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Background/Aims
Jackhammer esophagus is an uncommon heterogeneous motility disorder associated with a distal contractile integral > 8000 
mmHg∙sec∙cm. The spectrum of abnormality ranges from a relatively normal looking contraction to chaotic repetitive contractions 
akin to a jackhammer. Although previous studies have shown an uncertain correlation between peristaltic vigor and symptoms, we 
hypothesize that symptoms may be more severe with repetitive contractions as opposed to an elevated contractile measure. Thus, 
this study aims to investigate whether symptom severity is related to the contraction pattern in the patients with hypercontractile 
esophagus. 

Methods
Patients with hypercontractile esophagus were retrospectively identified, their demographic and high-resolution manometry 
characteristics were collected. Contraction pattern on high-resolution manometry was categorized into single-peak and multiple-peak. 
Comparison was performed between patients with single-peak and multiple-peak. 

Results
Altogether 35 patients (age range, 45-70 years; female:male, 24:11) were included. Seven patients presented with single-peak 
hypercontractile swallows, while 28 patients presented with multiple-peak hypercontractile swallows. The patients with multiple-peak 
showed higher Brief Esophageal Dysphagia Questionnaire scores compared with patients with single-peak. The jackhammer swallows 
with multiple-peak were associated with higher distal contractile integral values, longer distal latency intervals, and a lower integrated 
relaxation pressure. 

Conclusions
Repetitive contractions akin to a jackhammer were common amongst patients with hypercontractile esophagus. Patients with the 
jackhammer pattern also presented with more severe symptoms. Further distinction of hypercontractile esophagus into a jackhammer 
dominant subtype may be warranted.
(J Neurogastroenterol Motil 2021;27:540-544)
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Introduction  

The Chicago classification version 3.0 (v3.0) has defined jack-
hammer esophagus or hypercontractile esophagus as a motility dis-
order characterized by more than 2 hypercontractile swallows (distal 
contractile integral [DCI] > 8000 mmHg∙sec∙cm) among the total 
10 supine liquid swallows.1 Although former studies have shown 
that dysphagia and chest pain are the major symptoms related to 
hypercontractile esophageal motor disorders, there is an uncertain 
correlation between contractile activity and symptoms noted on both 
conventional and high-resolution manometry (HRM).2,3 Thus, it 
has been hypothesized that the pain and dysphagia seen with hy-
percontractile esophagus are not directly related to the contractile 
vigor, but may be related to subtle obstruction or local ischemia 
due to microvascular compression.4 Also, clinical observations of 
hypercontractility in patients with eosinophilic esophagitis or gastro-
esophageal reflux disease has been reported.5,6 Thus, further studies 
focusing on a more detailed description of the contractile pattern in 
jackhammer esophagus are needed to determine whether these dif-
ferences have relevance beyond the DCI value. 

Recently, we tried a new measurement tool, where the up- and 
down-slope of the peristaltic wave were separated in order to make a 
more detailed measurement for both the contraction and relaxation 
phases of contraction.7 Using this new algorithm, we found that the 
abnormalities in contractile integral of the post-peak phase are more 
significant in jackhammer esophagus patients with higher dyspha-
gia scores.8 This approach may have masked the abnormalities in 
the swallows with persistent repetitive contraction peaks since only 
the first peak was analyzed in this new approach. However, we did 
note that there was at least some anecdotal suggestion that the pa-

tients with higher post-peak contractile integrals were more likely to 
have the repetitive jackhammer pattern. Given these observations, 
we sought to determine whether repetitive contractions alone could 
be associated with dysphagia severity in patients with a hypercon-
tractile esophageal disorder. 

Materials and Methods  

Study Subjects
Jackhammer esophagus patients, who were aged 18-85 and had 

HRM in the Esophageal Center at Northwestern Motility Lab 
due to esophageal symptoms were retrospectively reviewed. Those 
patients between August 2008 and August 2015 who completed 
the Brief Esophageal Dysphagia Questionnaire (BEDQ) and had 
more than 2 supine swallows with DCI > 8000 mmHg∙sec∙cm 
during HRM were retrospectively included. Patients with previous 
upper gastrointestinal tract surgery were excluded. The BEDQ was 
previously termed the impaction dysphagia questionnaire and was 
updated after the validation study by Taft et al9 in 2016 in our lab. 
The HRM and BEDQ of these included patients was performed 
in the same day. These subjects have been previously described.8 
The current research protocol was ratified by the Northwest-
ern University Institutional Review Board (IRB No. NU IRB 
STU00011084).

High-resolution Manometry
HRM procedure was performed as previously described.7 The 

esophageal pressure topography was analyzed using the Manoview 
analysis software incorporated by the manufacturer (Medtronic Inc. 
Minneapolis, MN, USA). The DCI, distal latency (DL) as well as 
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Figure. Demonstration of jackhammer 
swallows with single-peak (A) and multiple-
peak (B).
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integrated relaxation pressure (IRP) of the supine liquid swallows 
were analyzed among all the jackhammer patients.

