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KEYWORDS Abstract Phrenic nerve is the main nerve drive to the diaphragm and its injury is a well-known com-
Lung volumes and capaci- plication following cardiac surgeries. It results in diaphragmatic dysfunction with reduction in lung
ties; volumes and capacities. This study aimed to evaluate the objectivity of lung volumes and capacities
Phrenic nerve injury; as an outcome measure for the prognosis of phrenic nerve recovery after cardiac surgeries. In this
Diaphragmatic dysfunction; prospective experimental study, patients were recruited from Cardio-Thoracic Surgery Department,
Laser therapy Educational-Hospital of College of Medicine, Cairo University. They were 11 patients with right

phrenic nerve injury and 14 patients with left injury. On the basis of receiving low-level laser irradi-
ation, they were divided into irradiated group and non-irradiated group. Measures of phrenic nerve
latency, lung volumes and capacities were taken pre and post-operative and at 3-months follow up.
After 3 months of low-level laser therapy, the irradiated group showed marked improvement in the
phrenic nerve recovery. On the other hand, vital capacity and forced expiratory volume in the first
second were the only lung capacity and volume that showed improvement consequent with the recov-
ery of right phrenic nerve (P value <0.001 for both). Furthermore, forced vital capacity was the sin-
gle lung capacity that showed significant statistical improvement in patients with recovered left
phrenic nerve injury (P value <0.001). Study concluded that lung volumes and capacities cannot
be used as an objective outcome measure for recovery of phrenic nerve injury after cardiac surgeries.

© 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.
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E-mail address: selsobkey@ksu.edu.sa (S.B. El-Sobkey). 1. Introduction

1016-7315 © 2010 King Saud University. Production and hosting by

Elsevier B.V. Al rights reserved. Phrenic nerve is the main nerve supply of the essential inspira-

tory muscle, the diaphragm (Simansky et al., 2002; Laghi and
Peer review under responsibility of King Saud University. Tobin, 2003). Phrenic nerve injury [PNI] is a well-known clin-
doi:10.1016/j.jsha.2010.10.004 ical condition following cardiac surgery (Canbaz et al., 2004;
Merino-Ramirez et al., 2006; Grocott et al., 2004; Dimopoulou
et al., 1998). It was reported as an incidence, estimated by elec-
o G trophysiological or radiological techniques, varies from 10%
ELSEVIER to 85% (Dimopoulou et al., 1998; Cohen et al., 1997; Mazzoni
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et al., 1996; Chroni et al., 1995). Following the first report of
phrenic nerve paresis after cardiac operation in 1963, both
clinical and animal studies have shown that the application
of iced saline slush to the pericardial well results in hypother-
mic injury of the phrenic nerves (O’Brien et al., 1991). Usage of
ice slush and cold cardioplegia were among the guilty risk fac-
tors caused PNI with 45.3% incidence after cardiac surgery in
a study done by El-Sobkey (2006).

Although many studies have shown that most cases of PNI
following cardiac surgery are transient and of no clinical
significance (Simansky et al., 2002) specially if it is unilateral
(Laghi and Tobin, 2003), other studies indicated that PNI
may be associated with atelectasis, pneumonia, pulmonary
effusion (Devita et al., 1993) and difficult weaning in the first
2-3 days after surgery (Laghi and Tobin, 2003). In addition
PNI showed to increase post-operative pulmonary complica-
tions (Deng et al., 2006). It causes diaphragmatic dysfunction
(Diehl et al., 1994) and reduction of lung volumes and capac-
ities (Simansky et al., 2002; Laghi and Tobin, 2003).

Low-level laser therapy [LLLT] has been used in treatment
of peripheral nerve injury (Shin et al., 2003). A wavelength
ranged from 635 to 670 nm, and power of 5SmW, has been
shown to be effective in enhancing recovery of PNI after
cardiac surgeries (El-Sobkey, 2006). LLLT has been described
as having a stimulation effect on human tissue at local cellular
level or general systemic level or both by acceleration of the
photo biological or photochemical process (Sabbour, 1996;
Abdou, 1995).

