distribution of 
pentobarbital out of the blood of with a half-life of about 1 hour (Ehrnebo 1974; Smith et al. 
1973) which lasts for about 2 hours, then a longer elimination half-life of about 22-50 hours. 
Using these half-life values, the pharmacokinetic modeling of a 5 gram (5000 mg) IV dose was 
done using an Excel® spreadsheet, as noted previously in the scientific literature (Chamberlain 
2003).  
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The resulting graph of the decrease in pentobarbital blood levels after IV injection of 5 grams 
(5000 mg) is shown in Figure 3 below. This graph shows that with an initial blood concentration 
of 150 mg/L pentobarbital, the blood levels of pentobarbital decrease to 37.5 mg/L after 120 
minutes. Within the first 5 minutes, the blood levels decrease to 141 mg/L (inset graph, Figure 
3, below). Comparing these blood levels of pentobarbital with the lethal concentrations 
summarized in Table 4 above, after the first 5 minutes, the 5 gram IV dose of pentobarbital 
sodium yields blood levels of pentobarbital that are 5.6 to 14 times higher than lethal 
pentobarbital concentrations. After 120 minutes, the 5 gram dose gives blood levels that 
remain elevated above the lethal pentobarbital concentrations. 
 

 
Fig. 3. Blood levels of pentobarbital following IV injection of 5 grams (5000 mg) as 
modeled by the best available data. The initial blood concentration was 150 mg/L (at left 
arrow). The rapid decrease (distribution phase) used a half-life of 60 min that lasted for 
2 hours. The slower elimination phase used a half-life of 20 hours. Inset graph in upper 
right corner shows an enlargement of the first 5 minutes after IV injection (right arrow). 
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C. Differences Among Barbiturate Drugs 
 
Barbiturate drugs were discovered and used to a great degree before the advent of the 
benzodiazepine drugs in the 1960s (Harvey 1980). All benzodiazepines have the same 
mechanism of action, which differs from barbiturates’ mechanism of action (see Section 2C 
above). Barbiturate drugs potentiate and replace the action of GABA to greatly inhibit neurons, 
whereas benzodiazepines need GABA present to work and are limited in their pharmacological 
effects (i.e. are partial agonists, see Section 2D).  
 
The differences in various barbiturate drugs lie primarily in their pharmacokinetic 
characteristics, and are subclassified according to how long they exert their pharmacological 
effects. The barbiturates are also classified by their therapeutic effects, such that there are 
anesthetic barbiturates, such as thiopental, pentobarbital, amobarbital, and anticonvulsant 
barbiturates, such as mephobarbital and phenobarbital (Macdonald and Barker 1979).  
 
Barbiturates also differ by their individual chemical nature, most importantly in a term called 
lipophilicity. Lipophilicity, which means ‘fat-loving,’ describes a physical characteristic of drugs 
that correlates with how rapidly a drug can cross from the bloodstream to the brain. Rapid-
onset, ultrashort-acting anesthetic barbiturates, like amobarbital and pentobarbital, are more 
lipophilic than anticonvulsant barbiturates like mephobarbital or phenobarbital (Toon and 
Rowland 1983). Because of this, the highly lipophilic barbiturates (amobarbital and 
pentobarbital) have a faster onset of action, usually within 30 seconds to 1 minute after an IV 
bolus dose (Sessions et al. 1954).  
 
Finally, the barbiturates differ in terms of their potency: anesthetic barbiturates (pentobarbital 
and amobarbital) are more potent in their inhibition of brain neurons than anticonvulsant 
barbiturates like mephobarbital and phenobarbital (Macdonald and Barker 1979).  
 
The pharmacological differences between barbiturates precludes a substitution of 
pentobarbital with any other barbiturate except another fast-acting barbiturate.  
 
D. Summary 
 
The findings from this section are: 
 
i. The normal therapeutic blood concentration of pentobarbital ranges from 1-10 mg/L. Toxic 

blood concentrations of pentobarbital range from 10-19 mg/L and lethal concentrations of 
pentobarbital range from 15-21 mg/L and higher. 

 
ii. A 5 gram IV bolus dose of pentobarbital sodium produces initial pentobarbital blood 

concentrations of about 150 mg/L, which is 6 to 15 times greater than the accepted lethal 
dose range. After 5 minutes, the blood concentration of pentobarbital is 5.6 to 14 times 
greater than the lethal blood concentrations of pentobarbital. After 2 hours, the blood 
concentration of pentobarbital remains above the lethal blood concentration range. 
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iii. All barbiturates share the same mechanism of action but differ in potency, time of onset, 
duration of action, and therapeutic indications. Only fast-acting barbiturates like thiopental 
or pentobarbital are suitable for use in lethal injection protocols. 

 
4. Pharmacology of Vecuronium and Potassium Chloride 
 
According to the Arkansas method-of-execution statute, § 5-4-617, the Director of the Arkansas 
Department of Corrections shall select one of the following options for a lethal injection 
protocol: a one-drug protocol using a barbiturate, or a three-drug protocol using midazolam, 
followed by vecuronium bromide, followed by potassium chloride. The pharmacology and 
mechanism of action of the first drug in the three-drug protocol, midazolam, was detailed 
above (Section 2) and the ceiling effect of midazolam is discussed below (Section 5). The second 
and third drugs listed in the Arkansas three-drug lethal protocol are vecuronium bromide, at a 
dose of 100 mg, and potassium chloride, at a dose of 240 mEq, which are discussed here.   
 
A. Pharmacology and Clinical Effects of Vecuronium  
 
Vecuronium, like pancuronium, is a drug classified as a neuromuscular blocker or simply called a 
paralytic drug. Neuromuscular blockers work by blocking the action of acetylcholine which is 
the neurotransmitter released from a nerve ending onto the muscle that causes the muscle to 
contract (Hibbs and Zambon 2011). Clinical uses of neuromuscular blockers are to provide 
muscle relaxation for endotracheal intubation, and to ensure patient immobility during surgery 
or mechanical ventilation (Kovac 2009, Vecuronium Bromide for Injection Prescribing 
Information). Vecuronium is a chemical analog to pancuronium and is about 1.5 to 1.75 times 
more potent than pancuronium (Fahey et al. 1981). Vecuronium has about the same onset time 
as pancuronium (within 5 minutes) but has a shorter duration of action, and produces no 
cardiovascular effects or changes in heart rate or blood pressure. With higher doses of 
vecuronium, the onset time can be reduced to 2.4 minutes (Hilgenberg 1983).  
 
The clinical effects of vecuronium are shared by other neuromuscular blockers and include 
progressive loss of skeletal muscle contraction, first noted by drooping eyelids and muscle 
weakness (Hibbs and Zambon 2011). Motor weakness progresses eventually to a total flaccid 
paralysis. The small, quick muscles of the eyes, jaw, and larynx relax before those of the arms, 
legs, and trunk of the body. Finally, the intercostal muscles that expand the ribs and the 
diaphragm are paralyzed, and breathing ceases. Without intubation and mechanical ventilation, 
death ensues from a lack of oxygen (hypoxia).   
 
There are a few studies of the effect of neuromuscular blockers given in human volunteers 
without an anesthetic agent. In a classic 1947 paper, a complete description of the effects of 
tubocurarine, an early neuromuscular blocker, on the central nervous system was examined 
(Smith et al. 1947). These researchers found that neuromuscular blockers had no effect on 
altering consciousness, or memory and had no analgesic effect. They concluded that these 
paralytic drugs should not be used alone as they may cause “serious psychic trauma.” A later 
study, using trained anesthesiologists and the researchers themselves, found that in these 
awake subjects vecuronium had no effect on consciousness and, like the earlier study by Smith 
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and colleagues, that the most distress came from a feeling of shortness of breath and ‘air 
hunger,’ even as they were artificially ventilated with supplemental oxygen at sufficient levels 
(Topulos et al. 1993). As early as 1950 clinicians realized that the use of paralytic drugs like 
vecuronium and pancuronium without adequate anesthesia leads to the possibility that a 
patient is awake but incapable of indicating distress or pain because of muscle paralysis (Brice 
1970).     
 
While these above studies were done on the researchers themselves, who were trained in the 
procedures and knew what to expect, most research on the adverse effects of vecuronium and 
other neuromuscular blockers comes from cases where conscious patients were completely 
paralyzed but unable to communicate with health care workers. In emergency care, patients 
who experienced paralysis without sedation or anesthesia reported dysphoria and severe pain 
(Chong 2014). Patients in intensive care units who were paralyzed with pancuronium because 
they were intubated and on mechanical ventilators, but were not sedated and were conscious, 
reported that they felt “buried alive”; some thought they were already dead (Perry 1985). Most 
of these patients said they would rather die than go through 4 days of being paralyzed while 
conscious again. A study of patients who emerged from anesthesia but were still paralyzed from 
neuromuscular blockers gave reports of panic, suffocation, and a feeling of already being dead 
(Thomsen et al. 2015). These experiences were horrific enough to trigger post-traumatic stress 
disorder (PTSD) in some unfortunate patients.        
 
