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1.

Introduction

The phrenic nerve descends from the 3rd, 4th, and 5th cervical
nerves to innervate the lung, heart and diaphragm. This nerve
carries motor, sensory and sympathetic nerve ﬁbers for
diaphragmatic function that is essential in respiration. Breathing occurs because sensory and motor information are
exchanged between the phrenic nerve and the diaphragm.
Diseases and dysfunction of phrenic nerves result in respiratory

distress. One of the most rare manifestations of phrenic nerve
disorder is neuroborreliosis, which may present itself with Lyme
disease.1[1_TD$IF]

2.

Aim

This paper addresses the critical importance of phrenic nerve
and Lyme disease.

* Correspondence to: HSC Level 9 Room 040, SUNY at Stony Brook, Stony Brook, NY, 11794-8093, United States. Tel.: +1 631 987 0132;
fax: +1 631 44 7620.
E-mail address: skysalik@gmail.com (S.A. Khan).
Abbreviations: DHI, diaphragmatic height index; CDC, Centers of Disease Control and Prevention.
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3.

Material and methods

Medline searches were conducted in context of phrenic nerve,
Lyme neuroborreliosis, thoracic diaphragm, and respiratory
distress.

4.

Results and discussion

4.1.

Anatomy

Large contribution of the phrenic nerve comes from the C4's
ventral ramus, but the nerve receives contributions from the
C3 and C5 as well. The accessory phrenic nerve serves as
the branch to the subclavius and joins the phrenic nerve in the
thorax. Due to phrenic nerve's extensive anatomy, it can be
divided into the cervical and thoracic portions. The cervical
portion of the nerve stretches from the cervical plexus to the
anterior surface of the scalenus anterior muscle. The right
phrenic nerve descends through mediastinum, parietal pleura
and the pericardial sac. It passes along the superior vena cava,
travels next to the right atrium, and leaves through the inferior
vena cava opening. The nerve may pass near the right superior
pulmonary vein. The left phrenic nerve descends behind the
innominate vein, passes near the aortic arch, pulmonary
trunk, left atrial appendage, and then travels along the lateral
border of the left ventricle to innervate the diaphragm.2

Lyme neuroborreliosis is divided into categories of early,
late, or chronic stages. It is in later stages of the disease that
neurological symptoms begin to manifest. Three to six weeks
after infection, Lyme neuroborreliosis results as lymphocytic
meningoradiculoneuritis.3
Diaphragmatic complications from Lyme neuroborreliosis
are unusual cases of Lyme disease. Diaphragmatic or
respiratory disturbances in the presence of Lyme neuroborreliosis are recorded in only a few published cases. Most of these
cases involve elderly patients with a few middle-aged patients
who exhibit respiratory weakness or failures. B. burgdorferi
infection was detected through serological testing for Lyme
disease.
Lyme neuroborreliosis symptoms are caused by painful
radiculitis. The pathogenesis is axonal injury of nerve
segments caused by lymphocytic perineuritis. Lymphocytic
inﬂammation is conﬁrmed by the presence of meningeal and
root inﬂammation in cerebrospinal ﬂuid. The central nervous
system becomes more involved in the late stage of Lyme
neuroborreliosis (Tables 1 and 2).3

4.3.

Epidemiology

Analyses of cases between 1991 and 2005 in the Northeastern
United States had high incidence of Lyme disease.40 Another
region of high incidence of Lyme disease was prevalent in
Nova Scotia, Canada.41

4.4.
4.2.
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Clinical presentation

Relation to Lyme disease (Lyme neuroborreliosis)

Lyme neuroborreliosis is deﬁned as neurological involvement
of manifested Lyme disease. Lyme disease is a bacterial
infection elicited by tick-borne bacteria spirochete, Borrelia
burgdorferi. This double-membrane bacterium is primarily
injected into the skin by bites of the genus Ixodes ticks. Thus,
the disease is commonly diagnosed in patients who reside in
densely wooded area, where human to deer contact often
occurs. During the early-localized infection stage, the infection
is detected by skin rash.
The early disseminated stage of Lyme disease infection
comes weeks to months after the bite. The infection typically
spreads through hematological or lymphatic routes to distant
sites. Weeks to months after the infection, about 15% of
untreated patients exhibit neurological conditions such as
meningitis and cranial neuritis. In 5–10% reported cases,
patients exhibit Lyme neuroborreliosis. The chronic stage
symptoms primarily arise from rheumatologic and neurological disturbances.

