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Abstract

Malignant hyperthermia (MH) is an acute pharmacogenetic disorder,
which while uncommon is potentially fatal. MH is a calcium chan-
nelopathy of skeletal muscle in which a constant increase of intracy-
toplasmic Ca" concentration occurs causing a change in cellular me-
tabolism. A hypermetabolic state develops when susceptible patients
are exposed to halogenated volatile inhalational anesthetic agents and
depolarizing muscle relaxants and/or extreme physical activity in hot
environments. MH presents variable clinical expression. During an
episode of MH, the patient may present clinical signs and laboratory
findings including masseter muscle spasm, tachycardia, rise in end-
tidal CO, (EtCO,), tachypnea, hyperthermia, cyanosis, metabolic
acidosis, rhabdomyolysis, hyperkalemia, myoglobinuria, hyperlac-
tacidemia, and acute renal failure. The aim of this case report is to
describe an episode of MH associated with the use of halogenated
anesthetic during bariatric surgery. A 29-year-old Brazilian man was
admitted to the hospital to undergo a bariatric surgery. The patient’s
relevant medical history included morbid obesity grade III, allergy to
sulfa-based drugs and severe obstructive sleep apnea. Preoperative
evaluations with cardiopulmonary exercise testing, echocardiogram
and electrocardiogram showed no anatomical and functional chang-
es of the patient’s heart. Surgical procedures lasted for 4 h, without
complications, but the evolution of the patient’s condition indicated
oliguria and acute breathing insufficiency. Five hours after the pa-
tient was placed under mechanical ventilation in the intensive care
unit, he started to present clinical signs of hypermetabolic state, with
tremors, excessive sweating, and rapid body temperature increases.
In the postoperative period, the patient had hyperglycemia, hypocal-
cemia, hypernatremia, hyperkalemia, changes in creatine phosphoki-
nase (CPK), aspartate transaminase (AST), alanine aminotransferase
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(ALT), urea and creatine concentrations, and metabolic and respira-
tory acidosis. Urinalysis showed traces of proteinuria, presence of
ketones, leukocytes, red blood cells, and urobilinogen. In our case
report, MH crisis was diagnosed late; the dantrolene was not adminis-
trated because it was not available and the patient died. This detailed
case report of MH episode triggered by isoflurane anesthetic during
bariatric surgery allowed us to describe the severity and lethality of
this hypermetabolic syndrome. Dantrolene should be mandatory in all
operating rooms. Knowledge of the symptoms, an early diagnosis and
an adequate treatment can prevent the death of patients in MH crisis.

Keywords: Pharmacogenetic disorder; Halogenated anesthetic; Hy-
permetabolic state; Metabolic acidosis; High CPK concentration;
Respiratory acidosis; Dantrolene sodium; Caffeine-halothane con-
tracture test

Introduction

Malignant hyperthermia (MH) is an acute pharmacogenetic
disorder, which while uncommon is potentially fatal [1, 2]. In
humans, susceptibility to MH is an inherited disorder and it has
an autosomal dominant pattern [3-7]. To date, genes located at
six chromosomal loci associated with MH have been described:
1) Ryanodine receptor type 1 (RyRI) gene, ryanodine recep-
tor found in skeletal muscle (chromosomal locus 19q13.1.); 2)
CACNAIS gene, which encodes for the alpha-1S subunit of di-
hydropyridine (chromosomal locus 1q32); 3) A variant of the
STAC3 gene, which encodes an important protein for excitation-
contraction coupling via trafficking the voltage sensor into the
correct T-tubular location (chromosomal locus 7q21-q22); 4)
SCN4A gene (possible), related to voltage-dependent sodium
channel of skeletal muscle (chromosomal locus 17q11.2-q24);
and, not yet identified genes for 5) chromosomal loci 3q13.1
and 6) 5p [2, 5, 7-10]. However, these genes associated with MH
show incomplete penetrance and variable expression [4, 5, 7].
MH is related to muscle function and calcium levels. A
muscle contraction starts when the action potential arrives at
the neuromuscular junction, starting a muscle depolarization
and causing a conformational change in the T-tubular L-type
voltage-dependent calcium channel (dihydropyridine calcium
channel receptor, DHPR). This conformational change acti-
vates the RyRI leading to a rapid release of Ca?’, from sar-
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coplasmic reticulum, increasing the intracytoplasmic Ca?*
concentration [5, 11-13]. Muscle relaxation occurs when stim-
ulation of the motor nerve stops and the intracellular adenosine
triphosphate (ATP)-dependent Ca?" pump transports intracy-
toplasmic Ca®" into the sarcoplasmic reticulum lumen [5, 7,
13, 14]. MH is a calcium channelopathy of skeletal muscle
[15] in which a constant increase of intracytoplasmic Ca?"
concentration occurs causing a change in cellular metabolism
[5, 7-9, 13]. A hypermetabolic state develops when suscepti-
ble patients are exposed to halogenated volatile inhalational
anesthetic agents (halothane, isoflurane, enflurane, sevoflu-
rane, desflurane and methoxyflurane), depolarizing muscle
relaxants (e.g., succinylcholine), and/or extreme physical ac-
tivity in hot environments [3, 7, 8, 16-18]. The MH clinical
incidence is estimated to be from 1 in 10,000 - 30,000 to 1 in
100,000 - 250,000 in patients undergoing anesthesia, depend-
ing on geographic localization and age [6, 9]. Nevertheless, the
prevalence of genetic variants or mutations of an individual
susceptible to MH is estimated to be 1 in 2,000 - 3,000 [5,
6, 10]. MH affects all ethnic groups and both sexes, although
there is a greater predisposition for men and children, and it is
atypical in the elderly [3, 5-7]. The MH episode can occur both
in the first exposure to the substances that triggers the crisis
and in subsequent contacts [8, 19, 20].