The above papers show that vecuronium or pancuronium, or any other paralytic drug, should 
only be used in patients that are anesthetized and unconscious. In documented cases where 
patients or experimental subjects were awake but paralyzed, intolerable and damaging 
experiences of pain, panic, and suffocation occurred.   
  
B. Pharmacology and Clinical Effects of Potassium Chloride 
 
Potassium chloride for injection is an electrolyte solution used for the treatment of 
hypokalemia, which means low blood-potassium levels (Potassium Chloride for Injection 
Prescribing Information). Hypokalemia can be life-threatening and can lead to dysfunction of 
excitable tissues such as cardiac, skeletal, and smooth muscle (Kruse and Carlson 1990). The low 
potassium of hypokalemia may result in muscular paralysis, respiratory failure, and cardiac 
abnormalities, which can be fatal.    
 
Potassium chloride for injection is also used in late-term abortions of a fetus with genetic or 
severe, non-viable abnormalities (Isada et al. 1992, Senat et al. 2002, Sfakianaki et al. 2014). In 
these cases, potassium chloride is delivered directly into the fetal heart chamber or into the 
umbilical vein.  
 
There are a few cases of high-dose potassium-chloride injection in awake patients, which only 
occurs as a result of an accident or intentional homicide in the hospital setting (Wetherton et al. 
2003). The earliest report of an accidental high dose of IV potassium chloride due to improper 
mixing was in a male patient who immediately complained of a severe pain moving up his arm 
(above the site of the IV) and a ringing in his ears (Lankton et al. 1973). The patient then lost 
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consciousness, stopped breathing, and his heart stopped beating. Another case study in that 
same year reported that an IV infusion of potassium chloride produced severe pain at the site 
of the IV infusion (Williams 1973). In a forensic report of four IV potassium-chloride-induced 
deaths at hospital, one man who accidentally received a high-dose IV infusion of potassium 
chloride screamed out in pain (Wetherton et al. 2003). Potassium-chloride IV injections are also 
documented as a rare method of suicide in health care workers, but self-reports of the effects 
noted by these persons are unavailable (Battefort et al. 2012, Bertol et al. 2012).   
 
The above studies show that IV administration of potassium chloride at high doses leads to 
severe pain in awake, unanesthetized patients.  
 
C. Importance of Achieving General Anesthesia 
 
In the case of lethal injection using a three-drug protocol, it is crucial to insure that the first drug 
achieves General Anesthesia because of the intolerable effects of the second drug (muscle 
paralytic) and third drug (potassium chloride). 
 
Clinical experience with non-responsive patients shows that a cautious approach to the risk 
evaluation of midazolam’s ability to produce General Anesthesia should be taken. Patients that 
are non-responsive are diagnosed of being in a vegetative state after repeated tests of 
consciousness show no evidence of sustained, reproducible, purposeful, or voluntary behavioral 
response to visual, auditory, tactile, or noxious stimuli (MacDonald et al. 2015). These tests in 
non-responsive patients are the same as tests used by anesthesiologists to detect the surgical 
plane of anesthesia. In the non-responsive patients, studies show that up to 43% of these 
patients that are diagnosed as vegetative are actually aware or conscious. Additionally, studies 
document that some patients are not unconscious even when strong general anesthetics, like 
pentobarbital or inhalation agents, are used. (Escallier et al. 2014) These findings mandate a 
conservative approach to questions of the first drug used in a three-drug lethal injection 
protocol. In other words, even under the best circumstances, clinicians assessing non-responsive 
patients and anesthesiologists inducing general anesthesia appear to get it wrong a significant 
percentage of the time and their patients are not unconscious (or anesthetized) as often as they 
think.  
 
Because even trained anesthesiologists using powerful anesthetic drugs fail to detect awareness 
or consciousness a significant proportion of the time, the “consciousness check” articulated in 
Section IV.2.h(1) of Arkansas’s lethal injection protocol does not provide any assurance that the 
condemned inmate will be sufficiently anesthetized or that he will not experience the pain and 
suffering caused by the second two drugs in Arkansas’s protocol. According to Section 1.1 of the 
protocol, the “Deputy Director, or designee” who performs the consciousness check need not 
even be a physician or nurse, much less an anesthesiologist. Further, because it is 
pharmacologically impossible for midazolam to produce a state of General Anesthesia, as 
discussed above in Section 2 and further below in Section 5, any determination that the prisoner 
is unconscious when not in a state of General Anesthesia would by definition be erroneous.   
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D. Summary 
 
i. Vecuronium administration produces paralysis of muscles, including muscles that 

promote breathing, preventing movement in patients undergoing surgery.  
 
ii. Vecuronium administered to unanesthetized subjects in clinical studies gives rise to 

pain, panic, and suffocation, without a means to communicate this to others due to 
complete muscle paralysis.  

 
iii. Potassium chloride is used to produce cardiac arrest (stop the heart) in the condemned 

inmate.  
 
iv. Studies show that use of potassium chloride by IV injection in an awake and 

unanesthetized patient leads to severe pain radiating from the site of the IV infusion 
and cessation of breathing and heart function while conscious. 

 
v. The condemned inmate must be in a state of General Anesthesia, noted by loss of 

consciousness and the inability to respond to a noxious stimulus, before the administration 
of vecuronium and potassium chloride. 

 
5. Calculation of the ‘Ceiling Effect’ Dosage of Midazolam Used in Lethal Injection 
 
This section discusses the concept of the “ceiling effect” in further detail. It calculates the 
ceiling-effect dose of midazolam using a methodology described below; it then discusses other 
clinical studies regarding midazolam’s ceiling effect and their bearing on the calculation 
contained herein.  
 
A. Introduction to the Issue of the ‘Ceiling Effect’ With an IV Bolus Dose of Midazolam 
 
The ‘ceiling effect’ refers to the fact that greater doses of midazolam do not produce a greater 
pharmacological effect. The ceiling effect is well-known for midazolam and all similar drugs in 
the class called benzodiazepine sedative-hypnotics. By way of contrast, there is no ceiling effect 
seen with barbiturate sedative-hypnotics like thiopental and pentobarbital (see Section 2D 
above). The ceiling effect of midazolam and other benzodiazepines is not controversial and is 
portrayed in many introductory pharmacology textbooks (see Fig. 1 above). 
 
As detailed in Section 2D above, benzodiazepines (including midazolam) act by enhancing the 
inhibitory effect of the neurotransmitter, GABA, on brain neurons. The decrease in neuronal 
activity produced by the inhibitory neurotransmitter, GABA, is not ‘all or none’. GABA simply 
decreases the ongoing activity of neurons by a graded amount, depending on how much GABA 
is present. GABA is a limited resource in the brain, as it is made and released by inhibitory brain 
neurons, which are finite in number. Therefore midazolam is limited in its action by the amount 
of GABA present, whereas barbiturates are not limited by the amount of GABA present. 
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A little more pharmacology of benzodiazepines’ mechanism of action and an analogy is needed. 
Midazolam and other benzodiazepines potentiate the binding of GABA at the GABAA receptor, 
but at a site different than where GABA binds. This is called allosteric modulation. To use an 
analogy, the allosteric action of midazolam might be thought of as a Boy Scout helping an 
elderly woman (GABA) across the street. The woman can cross the street without the Boy Scout 
(midazolam) but his presence and assistance helps the elderly woman move faster. Midazolam 
and other benzodiazepines can only enhance GABA action and have no inhibitory action on 
brain neurons on their own. By this allosteric mechanism of action, benzodiazepines have an 
innate ‘ceiling effect’ and can only produce sedation on a limited plateau. Using our analogy, 
the Boy Scout can move the elderly woman across the street only so fast, the act of getting the 
woman across the street is still limited by the ability of the woman to ambulate on her own two 
legs. There is a ‘ceiling effect’ in how fast the woman can cross the street, even if two or more 
Boy Scouts were to help her.   
 
Most telling that midazolam has a ceiling effect is the lack of a fatal blood level range for 
midazolam in the latest compendium of therapeutic, toxic, and fatal blood levels of over 1,000 
drugs (Schulz et al. 2012). Table 5 below shows the blank space for the fatal blood levels of 
midazolam. There are few fatalities. 
 