Those swallows with DCI > 8000 mmHg∙sec∙cm were recog-
nized as jackhammer swallows, and these swallows from each pa-
tient were selected to compare the parameters between single-peak 
swallow and multiple-peak swallow. The definition of multiple-peak 
swallow was described in the study by Clouse et al10: there would 
be 2 peaks at least with the least interval of 1 second between pres-
sure peaks, the amplitude of the peak pressure should be at least 10 
mmHg greater than the trough between 2 peaks with the trough 
pressure > 0. If the patients had at least 1 episode of jackhammer 
swallow with multiple-peak, they would be categorized into multi-
ple-peak group, otherwise single-peak group (Figure). 

Statistical Methods
All the supine swallows and the jackhammer swallows from 

each subjects were analyzed. Data were reported as median (95% 
confidence interval). The Wilcoxon-signed rank test was used to 
find out statistical significance. Pearson correlation was performed 
to find out the correlation between the BEDQ score and the peak 
numbers. The significance level was set at 0.05. 

Results  

A total of 35 patients (age 45-70 years, female:male [24:11]) 
out of 2074 patients for esophageal function testing were included. 
Twenty-one patients were with dysphagia, 11 with reflux, and 3 
with chest pain. The medication of these patients included calcium 
channel blockers (n = 5), opiates (n = 5), neuromodulators includ-
ing venlafaxine, escitalopram, and imipramine (n = 5), and none of 
them were on nitrates. There were 24 patients who were on proton 

pump inhibitors, but only 11 patients had classic reflux symptoms. 
On upper endoscopy, there was only 1 patient with esophagitis, and 
2 patients with subtle small caliber in the distal esophagus while no 
eosinophilic infiltration were found after biopsy, another 2 patients 
with a hiatal hernia > 3 cm.

Among all the patients, 7 patients presented as single-peak 
jackhammer swallows, while 28 patients presented as multiple-
peak jackhammer swallows. The comparison between these patients 
with single-peak and multiple-peak is listed in Table 1. The IRP 
and DL were similar between these patients with single-peak and 
multiple-peak, while the patients with multiple-peak presented with 
higher DCI compared with patients with single-peak patterns. Pa-
tients with multiple-peak had higher BEDQ scores compared with 
patients with single-peak. However, there was no correlation be-
tween the BEDQ score and the peak numbers among the patients 
with jackhammer esophagus.

The jackhammer swallows from all the included patients were 
selected for further analysis. Altogether, there were 193 hypercon-
tractile swallows, 71 swallows with single-peak patterns while the 
other 122 swallows had multiple-peak. The comparison between 
the single-peak hypercontractile swallows and multiple-peak hyper-
contractile swallows are listed in Table 2. The Jackhammer swal-
lows with multiple-peak were noted to have higher DCI values and 
longer DL intervals. Additionally, the swallows with the multiple-
peak Jackhammer pattern had a significantly lower median IRP.

Discussion  

Although considered to be a major motor disorder, jackham-
mer esophagus has been a confusing entity primarily due to the 
heterogeneity of its contractile pattern and its clinical presentation. 
Using the definition of 2 or more swallows with a DCI > 8000 
does not adequately describe the spectrum of motility patterns seen 
in this manometric classification and thus, we sought to determine Table 1. The Comparison Between Jackhammer Patients With Sin-

gle-peak and Multiple-peak

Item
Single-peak group 

(n = 7)
Multiple-peak 
group (n = 28)

P-value

Age (yr) 65 (52-66) 59 (49-68) 0.505
Gender (M/F) 3:4 8:20 0.466
DCI (mmHg∙sec∙cm) 6191 (5820-7470) 9345 (6460-14 252) 0.025
IRP (mmHg) 9.1 (8.2-13.9) 9.6 (6.5-13.0) 0.135
DL (sec) 6.2 (5.2-7.4) 7.5 (5.8-9.3) 0.825
BEDQ 5 (0-10) 14 (7-22) 0.020

M, male; F, female; DCI, distal contractile integral; IRP, integrated relaxation 
pressure; DL, distal latency; BEDQ, Brief Esophageal Dysphagia Question-
naire.
Data are presented as median (95% CI).

Table 2. The Comparison of Jackhammer Swallows With Single-
peak and Multiple-peak

Item
Single-peak  

swallow (n = 71)
Multiple-peak  

swallow (n = 122)
P-value

DCI 
(mmHg∙sec∙cm)

9946 (8712-13 142) 13 914 (10 104-20 583) 0.008

IRP (mmHg) 10.7 (7.6-14.1) 7.9 (5.1-13.9) < 0.001
DL (sec) 7.0 (5.9-8.2) 7.7 (6.8-9.2) 0.007

DCI, distal contractile integral; IRP, integrated relaxation pressure; DL, distal 
latency.
Data are presented as median (95% CI).
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whether repetitive contractions had additional value to subtyp-
ing this group of patients. Our results support that the repetitive 
contraction pattern was commonly seen in patients with 2 or more 
swallows with a DCI > 8000 and that this pattern was associated 
with higher symptom severity. Thus, it appears that the repetitive 
jackhammer pattern is an important subtype of hypercontractile 
esophageal disorders and the nomenclature should be revised to 
reflect the heterogeneity of hypercontractile disorders.

