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      One of the most devastating sequelae of cardiac sur-
gery today is phrenic nerve injury: Bilateral injury 

may lead to ventilator dependence, whereas unilateral 
injury may decrease pulmonary function, resulting in 

an overall reduction in physical capacity.  1-5   Other 
causes of phrenic nerve injury may include intersca-
lene or epidural nerve blocks, neck or mediastinal 
surgery, chiropractic manipulation, and trauma.  6-9   

 Currently, operative management in adults has not 
been studied extensively; the only procedure being 
performed with any regularity is diaphragmatic plica-
tion.  10,11   Furthermore, although it may work for the 

  Background  :    Unilateral phrenic nerve injury often results in symptomatic hemidiaphragm paraly-
sis, and currently few treatment options exist. Reported etiologies include cardiac surgery, neck 
surgery, chiropractic manipulation, and interscalene nerve blocks. Although diaphragmatic plica-
tion has been an option for treatment, the ideal treatment would be restoration of function to the 
paralyzed hemidiaphragm. The application of peripheral nerve surgery techniques for phrenic 
nerve injuries has not been adequately evaluated. 
  Methods:    Twelve patients presenting with long-term  , symptomatic, unilateral phrenic nerve inju-
ries following surgery, chiropractic manipulation, trauma, or anesthetic blocks underwent a 
comprehensive evaluation, including radiographic and electrophysiologic assessments. Surgical 
treatment was offered following a minimum of 6 months of conservative management. Operative 
planning was based on preoperative and intraoperative testing using one or more established 
nerve reconstruction techniques (neurolysis, interpositional grafting, or neurotization). 
  Results:    Measures of postoperative improvement included pulmonary function testing, fl uoro-
scopic sniff testing, and a standardized quality-of-life survey, from which it was determined that 
eight of nine patients who could be completely evaluated experienced improvements in diaphrag-
matic function. 
  Conclusions:    Based on the favorable results in this small series, we suggest expanding nerve 
reconstruction techniques to phrenic nerve injury treatment and propose an algorithm for treat-
ment of unilateral phrenic nerve injury that may expand the current limitations in therapy. 
 CHEST 2011; 140(1):191–197 

  Abbreviations:  EMG  5  electromyography; MUP  5  motor unit potential; NCS  5  nerve conduction study; PFT  5  pulmonary 
function test; SF-36  5  Medical Outcomes Study 36-Item Short Form Health Survey 
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over a 6-month period have a rather remote likelihood of sponta-
neous improvement and that surgical success rates will be reduced 
if repair is delayed beyond this time frame when there is a com-
plete nerve transection injury.  14   

 The evoked NCS of the phrenic nerve was performed by stim-
ulation at the junction of the mid and distal third of the postero-
lateral margin of the sternocleidomastoid muscle. The ground 
electrode was placed on the anterior-superior iliac crest. The 
active electrodes were placed over both the eighth and the ninth 
intercostal spaces. The EMG was performed using a 50-mm, 
25-gauge intramuscular monopolar needle electrode in the dia-
phragm and external and internal intercostal muscles. Each area 
was examined during needle insertion at rest and with attempted 
volitional respiratory activity. 

 The algorithm we followed and are proposing for treatment of 
unilateral phrenic nerve paralysis is as follows: (1) Patients are not 
offered surgery (or offered diaphragm plication) if the etiology 
of the injury cannot be clearly elucidated or if NCS/EMG test-
ing demonstrates complete degeneration and muscle atrophy; 
(2) nerve exploration and neurolysis are performed at the site 
of injury when information gathered suggests an irreversible nerve 
injury with intact motor unit potentials (MUPs) on NCS/EMG 
testing; and (3) nerve exploration, neurolysis, and interpositional 
grafting (or neurotization) in the neck and chest are performed 
simultaneously when there is a complete denervation injury or 
root-level injury with intact MUPs or when there is an incomplete 
injury that cannot be reversed with neurolysis alone. Patients 
were evaluated with intraoperative NCS/EMG both before and 
after neurolysis. When comparative intraoperative testing failed 
to demonstrate improvement, immediate nerve grafting or neuro-
tization was performed. 