Patients who suffer from phrenic dysfunction secondary to
Lyme neuroborreliosis manifest with severe pain in their
abdominal, neck, or upper back. Dyspnea, diplopia, dysuria
and ﬂu-like symptoms have been presented as well. Tick head
or bite marks were recovered from some, while others had no
tick bites. Unilateral or bilateral facial palsy indicates cranial
symptoms. In children, the primary symptoms are of
meningitis ([8_TD$IF]Table [9_TD$IF]3)[3_TD$IF].3[10_TD$IF]2

4.5.

Treatment

Treatment of phrenic nerve dysfunction in relation to Lyme
neuroborreliosis is intravenous ceftriaxone that ranges up to
30 days. Depending on the severity of the patient's respiratory
performance, mechanical or non-invasive ventilation is also
administered as necessary. Tetracyclines (such as doxycycline) are used extensively because of their various antimicrobial uses and relatively safe properties. Oral doxycycline has
also been used as a treatment option and is preferred over

Table 1 – Diagnosis of phrenic dysfunction and Lyme neuroborreliosis.
Diagnosis of phrenic dysfunction
4

 Diaphragmatic height index (DHI)
 Introcardiac echocardiography (early detection during cryoballoon
pulmonary isolation)5
 Fluoroscopy6
 Electrophysiological phrenic nerve testing after cardiac surgery7
 Hemidiaphragm elevation

Diagnosis of Lyme neuroborreliosis – eMedicine
 Early stage, clinical presentation
 History of tick exposure or bite
 Presence of erythema migrans
 Positive anti-B burgdorferi antibody index
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Table 2 – Etiology of phrenic dysfunction.

Table 3

Etiology of phrenic dysfunction

Patient

Adult
 Mechanical injury during artery
harvesting
 Cardiac surgery
 Pacemaker pulse generator replacement
 Internal jugular venous catheter
placement
 Open-heart surgery
 Coronary artery bypass
 Cold-induced injury
Ablation methods
 Cryoballoon
 Radiofrequency
 Epicardial and endocardial
Pediatric
 Erb's palsy
Cardiac surgery
 Dissection near phrenic nerve
 Blalock Taussing shunt-surgical method
 Brachial plexus avulsion
 Thoraenthesis for TPM effusion
During delivery
 Traumatic delivery
 Birth trauma
Thoracic interventions
 Lung transplant
 Thymectomy
 Thoracotomy
Other procedures
 Catheterization
 Laparotomy
 Neck dissection
 Tracheoesophageal ﬁstula repair
 Interscalene block
 Liver transplantation
 Intercostal drainage

References
Deng et al.

8

– Tick head recovered from
patient
– Abdominal pain
– Weakness in the right side
of the body (fell often
resulting in bruises) with back
twitches for a month
– Flu-like symptoms
– Day of presentation,
cough, reduced appetite,
abdominal distension,
constipation and dysuria
(painful or difﬁcult urination)
– Some epigastric
(upper mid-abdomen)
tenderness

Abbott et al.1[6_TD$IF]

Female,
64 years old

– Severe neck and upper
back pain
– Severe sinus-like frontal
headaches
– Erythematous papular
rash on the forearm that
became gradually larger
– Facial palsy

Ishaq et al.42

Male,
68 years old

– Severe dyspnea,
lancinating cervical pain,
drowsiness

Winterholler
and Erbguth43

Ataka et al.12
Alexander13
Brodaty et al.14
Andrade et al.15
Bunch et al.16
Sánchez-Quintana
et al.17

Georgiev et al.19
de Jong and
Manni20
Karaoğlu et al.21
Ozdemir et al.22
Stramrood et al.23
Shiohama et al.24
Ferdinande et al.25
Ostrowska and
de Carvalho26
Helps et al.27
Işlek et al.28
Taşkınlar et al.29
de Jong et al.20
Henderson and
Spigland30
De and Hayes31
McAlister et al.32
Odita et al.33

Traumatic injury
 Chronic cervical spinal cord injury
 Blunt trauma

Ulku et al.34

Disease and medical condition
 Lyme neuroborreliosis
 Diabetes
 Turner syndrome
 Charcot–Marie–Tooth disease
 Brachial neuritis
 Benign thyroid goiter

Abbott et al.1
Fisher et al.35
Odell et al.36
Abboud et al.37
Barraclough et al.38
Manning et al.39

conventional tetracyclines because of its lipid solubility
characteristics and ability to cross the blood-brain barrier.46
The length of doxycycline treatment is about 21 days. A study
was conducted on 29 patients with Lyme neuroborreliosis,
facial nerve palsy, and meningitis who were treated with oral
doxycycline. The cerebrospinal ﬂuid in these patients show a
decrease in inﬂammatory cells and protein concentrations
compared to pretreatment levels, thus suggesting that
doxycycline is an effective and convenient therapy for Lyme
disease-associated facial palsy.47