For PNI diagnostic and prognostic purposes, nerve conduc-
tion study [NCS] was found to be the golden standard. The
disadvantages are a painful or discomfort procedure, expen-
sive, and it is not commonly available in Cardio-Thoracic Sur-
gery Department. On the other hand, spirometry is an easy,
comfortable, safe, non-invasive and inexpensive modality to
assess the lung volume and capacities (Handojo et al., 20006).

This study was conducted to assess objectivity of lung vol-
umes and capacities as an outcome measure of phrenic nerve
recovery after cardiac surgery as an alternative economical
outcome measure to the golden standard NCS.

2. Methodology

This prospective experimental study was carried out in the
Educational-Hospital of College of Medicine, Cairo Univer-
sity. Adult patients enrolled in Cardio-Thoracic Surgeries
Department for open-heart surgeries were approached as the
target population. Patients who met study inclusion criteria
and agreed to voluntarily participate in the study were given
consent form to sign. Eighty patients were enrolled as basic
study group. It was clarified to the participants that, each
would have the right to withdraw at any time, by notifying
the researcher.

For this basic study group, 1 or 2 days before the surgery,
pre-operative phrenic nerve conduction study tests, right and
left phrenic nerve latencies, were measured by neurophysiolo-
gist in the clinical neurophysiologic unit. Nihon Kohden
MEB-5304K device was used to transcutaneously stimulate
the Phrenic nerve with square wave stimuli of 0.1 ms duration
and frequency of 1 Hz. Stimulating electrodes were placed at
the posterior border of the sternocleidomastoid muscle at the
level of the upper margin of the thyroid cartilage, with the

active electrode proximally. Recording electrodes were placed
as follows; the active electrode applied in the 7th intercostal
space in the mid-clavicular line and the reference electrode ap-
plied at 3.5-5 cm from the active electrode in the 9th intercos-
tal in the anterior axillary line. Ground electrodes were placed
between the stimulating and recording electrodes around the
chest (Fig. 1).

Discovery portable computerized spirometer unit was used
to measure the following pre-operative parameters of lung vol-
umes and capacities; vital capacity [VC], forced vital capacity
[FVC], forced expiratory volume in the first second [FEV1],
FEVI to VC ratio [FEV1/VC], FEVI to FVC ratio [FEV1/
FV(C], and maximum voluntary ventilation (MVV). Spirome-
try was conducted from the standing position following the
standards.

Post-operatively, 3-5 days, when the patient’s condition al-
lows, as decided by the surgeon, measurement of the phrenic
nerve latencies and lung volumes and capacities were repeated.

Phrenic NCS tests were used as diagnostic measure for PNI.
Patients were diagnosed as phrenic nerve injured if values of
Phrenic NCS exceeded 10.0 ms (Devita et al., 1993) or post-
operative latencies values were more than the pre-operative
values with one or more millisecond. Patients diagnosed with
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Figure 1 Sites for electrode placements for phrenic nerve

transcutaneous stimulation.
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Basic study group (80)

|

PNI group

(28)

Non-injured group
(52)

) T

[ Right PNI (12) ] [ Left PNI (16) ]

month follow-up (11)

Scheme 1

PNII were 28 and 52 were non-injured. Among the PNI group;
12 with right PNI and 16 with left PNI are shown in Scheme 1.
Each injured group was randomly divided, by coin allocation,
into two equal groups, intervention (irradiated) and placebo
(non-irradiated). Patients who continued the 3-month follow-
up were 25 (study group), 11 patients with right PNI (5 irradi-
ated and 6 non-irradiated) and 14 patients with left PNI (6
irradiated and 8 non-irradiated).

Subject inclusion criteria were: (1) adult volunteer patient,
signed a consent form; (2) non-smoker patient; (3) patient per-
forming primary elective cardiac surgery; (4) patient per-
formed coronary artery bypass graft [CABG], valvular or
adult congenital deficits closure surgery; (5) patient able to
understand verbally or by demonstration the instructions
needed to perform spirometry test.

