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I have been asked to review the case of Larry James Thomas, wh\@%u\t%the time of his
death was a 46-year-old male who was admitted to CHI St. Lulx ealth of Houston,
Texas, on July 30", 2015 for the purpose of coronary arteg@ypass grafting (CABG)
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surgery. During a workup for a potential renal transplan . Thomas was discovered to
have coronary artery disease. This is a common"@nplication of diabetes and this
precipitated his admission for CABG surgery on @0, 2015.

My opinion is being sought re@ng what role, if any, an episode of
hypoglycemia (low blood sugar levels) @t occurred on July 31st 2015 played in Mr.
Thomas’ subsequent prolonged hOS@ﬁ@Sta}f and eventual death on November 28th, 2015.
In order to adequately answer t@@veraﬂ questions need to be explored:

(1) What are @effects of hyperglycemia (high blood sugar levels) on
outcomeéy CABG surgery?

(i1) Wh@e the effects of anesthesia and cardiopulmonary bypass on glucose

le?

(111)% at are the effects of commonly used medications in the perioperative
period, specifically those used in the cardiac intensive care unit, on
@ glucose levels?

%v) What is the recommended treatment for hyperglycemia in patients during
and after CABG surgery?

After these topics are explored, I will attempt to create a timeline of the events

surrounding the episode of hypoglycemia. 1 will then offer my opinion regarding the



management of Mr. Thomas’ glucose levels during his surgery and immediate

postoperative course.

What are the effects of hyperglycemia (high blood sugar levels) on outco% after CABG
surgery? S

<
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Nearly 40% of patients presenting for CABG surgery have, @etes. With this high
incidence of diabetes, it is natural that some patients will haveo@erglycemia at some point
during their operative course. It has been known since ths that hyperglycemia in the
perioperative period is associated with worse outcomes é@ those patients who did not have

hyperglycemia!~?

@

. Several studies have shown<> @elevated glucose levels during and
immediately after cardiac surgery lead to increa '\the incidence of stroke, wound
infection and heart attack®. Other studies demonstrated that the mortality rate of patients
who are hyperglycemic is increased wlg@mpared to those who do not have hyperglycemia®.

Collectively, the medical li@@e would suggest that the presence of hyperglycemia in
both diabetic and non-diabetic @nts results in adverse perioperative outcomes®. These studies
were observational in nat@ The natural question to follow of course is: does the lowering of

N

blood glucose leveli i@ perioperative period of patients undergoing CABG surgery decrease
the incidence of t@adverse outcomes. It is possible that hyperglycemia is a marker of adverse
outcome, bu@malizing serum glucose concentrations may have no effect on the incidence of
these adverse outcomes. I will answer the question on the efficacy of lowering serum glucose

during CABG surgery in section (iv). But first, it is important to discuss the role of surgery in

producing hyperglycemia.



What are the effects of anesthesia and cardiopulmonary bypass on glucose levels?

The human body depends on a continuous supply of glucose to produce the energy
required for normal cellular function. Glucose is often called the fuel of life, due to its
importance in human metabolism. Other energy sources such as protein and % converted to
glucose in the cell, demonstrating the importance of glucose as the engcé@broker of the cell.
While some organs are less reliant on glucose supply for normal Q@non others, such as the
brain, rely almost exclusively on glucose in order to maintain n@%l function. The brain is one
of the first organs to be affected by hypoglycemia. Low @ose levels initially cause subtle
reductions in mental processing, with lower levels @g to unconsciousness, seizures and
eventual brain cell death. Q&\@

As might expected for such an import@substance, the human body has developed an
elaborate system to maintain normal glucos@evels at all times. Specifically, the actions of two
hormones play a key role in the @%ﬁon of serum glucose: insulin and glucagon. The
description of how these hormo%@laintain normal glucose levels is beyond the scope of this

discussion, but simplistical@ lin tends to lower blood glucose levels while glucagon tends to

