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ABSTRACT 
Introduction: Distal compound muscle action potential 
(dCMAP) duration and temporal dispersion (TD) are 
electrophysiological hallmarks of demyelination and 
important for the diagnosis of CIDP. While the impact of 
CIDP treatment on other nerve conduction parameters 
has been examined, the effects on dCMAP and TD remain 
unexplored. The aim of the study was to examine the impact 
of withdrawal of immunoglobulin treatment on dCMAP 
duration and TD, and also the influence of the measurement 
technique on dCMAP duration and TD. 
Methods: Nerve conduction studies were analyzed from 
the PATH (Polyneuropathy and Treatment with Hizentra) 
study which randomized patients with CIDP to two doses 
of IgPro 20 and placebo. Distal CMAP duration and TD 
were obtained by two methods of measurements (D1 and 
D2, TD1 and TD2) from the median and peroneal nerves.  
Results: The dCMAP and TD were obtained from 480 
tracings. While the two methods of measurement showed 
differences in D1 and D2 with D2 longer than D1 in all the 
three groups, there was no difference between the TD1 
and TD2. There was no difference at baseline in dCMAP 
duration or TD among the three groups. At the end of 
treatment, patients in the placebo arm had no worsening 
of dCMAP and TD compared to baseline or the treated 
groups. 
Conclusion: dCMAP duration and TD did not show a 
difference between treated and placebo groups, and may 
be less sensitive measures than other nerve conduction 
parameters when evaluating changes in treatment. The 
method of dCMAP duration measurement does not affect 
TD as long as a consistent method is followed. 

Keywords: cmap duration, temporal dispersion, chronic 
inflammatory demyelinating polyneuropathy

Introduction
Nerve conduction studies form a corner stone in 

the diagnosis of CIDP but their role as a biomarker of 
treatment response has been questionable [1]. Studies have 
shown conflicting results in this regard but recent evidence 
shows nerve conduction changes can reflect the response to 
treatment and clinical outcome and could even be a potential 
marker of prognosis [2–5]. Patients with CIDP who were 
newly treated with IVIG had an improvement in conduction 
block and CMAP amplitudes and the improvement in 
the latter had a clear correlation with clinical outcomes 
[6]. In addition, deterioration of distal motor latency, 
conduction velocity and conduction block (CB) has been 
demonstrated with withdrawal of treatment leading to 
worsening of these conduction parameters along large 
nerve fibres [2]. Among the various electrophysiological 
features of demyelination, prolonged distal compound 
muscle action potential (dCMAP) duration and abnormal 
temporal dispersion (TD) are two hallmark features of 
non-uniform demyelination and are included in the EFNS/
PNS guidelines for evidence of CIDP [1]. However, unlike 
other nerve conduction parameters in CIDP, changes in 
these parameters in response to treatment have not been 
explored. Measurement of dCAMP duration, and from it 
TD, are not as straightforward as are other NCS measures, 
and different methods have been used over the years to 
calculate CMAP duration. The measurement of TD is less 
ambiguous but dependent on CMAP duration and is the 
percentage increase between proximal and distal CMAP 
duration, with more than 30% considered abnormal [1]. 
The current study examines the impact of withdrawal of 
immunoglobulin treatment on dCMAP duration and TD, 
and also the influence of different methods of measurement 
of dCMAP duration and thus, temporal dispersion.