Subject exclusion criteria were: (1) patient with diabetes,
neurological disorders or respiratory diseases; (2) patient
re-do cardiac surgery; (3) patient with any learning barriers
restrict spirometry test; (4) patient contraindicated for electri-
cal stimulation as patient with pace maker.

Irradiated group received low-level laser therapy of wave-
length ranged from 635 to 670 nm, and power of 5SmW for
12 successive sessions at rate of 2 sessions per week. The
non-irradiated group received sham treatment with applying
the laser pointer device with power switched off.

Both phrenic NCS tests and spirometry were measured pre
and post-operatively and at 3 months follow-up arranged with
the surgeon’s follow-up dates.

Data were collected on special forms then varied and coded.
After checking normality, all data were expressed as mean and
standard deviation for all continuous data. Paired -test was
used to compare phrenic nerve latency and lung volumes and
capacities before and after surgery for irradiated group as well

month follow-up (14)

Distribution of the basic study group.

as non-irradiated group. Repeated measure ANOVA was used
to compare between the progression of the irradiated group
and the non-irradiated group through the 3 months follow
up. Confidence interval 95% was assigned and P value
<0.05 was considered.

3. Results and discussion

Incidence of PNI in the current study was 35% as 28 patients
out of 80, the basic study group, were injured. This incidence
was within the average of many previous studies. Siafakas et
al. (1999) reported that the incidence of PNI after cardiac sur-
gery has been in the range of 25-73% (Siafakas et al., 1999).
Cohen et al. (1997) found that patients undergoing CABG have
an incidence of PNI that ranges from 10% to 60% (Cohen
etal., 1997). It could be said that phrenic nerve injury following
cardiac surgery is variable in its incidence depending on the
diligence with which it is sought (Tripp and Bolton, 1998).

Three patients were dropped because they could not keep
commitment to the 12 successive LLLT sessions. Within 25
phrenic nerve injured patients (aged 44.5 + 8.1 years) who
were homogenously assigned into irradiated and non-irradi-
ated groups, there was no significant difference between the
two groups regarding the pre-operative values and 3-5 days
post-operative values for phrenic nerve latencies, lung volumes
and capacities (Table 1).

At 3-5 days post-operative, the 25 patients had increased
right and left phrenic nerves’ latencies values more than their
pre-operative values indicating PNI as a surgical complication.
It is often that cardiac surgery is followed with respiratory
complication even if the patient saved from PNI simply
because of the mechanical corruption occurs by chest incision
besides the other intraoperative factors as using the cardiopul-
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monary bypass machine. So, the respiratory complication after
cardiac surgery is multifactor phenomenon that is why NCS
tests, right and left phrenic nerve latencies, were used for diag-
nosis of PNI. Transcutaneous phrenic nerve stimulation is con-
sidered as ““gold standard” in assessing phrenic nerve functions
and is applicable even in patients who are mechanically venti-
lated (Dimopoulou et al., 1998). Verin et al. (2002) added that
measuring electrical stimulation phrenic nerve conduction
time, latency, is necessary to make the diagnosis of many types
of PNI and to record their follow-up besides giving access to a
non-volitional measure of the diaphragm contractile efficiency
(Verin et al., 2002).

Injury to phrenic nerve may be caused by clod-induced in-
jury with ice slush, direct trauma, or deprives the phrenic nerve
from its blood supply when the internal mammary artery is
used as a conduit in CABG (Canbaz et al., 2004; Shin et al.,

2003; Deng et al., 2003). Cardiac surgery is the preferable oper-
ation for many patients suffering from valvular, ischemic or
congenital heart problems. As it saves many patients’ lives as
well as improves the quality of their lives. Despite these bene-
fits, cardiac surgeries have respiratory complication specifi-
cally, PNIL.

At 3-month follow-up, for the 11 patients with right PNI,
the values of nerve latencies showed progressive decline in
the five irradiated group more than the six non-irradiated
group. The differences between the two groups were significant
in the first, second as well as the third months. (P < 0.05,
P < 0.001, P < 0.001, respectively) (Table 2) and it indicates
improvement in the irradiated group.