Table 5. Therapeutic, toxic, and lethal ranges of pentobarbital and midazolam blood concentrations. 
Note the lack of fatal concentration ranges for midazolam. From Schulz et al. 2012. 

 

 

 
 
B. Calculation of Ceiling Effect 
 
This subsection calculates midazolam’s ceiling effect using a modeling approach based on 
extrapolation from in vitro and cell-culture testing. The calculation considers that the Arkansas 
Lethal Injection Protocol employs two syringes with 250 mg midazolam each for a total of 500 
mg. The State’s procedure also states that “after at least five (5) minutes have elapsed since 
commencing the administration of syringe 1A [the first 250 mg midazolam syringe], the Deputy 
Director, or designee, will confirm the condemned inmate is unconscious by using all necessary 
and medically-appropriate methods.”  Accordingly, the present subsection ultimately seeks to 
answer whether midazolam’s ceiling effect is reached at or below (1) the brain concentration of 
midazolam produced immediately after the IV bolus administration2 of a 500 mg midazolam 
dose and (2) the brain concentration 5 minutes after IV midazolam administration. 
 
The first step of this modeling approach is to determine the concentration at which 
midazolam’s ceiling effect occurs in studies done in vitro (using brain cells in a laboratory dish). 
Second, a calculation of the blood concentration of midazolam following a 500 mg IV bolus dose 

2 Bolus means a single IV injection all at one time as opposed to continuous infusion at a lower rate. 
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is made based on blood concentrations of midazolam following clinically-used doses. Third, 
based on the pharmacological data of midazolam crossing into the brain in preclinical studies, 
the extent of the 500 mg midazolam dose that enters the brain is calculated. Fourth, published 
studies are researched to calculate the concentration of midazolam in the brain after a 500 mg 
IV dose. Finally, by comparing the concentration of midazolam that produces a ceiling effect in 
studies done in vitro with the calculated concentration of midazolam in the human brain after a 
500 mg dose, the ceiling-effect dose is calculated.  
 
i. Ceiling Effect of Midazolam and Other Benzodiazepines Observed In Vitro 
 
This subsection will highlight cell culture in vitro studies and preclinical (animals) studies from 
the medical literature that determined the ceiling effect of midazolam and other 
benzodiazepines. These studies will provide specific numerical values that can be used to model 
the concentration in the brain of a condemned inmate after a 500 mg IV dose of midazolam. 
 
Table 6 below shows the threshold dose(s) that produced the observed ceiling effect in 
published studies of in vitro experiments. Most studies of diazepam show a ceiling effect 
threshold at 100 nM and all three studies of midazolam gave 100 nM as the concentration 
producing a ceiling effect.3 
 
 
 
 
 
 
 
 
 
 
 
 

3 Drug concentrations are measured with different units in different types of experiments or clinical 
studies. The in vitro studies presented in this subsection use Molar Concentration, which is basically a 
certain number of grams (1 Mole) in a liter of solution. 1 Mole of a drug in 1 Liter of solution gives a 
1.0 M concentration. Then, using the metric system prefixes, we know that 1 M = 1000 mM (milli-
Mole) which equals 1,000,000 μM (micro-Mole), which is equal to 1,000,000,000 nM (nano-Mole). For 
these types of studies, the drug solutions are mixed to make up different strengths, like 1 nM, 10 nM, 
100 nM, and 1000 nM, and these different solutions are bathed on different sets of cells in a Petri dish 
and the pharmacological effects measured. The results shown below for the in vitro studies of 
benzodiazepine effects use drug solutions in the units of nM.   

 
    Other units are used in other studies below. Concentration of drug in blood is often given in ng/mL 

(nano-grams per milli-Liter). Again using the metric system prefixes, we know that 1 g (gram) equals 
1000 mg (milli-grams) equals 1,000,000 μg (or mcg; micro-gram) equals 1,000,000,0000 ng (nano-
gram). Finally, doses of drugs are administered on a per weight basis, such as 2 mg/kg, or as the same 
dose for everybody, such as 500 mg dose of midazolam administered intravenously (IV). 
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Table 6. Summary of selected studies showing ceiling effect of diazepam and midazolam 
Benzodiazepine Ceiling effect at: Preparation Reference 
Diazepam 10 nMa Cell culture (mouse spinal 

neurons) 
Skerritt and Macdonald 
(1984)  

Diazepam 100 nM Cell culture (oocytes) Sigel and Baur (1988) 
Diazepam 50-100 nM Cell culture (mouse spinal 

neurons) 
Rogers et al. (1994) 

Diazepam 100 nM Cell culture (HEK cells) Li et al. (2013) 
Diazepam 100 nM Cell culture (oocytes) Rüsch and Forman (2005)  
Midazolam 100 nM Brain slices (rat) Rovira and Ben-Ari (1999)  
Midazolam 100-200 nM Brain slices (rat) Bai et al. (2001) 
Midazolam 100 nM Cell culture (oocytes) Rüsch and Forman (2005)  

a nM stands for ‘nanomolar’ which is a concentration term relating the number of drug molecules in a 
liter of solution.  

 
A ceiling effect, which is really just a limit on the potency of a drug (see discussion of partial 
agonists in Section 2D), was noted with benzodiazepines, including diazepam (Valium®) and 
midazolam (Versed®), in the research studies that determined the mechanism of action for 
benzodiazepine drugs. Samples of figures from these original research papers are reproduced 
below (next two page) so that it will be obvious that a ceiling effect is documented and 
pervasive in the scientific and pharmacological literature.  
 
Figures 4-7 on the next two pages show the actual graphs that confirm a ceiling effect for the 
benzodiazepines diazepam and midazolam from in vitro studies. The ceiling effect on these 
figures is denoted by a horizontal dashed blue line; this is the plateau that is reached where 
benzodiazepines given at higher concentrations do not produce greater effects.  
 
Figure legends under the graphs further explain the graphs and the ceiling effect concentration. 
This is the lowest concentration of drug that produces the plateau effect or ceiling effect.  
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Fig. 4. Various doses of the benzodiazepine, Diazepam, were added with 
GABA (open circles) and other drugs and the current measured on the 
vertical scale (Y-axis). Arrow shows ceiling effect threshold at 100 nM. 
Horizontal dash line shows the ceiling effect. From Fig. 4 in Li et al. 2013. 
 

 

 
Fig. 5. Various doses of the benzodiazepine, Diazepam (closed circle, top 
curve) were applied to cells in the presence of GABA and the current 
measured on the vertical scale (Y-axis). Arrow shows ceiling effect 
threshold at 10-7 M which is equal to 100 nM. Horizontal dash line shows 
the ceiling effect. From Fig. 4 in Sigel and Baur 1988.  
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Fig. 6.  Various doses of Midazolam (closed circle, top curve) along the 
horizontal scale (x-axis) were applied to cells in the presence of GABA and 
current measured on the vertical scale (Y-axis). Arrow shows ceiling effect 
threshold at 0.1 μM which is equal to 100 nM. Horizontal dash line shows 
ceiling effect. From Fig. 5B in Bai et al. 2001. 

 
 

 
 

Fig. 7. Various doses of Midazolam (closed circle, top curve) or Diazepam 
(closed squares, bottom curve) along the horizontal scale (x-axis) were 
applied to cells in the presence of GABA and current measured on the 
vertical scale (Y-axis). Arrow shows ceiling effect threshold at 10-7 M which 
is equal to 100 nM. Horizontal dash line shows ceiling effect. From Fig 2A 
in Rüsch and Forman 2005. 
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ii. Blood Levels of 500 Mg Midazolam after IV Bolus Dose in Humans 
 
As mentioned above, there are no studies in the literature that give the blood concentrations of 
midazolam following a 500 mg IV dose in humans, as this is higher than approved clinical doses. 
However, it is possible to review the blood concentrations in humans from studies examining 
the blood concentrations after clinical doses of IV midazolam. The data from these studies can 
then be used to model the blood concentrations of midazolam after a 500 mg IV dose.  
 
A clinical study measured the peak amount of midazolam in the blood after IV bolus 
administration of 5 mg midazolam in eight healthy volunteers (Schwagmeier et al. 1998). This 
study gave peak blood concentrations of nearly 120 ng/mL (nanogram per milliliter) after a 5 
mg IV dose. It follows then that with a 500 mg IV dose, the initial amount after direct IV bolus 
infusion is 100 times of what occurred with the 5 mg dose, which gives an initial blood 
concentration of 12,000 ng/mL of midazolam after a 500 mg IV dose.  
 