Reference

Female,
59 years old

Aguirre et al.9
Harris et al.10
Ahn et al.11

Al-Qattan et al.18

Symptoms

– Several tick bites reported
Male,
67 years old

– Severe dyspnea, diplopia
and headache

van Egmond
et al.44

Male,
30 years old

– Flu-like symptoms with
dyspnea present a few
months earlier
– Back pain after fall at
construction work

van Egmond
et al.44

Male,
74 years old

– Severe, bilateral, thoracic
shooting pain
– Pain spread to the back,
shoulder blades and
C6 dermatome
– Dyspnea
– Tick bites and erythema
migrans reported yet never
was treated for Lyme disease

van Egmond
et al.44

Huntsman,
87 years old

– Severe headache
– Shooting pain on the left
sided thoracic pain
– Fatigue, vertigo
– Facial weakness resulted in
right facial palsy, dysarthria
(trouble with speaking) and
dysphagia (problem with
swallowing)
– Reported tick bites with
absence of erythema migrans

Djukic et al.45

Studies have stated that ceftriaxone, cefotaxime and
penicillin are also effective in the treatment of neuroborreliosis. One particular study followed 21 patients with severe
Lyme neuroborreliosis radiculitis. The patients were given a
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10-day treatment with either penicillin or cefotaxime. It was
found that cerebrospinal ﬂuid antibiotic concentrations
increased the most with cefotaxime use, which offered the
most hope for long-term prognosis of the disease. Ceftriaxone
was also found to be effective in children with a recommended
treatment of 14–28 days.48 Administration of oral doxycycline
was conducted for the duration of three weeks. Palsies of the
face and diaphragm were resolved within eight weeks.49

4.6.
Centers of Disease Control (CDC) and Prevention
recommendations for Lyme disease
CDC's recommendation for diagnosing Lyme disease is based
on identifying the signs and symptoms the patient presents
regarding Lyme disease. Another useful method for diagnosing Lyme disease is the use of laboratory blood tests. However,
this test should only be used when patients show symptoms of
Lyme disease.50
CDC recommends the use of oral administration of
antibiotics in the early stage of the disease, which results in
rapid recovery. Patients with neurological and cardiac forms of
the disease require intravenous treatment. Patients generally
recover within a few weeks of antibiotic treatment.51

5.

Conclusion

Neuroborreliosis and its relationship to phrenic nerve dysfunction are discussed and pertinent literature is reviewed.

Conﬂict of interest
The authors declare that they have no conﬂict of interest.

Acknowledgments
We gratefully acknowledge literature research assistance from
Mrs. Wendy Isser and Ms. Grace Garey.

references

1. Abbott RA, Hammans S, Margarson M, Aji BM.
Diaphragmatic paralysis and respiratory failure as a
complication of Lyme disease. J Neurol Neurosurg Psychiatry.
2005;76(9):1306–1307.
2. Kulkarni NV. Clinical Anatomy for Students: Problem Solving
Approach. New Delhi: Jaypee Brothers Publishers; 2007.
3. Hansen K, Crone C, Kristoferitsch W, Lyme neuroborreliosis.
Said G, Krarup C, eds. Handbook of Clinical Neurology. Vol 115.
Edinburgh: Elsevier; 2013: 559–575.
4. Pornrattanamaneewong C, Limthongthang R, Vathana T,
Kaewpornsawan K, Songcharoen P, Wongtrakul S.
Diaphragmatic height index: new diagnostic test for phrenic
nerve dysfunction. J Neurosurg. 2012;117(5):890–896.
5. Lakhani M, Saiful F, Bekheit S, Kowalski M. Use of
intracardiac echocardiography for early detection of phrenic
nerve injury during cryoballoon pulmonary vein isolation. J
Cardiovasc Electrophysiol. 2012;23(8):874–876.