Methods
The nerve conduction data analyzed in this study 

are obtained from the PATH study, the protocol of which 
has been described in detail previously [2,7]. As a brief 
overview, subjects with CIDP who were IVIG-dependent 
were randomized to receive 0.2 g/kg (low dose) and 0.4 g/
kg (high dose) body weight weekly doses of SCIG (IgPro20 
[Hizentra®]; CSL Behring, King of Prussia, PA, USA) or 
placebo (albumin). 57 subjects were assigned to 0.2  g/kg 
bodyweight IgPro20, 58 subjects to 0.4  g/kg body weight 
IgPro20 and 57 subjects were assigned to placebo. The 
nerve conduction studies (NCS) were performed at the start 
and end of the subcutaneous treatment interval at the Week 
25 visit. A core lab monitored all procedures and approved 
all tracings for compliance with protocol. This included first 
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testing healthy volunteers to use as controls and ensuring 
all waveforms were reviewed by the core lab to validate 
the data against the controls. Two motor nerves: median 
in the upper limb and peroneal in the lower limb were 
measured according to standards of the AANEM/CSCN. 
The stimulation sites were at the elbow and wrist for the 
median nerve and lateral popliteal fossa, below the fibular 
head and ankle for the peroneal nerves. All studies were 
done with surface stimulating and recording electrodes, 
under careful temperature controls so that the upper limb 
temperature was maintained at ≥ 32°C and the lower limb 
at ≥ 31°C. We randomly selected the tracings of 20 subjects 
from each group for the current study. The parameters 
assessed in the current study included distal CMAP 
(dCMAP) duration and temporal dispersion (TD) which 
we measured as per the AANEM guidelines as well as the 
European Federation of Neurological Societies/Peripheral 
Nerve Societies (EFNS/PNS) 2010 electrodiagnostic 
criteria for CIDP. Accordingly, we measured dCMAP 
duration (D1) by measuring the duration from the onset 
of first negative peak to first baseline crossing and used 
these measurements to obtain TD1 [8].  We also calculated 
dCMAP and TD as per the definitions of EFNS/PNS 2010 
electrodiagnostic criteria for CIDP whereby we measured 
dCMAP duration (D2) from onset of first negative peak 
to return to baseline of last negative peak and from it, TD 
(TD2). TD was measured as percentage duration increase 
of the proximal from the distal negative peak of CMAP, 
with more than or equal to 30% being abnormal (Figure 
1) [1]. Each tracing from median and peroneal nerves from 
the wrist and elbow, ankle and fibular head, respectively, 
was analyzed from the tracings obtained at the beginning 
and at the end of treatment and dCMAP duration (D1 and 
D2) and TD (TD1 and TD) were calculated. We excluded 
those tracings if the CMAP amplitude was less than 20% of 
normal or inelicitable (12 in high dose, 36 in low dose and 
8 in placebo). Subsequent analysis was done independently 
for both measurements by comparing the dCMAP duration 
(D1 and D2) and TD (TD1 and TD2) for peroneal and 
median nerves at the start and at the end of the treatment 
for the three treatment groups. 

Analysis was done using SPSS version 20, IBM® 
Armonk, New York. The dCMAP duration and TD for 
the three groups are expressed as means with standard 
deviation. Box whisker plots are used to represent the 
TD (TD1 and TD2) and dCMAP duration (D1 and D2) at 
baseline and last visit for high dose, low dose and placebo 
groups.  The tests of normality confirmed the non-normal 
distribution of data and non-parametric tests were used 
to compare the TD and dCMAP durations at baseline and 
final visit (Wilcoxon signed rank test) and also to compare 

between the two measurements methods, for the three 
treatment groups (D1 vs D2; TD1 vs TD2; Mann Whitney U 
test), and between treatments at baseline (Kruskal-Wallis 
test). 

Results of these exploratory analyses were not adjusted 
for multiplicity and were considered statistically significant 
if p < 0.05.

Results
A total of 480 tracings from median and peroneal 

nerves were reviewed from the high dose SCIG, low dose 
SCIG and placebo groups and 424 tracings were included 
for analysis. The mean dCMAP duration in milliseconds 
and the mean TD in percentage prolongation by both 
methods at baseline and at end of treatment are shown in 
table 1, figures 1 and 2. At baseline, there was no difference 
in the dCMAP duration or temporal dispersion among the 
three groups with either measurement method (Table 2). A 
significant difference was found between baseline dCMAP 
durations calculated by the two measurement methods 
(D1 vs D2) with mean dCMAP duration longer for D2 than 
D1. However, there was no difference in the TD at baseline 
with either method (Table 3). The results were the same for 
comparisons at the end of the treatment intervals as well 
(Table 4).