A direct linear modeling of the 500 mg IV dose from the 5 mg dose is supported by other 
studies. In a more recent study using half of the above 5 mg IV dose, a 2.5 mg IV dose of 
midazolam, the peak blood concentration of 51.2 ng/mL which is about half the peak blood 
concentration seen in the above clinical study using a 5 mg IV dose of midazolam (Veldhorst-
Janssen et al. 2011). Therefore it is not unreasonable to use this linear relationship to 
extrapolate as is done above 
 
Given the estimate that the initial concentration of midazolam in the blood after a 500 mg IV 
bolus dose is 12,000 ng/mL, the next determination is to model the fall of midazolam blood 
concentration over time to determine the amount of midazolam that is available for transfer to 
the brain during the first 5 minutes. Five minutes is a crucial time point, as the Arkansas 
Department of Corrections Lethal Injection Procedure mandates that the offender being put to 
death will be checked for unconsciousness at least 5 minutes after the infusion of midazolam 
begins. 
 
In order to determine the midazolam blood concentrations over time, it is necessary to have 
established pharmacokinetic data for IV midazolam. A key paper in this regard examined the 
pharmacokinetic data after dosing volunteers with 0.1 mg/kg midazolam IV infusions after 1 
minute, 1 hour, and 3 hour lengths of infusion (Greenblatt et al. 2004). The dosing of midazolam 
with a 1 minute bolus infusion in this study comes closest to the method to be used by the 
Arkansas Department of Corrections (see above). Using these data from this study,4 it was 
possible to model the blood concentration curve over time following the IV dose of 500 mg 
midazolam (see Fig. 8 next page). The modeling of the blood concentration curve following a 
500 mg IV midazolam dose was done using an Excel spreadsheet, as noted in the scientific 
literature (Chamberlain 2003) and was done above in Section 3B.  
  

4 The Greenblatt study found that a midazolam IV dose given in 1 minute had a half-life of immediate 
distribution (t½ alpha) of 21 min and a half-life of elimination (t½ beta) of 171.6 minutes. These 
parameters were plugged into the spreadsheet formula to give the model data plotted in Fig. 8. 
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Fig. 8. Blood concentration curve following a single IV bolus dose of 500 mg 
midazolam. Inset shows the region of the plot from 0-5 minutes. See text for 
further details. Arrows denote the initial blood concentration of midazolam 
and midazolam concentration after 5 minutes (inset). 

 
The key parameters calculated above are that following the 500 mg IV dose of midazolam, the 
initial highest concentration of midazolam is 12,000 ng/mL and after 5 minutes, the 
concentration of midazolam is 10,200 ng/mL.  
 
iii. Extent of Midazolam Entering the Human Brain after an IV Bolus Dose 
 
Studies that show the amount or extent of midazolam that enters the human brain would be 
best done by administering an IV dose in numerous people and then sampling brain tissue at 
various time points afterwards. These studies, of course, cannot be done. However, a number 
of preclinical studies in animals provide reliable data about the fraction of midazolam that 
crosses into the brain from the blood. These studies are reviewed next and will provide a value 
that can be used to determine the amount or extent of midazolam that enters the human brain 
after a 500 mg IV dose.  
 
It should first be noted that drugs in the blood bind to blood proteins such as albumin and 
gamma-globulins and the amount of protein binding varies with each drug. This is important as 
only the free (unbound) drug is available to cross from the blood into the brain to exert its 
effect. Midazolam is a drug with high blood-protein binding, on the order of 94-97% (Fragen 

10000
10200
10400
10600
10800
11000
11200
11400
11600
11800
12000

0 1 2 3 4 5
min

Blood Concentration Time-Course Curve after 500 
mg IV Midazolam 

([KLELW���3DJH���



Expert Report: AR lethal injection pharmacology 

Page 31 of 46 

1997). Using 95% as an estimate, this gives only 5% of the amount of midazolam in the blood 
available for crossing the blood-brain barrier and entering the brain. Taking this into account for 
the two key parameters of interest noted above, a 500 mg IV bolus of midazolam gives an initial 
free-drug blood concentration of 600 ng/mL (12,000 X 0.05) and a free-drug blood 
concentration at 5 minutes of 510 ng/mL (10,200 X 0.05).  
 
Preclinical studies of the fraction of midazolam that enters the brain after an IV dose are done 
by sampling the cerebrospinal fluid (CSF) along with the blood at various times after midazolam 
administration (Arendt et al. 1983, Jones et al. 1988). The CSF is a good surrogate for the fluid 
surrounding the brain cells, as it is relatively protein-free so there is little to no binding of drugs 
to proteins like that which occurs in the blood. The CSF circulates around and through the brain 
and spinal cord, bathing these tissues (Lin 2008). Fig. 9 below shows the concentration of 
midazolam in the blood and in brain CSF at the same time points from the paper by Arendt 
1983. 
 

 
Fig. 9. Midazolam-concentrations curve in blood (plasma, top curve) and 
in brain CSF (bottom curve) after a single 10 mg/kg IV bolus dose. Note that 
the CSF concentration is much less than blood at all time points but mirrors 
the blood curve. From Fig. 2 (left panel) in Arendt et al. (1983). 

 
The calculations performed in the study shown in Fig. 9 yielded a brain CSF/blood concentration 
ratio of 0.14 or 14% (Arendt et al. 1983). This ratio can be used in our determinations of brain 
concentration after 500 mg IV dose of midazolam to calculate that an initial blood 
concentration of 600 ng/mL midazolam equals 84 ng/mL in the brain (600 X 0.14) and at 5 
minutes after start of infusion, the blood concentration of 510 ng/mL is equal to 71.4 ng/mL 
(510 X 0.14) in the brain. 
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iv. Dosage of IV Midazolam That Produces a Ceiling Effect in Humans 
 
The above data gave the measurement of midazolam in blood in the units of ng/mL, or 
nanogram per milliliter, is a weight per volume measure, like mixing a teaspoon of salt in a glass 
of water). However, the existing data on the concentration of midazolam that produces a ceiling 
effect from in vitro studies reviewed above gave a value of 100 nM (nanomolar), which is in 
different units. The brain concentration of midazolam, as calculated in ng/mL above, must be 
converted to nanomolar terms to compare it with the existing in vitro data showing that 
midazolam’s ceiling effect occurs at a midazolam concentration of 100 nM. This conversion is 
done by using the molecular weight of midazolam which gives the relationship between grams 
and moles.5 For example, a concentration of midazolam of 32.6 ng/mL in the brain equals 100 
nM in molar terms.  
 
The calculated values of the brain concentrations of midazolam following a 500 mg IV dose gave 
an estimate of 84 ng/mL when the infusion begins and 71.4 ng/mL after 5 minutes elapsed from 
the start of the infusion. These two values expressed in nM are: 84 ng/mL = 257.9 nM and 71.4 
ng/mL = 219.2 nM. 
 
Given that midazolam shows ceiling effects at 100 nM concentration (see Table 6 above), the 
estimated initial brain concentration for midazolam using a 500 mg IV dose is about 2.6 times 
higher (at 257.9 nM) than the concentration of midazolam that produces a ceiling effect (100 
nM). Five minutes6 after the 500 mg IV midazolam administration, the brain concentrations for 
midazolam are estimated to be 219.2 nM or approximately double the ceiling effect 
concentration of 100 nM shown in preclinical studies (Table 6).  
 
The midazolam dose that results in a 100 nM concentration of midazolam, the ceiling effect 
concentration, is obtained by using the values of brain concentration obtained with a 500 mg IV 
dose above after 5 minutes. A 500 mg IV dose gives a brain concentration of 219.2 nM after 5 
minutes which is 2.192 times the ceiling effect concentration of 100 nM. Therefore, a dose that 
is 2.192 times less than 500 mg is 228 mg. Thus, a 228 mg IV dose of midazolam would be 
expected to reach the threshold concentration of midazolam to produce a ceiling effect after 5 
minutes.  
 
C. Comparison to clinical studies 
 
Midazolam’s anesthetic effects have also been studied in the clinical setting. This section 
provides an overview of bispectral analysis (BIS), reports results based on BIS, and discusses 
discrepancies between the ceiling effect calculated using the above modeling method and the 
ceiling effect noted in BIS-based studies. 

5  Calculations were assisted by the Molar solution concentration calculator found at 
www.physiologyweb.com.  

 
6  Five minutes was chosen as the time point to examine as that is the time after midazolam 

administration that the first consciousness check is performed according to the Arkansas lethal 
injection protocol. 
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i. Bispectral Analysis (BIS)  
 
Scientific models of consciousness rely on the measurement of activity in different areas of the 
brain and the known functions associated with them. When a general anesthetic is given, there 
is inhibition of the activity in the higher-order association areas of the brain more so than in the 
primary processing areas of the brain (MacDonald et al. 2015). Most telling, as patients come 
out of general anesthesia, there is dramatic and sudden activation of the higher-order 
association areas of the brain regions that correlates with patient responding to verbal 
commands (Långsjö et al. 2012). To a first approximation, consciousness is correlated to activity 
in brain-association areas and therefore unconsciousness is correlated to lack of activity in these 
brain association areas.  
 