 Parameters for outcome evaluation were etiology of injury, dura-
tion between injury and treatment, treatment offered, time from 
surgery to clinical response, PFTs, fl uoroscopic sniff testing, and 
the Medical Outcomes Study 36-Item Short Form Health Survey 
(SF-36) (e-Appendix 1  ).  15   Postoperative evaluations were per-
formed within the fi rst 3 months in patients who underwent neu-
rolysis alone or in nerve graft/nerve transfer patients who reported 
subjective respiratory improvement. For the remaining patients, 
testing was performed at approximately 1 year following surgical 
treatment. Outcomes were judged successful if sniff test reports, 
read by radiologists blinded to the treatment, demonstrated a 
reversal of either complete paralysis or paradoxical diaphragm 
movement on sniff testing in association with enhanced quality-of-
life assessment reporting and increases in FEV 1  and FVC. 

pediatric population, the benefi ts of diaphragmatic 
plication in the adult population have yet to be clearly 
elucidated. Diaphragmatic pacemakers, though proven 
successful in cases of bilateral phrenic nerve injury, 
are not commonplace for unilateral injury because of 
the inability of the pacemaker to synchronize with 
spontaneous respiratory drive. Phrenic nerve grafting 
for acutely injured nerves has been shown to be effec-
tive in rare cases.  12,13   

 Whereas neurolysis, nerve grafting, and neurotiza-
tion are common surgical techniques in the treatment 
of brachial plexus injuries and paralysis of the upper 
and lower extremities, their application for injuries to 
the phrenic nerve have been reported only in isolated 
cases of acute injury.  12,13   Neurolysis is the surgical 
release of infl ammatory adhesions that typically is 
performed with magnifi cation in order to free the nerve 
from sites of tension or compression  . Nerve grafting 
and neurotization (aka, nerve transfer) are techniques 
performed when the nerve injury is more complete. 
For example, if neurolysis alone will not reverse the 
defi cit, either an interposition nerve graft to bypass 
the site of injury or a nerve transfer to provide an alter-
nate source of impulse, may be necessary to restore 
function to the innervated muscle. Here, we present 
12 cases of diaphragm reinnervation following unilat-
eral phrenic nerve injury and propose an algorithm 
for treatment of these often-debilitating injuries pre-
viously thought to be irreversible. 

 Materials and Methods 

 We retrospectively reviewed 12 patients presenting with hemi-
diaphragm paralysis refractory to conservative therapy who 
underwent surgical treatment between September 2007 and 
September 2010. This group of patients was selected from a much 
larger cohort of patients who were evaluated but found not to 
be candidates for therapy. The institutional review board   at our 
hospital approved the study, and informed consent was obtained 
in accordance with study approval. 

 The algorithm for treatment of these injuries was based on 
information gathered from clinical history, pulmonary function 
tests (PFTs), nerve conduction study (NCS), electromyography 
(EMG), and radiographic imaging. Patients were excluded from 
treatment if there was any clinical evidence of spontaneous inter-
val improvement in function or if NCS/EMG testing was normal. 
Patients with normal preoperative PFTs were not excluded from 
treatment if other abnormalities were present. All PFTs were per-
formed in the seated position because of patient diffi culties in 
tolerating supine evaluation; therefore, resultant values may not 
have completely captured the extent of the restrictive functional 
defi cit. Restrictive ventilatory defi cits associated with unilateral 
diaphragm paralysis are exacerbated in the supine position. The 
increased intraabdominal hydrostatic pressure is unopposed by 
the fl accid hemidiaphragm, resulting in a loss of thoracic domain. 

 In order to qualify for treatment, patients had to exhibit dia-
phragm paralysis and abnormalities on NCS/EMG testing for at 
least 6 months. This criterion is based on published data indicat-
ing that patients with a range of peripheral nerve injuries who fail 
to exhibit clinical or electrophysiologic evidence of improvement 

 THE BOTTOM LINE 
 How does this work advance the fi eld? 
 To date, few treatment options exist for patients with dia-
phragm paralysis and only rarely, in case reports, has dia-
phragm reinnervation been documented in the literature. 
This study demonstrates that it may be possible for nerve 
surgery to restore function to a paralyzed diaphragm, repre-
senting an innovation with the potential to advance the fi elds 
of pulmonary medicine and surgery. 

 What are the clinical implications? 
 Many patients experience unresolved diaphragm paralysis, 
mostly from surgical or anesthetic injuries, and very few can 
be treated. Diaphragm plication can help some patients, but 
the present study details a therapeutic option that may actu-
ally restore function to the diaphragm itself and provide a 
more physiologic functional improvement to many patients. 
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effectively treated with antibiotics, whereas there 
were no incidences of postoperative pneumonia or 
respiratory complications. 