Lastly, comparison was made between the 
corresponding parameters at baseline and end of treatment 
to determine if withdrawal of treatment produced any 
change. There was no significant difference in any of the 
parameters, using either method of measurement, for 
dCMAP or TD at baseline or at end of the treatment (Table 
5). A separate analysis combining the two treatment arms 
as compared with the placebo group also did not reveal any 
significant difference (Table 6). We performed the analysis 
separately for median and peroneal nerve parameters for 
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Table 1: Baseline and final dCMAP duration (D1 and D2) and TD (TD1 and TD2) for high dose, low dose and placebo 
groups

Measurement
N

Mean ± standard deviation

High dose baseline D1† 35 6.4 ± 1.5
High dose final D1 35 6.4 ± 2.2
High dose baseline D2 35 10.4 ± 3.8
High dose final D2 35 11.4 ± 4.1
High dose baseline TD1‡ 33 18.9 ± 21.3
High dose final TD1 33 19.5 ± 21.8
High dose baseline TD2 34 22.2 ± 32.6
High dose final TD2 34 18.7 ± 25.4
Low dose baseline D1† 32 6.9 ± 2.5
Low dose final D1 32 6.5 ± 3.1
Low dose baseline D2 31 11.8 ± 5.1
Low dose final D2 31 11.7 ± 5.6
Low dose baseline TD1‡ 24 19.0 ± 21.9
Low dose final TD1 24 18.1 ± 24.5
Low dose baseline TD2 24 29.1 ± 54.9
Low dose final TD2 24 22.6 ± 46.2
Placebo baseline D1† 36 6.7 ± 2.1
Placebo final D1 36 6.8 ± 2.2
Placebo baseline D2 36 12.6 ± 4.7
Placebo final D2 36 13.7 ± 9.7
Placebo baseline TD1‡ 35 14.7 ± 15.4
Placebo final TD1 35 17.9 ± 19.2
Placebo baseline TD2 34 17.4 ± 19.8
Placebo final TD2 34 22.2 ± 32.8

† in milliseconds, ‡ percentage prolongation

Measurement (n) Mean ± standard deviation P*
High dose baseline D1† (35) 6.4 ± 1.5 0.687
Low dose baseline D1 (32) 6.9 ± 2.6 
Placebo baseline D1 (36) 6.8 ± 2.2
High dose baseline TD1‡ (33) 19.6 ± 21.9 0.763
Low dose baseline TD1 (24) 19.0 ± 21.9
Placebo baseline TD1 (35) 14.8 ± 15.5
High dose baseline D2† (35) 10.4 ± 3.8 0.684
Low dose baseline D2 (31) 11.9 ± 5.1
Placebo baseline D2 (36) 12.7 ± 4.7
High dose baseline TD 2‡ (34) 22.4 ± 32.7 0.833
Low dose baseline TD2 (24) 29.2 ± 54.9
Placebo baseline TD2 (34) 17.5 ± 19.8

Table 2: Comparison of the baseline variables

*Kruskal Wallis test, † in milliseconds, ‡ percentage prolongation
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Measurement by two methods Mean ± standard deviation P*
High dose baseline D1† (35) 6.4 ± 1.5 <0.0001
High dose baseline D2 (35) 10.4 ± 3.8
High dose baseline TD1‡ (33) 18.9 ± 21.3 0.712
High dose baseline TD2 (34) 22.4 ± 32.7
Low dose baseline D1† (32) 6.9 ± 2.6 <0.0001
Low dose baseline D2 (31) 11.9 ± 5.1
Low dose baseline TD1‡ (24) 19.0 ± 21.9 0.895
Low dose baseline TD2 (24) 22.7 ± 46.3
Placebo baseline D1† (36) 6.7 ± 2.1 <0.0001
Placebo baseline D2 (36) 12.7 ± 4.7
Placebo baseline TD1‡ (35) 14.8 ± 15.5 0.772
Placebo baseline TD2 (34) 17.5 ± 19.8