MH presents variable clinical expression [2, 5]. During an
episode of MH, the patient may present clinical signs and labo-
ratory findings including masseter muscle spasm, tachycardia,
rise in end-tidal CO, concentration (EtCO,), tachypnea, hy-
perthermia, cyanosis, metabolic acidosis, rhabdomyolysis, hy-
perkalemia, myoglobinuria, hyperlactacidemia and acute renal
failure [1, 3, 7, 8, 17, 21]. When the pathology is diagnosed,
the exposure to the triggering agents should be discontinued
followed by immediate intravenous administration of dant-
rolene sodium, a hydantoin-derived skeletal muscle relaxant
drug [5, 11, 17,22, 23]. Dantrolene remains the drug of choice
for MH prophylaxis and treatment [8, 11, 22]. In addition, pro-
tocols must be established to control or prevent complications
associated with the clinical condition of the disease. These in-
clude external (if necessary, internal) cooling of the patient’s
body, hyperventilation with 100% oxygen, correction of meta-
bolic acidosis, adjustment of cardiac arrhythmias, dialysis to
remove anesthetic residues and aid in blood filtration to revert
metabolites to normal levels [3, 6, 8, 9].

Several tests have been proposed or are being investigated
as less invasive diagnostic tests to determinate MH susceptible
patients [24], including: 1) Evaluation of creatine kinase con-
centrations; 2) In vitro measurement for the concentrations of
ATP, phosphocreatine or other phosphomonoesters, along with
pH, in muscle and other tissue by nuclear magnetic resonance
spectroscopy; 3) Evaluation of calcium flow at RYR/ receptors
on B lymphocytes; 4) Assessment of the enhanced intracellular
calcium from cultured muscle tissue; and 5) Molecular genetic
tests to look for mutations in the genes associated with MH
susceptibility. However, the caffeine-halothane contracture test
(CHCT) remains the standard method used in Brazil [1, 12, 24,
25]. CHCT must be performed on a biopsy of approximately 2
g of muscle from the vastus lateralis or vastus medialis [3, 12,
24]. The muscle fragment is longitudinally dissected into strips
and the level of muscle contraction is assessed before and after
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exposure to caffeine and halothane (RYR! agonists) [6, 24].
Individuals who are susceptible to MH have a CHCT positive
result when abnormally high levels of contractile force are de-
tected after the caffeine and/or halothane exposure [6, 12, 24,
26]. The aim of this case report is to describe an episode of MH
associated with the use of halogenated anesthetic during bari-
atric surgery. The case study is intended to serve as inclusive
knowledge and a reference tool for healthcare professionals
and academic-scientific area with respect to clinical, patho-
physiological, biochemical, and biophysical correlations.

Case Report

Informed consent was obtained from the patient’s family as
well as authorization to use and disclose protected health in-
formation. L.R.M.S was a 29-year-old man, born in Jau, Sao
Paulo, Brazil but with European ascendance. He was admitted
to the Hospital Santa Casa de Jahu to undergo a bariatric sur-
gery, vertical gastroplasty to Roux-en-Y gastric bypass with-
out a ring, using the conventional technique (not performed by
laparoscopy).