At 3-month follow-up for the 14 patients with left PNI, the
values of nerve latencies showed progressive decline in the
six irradiated group more than the eight non-irradiated

Table 1 Pre and post-operative values of phrenic nerve latencies and lung volumes and capacities in irradiated and non-irradiated
groups in patients with right and left phrenic nerve injury after cardiac surgeries. Pre = 1 day before the operation; post = 3-5 days

after the operation.

Stage Outcome Irradiated Non-irradiated 2
N Mean SD N Mean SD
Pre-operative Right phrenic nerve latency (ms) 5 6.4 0.19 6 6.3 0.25 >0.05
Left phrenic nerve latency (ms) 6 6.9 0.1 8 7 0.29 >0.05
Right phrenic nerve injured patients
VC (% of predicted values) 5 54.4 1.13 6 52 2 >0.05
FVC (% of predicted values) 5 52.6 23.1 6 41.8 19.9 >0.05
FEV1 (% of predicted values) 5 59.2 1.63 6 58 1.41 >0.05
FEV1/VC (ratio) 5 114.8 38.6 6 104.5 21.7 >0.05
FEVI1/FVC (ratio) 5 111.8 4.1 6 117.3 3.9 >0.05
MVV (% of predicted values) 5 432 16 6 39.4 18 >0.05
Left phrenic nerve injured patients
VC (% of predicted values) 6 45.1 16.2 8 53.6 14.7 >0.05
FVC (% of predicted values) 6 45.1 3 8 47 3.79 >0.05
FEV1 (% of predicted values) 6 52.3 133 8 60.3 9.5 >0.05
FEV1/VC (ratio) 6 122 23.8 8 118.8 26 >0.05
FEV1/FVC (ratio) 6 110.5 3.8 8 110.3 9.3 >0.05
MVV (% of predicted values) 6 31 11.8 8 38.2 15.4 >0.05
Post-operative Right phrenic nerve latency (ms) 5 7.7 0.08 6 7.5 0.15 >0.05
Left phrenic nerve latency (ms) 6 8.6 0.33 8 8.2 0.26 >0.05
Right phrenic nerve injured patients
VC (% of predicted values) 5 28.4 0.56 6 29.4 1.45 >0.05
FVC (% of predicted values) 5 28 5.5 6 33.3 12.5 >0.05
FEVI1 (% of predicted values) 5 324 1 6 31.3 1.21 >0.05
FEV1/VC (ratio) 5 119 9.9 6 106.2 18.6 >0.05
FEVI1/FVC (ratio) 5 115.6 1.9 6 101 32.5 >0.05
MVV (% of predicted values) 5 27.4 7.5 6 24.6 6.5 >0.05
Left phrenic nerve injured patients
VC (% of predicted values) 6 26.3 6.2 8 33.1 7.5 >0.05
FVC (% of predicted values) 6 30 2.53 8 33.1 2.87 >0.05
FEV1 (% of predicted values) 6 28.8 7.6 8 37 8.8 >0.05
FEV1/VC (ratio) 6 110 20.2 8 109.7 10.9 >0.05
FEVI1/FVC (ratio) 6 117 2.5 8 109.6 8.8 >0.05
MVV (% of predicted values) 6 24.8 10.9 8 27.8 8.5 >0.05

VC: vital capacity.
FVC: forced vital capacity.
FEV1: forced expiratory volume in the first second.

FEV1/VC: ratio between forced expiratory volume in the first second and vital capacity.
FEV1/FVC: ratio between forced expiratory volume in the first second and forced vital capacity.

MVV: maximum voluntary ventilation.
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Table 2 Progression of right and left phrenic nerve latencies in patients with phrenic nerve injury after cardiac surgeries in irradiated

and non-irradiated groups.