A brief di@n regarding the effects of anesthesia and cardiopulmonary bypass on

elevate glucose levels.

glucose meta is however relevant in order to understand how the hypoglycemia that
occurred with Mr. Thomas likely arose. When exposed to the stress of surgery, patients
essentially exhibit a ‘fight or flight’ response. Hormones such as cortisol and epinephrine are
released in response to the stress of surgery. With respect to the control of blood glucose, these

hormones have the net effect of increasing serum glucose. In patients without diabetes, these



hormonal effects are counterbalanced by endogenously (i.e. arising from the person) secreted
insulin in order to maintain normal blood glucose levels. Due to the underlying disease process
of diabetes, the ability of the body to maintain normal glucose levels is lost in these patients, and
these patients often develop hyperglycemia in the perioperative period.

With respect to CABG surgery, patients are typically placed on cardioﬁonary bypasss
(CPB, or a heart lung machine) during the operation. In the spectrum of&gEtive interventions,
CABG surgery is one of the most physiologically stressful on the Q@@n body. As such, the
stress response is magnified and hyperglycemia is commonly se@%ring CABG surgery in both
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diabetic and non-diabetic patients. Q@\@

Based on his underlying diabetes and the stress@mdiac surgery, it is not surprising that
Mr. Thomas developed hyperglycemia during @CABG surgery. Since Mr. Thomas’
hypoglycemic episode occurred in the post-(&@zve period it is important to examine a few of
the factors that may have contributed to this@rent, specifically the response of the body after the
stress of the surgery and the role of@ Mr. Thomas received in the postoperative period on
glucose metabolism. %Q

R

What are the effects of ¢ only used medications in the perioperative period, specifically those
used in the cardiac infensive care unit, on glucose levels?

As menti above, the stress of surgery causes a hormonal response that tends to
elevate the b&gluwse level. In order to counteract this hyperglycemia, the body secretes
large doses of insulin in order to return glucose levels back to normal. These high levels of
insulin were likely present in Mr. Thomas in the immediate postoperative period.

During his anesthetic and during his initial admission to the intensive care unit (ICU) Mr.

Thomas was placed on two drugs, (norepinephrine and epinephrine) that both have the tendency



to increase blood glucose levels®. These medications, and the aforementioned surgical stress
response likely contributed to the high blood glucose levels that precipitated treatment in the
operating room.

Mr. Thomas was also placed on Propofol, which is a sedative drug that is commonly used

in the ICU. While this drug has no effect on glucose levels, its administration @ﬁ)ortam in this

N

case as patients on sedative drugs do not manifest the same signs of hypog@emia as those who
are not sedated. Conscious patients who are hypoglycemic have tx@%ﬁ manifestations of this
condition.  Propofol obliterates these manifestations and @\only way of determining
hypoglycemia is by doing serum blood glucose measuremé@ This last point (serum glucose

measurements) is important when I discuss the timelin@@r. Thomas postoperative course.

X&)
¢S
&S

What is the recommended treatment for @)erglycemia in patients during and after CABG
surgery?
As mentioned above, hyper@mia has been associated with adverse perioperative

outcomes. The natural follog question was: does treating hyperglycemia reduce the

incidence of adverse periope Q outcomes. The best way to study this question is through the
)
conduct of a randomiz&%comrolled trial (RCT). In a RCT patients are randomly assigned
IS0
N

(essentially by a ﬂigsgﬁa coin) to one of two different treatment groups. One group of patients
receives acti ment for their condition and the other receives a placebo. With respect to a
clinical question, RCTs generate the highest levels of certainty in medicine. In the case of

glucose control and CABG surgery, there have been several RCTs that have examined the

question of whether administering insulin reduces perioperative adverse outcomes.



The results of the studies on insulin administration on the outcome of cardiac surgical
patients are controversial. This is due to several factors including trial design, blood glucose
levels that were targeted, type and route of administration of insulin, and whether the patients
were diabetic or non-diabetic.