The patient’s relevant medical history included morbid
obesity grade III, allergy to sulfa-based drugs and severe ob-
structive sleep apnea (i.c., apnea and hypopnea index greater
than 30 hypopneas and apneas per hour). The patient com-
plained of episodes of gastroesophageal reflux and the repeat-
ed occurrences of calf cramps. In addition, due to the obesity
condition, the patient possessed a lack of energy, impaired
mobility, episodes of peak hypertension, and mood changes.
The patient was using antidepressant medications to treat anxi-
ety. Preoperative evaluations with cardiopulmonary exercise
testing, echocardiogram with color Doppler and electrocar-
diogram showed no anatomical and functional changes of the
patient’s heart. However, some signs of hepatic steatosis were
detected from a total abdominal ultrasound and spirometry test
showed a mild obstructive ventilatory defect. On pre-anesthet-
ic evaluation, the patient reported that he had never undergone
general anesthesia. Furthermore, none of his family members
had presented complications in surgical procedures with gen-
eral anesthesia.

Upon arriving at the operating room, the patient’s preop-
erative blood pressure was 200/130 mm Hg with an oxygen
saturation of 94%. Although the patient’s oxygen saturation
showed normal in the preoperative exams, while lying down a
significant drop in this saturation was observed. Surgical pro-
cedures started at approximately 8 am on February 14, 2011
and ended at 12:50 pm, without complications. General anes-
thesia was induced and maintained with the following agents
as described in Table 1.

After the end of the surgical procedures, the patient re-
mained in the operating room for another hour until he re-
sponded to stimuli. Then, the patient was taken to the recovery
room, where he stayed until 2 pm. According to medical re-
ports, the evolution of the patient’s condition indicated oliguria
and acute breathing insufficiency. Therefore, the patient was
placed under mechanical ventilation in the intensive care unit
(ICU).
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Table 1. Anesthetics, Analgesic and Muscle Relaxant Agents Used During the Intraoperative Period

Agents Drug class

Route of administration

Administration schedule

8 am 9 am 10 am 12 am
Propofol Injectable general anesthetic Intravenous 15 mL - - -
Fentanyl Opioid analgesic Intravenous 10 mL 5.0 mL 5.0 mL -
Alfentanil Opioid analgesic Intravenous 5.0 mL 5.0 mL - -
Atracurium Non-depolarizing neuromuscular blocking Intravenous 5.0 mL 2.5mL - 2.5mL
Isoflurane Volatile general anesthetic Inhalational 80 mL

Five hours after the patient arrived at the ICU, he started
to present clinical signs of hypermetabolic state, with tremors,
excessive sweating, and rapid body temperature increases. In
early postoperative, the temperature was being adjusted with
an antipyretic (dipyrone) administration. On postoperative
days 0 (02/14), 1 (02/15), 2 (02/16) and 3 (02/17), nursing
reports described an unstable blood pressure, tachycardia and
persistent hyperthermia, as shown in Table 2.

In the early postoperative, a chest X-ray was performed,
which indicated an elevation of diaphragmatic domes. In addi-
tion, the routine tracheal aspiration for intubated patients was
carried out and the patient had serosanguinolent secretion.

Some laboratory tests and arterial-blood gas analyses were
performed to monitor the patient’s clinical conditions (Table
3). The blood sugar levels were measured in the pre- and post-
operative periods and hyperglycemia was observed in postop-
erative tests. Postoperative changes in creatine phosphokinase
(CPK) concentration were also observed. The first CPK test
was carried out on February 15 at 08:26 am, indicating a high
CPK concentration, more than 2,380 U/L. After 5 h, a new
CPK evaluation was done showing an increase of 164%. The
level of serum calcium was normal in the preoperative evalu-
ation; however, the calcium test performed on postoperative
day 1 (morning) showed hypocalcemia, whereas in the fol-
lowing postoperative tests the concentration of this ion was

returned to the normal level. Serum sodium levels increased
from postoperative day 2, while hyperkalemia was observed
in the afternoon of postoperative day 1. Serum levels of urea
and creatinine were evaluated in the pre- and post-operative
periods. Urea and creatinine concentrations were normal in the
preoperative tests; however, on postoperative day 1, urea was
78% higher and creatinine increased more than 350%. On the
following postoperative days, both urea and creatinine con-
centrations kept increasing. Aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) enzymes were evaluated
in the pre- and postoperative periods. In the preoperative test,
the AST and ALT levels were normal. On postoperative day 1
(morning) the AST and ALT levels were approximately 22 and
15 times higher, respectively. A new AST and ALT test were
carried out after 5 h and the values almost doubled.