Researchers and clinicians have developed a way to measure the depth of general anesthesia 
using the technique of electroencephalograms (EEG). The EEG recordings are processed by the 
computer with a method called bispectral analysis, or BIS (Escallier et al. 2014). BIS gives a single 
number, on the scale from 100 (completely awake and alert) to 0 (coma and EEG burst 
suppression). BIS values are the most common objective means for assessing the effects of 
anesthetic agents, with lower values correlated to greater degrees of brain-activity depression.  
 
Clinical signs of anesthesia correlate moderately well with BIS scores (Weaver et al. 1970). BIS 
values less than 60 are targeted during general anesthesia procedures as that is the depth of 
anesthesia associated with lack of awareness (Weaver et al. 1970). In this study, BIS values of 60 
or less correlated with General Anesthesia, 65 with Deep Sedation and 80 to Moderate Sedation 
(see ASA table in section 2E above). Later studies have verified that a BIS value of 40-60 is 
considered to reflect the state of General Anesthesia (Escallier et al. 2014). For example, one 
study showed the BIS levels of patients who moved at skin incision (mean BIS value of 65) was 
greater than patients who did not move in response to skin incision (mean BIS value of 40) 
(Johansen and Sebel 2000). 
 
Using thiopental doses to induce (but not maintain general anesthesia) gave BIS values as low as 
60 (Yoo et al. 2012). Pentobarbital has decreased the depth of General Anesthesia in cases of 
intractable seizures to BIS values as low as 3 to induce barbiturate coma (Jaggi et al. 2003). 
These studies show that barbiturates are capable of reducing BIS levels consistent with General 
Anesthesia, and that high-dose administration of barbiturates can reduce cortical brain activity 
to near zero.  

 
ii. Clinical studies of midazolam and BIS 
 
Generally, midazolam is used as a premedicant before general anesthesia or for regional 
anesthesia (Khanderia and Pandit 1987). Midazolam is a less reliable induction agent than 
thiopental and induction of anesthesia using midazolam alone is unpredictable. Clinically, 
benzodiazepines such as midazolam are not used as much for anesthesia or induction of 
anesthesia but for conscious sedation (Giovannitti and Trapp 1991). Conscious sedation is a 
drug-induced state of relaxation where the patient remains conscious with reflexes intact and 
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little effect on cardiovascular or respiratory function (see ASA table in section 2E above). 
Midazolam is often used with an opioid analgesic in outpatient procedures such as colonoscopy 
and oral surgery.   
 
Clinical studies examining the relationship of midazolam’s BIS values to the level of sedation are 
considered first. BIS values of in the range of 77-92 were reported after repeated IV doses of 
midazolam in a surgical outpatient study (Sandler 2000). In surgery patients, the BIS threshold 
for responding to a verbal command after midazolam was 80, whereas patients did not respond 
to verbal command when a BIS score of 77 was observed (Ibrahim et al. 2001). In a clinical study 
using adult healthy volunteers, IV midazolam was infused until patients become unresponsive to 
mild prodding or shaking (Lui et al. 1996). Midazolam at total doses ranging from 4.5 to 20 mg IV 
decreased the BIS to a mean value of 69.  
 
Clinical studies that show a ceiling effect of midazolam with regard to lowering the BIS values 
are described next. These studies noted that increasing doses of IV midazolam do not produce 
greater pharmacological effects in lowering the BIS values. One study noted that an IV 
midazolam dose of 0.3 mg/kg (25 mg for a typical 180 lb. adult) did not produce greater 
depression of the brain (as noted by the BIS value) than a dose of 0.2 mg/kg, or about 16 mg 
(Miyake et al. 2010). The authors note that a greater maximal effect was not seen in previous 
studies where IV midazolam showed a maximal dose of brain activity depression yielding a BIS 
value of 70, but not lower (Ibrahim et al. 2002, Kuizenga et al. 2001). These data suggest that a 
ceiling effect in humans occurs after an IV infusion dose of 25 mg.  
 
The sedation that can be produced by midazolam, and the lack of General Anesthesia at any 
dose, is insufficient to render the prisoner insensate to the torturous effects of vecuronium 
bromide and potassium chloride. A prisoner sedated only with midazolam would be conscious of 
the suffocating effects of vecuronium bromide but, as a result of its paralytic properties, be 
unable to communicate his or her distress. The prisoner would also be subjected to the burning 
sensation of the 3rd drug, potassium chloride. 
 
iii. Comparison between modeling and clinical studies 
 
The dose of IV midazolam that produces a ceiling effect in clinical studies is lower (25 mg) than 
the theoretical ceiling-effect dose calculated above (228 mg). The difference in these results are 
not unexpected. The ceiling-effect dose of 25 mg comes from clinical studies examining 
midazolam’s effects in patients. The calculated ceiling dose of 228 mg midazolam is mainly 
based on in vitro and preclinical studies. It is likely that that in vitro data using cell cultures are 
less sensitive to midazolam compared to the clinical effects of midazolam in patients.  
 
Significantly, the ceiling effect of midazolam in the range of 25 to 228 mg IV means that 
increasing doses of midazolam do not produce increasing effects. The ceiling effect of 
midazolam is the reason why midazolam cannot produce the general anesthesia needed for a 
first drug in a three drug protocol.  
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D. Summary 
 
The findings from this section are: 
 
i. The ceiling effect of midazolam is a direct result of midazolam’s mechanism of action. 

Pentobarbital and other barbiturates have a different mechanism of action and therefore do 
not exhibit a ceiling effect. 

 
ii. Research done in vitro shows that the ceiling effect of midazolam occurs, under those 

conditions, at a concentration of 100 nM.  
 
iii. An IV bolus dose of 500 mg midazolam produces a brain concentration that is 2 times higher 

than the concentration of midazolam that produces a ceiling effect at 5 minutes.  
 
iv. An IV bolus dose of 228 mg midazolam is sufficient to reach the threshold of midazolam’s 

ceiling effect at 5 minutes after administration. Amounts beyond that dose are not expected 
to produce a greater effect. 

 
v. Clinical studies show that the ceiling effect of IV midazolam occur at infusion doses of about 

25 mg. These studies show that greater midazolam doses do not produce greater depression 
of brain activity and cannot produce a state of General Anesthesia. 

 
vi. Midazolam at a dose of 500 mg IV cannot be relied on to render someone sufficiently 

unconscious to block the noxious stimuli that will occur from the application of the remaining 
drugs in the protocol. 

 
6. Pharmacological Considerations of Alternative One-Drug Protocols for Lethal Injections 
 
Anesthetic Gases Produce General Anesthesia and Overdose Death  
 
While IV anesthetics like thiopental, pentobarbital, or propofol are used to induce anesthesia, 
inhalational agents (gases) are generally used to maintain general anesthesia during surgical 
procedures (Potyk 1998). Halothane was the prototypical inhalational agent, but is no longer 
available in the U.S. due to a high incidence of hepatic toxicity with its use (Rosenberg and 
Weaver 1991). General anesthesia for most surgical operations is done using newer inhalational 
agents, like sevoflurane, desflurane, or isoflurane (Ghatge et al. 2003). Inhalational agents, like 
barbiturates, are potent activators of the GABAA receptor (Franks and Lieb 1994). Like 
barbiturates and unlike benzodiazepines, inhalational general anesthetics can produce their 
potent effects at the GABAA receptor with or without GABA present. Inhalational general 
anesthetics like sevoflurane, desflurane, and isoflurane also act on a number of other ion 
channels to shut down brain activity (Franks 2006). 
 
Desflurane and isoflurane irritate the respiratory tract during induction of anesthesia, so they are 
used for maintaining general anesthesia once induction with another agent has occurred 
(Rosenberg and Weaver 1991). For that reason, only sevoflurane will be considered further in 
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this section. Sevoflurane is an ideal inhalational agent, as it can be also be used for induction of 
anesthesia and therefore substitute for an IV general anesthetic like thiopental, pentobarbital, or 
propofol (Ghatke et al. 2003). Sevoflurane is not pungent to the patient and produces a rapid 
onset of general anesthesia. A state of general anesthesia occurs within 2 minutes after 
administration of sevoflurane for induction and is quicker than after administration of isoflurane 
(Ghatge et al. 2003, Sakai et al. 2005).  
 