When there are conflicting studies in the literature, clinicians are\@&l left with a
dilemma in terms of how to treat an individual patient. In these situati%riﬁ@ is often helpful to

<

look to guidelines that are created by medical specialty societies in og@to determine what is the
best course of treatment for an individual patient. These guidele often created by a group
of medical experts in the field who debate the merits of thé@ferent studies on the subject and
come up with consensus statements regarding treatme@@

With respect to blood glucose control duﬁ{@cardiac surgery, the Society of Thoracic
Surgeons in 2009 published a paper entitle@od Glucose Management During Cardiac
Surgery. This paper is one of the only one@ could find when reviewing the medical literature
that gave guidelines on the treatmemg@gpood glucose during CABG surgery.

These guidelines make %@ery important recommendations on the control of blood
glucose during the operativiod. First, the recommendation is for the administration of
insulin by an infusion2 %er than a bolus (which was done in this case), during cardiac surgery
if the blood gluco%g%@ is >180 mg/dL. Second, the recommendation is that blood glucose be
monitored eveq@@-éo minutes, or as frequently as every 15 minutes during periods of rapidly
fluctuating glucose levels.

In the next section I will construct a timeline of Mr. Thomas perioperative course and

hope to demonstrate that his immediate postoperative course would be considered to be that of



fluctuating glucose levels and this warranted more frequent blood glucose monitoring than was

performed.

Timeline of perioperative events
I have reviewed the salient parts of Mr. Thomas’ voluminous electrom@wdlcal record as

they relate to his intraoperative and postoperative events on July 31%' 2015 @eel a reconstructed

N
timeline offers the best insight into what transpired. The following Qg{@?@]ﬁ ine is my best effort to

construct the events surrounding his operation and his 1mmedla@stoperatwe course (see next

page): Q\@\
&
Q"



Time Event

1609 Case begins

1610 Glucose 154

1622 Norepinephrine started

1653 CPB start

1706 Glucose 210

1732 Glucose 273

1740 Epinephrine start@?\?

1747 Insulin 10 units |V

1752 CPB stop—

1817 Glucgsé}Sl

1820 Insulin40 units IV

1856 Glicose 150

1857 Propofolinfusion started

1852 No(p%inephrine stopped

1906 A Case ends

1916 ()" Handoff to ICU

1917 &)} Anesthesia post op Note

1942 X&) Glucose 90

2003 D Glucose 93

2201 ( ) Propofol stops
0000 (approx.) N Patient Not waking
0030 (approx.) N Blood glucose <20
0300 (approx.) . (ng Seizure activity

Q
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I have several concer@%nh respect to the management of this case. These concerns

relate to the dosage an&@ng of insulin given to Mr. Thomas, and the subsequent glucose
monitoring he recelge@\@@
As menti previously, there is evidence that lowering postoperative glucose levels in
patients unde?@ing CABG surgery has been shown to reduce postoperative adverse events. The
evidence for the treatment of blood glucose levels in the operative period is less robust.

However, most anesthesiologists faced with elevated glucose levels in this situation would elect

to treat them, so in my opinion, the treatment of elevated blood glucose would be consistent with



the standard of care. However, Mr. Thomas received two large doses of insulin in a relatively
short period of time.

A typical dose of insulin in this situation would be in the range of 0.05 to 0.1 units/kg.
Mr. Thomas weight the day of surgery was recorded as 94.9 kg, so he received a total dose of 0.2
units’kg. While I appreciate that his first dose of insulin did not appear to h@ﬁ%d the desired

effect of lowering his blood glucose level, my opinion is that the secon%&@g of insulin was too

~

large and was given too soon after the first dose. Based on g%%shed pharmacokinetics,
intravenous insulin begins to take effect within 10-15 minutes a@ effect lasts for a median of
4 hours (range 2 to 6 hours). Based on this informatiom\@ﬁis possible that the insulin Mr.
Thomas received still had clinical effects at 2200hrs to@'g@ght on July 31%.