Two arterial-blood gas analyses were performed on post-
operative day 1. The first arterial-blood gas analysis (08:26
am) showed normal rates, although the partial pressure of oxy-
gen (Pa0,) increased due to the patient being on mechanical
ventilation with pure oxygen. The second arterial-blood gas
analysis (01:18 pm) indicated acidification of the blood pH and
significant changes in both the concentration of base excess
and in arterial-blood distribution of gases. In addition, the bi-
carbonate concentration remained in a normal range and the
partial pressure of carbon dioxide (PaCO,) increased in both

Table 2. Postoperative Vitals Control According to the Nursing Reports

A Temperature (°C) Heart rate (beats/min) Blood pressure (mm Hg) Blood O, saturation (%)
02/14 02/15 02/16 02/17  02/14 02/15 02/16 02/17 02/14 02/15 02/16 02/17  02/14 02/15 02/16 02/17
2 am 384 399 40.1 124 128 142 190/120 131/30  152/49 92 94 95
4 am 38,5 403 406 120 126 140 160/100 150/32  153/51 95 96 95
6 am 385 403 407 122 130 142 140/80  139/66  149/66 95 90 97
8 am 38.6 385 40.8 133 129 145 140/60  125/34  161/56 91 95 96
10 am 38.0 383 40.8 128 135 142 169/51  113/35  124/46 90 - 95
12 am 393 404 40.8 132 132 142 171/53  123/37 151/50 90 90 97
2 pm 393 40.6 412 126 134 143 140/60  139/40  150/50 99 95 97
4 pm 39.5 399 415 128 139 154 120/50  134/44  150/47 93 96 100
6 pm 39.7 403 H421) 121 133 174 130/60  125/41  99/27 97 94 92
8pm 38.0 394 403 H(421) 121 132 174 156/31  127/43  62/27 97 92 84
10pm 37.8 398 404 100 126 138 180/90 136/34  133/42 97 94 96
12pm 389 399 405 120 127 145 160/80 117/31  153/48 97 93 91
Articles © The authors | Journal compilation © ] Med Cases and Elmer Press Inc™ www.journalmc.org 381
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Table 3. Follow-Up Labs and Arterial-Blood Gas Results

Preoperative Postoperative
Parameters (levels range®)

12/27/2010 02/15 morning 02/15 afternoon 02/16 afternoon 02/17 afternoon
Glucose (mg/dL) (75 - 99) 91 98 141 128
CPK (U/L) (< 190) 2,384 6,280 6,890 7,200
Calcium (mg/dL) (8.5 - 10.3) 10.2 6.8 9.5 8.4
Sodium (mEg/L) (138 - 146) 141 143 155 147
Potassium (mEq/L) (3.8 - 5.5) 5.0 59 4.8 4.0
Urea (mg/dL) (18 - 40) 28 50 140 207
Creatinine (mg/dL) (0.6 - 1.2) 0.6 2.0 2.8 6.9 13.0
AST (U/L) (10 - 34) 26 579 1,088 649
ALT (U/L) (9 - 43) 42 667 1,160 554
pH (7.38 - 7.44) 7.41 7.17
PaO, (mm Hg) (80 - 90) 127.6 105.5
PaCO, (mm Hg) (31 - 41) 35.5 68.4
HCO, (mEq/L) (21 - 27) 22.0 243
BE (mEq/L) (-2.4 - +2.4) -1.9 -5.8
ab-SatO, (%) (95 -97) 98.0 95.7

aLevels range for adult men. CPK: creatine phosphokinase; AST: aspartate aminotransferase; ALT: alanine aminotransferase; pH: potential of hydro-
gen; PaO,: partial pressure of oxygen; PaCO,: partial pressure of carbon dioxide; HCO;™: bicarbonate ion; BE: base excess; ab-SatO,: arterial blood

oxygen saturation level.

arterial-blood gas analyses (Table 3).

Preoperative and postoperative blood counts were per-
formed. In the preoperative blood counts, the absolute num-
ber of leukocytes was 7,900 mm? (level range: 4,000 - 10,000
mm?). On postoperative day 1, two blood counts were carried
out; the first one showed a significant increase of leukocytes
(14,700 mm?), characterizing a leukocytosis. After 2 h, a new
leukocyte count was performed and the absolute number de-
creased to 12,000 mm3. On postoperative day 2, the absolute
number of leukocytes was 13,800 mm?, while the last blood
count performed on postoperative day 3 showed 13,000 leu-
kocytes per mm?.

On the postoperative day 1, an echocardiogram was per-
formed and showed mild symmetric hypertrophy. On the same
day, a new chest X-ray was carried out and indicated little pul-
monary inspiration, bilateral basal interstitial infiltrate, veiled
left diaphragmatic dome, and globose cardiac area.

