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A patient with congenital insensitivity to pain with anhidrosis (CIPA) underwent revision of total hip arthroplasty under general
anesthesia with only propofol. During surgery, neither elevation of stress hormones nor hemodynamic changes associated with
pain occurred; however, when blood was rapidly lost, compensatory tachycardia was observed. Although patients with CIPA are
complicated with autonomic disturbance due to dysfunction of postganglionic sympathetic fibers, this compensatory response
indicated that the adrenal glands in patients with CIPA secrete catecholamine as part of a compensatory response during bleeding
under general anesthesia.

1. Introduction

Congenital insensitivity to pain with anhidrosis (CIPA) is
a rare autosomal recessive disease that is characterized by
unexplained fever, anhidrosis, and loss of pain sensation [1,
2]. Patients with CIPA frequently suffer recurrent episodes of
wounds and bone fractures, which need surgical treatment.
For the anesthetic management of patients with CIPA, the
control of body temperature, analgesia, and treatment of
dysfunction of the postganglionic sympathetic fibers are
important. Massive bleeding occurred in a patient with
CIPA who underwent revision of total hip arthroplasty
under general anesthesia. Here, we discuss the compensatory
hemodynamic change during massive bleeding and secretion
of stress hormones associated with pain in the patient with
CIPA.

2. Case Presentation

A 36-year-old woman (height, 147 cm; weight, 50 kg) with
CIPA was scheduled for revision of left total hip arthro-
plasty. She was diagnosed as having CIPA because of recur-
rent episodes of unexplained fever, anhidrosis, burns, and
bone fractures after birth. She had previously undergone 7

operations for spinal deformity and 1 operation of total hip
arthroplasty in both the left and right sides. Although lack of
general diaphoresis and thermal nociception were observed,
the patient performed body surface cooling at her own
discretion when she felt she was at a risk of hyperthermia,
and her body temperature was kept approximately 36∘C. No
signs of mental retardation or orthostatic hypotension were
observed. No abnormality was detected on chest radiographs
and electrocardiograms. Blood biochemistry revealed no
abnormality except mild anemia indicated by a hemoglobin
level of 10.6 g/dl.

No premedication was administered. After the patient
was brought into the operating room, routine monitoring
and measurement of the bispectral index (BIS) were started.
Body temperature was measured at 3 different sites (urinary
bladder, esophagus, and precordial skin) and controlled by a
hot-air-type heater. Propofol was administered at an effect-
site concentration of 4 𝜇g/ml by target-controlled infusion.
After muscle relaxation had been achieved by administra-
tion of 50 mg of rocuronium, the trachea was intubated.
Immediately after endotracheal intubation, systolic blood
pressure increased from 130 to 145 mmHg, and heart rate
increased from60 to 95 beats perminute (bpm). Twominutes
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Figure 1: Anesthetic record. The black line indicates heart rate (HR) and the red lines indicate blood pressure (BP). a: six hundred mL of
blood loss within 20 minutes, b: six hundred and fifty mL of blood loss within 30 minutes, c: administration of 0.1 mg phenylephrine, ×: start
or end of anesthesia,�: start or end of the surgery, T: tracheal intubation, E: extubation, TCI: target-controlled infusion, and FFP: fresh frozen
plasma.

later, systolic blood pressure had decreased to 125 mmHg.
Propofol was continuously infused intravenously at a target
concentration of 2 to 4 𝜇g/ml (Figure 1) and BIS levels were
maintained between 40 and 60. After an arterial catheter had
been placed, her position was changed from the supine to
right lateral position. Surgery was then started.

Since no circulatory change associated with pain
occurred during surgery, opioids were not administered.
Regarding hemodynamics, when 600ml of blood was rapidly
lost within 20 minutes, blood pressure decreased from 113/66
to 93/55 mmHg and heart rate increased from 55 to 70 bpm
(Figure 1 a). Similarly, when 850 ml of blood was lost within
30 minutes, systolic blood pressure decreased from 108/65
to 95/60 mmHg and heart rate increased from 66 to 74 bpm
(Figure 1 b). Administration of 0.1 mg of phenylephrine
increased blood pressure from 87/55 to 117/76 mmHg and
decreased heart rate from 70 to 65 bpm (Figure 1 c).

The operative time was 6 hours and 49 minutes, and
the duration of anesthesia was 8 hours and 41 minutes. The
volume of blood loss was 3350ml. Blood transfusion was per-
formed with 1600 ml of preoperatively donated autologous

blood, 900 ml of salvaged blood, and 720 ml of fresh frozen
plasma. Intraoperative body temperature was controlled and
kept between 36.0∘C and 36.9∘C at all 3 measurement points.
After surgery had been completed, the patient was returned
to the supine position and she was extubated. Since she did
not complain of any pain after the surgery, no analgesic
was administered. She was discharged at 6 weeks after the
operation.