Furthermore, the second dose of insulin w@ven after CPB was stopped and close to
the end of the case. The glucose level measur@t 1856hrs (150 mg/dL) would be considered to
be in the normal range and would have @ely assured the anesthesiologist that his insulin
administration achieved its desired @ A concerning fact however is that the blood glucose
level had dropped by 40% fro%@ previously measured one. Upon arrival to the ICU, the
initial blood-work (measme@ minutes after the previous one) demonstrated another 40%

)
decrease (see figure 1).{%}656 large decreases were occurring at the end of the case when the
IS0
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surgical stress was g and stress hormone levels (and subsequently glucose levels) would be
expected to be .‘\Q ing to normal.

N\

There is no documentation in the medical record as to whether the receiving medical staff
in the ICU (either nursing or physicians) were made aware of the insulin doses and times when
given. The only mention of the insulin dose by a physician is at 0105hrs on August 1! by Dr.

Dwarakanath after Mr. Thomas is found to be unresponsive and profoundly hypoglycemic (page



16 of the EMR). Many ICUs have a formal transfer of care or handover process when a patient
is admitted in order to ensure pertinent intra-operative events are communicated to the receiving
medical team. Without knowing the policies of this particular ICU I cannot comment on whether
or not this handover took place. However, considering the lack of any documentation of such a
handover and blood glucose only being measured once postoperatively, I calﬁy assume that
such a handover did not take place. @

N

Patients admitted to the ICU typically have intravenous ﬂuld@%ed at a type and rate in
ml/br in order to avoid dehydration. Since Mr. Thomas had no@ anything to eat or drink all
day long he was prescribed a fluid called Lactated Ringers @ Carillo at 1923hrs (4668 of the
EMR). This appears to be the only intravenous fluid @s provided. This order is significant
in that Lactated Ringers contains no glucose. Th@ndard of care for postoperative diabetic
patients would be to administer an intravenou@ld that contains glucose. So, while the effects
of intraoperative insulin were still active in his body, Mr. Thomas did not receive a sugar source
that could have prevented hypoglyce%,@

My other concern with the“care Mr. Thomas received has to do with the frequency of
blood glucose monitoring in @onstoperative period. As mentioned in the timeline, his blood
glucose was checked tw o) K the immediate postoperative period at 1942hrs and 2003hrs. From
my reading of the %@ these two readings were from different sources. Presumably one was
from a bedside {@ometer (a point of care test) and the one from 2003hrs was from a central
hospital laboratory. There are no further glucose measurements in the chart. There are physician
notes that mention a blood glucose level of <20 mg/dL and that these levels are being uploaded

into Epic (which I assume is the hospital’s EMR), but this low blood glucose level is never

formally recorded on the patients chart.



Considering the large dose of insulin that Mr. Thomas received and the subsequent rapid
decrease in his blood glucose levels, and the lack if administration of a sugar source in his IV,
my expectation as a critical care physician is that blood glucose monitoring would have occurred
more frequently, in the order of every 30-60 minutes in order to rule out hypoglycemia. It is
important to note that Mr. Thomas was deeply sedated on Propofol in the ﬁr@ﬁzﬁoms after his
surgery. This would have blunted any physical signs of hypoglyceg{g@eavmg only blood
glucose monitoring to discover this lethal complication. &\@2

Mr. Thomas had his Propofol discontinued at 2201 @%’6 of the EMR). He was
apparently unresponsive from the time this sedative drug@@ discontinued until shortly after
midnight when he was discovered to be hypoglycemic@@/@ prolonged period of time (2.5 hours)
when he was unresponsive after surgery should hayedriggered an assessment by the medical or
nursing staff as to why he wasn’t waking up. @

When faced with a postoperative pa@lt who is slow to wake after an anesthetic, there is
a list of things that an anesthesiologi%@an ICU doctor should be thinking of. One of those is
an overdose of narcotics or sedatives. Mr. Thomas received fentanyl (a narcotic) at 1527 and
1611 (3897 of the EMR). otal dose of this drug administered was 500 micrograms (or
approximately 5 microg(%ls per kilogram). The last dose of this drug given at 1611 would be
expected to have c%@ﬁely left his system within 3-4 hours.