As detailed in Section 5C above, a calculation based on the EEG activity (the BIS value) during 
administration of an anesthetic provides an objective measure of the level of sedation. A BIS 
value of 40-60 is considered to reflect the state of General Anesthesia (Escallier et al. 2014). 
Sevoflurane administration reliably produces a state of General Anesthesia and decreases BIS to 
values consistent with General Anesthesia or deeper, with BIS values as low as 10-20 (Kreuer et 
al. 2008). In a study of women undergoing C-section, sevoflurane decreased BIS to a mean value 
of 39 (Zand et al. 2014). For interventional radiology, BIS levels titrated to the range of 40-49 
were needed to prevent movement of patients undergoing procedures with sevoflurane 
anesthesia (Jung et al. 2015).  
 
Sevoflurane administration can lead to death by cardiac and respiratory depression, as shown by 
the forensic reports of cases involving sevoflurane overdose deaths (Levine et al. 2007, Rosales 
et al. 2007).  
 
The procedures for administering an anesthetic gas requires less training than placement and 
delivery of a drug by IV. With sevoflurane, there is no need for IV access to induce anesthesia; 
sevoflurane is non-irritating and can be used directly for mask induction (Sakai et al. 2005). 
There is a cost for the equipment, and the anesthesia machine should include a waste gas 
scavenger system.7 Because inhalational agents like sevoflurane are even more potent than 
barbiturates, they can be used in over-dosage as the sole lethal agent and would produce a rapid 
and painless death. 
 
Equipment costs are relatively inexpensive, with used Anesthesia Machines, including 
sevoflurane and isoflurane vaporizers, available on Ebay and other medical-equipment-resale 
sites for around $2,000.8 Newly manufactured machines may go for 3-5 times that cost 
depending on the model and features. Online training for personnel operating the Anesthesia 
Machines is available from manufacturers’ websites.9  
 

7 Examples of various waste gas scavenger systems are given in the 2013 white paper entitled 
“Management of Waste Anesthetic Gases” from the American Association of Nurse Anesthetists 
(AANA) available at: 
www.aana.com/resources2/professionalpractice/Documents/PPM%20Management%20Waste%20Ga
s.pdf 

 
8 Ebay Anesthesia Machines at: www.ebay.com/bhp/anesthesia-machine 
 
9 For example, at http://static.draeger.com/trainer/apollo/apollo_trainer/start.html#id=A1100 
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The inhalant drugs sevoflurane, desflurane, and isoflurane are commercially available in FDA-
approved forms. Sevoflurane is available from Abbvie Pharmaceuticals in North Chicago, IL; 
Piramal Critical in Bethlehem, PA; Baxter Health Corporation in Deerfield, IL; Halocarbon 
Products in Peachtree Corners, GA; and Shanghai Hengrui, in Shanghai, China. Desflurane 
(Suprane®) is sold by Baxter Health Corporation of Round Lake, IL. Isoflurane (Forane®) is also 
available from Baxter Health Corporation and four other manufacturers.  
 
In summary, FDA-approved, fast-acting inhalant anesthetics are commercially available, and a 
massive overdose of such drugs would produce a rapid and painless death.   
 
7. Overall Summary and Conclusions 
 
i. The State’s decision to substitute midazolam for pentobarbital or thiopental as the first drug 

in the three-drug lethal injection protocol was made without sound medical or scientific 
reasoning or expert pharmacological advice. Pharmacological substitution is a legitimate 
method to provide equal pharmacological effects when one drug may no longer be available. 
For example, the muscle paralytic pancuronium, the second drug in the three-drug lethal 
injection protocol, can be substituted with the muscle paralytic vecuronium without violating 
pharmacological equivalency, as the two drugs are in the same drug class and have the same 
mechanism of action. Pancuronium and vecuronium have pharmacological equivalency.  

 
However, it is not pharmacologically defensible to substitute barbiturates (like pentobarbital 
or thiopental) with the benzodiazepine midazolam, because no pharmacological equivalency 
exists. The final evidence of midazolam’s non-equivalency with thiopental or pentobarbital is 
the fact that no state has attempted to use midazolam in a one-drug lethal injection protocol. 
If midazolam and pentobarbital (or thiopental) were pharmacologically equivalent, midazolam 
could be used as the sole agent in a one-drug lethal injection protocol using, as many states 
have done, using a single barbiturate drug, namely pentobarbital. The lack of one-drug lethal 
injection protocols using midazolam by any State in the Union is a tacit admission that 
midazolam and pentobarbital (or thiopental) are not pharmacologically equivalent. 

 
ii. Because midazolam cannot induce General Anesthesia, a prisoner sedated with midazolam 

would consciously experience the suffocating effects of the vecuronium bromide and the 
burning pain of the potassium-chloride injection. The consciousness check specified by 
Arkansas’s lethal injection protocol provides no protection; inasmuch as midazolam is 
pharmacologically incapable of providing adequate anesthesia, any determination that the 
prisoner is adequately anesthetized would necessarily be erroneous. As such, Arkansas’s 
lethal injection protocol is sure or very likely to cause serious pain and suffering. Due to the 
paralytic effects of vecuroniun bromide, such serious pain and suffering would likely be 
invisible to observers of the execution procedure. 

 
iii. A single-drug execution protocol would significantly reduce the risk of pain and suffering. 

FDA-approved, fast-acting inhalant anesthetics are commercially available and would produce 
a rapid and painless death. 
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FDA alerts health care professionals not to use sterile 
drugs from Downing Labs (aka NuVision Pharmacy)
[7/18/2014] The U.S. Food and Drug Administration is alerting health care professionals and consumers not to use 
drugs marketed as sterile produced by Downing Labs LLC, also known as NuVision Pharmacy, in Dallas, as they 
may be contaminated.   

Health care professionals should immediately check their medical supplies, quarantine any sterile drug products from 
NuVision, and not administer them to patients. Administration of a non-sterile drug product intended to be sterile may 
result in serious and potentially life-threatening infections or death. 

NuVision’s products were distributed nationwide. Most of the product labels include: NuVision Pharmacy, Dallas TX. 
75244 1-800-914-7435.  

FDA investigators inspected NuVision and observed insanitary conditions that result in a lack of sterility assurance of 
purportedly sterile drug products produced by the company, which puts patients at risk (Form FDA-483 issued July 
16, 2014). The inspection revealed sterility failures in 19 lots of drug products intended to be sterile, endotoxin 
failures in three lots of drug products, and inadequate or no investigation of these failures. Endotoxins are substances 
found in certain bacteria that cause a wide variety of serious reactions such as fever, shock, changes in blood 
pressure, and in other circulatory functions. 

Patients who have received any drug product produced by NuVision and have concerns should contact their health 
care professional. 

FDA is not aware of recent reports of illness associated with the use of these products. FDA asks health care 
professionals and consumers to report adverse events or quality problems associated with the use of NuVision’s 
products to FDA’s MedWatch Adverse Event Reporting program by: 

x Completing and submitting the report online at MedWatch Online Voluntary Reporting Form 
x Downloading and completing the form (PDF - 1.22MB), then submitting it via fax at 1-800-FDA-0178 

For more information: 

x FDA press release, April 15, 2013: FDA issues alert about lack of sterility assurance of drug products from 
ApotheCure, Inc. and NuVision Pharmacy and of forthcoming recall   

x FDA Form 483 issued April 16, 2013 
x FDA press release, May 18, 2013: FDA expands alert to health care providers about lack of sterility assurance of 

all sterile drug products from NuVision Pharmacy 
x FDA recall request, July 26, 2013 
x FDA press release, Aug. 16, 2013: FDA reminds health care providers not to use sterile products from NuVision 

Pharmacy 
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Grandpa's Compounding Pharmacy, Inc. 5/2/14

Department of Health and Human Services

Public Health Service
Food and Drug Administration

San Francisco District
1431 Harbor Bay Parkway
Alameda, CA 94501-7070
Telephone (510) 337-6700

Warning Letter

WL: 423162

CERTIFIED MAIL                                                                        
RETURN RECEIPT REQUESTED

May 2, 2014 

Daniel R. Wills 
General Business Manager 
Grandpa’s Compounding Pharmacy, Inc.
7563 Green Valley Road 
Placerville, CA 95667-3917 

Dear Mr. Wills: 

Between September 3, 2013 and September 10, 2013, U.S. Food and Drug Administration (FDA) investigators 
conducted an inspection of your facility, Grandpa’s Compounding Pharmacy, Inc., 7563 Green Valley Road, 
Placerville, CA 95667-3917. During the inspection, FDA’s investigators were accompanied by California State Board 
of Pharmacy (BOP) inspectors.  At that time, the investigators noted that you were not receiving valid prescriptions for 
individually-identified patients for a portion of the drug products you were producing. In addition, the investigators 
observed serious deficiencies in your practices for producing sterile drug products and flaws in the design of your 
aseptic processing areas, which could lead to contamination of the products, potentially putting patients at risk. For 
example, we observed that the air supply duct work for the cleanroom consists of, in part, a (b)(4) held together, in 
part, with duct tape. We also observed that the cleanroom contained an in-wall air conditioner bringing outside air into 
the room where aseptic manipulations are occurring. These items are difficult to clean and could allow for air to enter 
the cleanroom that has unacceptable microbial and particulate levels. Furthermore, we observed operators with 
exposed wrist and forearm skin engaging in aseptic manipulations. In addition, we observed that your firm uses tap 
water and a(b)(4) to clean and depyrogenate containers and closures; these are not suitable to depyrogenate the 
containers and closures intended for injectable drug products.  Therefore, your products may be produced in an 
environment that poses a significant contamination risk.  These observations and others were noted on a Form FDA 
483, issued on September 10, 2013.  We acknowledge receipt of your firm’s response to the Form FDA 483 dated 
September 20, 2013, in which your firm stated it would cease all sterile compounding. 