75

6. Canbaz S, Turgut N, Halici U, Duran E. Diagnosis of phrenic
nerve injury after cardiac surgery. Ann Thorac Surg. 2004;78
(4):1517.
7. Canbaz S, Turgut N, Halici U, Balci K, Ege T, Duran E.
Electrophysiological evaluation of phrenic nerve injury
during cardiac surgery – a prospective, controlled, clinical
study. BMC Surg. 2004;4:2.
8. Deng Y, Byth K, Paterson HS. Phrenic nerve injury associated
with high free right internal mammary artery harvesting.
Ann Thorac Surg. 2003;76(2):459–463.
9. Aguirre VJ, Sinha P, Zimmet A, Lee GA, Kwa L, Rosenfeldt F.
Phrenic nerve injury during cardiac surgery: mechanisms,
management and prevention. Heart Lung Circ. 2013;22
(11):895–902.
10. Harris K, Maniatis G, Siddiqui F, Maniatis T. Phrenic nerve
injury and diaphragmatic paralysis following pacemaker
pulse generator replacement. Heart Lung. 2013;42(1):65–66.
11. Ahn EJ, Baek CW, Shin HY, Kang H, Jung YH. Phrenic nerve
palsy after internal jugular venous catheter placement.
Korean J Anesthesiol. 2012;63(2):183–184.
12. Ataka K, Chihara H, Yoshimura M, et al. [Phrenic nerve palsy
following open-heart surgery]. Rinsho Kyobu Geka Jpn Ann
Thorac Surg. 1987;7:121–124.
13. Alexander Jr JC. Phrenic nerve dysfunction following
coronary artery bypass grafting: an aggravation or a real
problem? Chest. 1998;113(1):2–3.
14. Brodaty D, Bical O, Bachet J, et al. [Cold-induced paralysis of
the phrenic nerve in open-heart surgery]. Nouv Presse Med.
1981;10:3137–3140.
15. Andrade JG, Dubuc M, Ferreira J, et al. Histopathology of
cryoballoon ablation-induced phrenic nerve injury. J
Cardiovasc Electrophysiol. 2014;25(2):187–194.
16. Bunch TJ, Bruce GK, Mahapatra S, et al. Mechanisms of
phrenic nerve injury during radiofrequency ablation at the
pulmonary vein oriﬁce. J Cardiovasc Electrophysiol. 2005;16
(12):1318–1325.
17. Sánchez-Quintana D, Ho SY, Climent V, Murillo M, Cabrera
JA. Anatomic evaluation of the left phrenic nerve relevant to
epicardial and endocardial catheter ablation: implications
for phrenic nerve injury. Heart Rhythm. 2009;6(6):764–768.
18. Al-Qattan MM, Clarke HM, Curtis CG. The prognostic value
of concurrent phrenic nerve palsy in newborn children with
Erb's palsy. J Hand Surg Br. 1998;23(2):225.
19. Georgiev S, Konstantinov G, Latcheva A, Mitev P, Mitev I,
Lazarov S. Phrenic nerve injury after paediatric heart
surgery: is aggressive plication of the diaphragm beneﬁcial?
Eur J Cardiothorac Surg. 2013;44(5):808–812.
20. de Jong AA, Manni JJ. Phrenic nerve paralysis following neck
dissection. Eur Arch Otorhinolaryngol. 1991;248(3):132–134.
21. Karaoğlu P, Yiş U, Öztura I, et al. Phrenic nerve palsy
associated with brachial plexus avulsion in a pediatric patient
with multitrauma. Pediatr Emerg Care. 2013;29(8):922–923.
22. Ozdemir R, Oğuz S, Uras N, et al. Phrenic nerve injury due to
thoracentesis for TPN effusion in a preterm newborn:
consecutive two unusual complications. Tuberk Toraks.
2011;59(4):384–387.
23. Stramrood CA, Blok CA, van der Zee DC, Gerards LJ. Neonatal
phrenic nerve injury due to traumatic delivery. J Perinat Med.
2009;37(3):293–296.
24. Shiohama T, Fujii K, Hayashi M, et al. Phrenic nerve palsy
associated with birth trauma – case reports and a literature
review. Brain Dev. 2013;35(4):363–366.
25. Ferdinande P, Bruyninckx F, Van Raemdonck D, Daenen W,
Verleden G, Leuven Lung Transplant G. Phrenic nerve
dysfunction after heart–lung and lung transplantation. J
Heart Lung Transplant. 2004;23(1):105–109.
26. Ostrowska M, de Carvalho M. Prognosis of phrenic nerve
injury following thoracic interventions: four new cases and
a review. Clin Neurol Neurosurg. 2012;114(3):199–204.