On the postoperative day 2, an abdominal ultrasound was
carried out and did not indicate any anatomical alteration of
the liver, gallbladder, spleen, kidneys, and bladder. In addition,
it did not indicate signs of ascites or pleural effusion. A third
chest X-ray was performed revealing a veiling of the base of
the right lung, cardiomegaly, aortic stretching, permeable cost-
ophrenic sinuses and free diaphragmatic domes.

On the postoperative day 3 (08:15 am), an urinalysis was
accomplished and showed traces of proteinuria, presence of
ketones, leukocytes (17,600/mL), red blood cells (12,000/mL),
and urobilinogen (0.2 UE). On the same day (3:50 pm), the
medical records reported the establishment of multifactorial
acute respiratory and renal failures, rhabdomyolysis, systemic
inflammatory process and, for the first time, MH crisis was
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assumed. At night, nursing reports recorded edema formation
of lower limbs, cold and cyanotic extremities, distended abdo-
men, paleness, and septic shock a few hours before the death
of the patient.

The MH diagnosis of L.R.M.S. was conducted less than 5
h before his death, and the administration of dantrolene sodi-
um was not performed. The patient’s exposure to the substanc-
es that triggered the crisis was completed when the surgical
procedures were over. External body cooling and hyperven-
tilation with pure oxygen were administered in the following
postoperative days. Dialysis was done a few hours before the
patient’s death; however, according to medical reports this pro-
cedure caused decompensation of several of the patient’s clini-
cal and laboratory parameters. The patient died at 9:20 pm on
February 17, 2011 in the Hospital Santa Casa de Jahu.

Discussion

In MH crises, there is a persistent increase in the intracyto-
plasmic calcium concentration. The initial manifestations of
a hypermetabolic state induce fast depletion of ATP causing
increased carbon dioxide production, increased oxygen de-
mands, respiratory acidosis, and increased temperature [0,
13, 14]. The constant rise in oxygen consumption will lead
to a hypoxia and progressive lactic acidosis, while depletion
of ATP due to hypermetabolism of skeletal muscle cells will
result in metabolic acidosis [7, 13]. Based on the clinical and
lab findings, a late diagnosis of MH crisis was established for
patient L.R.M.S. According to Litman et al (2008) [27], a MH
crisis may occur at any time during anesthesia as well as in

www.journalmc.org
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the early postoperative period, although not usually 1 h after
discontinuation of volatile agents. However, in our case the pa-
tient displayed initial symptoms of MH after 11 h of isoflurane
administration, a late postoperative crisis.

Hyperthermia is a key indicator of MH, since the rapid
increase in body temperature occurs due to the process of sus-
tained muscle contraction [3, 5, 8]. In the initial postoperative
period, the patient’s temperature increase was being controlled
with the administration of antipyretic. Thereafter, hyperther-
mia no longer responded with the antipyretic administration,
and the patient’s body was cooled externally. However, even
with measures taken to control the temperature, it continued
to increase. Tachycardia is another clinical sign characteristic
of MH and it has been registered since the early postoperative
period, as described in Table 2.

Constant muscle contraction causes a decrease in ATP
levels and consequent difficulty in muscle relaxation, which
explains the masseter rigidity presented by patients during the
MH crisis [5, 6, 13, 28]. The patient L.R.M.S. was placed on
spontaneous ventilation after the surgical procedure but was
maintained with Montgomery T-tube due to his morbid obe-
sity. After being transferred to the ICU, the patient presented
a drop in oxygen saturation and needed to be placed on a me-
chanical respirator, in which he remained until his death. How-
ever, it was not observed whether the patient showed masseter
rigidity as described in other MH case reports.

High temperatures (at times over 42 degrees) achieved
during MH crisis, together with the toxins released due to rapid
and severe catabolism. It causes profound and acute inflam-
matory and functional changes of internal organs, leading to
changes in the information contained in the blood [7, 8, 29-
31]. If diagnosed late, MH causes multiple organ dysfunction
(e.g., kidneys, pancreas and liver), disseminated intravascular
coagulation (DIC), cardiac dysrhythmias (cardiac arrest), and
can progress to multiple organ failure [3, 5, 6, 17, 32].

The pre- and early post-operative patient’s blood sugar
tests were normal. After the afternoon of postoperative day 1,
the glucose concentration increased. The hyperglycemia pre-
sented by the patient could be due to both a dysfunction of the
pancreas caused by the hypermetabolic state and the need of
the body to try to supply glucose for the ATP production and,
consequently, muscle relaxation.