Blood samples were collected 3 times: before anesthesia
induction, after the start of surgery, and at the end of
surgery. The levels of catecholamine fractions and cortisol
weremeasured.Norepinephrine levelswere below the normal
range at all time points, and the levels of epinephrine and
cortisol were within the normal ranges at all time points
(Table 1).

3. Discussion

CIPA is caused by a loss-of-function mutation of the TRKA
gene, which encodes the receptor of the nerve growth
factor (NGF) tyrosine kinase. Without this receptor, primary
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Table 1: Levels of catecholamine fractions and cortisol.

Before anesthesia After the start of surgery End of surgery Normal range
Epinephrine 46 33 9 < 100 (pg/mL)
Norepinephrine 37 26 5 100 - 450 (pg/mL)
Cortisol 19 5.2 8.1 6.2 - 19.4 (mcg/dL)

afferent neurons and postganglionic sympathetic fibers,
which are dependent on NGF for growth and survival, are
lost, and their loss induces both autonomic disturbance and
loss of pain sensation [1, 2]. In anesthetic management of
patients with CIPA, attention should be paid to the use for
analgesics, abnormal body temperatures due to abnormal
sympathetic nervous activity, and their hemodynamics.

There have been some case reports on patients with CIPA
who received general anesthesia without any analgesics [3–
5] and in whom intraoperative levels of catecholamine and
cortisol were measured [6]. In that previous study, levels
of catecholamine and cortisol were not elevated by pain
stimuli during surgery under general anesthesia. In our case,
in which anesthesia was managed only with propofol, the
levels of catecholamine and cortisol were also not elevated
by pain stimuli (Table 1); however, it has been pointed out
that catecholamine levels might not be elevated by stress
induction because of the loss of postganglionic sympathetic
fibers in patients with CIPA [7].

Recently, the ability of catecholamine secretion in patients
with CIPA has been examined using a standing test [8]. In
patients with CIPA, blood norepinephrine concentrations
have been reported to be below the normal range [7, 8].
Normally, norepinephrine is mainly secreted by sympathetic
nerve terminals and the brain, and epinephrine is mainly
secreted by the adrenal medulla. When healthy volunteers
were upright, normal blood pressure was maintained by
norepinephrine. In contrast, when patients with CIPA were
upright, blood pressure was maintained by epinephrine, not
by norepinephrine [8]; therefore, this response is considered
to be a compensatory response by the adrenal medulla in
patients with CIPA. As for cortisol, it has been reported that
cortisol secretion in patients with CIPA can be increased by
stress from limited water intake [7].The results of those stud-
ies suggest that patients with CIPA can secrete epinephrine
and cortisol in response to stress.

In our case, a change in hemodynamics was not observed
at the start of surgery (Figure 1), and both catecholamine
and cortisol levels were low (Table 1), even though general
anesthesia was maintained only by propofol. This indicated
that the pain stimuli caused by incision did not induce cat-
echolamine or cortisol secretion. In contrast, compensatory
tachycardia was observed during bleeding (Figure 1a, b).
Unfortunately, we could not obtain both a blood sample
during massive bleeding and a control blood sample just
before the bleeding, which was difficult to predict; however,
this response was considered to be induced by epinephrine
secreted from the adrenal grand, as mentioned above [8].
From these findings, we considered that our patient had the
ability to secrete epinephrine from the adrenal grand under
general anesthesia when the patient was exposed to some

stress, and the response after the start of surgery indicated
that pain stimuli did not induce any stress in our patient.

Cortisol level usually increases continuously during
surgery [9] and reaches a peak after extubation [10, 11]. In
our case, cortisol level was within the normal range before
anesthesia and decreased to less than the normal range after
the start of surgery (Table 1). This decrease might have
represented circadian rhythm or a decrease of mental stress
after induction of general anesthesia. Although the cortisol
level was slightly increased at the end of surgery, the level
was close to the lower limit of the normal range and we
thought that this small increase in cortisol level was not
induced by strong stress but might have been due to the
decreased administration of propofol at the end of surgery.
These changes in hormones and the capability of hormone
secretion suggested that pain stimuli during surgery did not
induce any stress in our patient.

Hemodynamic changes in our case were observed at
intubation and at administration of phenylephrine followed
by bradycardia caused by baroreflex. The pharynx and lar-
ynx are innervated by glossopharyngeal and vagus nerves,
and baroreflex is regulated by the vagus nerve [12]. These
physiological responses occur because these cranial nerves
are intact in patients with CIPA. A previous study showed
that tachycardia within 10 minutes after induction occurred
in 31% of CIPA patients and that the patients could respond
to airway manipulation [13]. Intraoperative bradycardia was
also observed in 2.8%of CIPA cases [13]. In pediatric patients,
cardiovascular complications were reported to be common
[3] and to sometimes induce hemodynamic change by an
unpleasant sensation [3, 14]; therefore, attention should be
paid to hemodynamics in patients with CIPA, even if a
compensatory response is present.