 Based on this inspection, it appears that you are producing drugs that violate the Federal Food, Drug, and Cosmetic 
Act (FDCA). 
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A.  Compounded Drugs Under the FDCA

 At the time FDA inspected your facility, there were conflicting judicial decisions regarding the applicability of section 
503A of the FDCA [21 U.S.C. § 353a], which exempts compounded drugs from several key statutory requirements if 
certain conditions are met.[1] Nevertheless, receipt of valid prescriptions for individually-identified patients prior to 
distribution of compounded drugs was relevant for both section 503A of the FDCA and the agency’s Compliance 
Policy Guide 460.200 on Pharmacy Compounding (CPG) (2002), which was then in effect (CPG) (2002). [2] During the 
inspection, investigators observed that your firm does not receive valid prescriptions for individually-identified patients 
for a portion of the drug products you produce. Based on this factor alone, those drugs were not entitled to the 
statutory exemptions for compounded drugs described in section 503A of the FDCA and did not qualify for the 
agency’s exercise of enforcement discretion set forth in the CPG.[3]

 Since FDA inspected your facility, Congress enacted and the President signed into law the Compounding Quality Act 
(CQA)[4], which amended FDCA section 503A by eliminating the advertising restrictions that had been the basis for 
conflicting judicial decisions. The CQA otherwise left section 503A intact, and so clarified that the remainder of 
section 503A, including the requirement of valid prescriptions for individually identified patients, is applicable in every 
federal judicial circuit. Accordingly, the drugs you compound without valid prescriptions for individually identified 
patients are not entitled to the exemptions in section 503A.[5]

In addition, we remind you that there are a number of other conditions that must be satisfied to qualify for the 
exemptions in section 503A of the FDCA.[6]

B.  Violations of the FDCA

The drug products that you manufacture and distribute without valid prescriptions for individually-identified 
patients are misbranded drugs in violation of section 502(f)(1) [21 U.S.C. § 352(f)(1)] of the FDCA. In addition, your
sterile drug products are prepared, packed, or held under insanitary conditions whereby they may have been 
contaminated with filth, or whereby they may have been rendered injurious to health. As such, all sterile products you 
manufacture are adulterated within the meaning of section 501(a)(2)(A) [21 U.S.C. § 351(a)(2)(A)] of the 
FDCA. Furthermore, because you manufacture and distribute drugs without valid prescriptions for individually-
identified patients, the manufacture of those drugs is also subject to FDA’s Current Good Manufacturing Practice 
(CGMP) regulations for Finished Pharmaceuticals, Title 21, Code of Federal Regulations (CFR), Parts 210 and 
211. FDA investigators observed significant CGMP violations at your facility, causing such drug product(s) to be 
adulterated within the meaning of section 501(a)(2)(B) of the FDCA [21 U.S.C. § 351(a)(2)(B)]. 

Misbranded Drug Products

 Because the drug products for which you have not obtained valid prescriptions for individually-identified patients are 
intended for conditions that are not amenable to self-diagnosis and treatment by individuals who are not medical 
practitioners, adequate directions cannot be written for them so that a layperson can use these drug products safely 
for their intended uses. Consequently, their labeling fails to bear adequate directions for their intended uses, causing 
them to be misbranded under section 502(f)(1) of the FDCA [21 U.S.C. § 352(f)(1)], and they are not exempt from the 
requirements of section 502(f)(1) of the FDCA (see, e.g., 21 C.F.R. § 201.115). It is a prohibited act under section 
301(k) of the FDCA [21 U.S.C. § 331(k)] to do any act with respect to a drug, if such act is done while the drug is held 
for sale after shipment in interstate commerce of the components used to make the drug and results in the drug being 
misbranded. 

Adulteration Charges

 Additionally, FDA investigators noted that your sterile drug products were prepared, packed, or held under insanitary 
conditions, whereby they may have become contaminated with filth or rendered injurious to health, causing your drug 
products to be adulterated under section 501(a)(2)(A) of the FDCA [21 U.S.C. § 351(a)(2)(A)]. Examples of these 
conditions include an air supply system that is composed of, in part, a (b)(4) held together, in part, with duct tape; an 
in-wall air conditioner; operators performing aseptic manipulations with exposed wrist and forearm skin; and the use 
of tap water and a (b)(4) to clean and depyrogenate containers and closures intended for injectable drug products. 
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FDA investigators also noted CGMP violations at your facility, causing the drug products for which you have not 
obtained valid prescriptions for individually-identified patients to be adulterated under section 501(a)(2)(B) of the 
FDCA [21 U.S.C. § 351(a)(2)(B)]. The violations include, for example: 

1.  Your firm failed to establish an adequate air supply filtered through high-efficiency particulate air filters under 
positive pressure in the aseptic processing areas (21 CFR 211.42(c)(10)(iii)). 

2.  Your firm failed to establish and follow appropriate written procedures that are designed to prevent 
microbiological contamination of drug products purporting to be sterile, and that include validation of all aseptic and 
sterilization processes (21 CFR 211.113(b)). 

3.  Your firm failed to ensure that manufacturing personnel wear clothing appropriate to protect drug product from 
contamination (21 CFR 211.28(a)). 

4.  Your firm failed to establish an adequate system for monitoring environmental conditions in aseptic processing 
areas (21 CFR 211.42(c)(10)(iv)). 

5.  Your firm does not have, for each batch of drug product purporting to be sterile and/or pyrogen-free, appropriate 
laboratory determination of satisfactory conformance to final specifications for the drug product (21 CFR 211.167(a)). 

It is a prohibited act under section 301(k) of the FDCA [21 U.S.C. § 331(k)] to do any act with respect to a drug, if 
such act is done while the drug is held for sale after shipment in interstate commerce of the components used to 
make the drug and results in the drug being adulterated. 

C.  Corrective Actions

We are aware that the California State BOP issued a Notice of Violation and Embargo Notice to your firm on 
September 6, 2013. Additionally, on September 10, 2013, the California State BOP issued another Embargo Notice 
to recall all sterile drug products due to a lack of viable sterility and endotoxin testing, ordered your firm to 
immediately cease and desist the compounding of injectable sterile drug products (effective until October 31, 2013), 
and cancelled your firm’s sterile compounding license.  In a letter to the BOP dated September 16, 2013 (and 
referenced in your response to the Form FDA 483 dated September 20, 2013), you agreed to voluntarily relinquish 
your State of California Sterile Compounding License (LSC 99109) to the BOP. 

In your September 20, 2013 response to the Form FDA 483, you stated that you had decided at that time to no longer 
continue sterile compounding. In addition, you stated that your lawyer was “looking over the observations and may 
have a further response, but he is currently on vacation.” No other responses from your firm have been received by 
FDA since that time. In your letter to the California State BOP dated September 16, 2013, you stated you would 
continue to compound products that do not require you to have the licensed sterile compounding permit, as well as all 
other operations as a retail pharmacy. 

FDA strongly recommends that if you decide to resume production of sterile drugs, your management immediately 
undertake a comprehensive assessment of your manufacturing operations, including facility design, procedures, 
personnel, processes, materials, and systems. In particular, this review should assess your aseptic processing 
operations. A third party consultant with relevant sterile drug manufacturing expertise could be useful in conducting 
this comprehensive evaluation. 