76

polish annals of medicine 24 (2017) 72–76

27. Helps BA, Ross-Russell RI, Dicks-Mireaux C, Elliott MJ.
Phrenic nerve damage via a right thoracotomy in older
children with secundum ASD. Ann Thorac Surg. 1993;56
(2):328–330.
28. Işlek I, Akpolat T, Danaci M. Phrenic nerve palsy caused by
subclavian vein catheterization. Nephrol Dial Transplant.
1998;13(4):1023–1025.
29. Taşkınlar H, Naycı A, Çömelekoğlu Ü, Polat G, Zorludemir S,
Avlan D. Intestinal ischemia–reperfusion induced
diaphragm contractility dysfunction: electrophysiological
and ultrastructural study in a neonatal rat model. J Pediatr
Surg. 2016;51(3):354–359.
30. Henderson PW, Spigland NA. Right phrenic nerve injury as a
complication of tracheoesophageal ﬁstula repair. Pediatr Crit
Care Med. 2010;11(5):e52–e54.
31. De A, Hayes JE. Persistent phrenic nerve paresis after
interscalene block: a ‘‘triple crush’’ hypothesis of nerve
injury. Reg Anesth Pain Med. 2013;38(6):553. http://dx.doi.org/
10.1097/AAP.0b013e3182a4b69d.
32. McAlister VC, Grant DR, Roy A, et al. Right phrenic nerve
injury in orthotopic liver transplantation. Transplantation.
1993;55(4):826–830.
33. Odita JC, Khan AS, Dincsoy M, Kayyali M, Masoud A, Ammari
A. Neonatal phrenic nerve paralysis resulting from intercostal
drainage of pneumothorax. Pediatr Radiol. 1992;22(5):379–381.
34. Ulku R, Onat S, Balci A, Eren N. Phrenic nerve injury after
blunt trauma. Int Surg. 2005;90(2):93–95.
35. Fisher MA, Leehey DJ, Gandhi V, Ing T. Phrenic nerve palsies
and persistent respiratory acidosis in a patient with diabetes
mellitus. Muscle Nerve. 1997;20(7):900–902.
36. Odell JA, Kennelly K, Stauffer J. Phrenic nerve palsy and
Parsonage–Turner syndrome. Ann Thorac Surg. 2011;92
(1):349–351.
37. Abboud L, El SF, Takubo T, Byrd Jr RP, Roy TM. Phrenic nerve
involvement in Charcot–Marie–Tooth disease. Tenn Med.
2005;98(10):495–497.
38. Barraclough A, Triplett J, Tuch P. Brachial neuritis with
phrenic nerve involvement. J Clin Neurosci. 2012;19(9):
1301–1302.

39. Manning PB, Thompson NW. Bilateral phrenic nerve palsy
associated with benign thyroid goiter. Acta Chir Scand.
1989;155(8):429–431.
40. Khatchikian CE, Nadelman RB, Nowakowski J, et al. Public
health impact of strain speciﬁc immunity to Borrelia
burgdorferi. BMC Infect Dis. 2015;15(October):472. http://dx.doi.
org/10.1186/s12879-015-1190-7.
41. Hatchette TF, Johnston BL, Schleihauf E, et al. Epidemiology
of Lyme disease, Nova Scotia, Canada, 2002–2013. Emerg
Infect Dis. 2015;21(10):1751–1758.
42. Ishaq S, Quinet R, Saba J. Phrenic nerve paralysis secondary
to Lyme neuroborreliosis. Neurology. 2002;59(11):1810–1811.
43. Winterholler M, Erbguth FJ. Tick bite induced respiratory
failure. diaphragm palsy in Lyme disease. Intensive Care Med.
2001;27(6):1095.
44. van Egmond ME, Luijckx GJ, Kramer H, Benne CA, Slebos DJ,
van Assen S. Diaphragmatic weakness caused by
neuroborreliosis. Clin Neurol Neurosurg. 2011;113(2):153–155.
45. Djukic M, Larsen J, Lingor P, Nau R. Unilateral phrenic nerve
lesion in Lyme neuroborreliosis. BMC Pulm Med. 2013;13:4.
http://dx.doi.org/10.1186/1471-2466-13-4.
46. Cunha BA. Minocycline versus doxycycline in the treatment
of Lyme neuroborreliosis. Clin Infect Dis. 2000;30(1):237–238.
47. Dotevall L, Hagberg L. Successful oral doxycycline treatment
of Lyme disease-associated facial palsy and meningitis. Clin
Infect Dis. 1999;28(3):569–574.
48. Pﬁster HW, Preac-Mursic V, Wilske B, Einhaupl KM.
Cefotaxime vs penicillin G for acute neurologic
manifestations in Lyme borreliosis. A prospective
randomized study. Arch Neurol. 1989;46(11):1190–1194.
49. Faul JL, Ruoss S, Doyle RL, Kao PN. Diaphragmatic paralysis
due to Lyme disease. Eur Respir J. 1999;13(3):700–702.
50. Centers for Disease Control and Prevention. Lyme Disease.
Diagnosis and Testing. 2015. http://www.cdc.gov/lyme/
diagnosistesting Accessed 01.04.16.
51. Centers for Disease Control and Prevention. Lyme Disease.
Treatment. 2015. http://www.cdc.gov/lyme/treatment/index.
html Accessed 01.04.16.