Authors’ Contributions

Yuki Sugiyama and Sayako Gotoh equally contributed to this
study.

Conflicts of Interest

The authors declare no conflicts of interest.

References

[1] Y. Indo, M. Tsuruta, Y. Hayashida et al., “Mutations in the
TRKA/NGF receptor gene in patients with congenital insensi-
tivity to pain with anhidrosis,”Nature Genetics, vol. 13, no. 4, pp.
485–488, 1996.

[2] Y. Indo, “Nerve growth factor and the physiology of pain:
lessons from congenital insensitivity to pain with anhidrosis,”
Clinical Genetics, vol. 82, no. 4, pp. 341–350, 2012.



4 Case Reports in Anesthesiology

[3] V. Rozentsveig, A. Katz, N. Weksler et al., “The anaesthetic
management of patients with congenital insensitivity to pain
with anhidrosis,” Pediatric Anesthesia, vol. 14, no. 4, pp. 344–
348, 2004.

[4] T. Tomioka, Y. Awaya, K. Nihei, H. Sekiyama, S. Sawamura,
and K. Hanaoka, “Anesthesia for patients with congenital
insensitivity to pain and anhidrosis: A questionnaire study in
Japan,” Anesthesia & Analgesia, vol. 94, no. 2, pp. 271–274, 2002.

[5] I. F. Brandes and E. A. E. Stuth, “Use of BIS monitor in a child
with congenital insensitivity to pain with anhidrosis,” Pediatric
Anesthesia, vol. 16, no. 4, pp. 466–470, 2006.

[6] S. Yoshitake, K. Matsumoto, A. Miyagawa et al., “Anesthetic
consideration of a patient with congenital insensitivity to pain
with anhidrosis,”The Japanese Journal of Anesthesiology, vol. 42,
no. 8, pp. 1233–1236, 1993.

[7] N. Loewenthal, J. Levy, R. Schreiber et al., “Nerve growth factor-
tyrosine kinase A pathway is involved in thermoregulation and
adaptation to stress: Studies on patients with hereditary sensory
and autonomic neuropathy type IV,” Pediatric Research, vol. 57,
no. 4, pp. 587–590, 2005.

[8] L. Norcliffe-Kaufmann, S. D. Katz, F. Axelrod, and H. Kauf-
mann, “Norepinephrine deficiency with normal blood pressure
control in congenital insensitivity to pain with anhidrosis,”
Annals of Neurology, vol. 77, no. 5, pp. 743–752, 2015.

[9] T. Nishiyama, K. Yamashita, and T. Yokoyama, “Stress hormone
changes in general anesthesia of long duration: Isoflurane-
nitrous oxide vs sevoflurane-nitrous oxide anesthesia,” Journal
of Clinical Anesthesia, vol. 17, no. 8, pp. 586–591, 2005.

[10] R. Udelsman, J. A. Norton, S. E. Jelenich et al., “Responses
of the hypothalamic-pituitary-adrenal and renin-angiotensin
axes and the sympathetic system during controlled surgical
and anesthetic stress,” The Journal of Clinical Endocrinology &
Metabolism, vol. 64, no. 5, pp. 986–994, 1987.

[11] K. Furuya, R. Shimizu, Y. Hirabayashi, R. Ishii, and H. Fukuda,
“Stress hormone responses to major intra-abdominal surgery
during and immediately after sevoflurane-nitrous oxide anaes-
thesia in elderly patients,” Canadian Journal of Anesthesia, vol.
40, no. 5, pp. 435–439, 1993.

[12] K. T. Higa, E. Mori, F. F. Viana, M. Morris, and L. C. Michelini,
“Baroreflex control of heart rate by oxytocin in the solitary-
vagal complex,” American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology, vol. 282, no. 2, pp.
R537–R545, 2002.

[13] A. Zlotnik, D. Natanel, R. Kutz et al., “Anesthetic management
of patients with congenital insensitivity to pain with anhidrosis:
A retrospective analysis of 358 procedures performed under
general anesthesia,” Anesthesia & Analgesia, vol. 121, no. 5, pp.
1316–1320, 2015.

[14] C. Wang, X. Zhang, S. Guo, J. Sun, and N. Li, “Anesthetic man-
agement during adenotonsillectomy for twins with congenital
insensitivity to pain with anhidrosis: two case reports,” Journal
of Medical Case Reports, vol. 11, no. 1, 2017.



Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