Table 3: Comparison of the dCMAP duration and TD calculated at baseline

*Mann Whitney U test, † in milliseconds, ‡ percentage prolongation

Measurement (n) Mean ± standard deviation P*
High dose final D1† (35) 6.4 ± 2.1 0.773
Low dose final D1 (32) 6.6 ± 3.1
Placebo final D1 (36) 6.7 ± 2.1 
High dose final TD1‡ (33) 18.9 ± 21.3 0.893
Low dose final TD1 (24) 18.2 ± 24.6
Placebo final TD1 (35) 17.9 ± 19.2
High dose final D2† (35) 11.4 ± 4.1 0.664
Low dose final D2 (31) 11.7 ± 5.6
Placebo final D2 (36) 13.7 ± 9.8
High dose final TD2‡ (34) 18.7 ± 25.5 0.876
Low dose final TD2 (24) 22.7 ± 46.3
Placebo final TD2 (34) 22.2 ± 32.9

Table 4: Comparison of the variables at end of treatment

*Kruskal Wallis test

Comparison of means
Mean difference‡ ± standard 

deviation
95% confidence interval of 

difference P*
Lower limit Upper limit

High dose baseline D1 vs 
High dose final D1 0.02 ± 1.6 -.55 .58 0.586

High dose baseline D2 vs 
High dose final D2 -0.96 ± 3.3 -2.1 .17 0.051

High dose baseline TD1 vs 
High dose final TD1 -0.6 ± 22.6 -8.6 7.4 0.787

High dose baseline TD2 vs 
High dose final TD2 3.4 ± 30.1 -7.1 13.9 0.318

Low dose baseline D1 vs Low 
dose final D1 0.35 ± 2.8 -.65 1.34 0.713

Low dose baseline D2 vs Low 
dose final D2 0.17 ± 5.5 -1.8 2.2 0.263

Low dose baseline TD1 vs 
Low dose final TD1 0.85 ± 12.9 -4.6 6.3 0.823

Low dose baseline TD2 vs 
Low dose final TD2 6.5 ± 60.8 -19.2 32.2 0.263

Placebo baseline D1 vs 
Placebo final D1 -0.12 ± 0.81 -0.39 0.16 0.451

Placebo baseline D2 vs 
Placebo final D2 -1.1 ± 10.8 -4.8 2.5 0.819

Placebo baseline TD1 vs 
Placebo final TD1 -3.2 ± 18.9 -9.7 3.3 0.330

Placebo baseline TD2 vs 
Placebo final TD2 -4.7 ± 33.9 -16.5 7.1 0.971

Table 5: Comparison between the baseline and final dCMAP duration and TD before and after the high dose, low dose and 
placebo groups

*Wilcoxon singed rank test
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the three groups, with the same results. 
Discussion

The current study did not find any difference in 
dCMAP duration or TD, between the baseline and 
at the end of the treatment, in patients with CIDP 
withdrawn from immunoglobulin treatment. There was 
no worsening in these parameters in patients treated with 
placebo compared to those remaining on treatment with 
subcutaneous immunoglobulin.  We employed two methods 
of measurement for dCMAP duration and TD, and while 
these methods demonstrated a significant difference in 
dCMAP durations, there was no difference in the calculated 
TDs with either method. dCMAP duration and TD did not 
change on withdrawal of immunoglobulin treatment despite 
the method in which these parameters were measured. The 
measurements showed high variability, and since only small 
changes are expected in this short duration study, it may be 
that the measures lack sufficient precision to show change.