Outcome Stage Irradiated Non-irradiated P
N Mean SD N Mean SD
Right phrenic nerve latency (ms) Ist Month 5 6.8 0.08 6 7.2 0.22 <0.05
2nd Month 5 6.5 0.1 6 7.7 0.06 <0.001
3rd Month 5 6.1 0.24 6 7.2 0.24 <0.001
Left phrenic nerve latency (ms) Ist Month 6 7.9 0.23 8 8.5 0.38 <0.01
2nd Month 6 6.9 0.1 8 8.8 0.12 <0.001
3rd Month 6 5.8 0.2 8 8.4 0.25 <0.001
group. The differences between the two groups were signifi- 9
cant in the first, second and third months (P < 0.01, P < 8 foed 725 a4 7.28
0.001, P < 0.001, respectively) (Table 2). O Y T e —
The consequences of PNI are variable and depend to a large ‘g 6 — i ;’82\‘\‘
extent on the underlying condition of the patient, particularly > 5 6.38 ; it 6.16
. . o
with regard to pulmonary function. The response of the § 4
patient may range from an asymptomatic radiographic abnor- S
mality to severe pulmonary dysfunction requiring prolonged “2’ 8
mechanical ventilation and other associated morbidities and 2 2 —e— Irradiated
even mortality (Tripp and Bolton, 1998). Diaphragmatic dys- 1 —=— Non-irradiated|]
function is one of the major consequences to PNI (Diehl 0 T T T T
et al., 1994; Shin et al., 2003; Sabbour, 1996; Abdou, 1995; Pre- Post-  1stmonth 2nd month 3rd month
operative  operative

Handojo et al., 2006; Siafakas et al., 1999; Tripp and Bolton,
1998; Verin et al., 2002; Deng et al., 2003; Efthimiou et al.,
1991; Robicsek et al., 1990). Qureshi (2009) stated that the dia-
phragm is the chief inspiratory muscle and that its dysfunction
can lead to dyspnea and can affect ventilatory function (Qure-
shi, 2009). The current study results confirmed Qureshi’s state-
ment. In the 25 phrenic nerve injured patients, 3—5 days post-
operative, lung volumes and capacities showed marked reduc-
tion (Table 1).

LLLT is proved to enhance recovery of injured phrenic
nerve. This was proved with decrease in nerve latency (EI-Sob-
key, 2006). Injured patients received LLLT during 3 months
follow-up as many studies reported that recovery of PNI vary
from 30 days to 2 years (Dimopoulou et al., 1998; Cohen et al.,
1997, Siafakas et al., 1999; Martinez et al., 2000; Katz et al.,
1998).

In the second month of laser therapy, the five right PNI
irradiated patients had nerve latency values close to that of
the pre-operative values. Furthermore, at the third month,
they had nerve latency values even less than that of the pre-
operative values by 0.22 ms. In addition, at the third month,
they showed lower latency values than the six non-irradiated
patients by 1.12 ms (Fig. 1).

Left phrenic nerve recovery was more obvious in the second
month as nerve latency values of the six irradiated patients re-
turned to their pre-operative values. Moreover, the values, in
the third month, were less than the pre-operative values by
1.1 ms. In addition, at the third month, nerve latency values
of the irradiated patients were less than that of the eight
non-irradiated patients by 2.6 ms (Fig. 2). Recovery of right
and left phrenic nerve latencies to the pre-operative values or
even less indicates that the 3 months follow-up was acceptable
period (Fig. 3).

During laser irradiation therapy, recovery of phrenic nerve
needed to be objectively monitored. Nerve conduction study is
somehow expensive and uncomforting to patients. Resman-

Stages of follow-up

Figure 2  Progression of right phrenic nerve latency in patients
with right phrenic nerve injury after cardiac surgeries in irradiated
and non-irradiated groups.
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Stages of follow-up

Figure 3  Progression of left phrenic nerve latency in patients
with left phrenic nerve injury after cardiac surgeries in irradiated
and non-irradiated groups.