Creatine phosphokinase is one of the most sensitive in-
dicators of muscular damage. High serum levels of CPK ob-
served after general anesthesia is a strong indicator of an MH
crisis [4]. Expressively high values in the serum CPK concen-
tration indicate damage to contractile cells [31, 33], since this
enzyme plays an important role in regulation of muscle con-
traction [34]. Although serum CPK levels were not evaluated
during the intraoperative period, our patient presented high
levels in all dosages performed in the postoperative period.
The increase in serum CPK concentration occurs due to cell
lysis, as this enzyme is not able to naturally cross the sarco-
plasmic membrane [29, 31, 33].

Calcium is essential for the integrity and structure of cell
membranes, proper conduction of electrical stimuli (cardiac
and muscular) blood clotting, and bone formation growth [35].
When serum calcium levels decrease, excitability of nerve and
muscle cells increases significantly [30]. Given the abundance
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of calcium in the body, hypocalcemia always means failure in
the regulatory mechanisms and can have several causes such
as thabdomyolysis, cardiac arrhythmias, and incessant muscle
contractions [35, 36]. The patient’s hypocalcemia detected on
postoperative day 1 could be directly related to the renal fail-
ure and with increased muscle cell excitability presented.

Sodium is a cation found in high concentration in extra-
cellular fluids [30, 37]. Hypernatremia is always associated
with plasma hyperosmolarity and is usually caused by a water
deficit (low intake or abnormal losses) or excessive sodium
intake [35, 36]. The patient’s hypernatremia observed from
postoperative day 2 may be related to renal failure, elevated
temperature and hyperventilation.

Potassium is the main intracellular cation and it is criti-
cal in many physiological functions, such as in the regulation
of neuromuscular excitability and muscle contraction [35, 38].
Acid-base balance can affect the balance between cellular and
extracellular potassium concentration. Metabolic acidosis,
hyperglycemia, hyperosmolarity, cell lysis, thabdomyolysis,
and renal failure increase the plasma potassium concentration
[36, 38, 39]. Hyperkalemia was noted in our patient on the
afternoon of postoperative day 1. Although the literature de-
scribes case reports with contradictory serum potassium con-
centration, reviews of MH specify that hyperkalemia is indica-
tive of MH crisis triggering [1, 3, 7, 8, 12, 17]. According to
Mahmood (2018) [40], hyperkalemia can induce fatal cardiac
dysrhythmias. The patient’s hyperkalemia contributed to the
pertinent tachycardia observed from the postoperative period
until his death.

Urea is the main nitrogen metabolite derived from the
breakdown of proteins by the body, 90% of which is excret-
ed by the kidneys. Urea is freely filtered by the glomerulus
and 40-70% returns to the plasma through a passive diffusion
process, dependent on the urinary flow [41]. Creatinine is a
residual product of creatine. The transformation of creatine
into creatinine takes place in muscle tissue, in which 1-2%
of free creatine is spontaneously and irreversibly converted
to creatinine every day. The amount of creatinine produced
is dependent on muscle mass. Creatinine is freely filtered in
the glomerulus, too. Unlike urea, 7-10% of creatinine is ac-
tively secreted in the urine [42, 43]. However, decreased renal
function causes increased concentrations of urea and serum
creatinine [44]. Lab test results showed a progressive increase
in serum levels of urea and creatinine in our patient during the
postoperative period, indicating the inability of the kidneys
to clear these metabolites and, consequently, the decrease in
renal function.

Although our patient’s serum myoglobin was not evalu-
ated, the darkening of urine was described in medical reports
during the postoperative period. Dark tea or cola-colored urine
is caused by an excessive amount of myoglobin in the urine
[31, 33]. In addition, a rhabdomyolysis characterized by high
levels of CPK [29, 31] resulted in myoglobinuria [29, 45] ob-
served during the patient’s urinalysis.

The leukocytosis observed in the blood test and the pres-
ence of leukocytes in the urine analysis are indicative of an
infection. The presence of leukocytes in urine reinforced the
suspicion of acute renal injury due to myoglobinuria [46]. As a
result of rhabdomyolysis (generalized inflammatory process),
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there was an increase in circulating leukocytes. Kidney dam-
age caused leukocyte migration to combat this inflammatory
response. In addition, the intestinal bacterial proliferation sig-
nificantly increased due to the high and persistent temperature.
This bacterial growth caused distension of the intestine and the
intra-intestinal pressure became markedly high and triggered
a phenomenon called bacterial translation. However, a large
amount of bacteria was pushed into blood circulation and trig-
gered a defensive rise in leukocytosis.