As noted above, your firm has manufactured and distributed drug products without valid prescriptions for individually-
identified patients, and the manufacture of such drugs is subject to FDA’s drug CGMP regulations, 21 CFR Parts 210 
and 211. Before resuming such operations, you should fully implement corrective actions that meet the minimum 
requirements of 21 CFR Part 211 in order to provide assurance that the drug product(s) produced by your firm 
conform to the basic quality standards that ensure safety, identity, strength, quality, and purity.  
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In addition, if you resume sterile compounding, you should also correct the violations of FDCA section 502(f)(1) noted 
above. 

D.  Conclusion

The violations cited in this letter are not intended to be an all-inclusive statement of violations at your facility. You are 
responsible for investigating and determining the causes of the violations identified above and for preventing their 
recurrence or the occurrence of other violations. It is your responsibility to ensure that your firm complies with all 
requirements of federal law and FDA regulations. 

If you decide to resume sterile drug operations, you should take prompt action to correct the violations cited in this 
letter. Failure to promptly correct these violations may result in legal action without further notice, including, without 
limitation, seizure and injunction. 

Within fifteen working days of receipt of this letter, please notify this office in writing if you have taken specific steps to
correct violations, or you may inform us that you do not intend to resume production of sterile drugs.  If you intend to 
resume production of sterile drugs in the future, please include an explanation of each step being taken to prevent the 
recurrence of violations, as well as copies of related documentation. If you do not believe that the products discussed 
above are in violation of the FDCA, include your reasoning and any supporting information for our consideration. In 
addition to taking appropriate corrective actions, you should notify this office prior to resuming production of any 
sterile drugs in the future. Your written reply should be addressed to: 

Lawton Lum 
Director, Compliance Branch 
U.S. Food and Drug Administration 
1431 Harbor Bay Parkway 
Alameda, CA 94502 

If you have questions regarding any issues in this letter, please contact Mr. Russell Campbell, Compliance Officer, at 
510-337-6861. 

Sincerely, 
/S/

Kathleen M. Lewis, J.D. 
District Director 

cc:        
Virginia Herold, Executive Officer 
California State Board of Pharmacy 
1625 N Market Street 
Sacramento, CA 95834 

[1] Compare Western States Med. Ctr. v. Shalala, 238 F.3d 1090 (9th Cir. 2001) with Medical Ctr. Pharm. 
v. Mukasey, 536 F.3d 383 (5th Cir. 2008).

[2] The CPG set forth a non-exhaustive list of factors that FDA considered in determining whether to take 
enforcement action when the scope and nature of a pharmacy's activities raised concerns. This CPG has 
been withdrawn in light of new legislation. See below.

[3] See 21 U.S.C. § 353a(a) (granting compounded drugs statutory exemptions if, among other things, 
“the drug product is compounded for an identified individual patient based on the . . . receipt of a valid 
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prescription order or a notation, approved by the prescribing practitioner, on the prescription order that a 
compounded product is necessary for the identified patient . . . .”); CPG at 2 (“FDA recognizes that 
pharmacists traditionally have extemporaneously compounded and manipulated reasonable quantities of 
human drugs upon receipt of a valid prescription for an individually-identified patient from a licensed 
practitioner. This traditional activity is not the subject of this guidance.”).

[4] Drug Quality and Security Act, Public Law 113-54, 127 Stat. 587 (Nov. 27, 2013).

[5]The CQA contains a number of other provisions, including new exemptions and requirements for 
compounders seeking to operate as outsourcing facilities. A discussion of the CQA and the agency’s 
plans to implement the new law may be found at 
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/PharmacyCompounding/default.ht
m.

[6] For example, section 503A also addresses anticipatory compounding, which includes compounding 
(not distribution) before receipt of a valid prescription order for an individual patient. We are not 
addressing anticipatory compounding here.
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Sichuan Pharmaceutical Co., Ltd. 9/9/11

Department of Health and Human Services
Public Health Service
Food and Drug Administration
Silver Spring MD 20993

Warning Letter
VIA UPS MAIL

WL: 320-11-019
September 09, 2011 

Mr. Wang Gouping 
General Manager 
Sichuan Pharmaceutical Co., Ltd. 
No. 189 Hualong Road 
Pengzhou, Sichuan, China 611930 
Dear Mr. Gouping: 

During our June 23 to 29, 2010 inspection of your active pharmaceutical ingredient (API) manufacturing facility, 
Sichuan Pharmaceutical Co., Ltd. located at No. 189 Hualong Road, Pengzhou, Sichuan, China, an investigator from 
the Food and Drug Administration (FDA) identified significant deviations from Current Good Manufacturing Practice 
(CGMP) for the manufacture of APIs. These deviations cause your API(s) to be adulterated within the meaning of 
section 501(a)(2)(B) of the Federal Food, Drug, and Cosmetic Act (the Act) [21 U.S.C. § 351(a)(2)(B)] in that the 
methods used in, or the facilities or controls used for, their manufacture, processing, packing, or holding do not 
conform to, or are not operated or administered in conformity with, CGMP. 

We have reviewed your firm’s response of August 05, 2010 and December 13, 2010, and note that it lacks sufficient 
corrective actions. 
Specific deviations observed during the inspection include, but are not limited, to the following: 

1. Failure to have appropriate procedures in place to prevent cross-contamination. 
From September 2008 to July 2009 your firm manufactured (b)(4) API in workshop (b)(4), which is adjacent to
workshops (b)(4) and (b)(4) where you manufactured (b)(4) API and (b)(4) injection, respectively. However, 
you failed to have adequate controls and monitoring program to prevent cross-contamination between these 
adjacent workshops. 

In addition, your firm manufactures a (b)(4) API ((b)(4) (API) in a facility that was previously used to 
manufacture (b)(4) without conducting adequate decontamination, renovation, and activation of the facility. Your firm 
has failed to conduct adequate assessment of the cross-contamination risks. 
Please note that analytical testing of a product for possible contamination with (b)(4) is not sufficient to ensure 
adequate conditions for (b)(4) manufacture. In your response to this letter include your plans for decontamination, 
renovation, and reactivation (if appropriate) of your facility including the decontamination agent, decontamination 
plans, analytical methodology for environmental and product testing, and the data obtained to support the 
effectiveness of the decontamination plan. 

The deviations detailed in this letter are not intended to be an all-inclusive statement of deviations that exist at your 
facility. You are responsible for investigating and determining the causes of the deviations identified above and for 
preventing their recurrence and the occurrence of other deviations. If you wish to continue to ship APIs to the United 
States, it is the responsibility of your firm to ensure compliance with all U.S. standards for CGMP and all applicable 
U.S. laws and regulations. 

Additionally, your firm is neither registered nor has it listed every API in commercial distribution in the United States 
with FDA, as required by 21 C.F.R. § 207.40 and section 510(i) of the Act [21 U.S.C. § 360(i)]. Information on how to 
register and list is available at the following internet website:http://www.fda.gov/cder/drls/registration_listing.htm. You 
must complete the required registration and listing and provide evidence that you have fulfilled these requirements in 
your response to this letter. 

Until all corrections have been completed and FDA has confirmed corrections of the deviations and your firm’s 
compliance with CGMP, FDA may withhold approval of any new applications or supplements listing your firm as an 
API manufacturer. In addition, failure to correct these deviations may result in FDA refusing admission of articles 
manufactured at Sichuan Pharmaceutical Co., Ltd. located at No. 189 Hualong Road, Pengzhou, Sichuan, China into 
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the United States. The articles are subject to refusal of admission pursuant to section 801(a)(3) of the Act [21 U.S.C. 
§ 381(a)(3)] in that the methods and controls used in their manufacture do not appear to conform to Current Good 
Manufacturing Practice within the meaning of section 501(a)(2)(B) of the Act [21 U.S.C. § 351(a)(2)(B)]. 

Within fifteen working days of receipt of this letter, please notify this office in writing of the specific steps that you have
taken to correct deviations. Include an explanation of each step being taken to prevent the recurrence of deviations 
and copies of supporting documentation. If you cannot complete corrective action within fifteen working days, state 
the reason for the delay and the date by which you will have completed the correction. 
Additionally, your response should state if you no longer manufacture or distribute (b)(4) API and provide the date(s) 
and reason(s) you ceased production. Please identify your response with FEI # 3002808073. 

If you have questions or concerns regarding this letter, contact Milva E. Meléndez, Compliance Officer, at the below 
address and telephone number. 

U.S. Food and Drug Administration 
Center for Drug Evaluation and Research 
Office of Manufacturing and Product Quality 
Division of International Drug Quality 
White Oak, Building 51 
10903 New Hampshire Ave 
Silver Spring, MD 20993 
Tel: (301) 796-0662 
Fax: (301) 847-8741

Sincerely, 

/Steven Lynn/ 
Steven Lynn 
Director 
Office of Manufacturing and Product Quality 
Office of Compliance 
Center for Drug Evaluation and Research 
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