Mr. Thomas also received midazolam at 1521 and 1735. Based on published

pharmacokinetics for this drug, I would also expect that this would not be contributing to Mr.

Thomas’ lack of wakefulness in the postoperative period.



Based on published pharmacokinetic values for Propofol, 50% of this drug should be
eliminated in approximately 30 minutes. At 50% of this drug’s initial concentration, I would
expect some movement or wakefulness by Mr. Thomas.

Another cause of ‘slow to wake up’ in this particular surgery is a stroke. [ cannot find any
&
NG
Mr. Thomas lack of wakefulness in the postoperative period % d have triggered a
)

search for its cause. There is a paucity of documentation from his aq@wn to the postoperative

documentation of his neurologic assessment in the postoperative period.

unit to the time when he is discovered to be hypoglycemic. It @g@lear how long Mr. Thomas
was hypoglycemic for. But based on his seizures and the ﬂ@ologic outcome he suffered, the
period of time was likely substantial. ©®

It is my opinion that several individuals im&d in this case have breached the medical
standard of care. At numerous points duﬁna@are of Mr. Thomas, had the medical standard
been upheld, this tragic outcome would no@ave occurred. Furthermore these breaches in the
standard of care, in aggregate, wer%@pmximate cause of Mr. Thomas’ adverse neurologic
outcome and his eventual death. @ill now outline these breaches in medical standard of care

and identify the individuals v@@vere culpable.
)

N
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In su ;Qg my opinion is that Mr. Thomas’ tragic neurologic outcome could have been
prevented. It is also my opinion that Mr. Thomas did not receive the standard of care for the
following reasons:

(1) Large dose of intraoperative insulin: Dr. Bryan Deaver is identified on

page 3898 of the EMR as administering the first and second doses of
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insulin. Based on the above descriptions of the half life of insulin and the
effects of cardiopulmonary bypass and surgery on serum glucose levels,
the cumulative dose of insulin was too large for the clinical circumstances.
An anesthesiology resident administering this drug should have a robust
knowledge of its pharmacokinetics, and the physiologic gges that occur

&
during CPB with respect to glucose homeostasis. , -

Ko
&

<

(i)  Timing of second large dose of insuli @ Deaver administered the
second dose of insulin 37 minutes a@ the first dose. This dose was
administered too soon after t@@st dose, and based on published
pharmacokinetics, before thi@t dose would have its peak effect. This
was the intervention th@ﬁto Mr. Thomas’ demise, but as I will point
out below, there were@veral other events that occurred that contributed to
his death. Un@@%xas law, there may be more than one proximate cause

that leads %@injury. I believe that this is the case here.
5
AN
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(iii%%\@ack of supervision: Dr. Deaver appeared to be under the supervision of
©©© Dr. Kishan Dwarakanath. Dr. Dwarakanath would be responsible for all
the actions taken by Dr. Deaver during the operation. According to page

3897 of the EMR, Dr. Dwarakanath was ‘immediately available’ and
‘frequently monitored” Mr. Thomas during the case. Dr. Dwarakanath

should have realized that the insulin dose given was excessive and that the



second dose was given too close to the first. Dr. Dwarakanath could have
taken measures to ensure that hypoglycemia didn’t occur in the immediate
postoperative period by either starting a glucose infusion, notifying the
postoperative ICU team of the large doses of insulin given and
recommended frequent monitoring of blood glucose, or@iﬁi combination
@
of both. This lack of supervision and lack of ap&rgp;)iate handover (see
below) also breaches the standard of care {&@9 would expect of an
o\@