Prolonged distal CMAP duration and temporal 
dispersion are markers of demyelination and are used in 
the electrophysiological diagnosis of CIDP [1]. Although 
conventionally most authorities prefer measuring CMAP 
duration from the initial negative deflection to first return 
to baseline, in CIDP it is recommended that the CMAP 
duration be measured from the onset of the first negative 
deflection to return to baseline of the last negative 
deflection to baseline [1,9–12]. Some authorities have also 

Measurement (n) Mean ± standard deviation P*
Treated baseline D1 (67) 6.6 ± 2.1 0.885
Placebo baseline D1 (36) 6.7 ± 2.1
Treated baseline D2 (66) 11.1 ± 4.5 0.175
Placebo baseline D2 (36) 12.6 ± 4.8
Treated baseline TD1 (52) 19.8 ± 22.2 0.463
Placebo baseline TD1 (35) 14.7 ± 15.4
Treated baseline TD2 (58) 24.5 ± 41.1 0.836
Placebo baseline TD2 (34) 18.2 ± 9.9
Treated final D1 (67) 6.5 ± 2.6 0.562
Placebo final D1 (36) 6.7 ± 2.3
Treated final D2 (66) 11.6 ± 4.8 0.462
Placebo final D2 (36) 13.6 ± 9.7
Treated final TD1 (57) 19.5 ± 22.7 0.753
Placebo final TD1 (35) 19.7 ± 19.6
Treated final TD2 (58) 22.5 ± 37.5 0.681
Placebo final TD2 (34) 22.3 ± 32.4

Table 6: Comparison of variables between the treatment (low dose and high dose SCIG combined) with placebo arm

*Mann Whitney U test

Figure 1: Caption: Representative nerve conduction study 
from peroneal nerve showing the measurement of duration 
1 (D1) and duration 2 (D2) and corresponding temporal 
dispersions (TD1 and TD2)

Legend: In A1 tracing the distal CMAP (dCMAP) 
duration D1 was measured as interval between A and B in 
milliseconds. Here, since point B is the return to baseline of 
the only negative peak, D1 will be equal to D2. In tracing A2, 
proximal D1 will be equal to interval between A1 and B1 and 
proximal D2 will be equal to interval between A1 and C1, the 
latter being the return to baseline of the last negative peak. 
Temporal dispersion is then calculated as the percentage 
prolongation of proximal D1 to distal D1 and proximal D2 to 
distal D2, which respectively gives TD1 and TD2.
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compared the negative peak duration with total duration of 
CMAP and found slight advantages favoring each method, 
but measuring the negative peak duration is less technically 
demanding [13,14]. Practically, the return to baseline of 
the last negative peak, especially in a multiphasic CMAP 
(Figure 1, tracing A3), is not easy to identify and even 
minor differences in cursor placement alter the results of 
the duration value and therefore the TD2, as this relies on 
comparison of the distal to proximal CMAP duration. It 
has been speculated that measurement of CMAP duration 
by either method is acceptable with the use of additional 
qualifiers such as multiple turns or a multiphasic CMAP 
to provide further clarity [15]. Our findings demonstrate 
that while there are obvious differences in the dCMAP 
duration measurements obtained with the two methods, 
the calculated TD does not vary as long as the method 
is consistent for measuring distal and proximal CMAP 
durations.