 In six of the seven patients with partial denerva-
tion injuries, there was an SF-36-reported improve-
ment noted in the fi rst 3 months postoperatively 
that was verifi ed on sniff testing and PFTs ( Fig 1 ,  
 Table 1 ). One patient in this group underwent 
postoperative NCS/EMG testing at 6 months, 
which revealed a 69% improvement in compound 
motor action potential response (0.14-0.31 mV 
[reference,  �  0.33 mV]) and a 47% reduction in con-
duction latency (11.2-10.1 milliseconds [reference, 
8.0  �  1.5 milliseconds]). 

 Three of the fi ve patients with complete denerva-
tion injuries reported SF-36 improvements between 
8 and 14 months postoperatively, two of whom dem-
onstrated improved diaphragm motion on sniff test-
ing and improvements in both FEV 1  and FVC ( Table 1 ). 
In four patients, respiratory improvements could not 
be well documented; one died of a cardiac event 
before additional testing could be performed, and 
two were too early in their postoperative course for 
evaluation. The fourth patient, in whom recovery 
could not be documented, had a persistent paralysis 
of the diaphragm on sniff testing at 8 months follow-
ing surgery. 

 The mean preoperative FEV 1  and FVC for all 
12 patients was 62%  �  29% and 65%  �  32%, respec-
tively. In the nine patients who underwent both pre-
operative and postoperative spirometry, FEV 1  and 
FVC improved following treatment by an average of 
12%  �  13% and 12%  �  17%, respectively ( Table 1 ). 

 Overall, nine (90%) of 10 patients evaluated with 
the SF-36 demonstrated clinical respiratory improve-
ments, eight of whom could be confi rmed with PFT 
and sniff testing. Comparative fl uoroscopic sniff test-
ing demonstrated an unequivocal improvement in 
diaphragm motion in eight (89%) of nine tested. 

 Discussion 

 The phrenic nerve is a peripheral nerve originating 
from roots C3 to C5. On each side of the body, the 
nerve courses in the neck through the mediastinum 
and innervates the hemidiaphragm on that side. 
Injury to the nerve may occur from surgery, anesthetic 
blocks, trauma, or manipulation performed in the 
neck and chest. Unilateral phrenic injury may result 
in atelectasis, pneumonia, decreased pulmonary func-
tion, sleep-disordered breathing and pulmonary effu-
sion due to paralysis of the hemidiaphragm.  1,5-7   

 Neuronal injury as described by Seddon  16   can be 
divided into three types: neurapraxia, a temporary 
dysfunction; axonotmesis, an interruption of axons 
with preservation of the supporting structures; and 

 Results 

 There were eight men and four women with an 
average age of 54 years (range, 40-68 years). Paralysis 
followed anesthetic blocks in two patients (cervical 
epidural block [n  5  1] and interscalene block [n  5  1]) 
and followed surgical procedures in six (coronary 
artery bypass graft [n  5  1], neck dissection for thyroid 
cancer [n  5  2], carotid-subclavian bypass [n  5  2], and 
cervical rib resection for thoracic outlet syndrome 
[n  5  1]). The etiology for the remaining four patients 
was most likely cervical chiropractic manipulation 
(n  5  2) and a traumatic event (n  5  2) determined based 
on the correlation between onset of paralysis and 
timing of occurrences ( Table 1 ).  

 Diaphragm paralysis was left sided in nine patients 
and right sided in three. Patients, by study design, 
had abnormally low or absent compound motor action 
potentials on NCS and demonstrated intact, but 
abnormal MUPs on EMG. Five of the patients evalu-
ated demonstrated a complete conduction block, 
whereas partial denervation was seen on the NCS of 
the remaining seven patients. All 12 patients demon-
strated either absence of motion or paradoxical dia-
phragm movement on preoperative sniff testing. Eight 
patients exhibited PFT parameters consistent with 
a restrictive abnormality, as characterized by a reduc-
tion in FVC without a reduction in FEV 1 /FVC, 
whereas four patients with symptomatic diaphragm 
paralysis had normal values on preoperative PFTs. 
Four patients had additional associated neuropathies 
identifi ed clinically and on NCS/EMG testing (spinal 
accessory [n  5  1], long thoracic nerve [n  5  1], ulnar 
nerve [n  5  2]). 