anesthesiologist in this situation. @

N
E

(iv)  Lack of documented handover @@eiving staff in the ICU: It is unclear
from the EMR if it was Dr. @er or Dr. Dwarakanath who provided the
handover to the receivi U team (both physicians and nurses). There
is no documentation {n'the EMR of any handover being given to the ICU
team. [ bas%@s conclusion on the lack of any mention of the
intraoperat'%@lsulin given in any of the admission notes to the ICU. This
would to be considered a critical piece of information that needed to
be?@sgnveyed to the receiving ICU team. Without it, their management of

g%\@ Thomas would be compromised. The lack of this vital intraoperative
©@© information being transmitted by Dr. Deaver and Dr. Dwarakanath would
be another proximate cause in Mr. Thomas Death. It also breaches the

standard of care with respect to the appropriate handover of medical care

from an anesthesiologist to an ICU team.
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V) Lack of frequent glucose monitoring in the postoperative period: Based
on my review of the EMR it appears that. Mr. Thomas only had his blood
glucose checked twice in the postoperative period. This was at 1942 and
2003 hours. There are no other records of blood glucose being checked
until Mr. Thomas is found to be not waking up after s@y. Either the
bedside nurse or the attending physici l@ak the decisi

g physician wou e the decision
regarding the frequency of blood glucose mo@gﬁg in the postoperative
period. In the absence of a physician @, it is within the scope of
practice of an ICU nurse to initiate bl@@glucose monitoring if they felt it
clinically important. In an imm@% post operative diabetic patient who
was not receiving a glucose@ce in his intravenous fluids, it would be
my expectation that a bédside nurse in the ICU would monitor the blood
glucose at least h@ly until some degree of stability in those
measurement%%@been established. From my reading of the EMR, it
appears th%@exander Inawat was the bedside nurse responsible for Mr.
Thoma@@n my opinion, even in the absence of a physician order to do so,

)
it ‘would be the standard of care for a bedside nurse to monitor blood

°@ucose more frequently than was performed in this case. Again, this
©@© would also be a proximate cause in the adverse neurological outcome that
Mr. Thomas suffered, in that, had more frequent blood glucose monitoring

been performed, hypoglycemia would have been discovered much earlier

and therapeutic interventions (namely glucose administration), could have

been instituted.
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(vi)  Delay in pursuing a differential diagnosis for his slow emergence from
anesthesia: It is unclear from the medical record which physicians were
responsible for the care of Mr. Thomas in the ICU. However, based on
the pharmacokinetics of the sedative drugs he was re g, he should
have woken up from his anesthetic relatively qui@ after these drugs
were discontinued. The fact that he didn’t should have triggered the care
team (both the bedside nurse and the phy. : @responsible for his care in
the ICU) to pursue a differential diagm&@s as to why Mr. Thomas wasn’t
waking up. [t would be the sm@ of care to send off screening blood
work (including glucose le@ to determine if there was a metabolic
cause for slow emer%i@ from anesthesia and to perform a cursory
neurological examintion to help determine the cause of his slow
emergence. g@% was no documentation of concern for his slow
emergence 1@ several hours after his sedative drugs were discontinued.
He wa@\s left hypoglycemic for a prolonged period of time, and this

c% his neurological injury that lead to his death. This delay in

AN
§%\@§cognizing his slow emergence would also breach the standard of care

O

@@ and be considered a proximate cause of his injury.

In reviewing this case, it is surprising to see how many times an intervention could have

occurred (such as appropriate insulin dosing, fluid choice in the postoperative period, glucose



17

monitoring, examining a patient who is slow to wake from anesthesia) that would have prevented

Mr. Thomas fatal hypoglycemic episode.
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Figure 1: Blood glucose levels during Operatlv d postoperative phase. Of note,
there are two subsequent 40% decreases in serum glucose@@@he postoperative period.

Respectfully Submitted, R
&

Duane J. Funk MD

Associate Professo
Departments of
Section of Crifi

>sthesiology and Medicine

er@@ anitoba, Canada
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