The positive impact of immunoglobulins in treatment 
of CIDP is well recognized. However, the mechanism by 
which immunoglobulins bring about rapid improvement 
is unclear and is unlikely to be due to remyelination or 
axonal regeneration. Nerve excitability studies showed 
rapid changes post-IVIG preceding clinical and routine 
nerve conduction changes in CIDP and might be due to 
restoration of persistent inward sodium currents and 
membrane properties [16–18]. Several nerve conduction 
parameters of demyelination, including distal motor latency, 
conduction velocity, CMAP amplitude and conduction 
block (CB), showed changes with immunoglobulins or 
withdrawal of this therapy [2,3,19,5]. Definite correlations 
with clinical improvement have been shown in some studies 
and not others, although the largest study to date did show 
such correlations [2,3,5,20–22]. Additional evidence of 
the treatment responsiveness of NCS is given by the fact 
that patients who were initially responsive to IVIG had 
worsening in distal motor latency and conduction velocity 
when switched to placebo, but at the same time, patients 
who continued to receive immunoglobulins remained stable 
[2].  Despite being important markers of demyelination, 
dCMAP duration and TD have not received wide attention 
in the setting of CIDP, perhaps due to a lack of a physiological 
correlates, unlike CMAP amplitudes and CB. But these 
parameters do have electrophysiological importance, and 
abnormal TD precludes a diagnosis of CB [11]. Besides, TD 
has been found to improve significantly in multifocal motor 
neuropathy with conduction block with treatment and is 
perhaps a more sensitive marker of improvement than other 
NCS parameters in this disorder [23]. Thus intuitively, both 
CMAP duration and its derivative TD would be expected to 
change with treatment in CIDP.  However, our study did not 

show any difference at the end of 24 weeks for the placebo 
arm when treatment was withdrawn. This may be because 
the duration of treatment withdrawal was too short at 6 
months, although other NCS parameters such as conduction 
velocity did change [2]. Another reason might be that these 
various measures that are thought to show ‘demyelination’ 
have different underlying pathophysiological mechanisms. 
CMAP duration and temporal dispersion are thought to be 
classical features of acquired demyelination manifesting 
due to diffuse differential slowing of conduction along nerve 
fibers and the resulting asynchrony of the CMAP. On the 
other hand, CB is focal and experimental studies show that 
CB can start within an hour of an inciting event, well before 
any structural changes of demyelination set in [24]. This 
may be due to paranodal disruption of ion channels which 
is more amenable to rapid reversal with immunoglobulins, 
while in contrast, features such as temporal dispersion and 
prolonged duration may be due to structural demyelination 
and thus take longer to recover or manifest [18]. In 
addition, the associated secondary axonal changes also 
would invariably color the nerve conduction findings and 
is recognized as one of the reasons for poor response to 
IVIG. In a case of CIDP, the actual electrophysiological 
picture would thus be the net effect of all these differing 
pathophysiological mechanisms, each of which may respond 
differently to treatment or withdrawal of treatment. The 
duration of the disease and follow-up may also have an 
impact on the nerve conduction findings which can evolve 
more rapidly in the short term, when disease duration is 
shorter, and more slowly with longer disease duration. The 
precision of the different electrophysiological measures will 
also influence the observed changes. 

Our study has a few limitations. Having focused purely 
on the electrophysiological parameters, this study lacks 
information on the clinical characteristics and treatment 
responsiveness. Data on the full cohort in each treatment 
arm was not obtained so that the results may have differed 
with a larger sample size. Even though the study analyzed a 
large number of nerve tracings in patients with CIDP, the 
actual number of nerve conduction studies with abnormal 
dCMAP duration and TD was relatively low which also 
would impact the generalizability, although all patients 
in this study fulfilled EFNS/PNS criteria for CIDP. This 
suggests a low sensitivity of duration and TD in CIDP.

Conclusion
The current study found that dCMAP duration and 

TD did not differ between the treated and placebo arms in 
patients with CIDP. These results suggest that duration and 
TD are less sensitive to withdrawal of treatment than other 
NCS parameters such as motor latencies and conduction 
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velocities that changed as immunoglobulin therapy was 
removed. While the exact method of measuring dCMAP 
duration has been a topic of debate, the method does not 
have a bearing on TD as long as consistency in method is 
followed and this is relevant for routine practice. Further 
studies are needed to look at the correlation between 
dCMAP and TD with other electrophysiological parameters 
and patient outcomes. 
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