 The average duration between onset of paraly-
sis and surgical treatment was 30 months (range, 
8-64 months). In all 12 patients, the phrenic nerve was 
identifi ed and a neurolysis performed; seven patients 
also had an identifi able accessory phrenic nerve that 
was treated in the same manner. A sural nerve inter-
position graft was performed in seven patients, four 
of whom required both a cervical approach and a 
thoracotomy to access the phrenic nerve and bypass 
the site of injury, whereas in the remaining three, the 
interposition graft was performed completely in the 
neck. Two patients underwent an end-to-side neuro-
tization procedure based on fi ndings of a cervical 
root-level injury (spinal accessory [n  5  1], long thoracic 
nerve [n  5  1]). 

 The average length of surgery was 165 min (range, 
50-250 min). There were no intraoperative complica-
tions, and all patients were extubated prior to leaving 
the operating room. The average number of days for 
postoperative hospitalization was 2 (range, 1-4 days). 
Postoperative complications consisted of an infection 
at the sural nerve harvest site in one patient who was 
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plication is an invasive procedure, and long-term 
relief of symptomatic phrenic nerve injury is ques-
tionable in adults. Studies have shown recurrent ele-
vation of the diaphragm in many patients, with up to 
19% requiring additional surgery.  10,11   

 Diaphragmatic pacemakers consist of phrenic nerve 
electrodes implanted in the cervical region or the 
thorax or direct electrodes placed in the diaphragm 
muscle using a laparoscopic abdominal approach.  19   
They allow ventilator-dependent patients with tetra-
plegia to be maintained permanently or temporarily 
without the use of mechanical-assist devices. Free-
dom from the ventilator has been demonstrated to 
allow greater mobility, improved speech, improved 
overall health and quality of life, and reduced health-
care costs. Unfortunately, diaphragmatic pacing gen-
erally is performed only in patients with bilateral 
nerve injury because current technology does not 
permit timing electronic impulses to physiologically 
derived respiratory activity. 

 Immediate repair of phrenic nerve transection has 
been described in the literature in scattered case 
reports.  13,20   Brouillette et al  13   reported immediate 
end-to-end anastamosis in an infant after teratoma 
resection. Krieger and Krieger  21   showed that the 
intercostal nerve can be used to neurotize the phrenic 
nerve in spinal cord injury when the level of paralysis 
involves the C3 to C5 region. There are also two 
reported cases that describe the sural nerve being 
used as an interposition graft to replace a 3-cm gap 
that resulted in a return of function demonstrated 
at 1 year.  12,13   Although success of long interposition 
grafts ( �  20 cm) has not been previously documented 
in cases of diaphragm paralysis, several human and 
animal studies have supported the feasibility of using 
long nerve autografts for muscle reinnervation, with 

neurotmesis, a destruction of all essential parts of 
the nerve. One of the most serious sequelae of car-
diac surgery is injury to the phrenic nerve. Reported 
incidence varies because it is postulated that only 
50% of affected individuals manifest symptoms.  17,18   
The injury most often occurs during harvesting of the 
left-side internal mammary artery and is more 
likely a neurotmesis-type injury from partial or 
complete transection. Alternatively, thermal injury 
may occur during cardiac hypothermia, precipitating 
axonotmesis because it is more likely that the nerve 
sheath will remain intact. Both neurotmesis and 
axonotmesis are likely to result in irreversible nerve 
damage, reducing or eliminating the possibility of 
spontaneous recovery, whereas neurapraxia typically 
will recover without therapeutic intervention. Distin-
guishing patients whose paralysis will recover sponta-
neously from those who may benefi t from surgical 
intervention usually is possible by assessing results of 
NCS/EMG testing and performing serial evaluations 
over a period of approximately 6 months from the 
time of injury to look for interval improvement. 