Gaspersc and Pondar (2008) supported that as they mentioned
that in clinical work it had been occasional to encounter diffi-
culties in performing phrenic NCS (Resman-Gaspersc and
Pondar, 2008). Measuring the electrical activity of the
diaphragm itself was an alternative to directly measure the
diaphragmatic compound muscle action potential. However,
inability to do so was one of the limitations faced with this
study as this would require the use of needle electromyography
that is not feasible with cardiac surgery patients because of the
severe pain it would cause especially post-operatively. That is
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why the present study aimed to find out another alternative
objective outcome measure to monitor the prognosis of the in-
jured phrenic nerve during its recovery.

In the present study, researchers hypothesized that as long
the phrenic nerve is the main nerve drive to diaphragm, the pri-
mary inspiratory muscle, and injury of phrenic nerve results in
diaphragmatic and ventilatory dysfunction, it would make
sense to assume that recovery of injured phrenic nerve would
improve diaphragmatic function and consequently ventilatory
functions represented by lung volumes and capacities.

Measuring lung volumes and capacities is more comfort-
able to patients and has economical advantage on NCS. These
were the reasons embarked the researchers to evaluate them as
an objective outcome measure for phrenic nerve recovery to re-
place the NCS.

Results in this study disagreed with that hypothesis. During
the 3 months of follow-up, although there was marked
improvement in right and left phrenic nerve values of the 11
irradiated group (5 right and 6 left) compared with the 14 (6
right and 8 left) non-irradiated group, improvement in lung
volumes and capacities was poor. It could be said that recovery
on lung volumes and capacities did not show improvement
consistent with recovery of the phrenic nerve latency. Instead
of the small sample size of irradiated and non-irradiated pa-
tients for right PNI group and that of left PNI group, which
considered one of this study limitation, compelling the radi-
ated patients of right and left PNI in one group (11) and the
non-irradiated patients (14) in another group, make their com-
parison more statistically acceptable. The homogeny of irradi-
ated and non irradiated groups regarding the nerve latencies
both pre-operatively and 3-5 days post-operatively, as shown
in Table 1, is another statistical factor which would guarantee
the recovery effect of LLLT on the injured phrenic nerves.

Results showed that in patients with right PNI, among the
five measured parameters of lung volumes and capacities only
the VC and FEV1 parameters showed significant improvement
in the five irradiated group compared to the six non-irradiated
group (P < 0.001 in the 3 months follow-up for both VC and
FEV1) (Table 3).

On the other hand, in patients with left PNI, no lung vol-
umes and capacities showed improvement in the six irradiated
group compared with the eight non-irradiated group except
the FVC parameter. (P < 0.001, P < 0.05, and P < 0.001 in
the first, second and third months of follow-up, respectively)
(Table 3).

The point here is that, only one parameter (FVC in patients
with left PNI) or two parameters (VC and FEVI in patients
with right PNI) of the five measured parameters of lung
volumes and capacities accompanied the recovery of nerve
latency. If all parameters showed improvement with the recov-
ery of nerve latency, lung volumes and capacities would be
strongly recommended as objective outcome measure for the
prognosis of phrenic nerve. Nevertheless, this is not the case.
Another weak point with lung volumes and capacities as an
outcome measure for the prognosis of phrenic nerve is that,
lung volumes and capacities showed inconsistence pattern.
This is because; in patients with right PNI, VC and FEV1 were
the parameters, showed significant improvement with the
nerve recovery while another parameter, FVC, showed
improvement with the left phrenic nerve recovery. In other
words, not the same parameter improved with the nerve recov-
ery, no consistency. If the same parameter showed improve-
ment with right and left phrenic nerves recovery, it would be
considered the selected parameter of lung volumes and capac-
ities that can be used as mirror for value of nerve latency and it
could be said that this parameter is a sensitive measure to the
change on the nerve latency.

The previous phenomenon was explained by the study of
De Palo and McCool (2009) as they mentioned that VC is a
global rather than a specific measure of respiratory muscle
function because it relies on the integrated function of the
respiratory pump (muscles and nerves) with that of the chest
wall bellows (airways, lung parenchyma, rib cage, and abdo-
men). Moreover, they stated that MVYV is providing another
means of evaluating the integrative function of the inspiratory
pump and chest wall bellows as well (De Palo and McCool,
2009).