AST enzyme is present inside several tissues of the body;
the highest concentrations are in the heart and kidneys, but the
enzyme is also produced in the liver and skeletal muscles. ALT
is found almost exclusively in liver cells and is responsible for
the metabolism of some proteins such as L-aspartate, alpha-ke-
toglutarate, and alanine. Quantification of AST and ALT serum
levels is performed to evaluate potential liver damage. High
AST level indicates trauma or muscle damage and is a quite
common finding in rhabdomyolysis. The significant increase
in serum AST and ALT concentrations observed in the postop-
erative exams of our patient may be related to skeletal muscle
injuries due to exhaustive muscle contraction.

The patient’s hyperglycemia, hypernatremia, hyper-
kalemia, and metabolic acidosis contributed to the blood pH
reduction recorded by arterial-blood gas analysis.

Respiratory acidosis is characterized by an elevation of
PaCO,, with or without compensatory increase in bicarbonate
ions (HCOy"), plus pH acidification [47]. The causes are as-
sociated with decreased respiratory rate, inspired volume (hy-
poventilation) and blood oxygen saturation due to muscle dis-
eases, respiratory or neurological conditions [37].

Specific situations such as those that occur during the MH
crisis cause an increase in temperature, and blood pH acidifica-
tion with a decrease in the affinity of hemoglobin for oxygen.
Although there is an increase in both PaO, and oxygen supply
as a result of mechanical ventilation with pure oxygen, the af-
finity of oxygen for hemoglobin is reduced. The increase in
carbon dioxide production due to continuous muscle contrac-
tion causes an increase in carbon dioxide concentration and,
consequently, the PaCO,. In addition, the increase in carbon
dioxide concentration increases the association between car-
bon dioxide and water, forming carbonic acid (H,CO,). Car-
bonic acid, by the action of carbonic anhydrase, dissociates
into bicarbonate ions and hydrogen ions, further decreasing
blood pH [30, 37].

Throughout the postoperative period, even with constant
oxygen supply, the patient’s blood O, saturation was low (Ta-
ble 2). The high temperature, acidification of blood pH, and
the increased PaCO, contributed to decrease the affinity of
hemoglobin for oxygen. During the MH crisis, although the
decrease in hemoglobin affinity for oxygen caused the incor-
poration of hydrogen ions in hemoglobin, the blood pH acidi-
fication occurred both by metabolic acidosis and by increasing
the carbon dioxide concentration.

The patient’s arterial-blood gas analysis showed blood pH
acidification and increase in PaO, and in PaCO,. The patient’s
bicarbonate ion concentration was in normal range, but the
base excess concentration indicated a deficit of bases dissolved
in his blood during the postoperative period.

The increase in the occurrence of dyspnea in obese pa-
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tients is evident and its intensity is directly proportional to the
body mass index [48]. The patient’s medical history included
obesity grade III and severe obstructive sleep apnea. During
the postoperative period, the patient remained lying down, in
high decubitus, with a distended abdomen, making breathing
difficult. The patient had low blood O, saturation even under
mechanical ventilation with hyperventilation of pure oxygen.
However, chest X-rays and ultrasound ruled out a possible pleu-
ral effusion or pneumothorax due to mechanical ventilation. In
addition, atelectasis due to intubation, one of the most common
respiratory complications after surgery, was discarded.

Zutt et al (2014) [31] suggest that complementary cardiac
assessments should be performed when the patient has electro-
lyte disturbances during the MH crisis. On postoperative days
2 and 3, chest X-rays were carried out and indicated globose
cardiac area and cardiomegaly, respectively. On the postop-
erative day 1, an echocardiogram was performed to evaluate
anatomical and functional aspects of our patient’s heart. The
echocardiogram indicated mild symmetrical hypertrophy as an
adaptive response of the heart to arterial hypertension present-
ed by the patient during the postoperative period, as described
in Table 2.