 For those patients with unilateral phrenic injuries 
that will not recover spontaneously, therapeutic 
options are extremely limited. The only therapy cur-
rently being performed commonly is plication of the 
diaphragm, a procedure that fl attens the diaphragm 
in its inspiratory position. Plication has been studied 
more extensively in the pediatric population because 
diaphragmatic paralysis rarely spontaneously resolves 
in this patient population. Respiratory insuffi ciency 
seems to persist in younger patients, necessitating the 
procedure in infants, although it traditionally has been 
believed that older children have a higher tolerance 
for a unilateral diaphragm paralysis. Despite being a 
viable therapy in the pediatric population, diaphragm 

 Table 1— Demographics and Outcomes of Patients Undergoing Diaphragm Reinnervation Surgery  

PFT, %

Patient No  . Age, y Sex Side Etiology Injury Duration Treatment Follow-up, mo SF-36  D FEV 1  D FVC Sniff

1 40 M L B Complete 9 NL, IG 38  1  1 15  1 16  1 

2 53 M L B Partial 31 NL 12  1  1 17  1 22  1 

3 52 M L S-ND Partial 8 NL 27  1  1 16  1 13  1 

4 57 M R S-CB Complete 72 NL, IG 16  1  1 6  1 7  1 

5 47 M L C Partial 26 NL 20  1  1 25  1 29  1 

6 56 F L S-TO Partial 12 NL, IG 14  1  1 14  1 12  1 

7 68 F R S-CB Partial 9 NL, IG 15  1  1 5  1 4  1 

8 59 F L C Partial 35 NL, IG 16  1  1 10  1 6  1 

9 47 M L S-ND Complete 64 NL, IG 8 … 0  2 2 …
10 54 M L S-CBG Complete 18 NL, IG 10 a  1 n/a n/a n/a
11 64 F L T Partial 60 NL, NT 5 n/a n/a n/a n/a
12 53 M R T Complete 18 NL, NT 4 n/a n/a n/a n/a

B  5  anesthetic block; C  5  chiropractic manipulation; F  5  female; IG  5  interposition graft; L  5  left; M  5  male;  2   5  no improvement following 
treatment; n/a  5  testing was not performed; NL  5  neurolysis; NT  5  neurotization; PFT  5  pulmonary function test;  1   5  an improvement following 
treatment; R  5  right; S-CB  5  carotid bypass surgery; S-CBG  5  coronary bypass graft surgery; SF-36  5  Medical Outcomes Study 36-Item Short 
Form Health Survey; S-ND  5  neck dissection surgery; S-TO  5  thoracic outlet surgery; T  5  trauma.
 a Died  .

 © 2011 American College of Chest Physicians
 by guest on July 6, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


www.chestpubs.org CHEST / 140 / 1 / JULY, 2011   195 

sis following chiropractic manipulation, whereas the 
remaining two were from an epidural block and neck 
dissection, respectively. The clinical appearance and 
nerve conduction reports both suggest a reversible 
compression neuropathy not unlike any common 
compression neuropathy in the extremities (ie, carpal 
tunnel syndrome). Just as carpal tunnel release of the 
median nerve often results in immediate improve-
ment in hand function, we hypothesize that “release” 
of the phrenic nerve can reverse diaphragm paraly-
sis. Testing this hypothesis would require serial post-
operative NCS/EMG testing on larger patient samples 
to measure conduction latencies and MUPs following 
phrenic nerve neurolysis. In the current study, we 
were able to document a reduction in conduction 
latency and improved MUP postoperatively in one 
patient. Because of the discomfort associated with 
NCS/EMG testing, all other patients refused to 
undergo repeat postoperative testing to merely cor-
roborate clinical and radiographic fi ndings. 

 Yoshitani et al  24   recently described a series of phrenic 
nerve repairs using nerve tubes in dogs, demon-
strating that the diaphragm can regain function using 
neural tubes as a conduit for nerve regeneration, 
especially in the setting of a pericardial fat pad. In 
their series, the phrenic nerve was acutely transected 
and replaced with a 30-mm graft. By 4 months, three 
of the four dogs receiving the nerve tube placed in a 
pericardial fat pad had regained function. In the group 
without use of a pericardial fat pad, only one of fi ve 
dogs regained function. In both groups, the phrenic 
nerve demonstrated its ability to regenerate; however, 
the fat pad greatly enhanced its potential. In the pres-
ent series, we routinely wrapped the neural anastomosis 