The heterogeneity of hypercontractile esophagus has been 
reported. Agrawal et al2 reviewed a group of 56 patients with nut-
cracker esophagus using conventional manometry, and they found 
that patients with contraction amplitudes greater than 260 mmHg 
on manometry had a more homogeneous clinical presentation, 
whereas patients with distal esophageal contraction amplitudes 
between 180 mmHg and 220 mmHg had a more heterogeneous 
presentation. Our study is also not the first to focus on repetitive 
contractions as an important variant of the hypercontractile disor-
ders. Clouse et al10 examined 74 double-peaked waves detected in 
subjects with unexplained symptoms using the topographic analysis. 
Through their analysis they noted that the second peak in a double-
peak wave is typically a short, simultaneous, or retrograde pressure 
event in the distal esophageal body. This indicated that there was 
chaotic contraction originating from the distal esophagus in the 
double-peak swallow which may distinguish itself from those with 
single-peak swallow. 

Additionally, our group recently focused on assessing the mor-
phology of the contractile wave by separating the contraction into a 
pre- and post-peak contraction to better define abnormalities associ-
ated with return of the muscle to its baseline resting state. We also 
looked at the timing of the peak propagation to determine whether 
a lack of intra-contractile synchrony was associated with worse out-
comes. These results suggest that symptom severity was associated 
to a longer duration of the post-peak activity during the esophageal 
contraction.8 Further, this study has also confirmed that chaotic con-
traction patterns were also more common in symptomatic patients 
with hypercontractile esophagus.11 

A recent study in Europe identified 34 patients with Jackham-
mer esophagus12 and showed that dysphagia was associated with 
DCI and an elevated intrabolus pressure. However, they found that 
the differences in HRM and clinical characteristics between sub-
groups based on the contraction type (single- or multi-peaked) were 
limited. A larger cross-sectional study from France reported on a 
227 patient cohort with Jackhammer esophagus.13 This study found 
that none of the individual symptoms were significantly associated 
with any of the manometric parameters defined, except for dyspha-

gia (associated with the mean of all DCIs > 8000 mmHg∙sec∙cm). 
Instead of using a single symptom to find the relationship between 
the manometric features and symptom severity, our study used the 
BEDQ to evaluate the clinical symptom profile of these patients, 
and found a distinct relationship between multiple-peak patterns 
and symptom score. Thus, our study focused on a more granular 
level assessment of the contractile morphology.

The definition of Jackhammer esophagus has evolved from 1 
swallow with DCI > 8000 to 2 swallows since the Chicago classifi-
cation v3.0. The pattern of contraction has no role in the diagnosis 
criteria, while multiple-peak contractions has been found in about 
80% of all the Jackhammer esophagus.14 In our current study, the 
multiple-peak pattern was associated with a higher BEDQ and 
thus, the multiple-peak pattern may potentially help better refine the 
diagnosis of jackhammer esophagus. 

Another interesting finding in this study was related to the 
IRP values. The IRP was significantly higher in the swallows with 
single-peak, although still within the normal range. The comparison 
between the individual single-peak and multiple-peak hypercon-
tractile swallows showed higher IRP values and more obstruction 
to flow with the single-peak swallows. There have been reports of 
an overlap of jackhammer patterns with type III achalasia and there 
are also case reports of Jackhammer esophagus progressing to acha-
lasia.15,16 These patients may represent a different category of hyper-
contractile disorders more akin to spastic achalasia and the vigorous 
contractions may be related to a more forceful attempt to push the 
bolus through an obstruction. 

There were also some limitations in our research. The sample 
size was relatively small, only 7 patients with single-peak were iden-
tified. Jackhammer esophagus is not a common motility disorder 
and a multicenter study could be helpful to determine whether these 
findings are generalizable. Additionally, the patient population was 
heterogeneous in terms of presentation. However, this is the nature 
of hypercontractile disorders as they can be seen in patients with 
gastroesophageal reflux disease or a frank overt mechanical obstruc-
tion at the esophagogastric junction.

During the initial descriptions of jackhammer esophagus, the 
pattern of repetitive contractions was the most distinguishing com-
ponent that separated this disorder from nutcracker esophagus. A 
nutcracker typically generates a single long contraction on a walnut 
to crack the shell while jackhammers have repetitive strong bursts 
that penetrate rock and concrete. This distinction has been lost in 
the Chicago classification v3.0 definition and it appears that a more 
logical classification would label all patients with a DCI > 8000 
as having a hypercontractile esophagus and allowing for a distinc-
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tion to call a single-peak pattern “nutcracker esophagus” and the 
multiple-peak pattern “jackhammer esophagus.” Whether this 
new classification or rearrangement will provide a better scheme to 
define these disorders will require larger sample size studies and an 
assessment of outcome using carefully designed clinical intervention 
trials with peroral endoscopic myotomy or medications.

In conclusion, our study supports that the repetitive jackham-
mer pattern is a more severe variant within the hypercontractile clas-
sification defined using a DCI > 8000.
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