As soon as the MH crisis is diagnosed, the patient’s expo-
sure to the substances that triggered the crisis must be stopped
and the administration of dantrolene sodium must be initiated
immediately [5, 8, 11, 17, 22]. Dantrolene sodium is the only
clinically available drug for the specific MH treatment [23].
Several case reports have different descriptions with or with-
out the dantrolene addition. In some cases, dantrolene was
administered immediately after the MH crisis triggering, both
during the intraoperative [4, 13, 40, 49, 50] and postoperative
[32, 51, 52] periods and all patients were discharged from the
hospital in stable conditions. Late addition of dantrolene is
also reported in intra- and postoperative MH cases with differ-
ent results, and some were fatal, while others had no additional
complications [2, 45, 53, 54]. On the other hand, there were re-
lated intra- [28, 55] and postoperative [54] MH cases in which
dantrolene was not administrated due to non-availability of the
drug in the hospital. Igbal et al (2017) [28] reported the clini-
cal signs and laboratory parameters altered by the MH crisis
were reversed with internal (ice cold saline intravenously) and
external (ice packs and cold towels over the body) cooling, and
the patient had full recovery before being discharged. Pan et al
(2016) [54], in the case report III, described that the inhalation
anesthetic was not used in the operation, but the body tempera-
ture rose slowly during the postoperative period and, after 2
days, the patient was in critical condition. Meanwhile, Lazraq
et al (2019) [55] and Pan et al (2016) (case report I) [54] re-
ported that patients had persistent high fever and died despite
all the resuscitation procedures administered. Unfortunately,
in our case, dantrolene could not be used because it was not
available at the hospital or in other hospitals in nearby cities
and the patient died. In Sao Paulo, the Law 10.781, published
on March 9, 2001, provides for the state policy for the preven-
tion, diagnosis and treatment of MH and the second Article
describes that all public or private health services in the state of
Sao Paulo, Brazil must have appropriate medications to fight
the disease, especially dantrolene sodium.

Larach et al (1994) [56] proposed a clinical grading scale
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(CGS) to predict MH susceptibility and help to confirm the
MH diagnosis after halogenated volatile inhalational anesthet-
ic administration. Based on the Larach scale, our patient had
the almost certain probability to developed MH. He was rated
grade 6, the highest grade with a score higher than 50.

In 1998, Richthofen et al [57] compared the results ob-
tained with the use of the CGS with the results obtained in
carrying out the in vitro contracture test (IVCT) and concluded
that the CGS cannot replace IVCT. However, the indication of
prediction for MH susceptibility through CGS can guide the
patient and/or their family members in IVCT carried out to
confirm the MH diagnosis/susceptibility.

The CHCT was carried out on the patient’s brother to con-
firm the MH diagnosis. G.H.M.S, 21-year-old, born in Jau, SP,
Brazil and never underwent halogenated anesthesia, was per-
formed the CHCT at the Malignant Hyperthermia Diagnostic
Center of the Federal University of Rio de Janeiro, in August
2011. The CHCT indicated a contracture of 1.27 g in a muscle
strip exposed to caffeine at 2 mM and the results were con-
sidered positive indicating MH susceptibility [24]. Almeida da
Silva et al (2019) [1] evaluated the profile of MH susceptibil-
ity reports confirmed with muscle contracture test in Brazil. In
the period 1997 - 2010, approximately 80% of the individuals
submitted to CHCT presented positive results for MH suscep-
tibility [1].

The patient’s sister underwent the same surgical proce-
dure, with the same doctor and in the same hospital 2 years
earlier and did not present any complications during the in-
traoperative and postoperative periods. In addition, she had
undergone three other surgical procedures with halogenated
anesthesia without complications. The literature findings de-
scribed that the MH crisis can occur during the first or even
after the exposure to a triggering agent due to incomplete pen-
etrance and variable expression of the genes encoding the MH
disease [8, 19, 20, 58, 59].

The delayed diagnosis of MH crisis reported here could
be associated with the onset of clinical symptoms and changes
in laboratory parameters observed in the late postoperative pe-
riod, and with the low clinical incidence of MH. For instance,
L.R.M.S. was the first patient diagnosed with MH at Hospi-
tal Santa Casa de Jahu (and in Jau city, SP). However, this
MH episode and the patient’s brother CHCT results should be
reported on pre-anesthetic evaluations of the patient’s family
members before undergoing procedures under general anes-
thesia to prevent MH crisis.

Conclusions

The detailed report of the development of the MH episode
triggered by halogenated anesthetic during bariatric surgery
allowed us to describe the severity and lethality of this hy-
permetabolic syndrome. The dissemination and accessibility
of data on MH are of high relevance for the medical, academic
and scientific communities. The need to understand in detail
the clinical and the pathophysiological, biochemical and bio-
physical mechanisms associated with MH is of fundamental
practical importance in preventing and reversing an MH crisis.

Knowledge of the carrier’s situation allows patients and
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family members to alert the medical team if there is a need
to perform any surgical procedure, thus avoiding the use of
halogenated anesthetics. In addition, it is essential that dant-
rolene sodium be included in emergency medications that are
mandatory in all operating rooms. However, knowledge of the
symptoms, an early diagnosis and an adequate treatment can
prevent the death of patients in MH crisis.
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