success rates approximating those of short-segment 
nerve repair.  22,23   

 In the present series, seven sural interposition grafts 
were performed, the indication being a complete 
denervation injury or when neurolysis alone failed to 
improve the threshold for conduction in patients with 
partial denervation injuries. On the basis of the tradi-
tional principle of peripheral nerve repair that nerves 
regenerate at 1 mm/d, it would be expected that long-
segment interposition grafts would not provide clinical 
improvement for at least 6 months. Nerve regenera-
tion rates frequently differ from established princi-
ples, and clinical improvement following a  �  20-cm 
nerve graft may occur more rapidly than expected, or 
alternatively, there may be an absence of clinical 
recovery for up to 18 months. Thus, a true clinical 
failure would not be documented unless the patient 
was well beyond this time period with no objective 
evidence of recovery. In our series, it is possible that 
recovery occurred more rapidly than expected when 
interposition grafts were used as an adjunct to neu-
rolysis in cases of partial denervation. In this scenario, 
there could be limited recovery of function immedi-
ately from the neurolysis followed by enhanced func-
tion months later as the nerve graft begins to function. 
Although we cannot conclusively demonstrate this phe-
nomenon in the current study, follow-up reports indi-
cate the likelihood that it occurred in two patients. 

 In all patients who underwent neurolysis alone and 
in one patient who underwent both neurolysis and 
grafting, there was immediate clinical improvement. 
The basis for this improvement may have to do with 
the pathophysiology of the injury. It is believed that 
two of these patients sustained diaphragm paraly-

  Figure  1. Results of the Medical Outcomes Study 36-Item Short Form Health Survey following dia-
phragm reinnervation surgery in symptomatic patients with diaphragm paralysis (n  5  10; normal func-
tioning, 100). Pre-op  5  before operation; Post-op  5  after operation  .   
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 Interpositional nerve grafting and neurolysis have 
been described extensively in a wide array of nerve 
injuries.  25-27   These results have been encouraging, 
with many patients regaining motor function after 
transplantation. Successful nerve grafting depends on 
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 Conclusion 
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techniques and propose that the algorithm we used 
be followed for treatment of this disorder. The results 
demonstrate that the procedures can be performed 
safely and with a high likelihood of clinical improve-
ment. The reconstructive techniques are common-
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this small series support expanding their utility for 
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out an extensive array of current treatment options  . 

 Acknowledgments 
  Author contributions:  Dr Kaufman had full access to all of the 
data in the study and takes responsibility for the integrity of the 
data and the accuracy of the data analysis  . 
  Dr Kaufman:  contributed to all phases of the research including 
data collection and assessment, performance of all procedures, 
and preparation and review of the manuscript. 

 © 2011 American College of Chest Physicians
 by guest on July 6, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/content/140/1/191/suppl/DC1
http://chestjournal.chestpubs.org/content/140/1/191/suppl/DC1
http://chestjournal.chestpubs.org/


www.chestpubs.org CHEST / 140 / 1 / JULY, 2011   197 

    12 .  Schoeller   T ,  Ohlbauer   M ,  Wechselberger   G ,  Piza-Katzer   H , 
 Margreiter   R .  Successful immediate phrenic nerve reconstruc-
tion during mediastinal tumor resection .   J Thorac Cardiovasc 
Surg  .  2001 ; 122 ( 6 ): 1235 - 1237 .  

    13 .  Brouillette   RT ,  Hahn   YS ,  Noah   ZL ,  Ilbawi   MN ,  Wessel   HU . 
 Successful reinnervation of the diaphragm after phrenic 
nerve transection .   J Pediatr Surg  .  1986 ; 21 ( 1 ): 63 - 65 .  

    14 .  Millesi   H .  Reappraisal of nerve repair .   Surg Clin North Am  . 
 1981 ; 61 ( 2 ): 321 - 340 .  

    15 .  RAND Health . Medical Outcomes Study: 36-Item Short 
Form Survey Instrument: RAND 36-item 1.0 health survey 
questionnaire items. Rand Health Web site.  http://www.
rand.org/health/surveys_tools/mos/mos_core_36item_survey.
html . Accessed October 10, 2010.    

    16 .  Seddon   JH .  Three types of nerve injury .   Brain  .  1943 ; 66 ( 4 ):
 237 - 288 .   

    17 .  Wilcox   PG ,  Paré   PD ,  Pardy   RL .  Recovery after unilateral 
phrenic injury associated with coronary artery revasculariza-
tion .   Chest  .  1990 ; 98 ( 3 ): 661 - 666 .  