Another explanation is that, more time was required to
translate the improvement in nerve latency into improvement
in lung volumes and capacities, more than the 3 months fol-
low-up. This explanation is supported by the study carried
out by Gayan-Ramirez et al. (2008); they recorded the com-
pound motor action potential of the diaphragm and latency
of the phrenic nerve in addition to the forced vital capacity
at onset of the diaphragmatic dysfunction and 12 months
and 24 months after. They found that functional respiratory
recovery, increase in forced vital capacity >400 ml, occurred
in 43% of patients after 12months and in 52% after
24 months. That is why they concluded that compound motor
action potential did not predict functional respiratory recov-

Table 3 Progression of vital capacity (VC), forced expiratory volume in the first second (FEV1) and forced vital capacity (FVC) in
patients with phrenic nerve injury after cardiac surgeries in irradiated and non-irradiated groups.

Outcome Stage Irradiated Non-irradiated P
N Mean SD N Mean SD

vC Ist Month 5 42.4 1.6 6 31.5 1.04 <0.001
2nd Month S 55.2 0.57 6 30.6 1.04 <0.001
3rd Month 5 58.2 0.82 6 35.1 1.66 <0.001

FEVI Ist Month 5 46.4 1.31 6 33.3 0.54 <0.001
2nd Month S 57.4 0.48 6 323 1.34 <0.001
3rd Month 5 58 0.76 6 35.1 1.66 <0.001

FvC Ist Month 6 42.1 3.55 8 33.5 0.55 <0.001
2nd Month 6 42.3 3.19 8 36.1 3.28 <0.05
3rd Month 6 49.1 1.9 8 38.3 4.66 <0.001
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ery. Moreover, they stated that functional respiratory recovery
is difficult to predict and may occur years after the onset of
dysfunction (Gayan-Ramirez et al., 2008). Remembering the
multifactor phenomenon of respiratory complication after car-
diac surgery could be more reliable explanation. Patients with
PNI had two main causes to their respiratory complications;
firstly the nerve injury itself which been improved by LLLT
and nerve recovery was proved by NCS tests, secondly other
intraoperative causes or even after surgery causes as patient’s
fear from breathing fully to avoid incisional chest pain. This
may interfere with the ventilatory function of the respiratory
system and negatively influence lung volumes and capacities
and burden their improvement.

Current study, therefore, confirms that lung volumes and
capacities cannot be used as an objective outcome measure
and cannot be used as an alternative to NCS. In addition it
could be assured that NCS, despite its disadvantages, it is still,
without competitor, the only golden standard detector for
peripheral nerve’s function and recovery, including the phrenic
nerve, or as mentioned by Merino-Ramirez et al. (2006), it is
the reference method. Zemans and Lee-Chiong, (2009) support
the results as they stated that diaphragmatic dysfunction might
be suggested by radiographic findings or the results of spirom-
etry tests, but the diagnosis must be confirmed by electromyog-
raphy and nerve conduction studies (Zemans and Lee-Chiong,
2009). Qureshi (2009) also stated that the diagnosis is usually
suspected on chest X-ray and clinical exam and confirmed with
sniff test or phrenic nerve stimulation/diaphragm electromyog-
raphy (Qureshi, 2009). Canbaz et al. (2004) supported this
opinion as they mentioned that when phrenic nerve injury is
suspected, based on low-sensitive methods, such as chest roent-
genogram, spirometry, and abnormal diaphragm movements,
the diagnosis might be confirmed by a simple electrophysiolog-
ic study (Canbaz et al., 2004).

4. Conclusion

Lung volumes and capacities cannot be used as an outcome
measure for recovery of phrenic nerve handled with low-level
laser therapy after been injured secondary to cardiac surgeries.
Nerve conduction study is the golden objective prognostic
measure for phrenic nerve recovery.
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