    18 .  Sharma   AD ,  Parmley   CL ,  Sreeram   G ,  Grocott   HP .  Peripheral 
nerve injuries during cardiac surgery: risk factors, diagnosis, 
prognosis, and prevention .   Anesth Analg  .  2000 ; 91 ( 6 ): 1358 - 1369 .  

    19 .  Onders   RP ,  Dimarco   AF ,  Ignagni   AR ,  Aiyar   H ,  Mortimer   JT . 
 Mapping the phrenic nerve motor point: the key to a success-
ful laparoscopic diaphragm pacing system in the fi rst human 
series .   Surgery  .  2004 ; 136 ( 4 ): 819 - 826 .  

    20 .  Merav   AD ,  Attai   LA ,  Condit   DD .  Successful repair of a 
transected phrenic nerve with restoration of diaphragmatic 
function .   Chest  .  1983 ; 84 ( 5 ): 642 - 644 .  

    21 .  Krieger   LM ,  Krieger   AJ .  The intercostal to phrenic nerve 
transfer: an effective means of reanimating the diaphragm in 
patients with high cervical spine injury .   Plast Reconstr Surg  . 
 2000 ; 105 ( 4 ): 1255 - 1261 .  

    22 .  Sinis   N ,  Schaller   HE ,  Becker   ST ,  et al .  Cross-chest median 
nerve transfer: a new model for the evaluation of nerve regen-
eration across a 40 mm gap in the rat .   J Neurosci Methods  . 
 2006 ; 156 ( 1-2 ): 166 - 172 .  

    23 .  Millesi   H .  Bridging defects: autologous nerve grafts .   Acta 
Neurochir Suppl (Wien)  .  2007 ; 100 : 37 - 38 .  

    24 .  Yoshitani   M ,  Fukuda   S ,  Itoi   S ,  et al .  Experimental repair of 
phrenic nerve using a polyglycolic acid and collagen tube . 
  J Thorac Cardiovasc Surg  .  2007 ; 133 ( 3 ): 726 - 732 .  

    25 .  Sedel   L ,  Nizard   RS .  Nerve grafting for traction injuries of the 
common peroneal nerve. A report of 17 cases .   J Bone Joint 
Surg Br  .  1993 ; 75 ( 5 ): 772 - 774 .  

    26 .  Matejcík   V .  Peripheral nerve reconstruction by autograft . 
  Injury  .  2002 ; 33 ( 7 ): 627 - 631 .  

    27 .  Tadie   M ,  Liu   S ,  Robert   R ,  et al .  Partial return of motor func-
tion in paralyzed legs after surgical bypass of the lesion site 
by nerve autografts three years after spinal cord injury . 
  J Neurotrauma  .  2002 ; 19 ( 8 ): 909 - 916 .  

    28 .  Kim   DH ,  Murovic   JA ,  Tiel   R ,  Kline   DG .  Management and 
outcomes in 353 surgically treated sciatic nerve lesions . 
  J Neurosurg  .  2004 ; 101 ( 1 ): 8 - 17 .  

    29 .  Bertelli   JA ,  Ghizoni   MF .  Results of grafting the anterior 
and posterior divisions of the upper trunk in complete 
palsies of the brachial plexus .   J Hand Surg Am  .  2008 ; 33 ( 9 ):
 1529 - 1540 .      

 © 2011 American College of Chest Physicians
 by guest on July 6, 2011chestjournal.chestpubs.orgDownloaded from 

http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html
http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html
http://www.rand.org/health/surveys_tools/mos/mos_core_36item_survey.html
www.chestpubs.org
http://chestjournal.chestpubs.org/


 

Online supplements are not copyedited prior to posting. 
 

© 2011 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the 
American College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.10­2765 

 

1 

 
 

Reinnervation of the Paralyzed Diaphragm 
 
Application of Nerve Surgery Techniques Following 
Unilateral Phrenic Nerve Injury 
 
Matthew R. Kaufman, MD; Andrew I. Elkwood, MD; Michael I. Rose, MD; 
Tushar Patel, MD; Russell Ashinoff, MD; Adam Saad, MD; Robert Caccavale, MD; 
Jean-Philippe Bocage, MD; Jeffrey Cole, MD; Aida Soriano, MD, FCCP; and Ed Fein, MD 
 
 
e-Appendix 1. 
 
36-Item Short Form Survey Instrument  
RAND 36-Item Health Survey 1.0 Questionnaire Items 
 

2. Compared to one year ago, 
how would you rate your health in general 
now? 

Much better now than one year ago 1 

Somewhat better now than one year ago 2 

About the same 3 

Somewhat worse now than one year ago 4 

Much worse now than one year ago 5 

 
 

 
Yes, Limited a 
Lot 

Yes, Limited a 
Little 

No, Not limited at 
All 

3. Vigorous activities, such as running, lifting heavy objects, participating in strenuous 
sports 

[1] [2] [3] 

4. Moderate activities, such as moving a table, pushing a vacuum cleaner, bowling, or 
playing golf 

[1] [2] [3] 

5. Lifting or carrying groceries [1] [2] [3] 

6. Climbing several flights of stairs [1] [2] [3] 

1. In general, would you 
say 
your health is: 

Excellent 1 

Very good 2 

Good 3 

Fair 4 

Poor 5 
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7. Climbing one flight of stairs [1] [2] [3] 

8. Bending, kneeling, or stooping [1] [2] [3] 

9. Walking more than a mile [1] [2] [3] 

10. Walking several blocks [1] [2] [3] 

11. Walking one block [1] [2] [3] 

12. Bathing or dressing yourself [1] [2] [3] 

  Yes No 

17. Cut down the amount of time you spent on work or other activities 1  2 

18. Accomplished less than you would like  1  2 

19. Didn't do work or other activities as carefully as usual  1  2 

20. During the past 4 weeks, to what extent has your physical health or emotional problems interfered with your normal social 
activities with family, friends, neighbors, or groups? 

Not at all 1 

Slightly 2 

Moderately 3 

Quite a bit 4 

Extremely 5 

  Yes  No 

13. Cut down the amount of time you spent on work or other activities 1  2 

14. Accomplished less than you would like 1  2 

15. Were limited in the kind of work or other activities  1  2 

16. Had difficulty performing the work or other activities (for example, it took extra effort)  1  2 

 © 2011 American College of Chest Physicians
 by guest on July 6, 2011chestjournal.chestpubs.orgDownloaded from 

http://chestjournal.chestpubs.org/


 

Online supplements are not copyedited prior to posting. 
 

© 2011 American College of Chest Physicians. Reproduction of this article is prohibited without written permission from the 
American College of Chest Physicians (http://www.chestpubs.org/site/misc/reprints.xhtml). DOI: 10.1378/chest.10­2765 

 

3 

21. How much bodily pain have you had during the past 4 weeks? 

None 1 

Very mild 2 

Mild 3 

Moderate 4 

Severe 5 

Very severe 6 

22. During the past 4 weeks, how much did pain interfere with your normal work (including both work outside the home and 
housework)? 

Not at all 1 

A little bit 2 

Moderately 3 

Quite a bit 4 

Extremely 5 

How much of the time during the past 4 weeks . . . 

  All of the 
Time 

Most of 
the Time 

A Good Bit of 
the Time 

Some of 
the Time 

A Little of 
the Time 

None of 
the Time 

23. Did you feel full of pep?  1  2  3  4  5  6 

24. Have you been a very nervous 
person? 

1  2  3  4  5  6 

25. Have you felt so down in the dumps 
that nothing could cheer you up? 

1  2  3  4  5  6 

26. Have you felt calm and peaceful?  1  2  3  4  5  6 

27. Did you have a lot of energy?  1  2  3  4  5  6 

28. Have you felt downhearted and 
blue? 

1  2  3  4  5  6 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29. Did you feel worn out?  1  2  3  4  5  6 

30. Have you been a happy person?  1  2  3  4  5  6 

31. Did you feel tired?  1  2  3  4  5  6 

32. During the past 4 weeks, how much of the time has your physical health or emotional problems interfered with your social 
activities (like visiting with friends, relatives, etc.)? 

All of the time 1 

Most of the time 2 

Some of the time 3 

A little of the time 4 

None of the time 5 

How TRUE or FALSE is each of the following statements for you. 

  Definitely 
True 

Mostly 
True 

Don't 
Know 

Mostly 
False 

Definitely 
False 

33. I seem to get sick a little easier than other 
people 

1  2  3  4  5 

34. I am as healthy as anybody I know  1  2  3  4  5 

35. I expect my health to get worse  1  2  3  4  5 

36. My health is excellent  1  2  3  4  5 

  

 

The 36-Item Health Survey was developed at RAND as part of the Medical Outcomes Study. 
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