Crochetage Pattern: An Electrocardiographic Warning Sign for Scuba Divers

Crochetage Pattern

Crochetage pattern is defined as a ‘M’-shaped or bifid notch near the apex of the R wave in one or
more inferior limb leads Il, Ill, and aVF. It is associated with atrial shunts including ostium
secundum atrial septal defect (ASD) and patent foramen ovale (PFO) and is so named for the
notch resembling a crochet needle.
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Figure 1. Crochetage present in all 3 inferior leads (I, lll, aVF). There is also a right bundle branch
block (RBBB) pattern in V1, that is commonly associated with ASDs (Bhattacharyya 2016).

Background

Crochetage pattern was first described in 1958 by Toscano et al. Further research in 1996 by
Heller et al. described the pattern in relation to atrial shunt severity; it was found that the incidence
of crochetage increased with larger shunt sizes and greater shunting. In 1998, the pattern
emerged to help identify PFOs in cryptogenic stroke patients and served as an EKG marker for
PFO associated with embolic stroke. Per Ay et al., the sensitivity and specificity of crochetage for
the diagnosis of PFO in cryptogenic stroke patients were found to be 36% and 91%. The positive
predictive value (PPV) was 77%, and the NPV (negative predictive value) was 62%. The difference
in crochetage prevalence in PFO patients remained significant with P<0.05. To date, the
electrophysiological mechanism for crochetage remains unknown.

Crochetage and Scuba Divers

To assess why crochetage may be

an EKG warning sign in scuba Gas bubble volume
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solution during ascent and expand
to form bubbles.

DCI encompasses both decompression sickness (DCS) and arterial gas emboli (AGE). It occurs
when breathing compressed air at depth, which causes nitrogen (or other inert gas, such as
helium in technical diving) dissolved in the tissues to come out of solution and form bubbles during
ascent. While venous gas emboli (VGE) are estimated to occur in 80-91% of scuba divers, divers
usually remain asymptomatic as the bubbles are transported from the tissues to the alveoli for
exhalation. If, however, the bubble load is too large to overcome, these excess bubbles will not be
filtered by the pulmonary circulation, and DCI can manifest. When a diver ascends too quickly,
these bubbles enter the tissues, expand, and induce local tissue damage or embolize throughout
venous blood. The bubbles can block blood flow, cause clotting activation, and tissue inflammation
resulting in mechanical and biochemical problems. With DCS, bubbles can come out of solution
almost anywhere in the body, and therefore symptoms tend to be variable and range in severity.

Figure 2. Depiction of Boyle’s Law (Byyny and Shockley 2015).
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PFO in Divers

While DCS risk in recreational divers has been reported at 3.6 cases per 10,000 dives, divers with
PFO have 2.5 times greater overall risk of DCS than divers without a PFO. They also have 4 times
greater risk of neurological DCS. As PFO prevalence in the general population has been estimated
to be 27.3%, this raises a legitimate concern for divers. PFOs can serve as conduits for venous
thromboemboli to arterialize into the systemic circulation causing cerebrovascular events
(cryptogenic stroke, transient ischemic attack) and DCI.
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Figure 3. (A) Schematic depicting the physiological mechanism for venous gas bubble elimination
in scuba divers. (B) PFO serves as a conduit for paradoxical emboli (Sykes and Clark 2013).
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All research to date examining the presence of crochetage pattern on EKGs was utilized to gather
information and data for this project. Papers date back to 1958, when the sign was first
discovered. As there has been minimal research studying crochetage prevalence in atrial septal
defects, all works including case reports were included.

Regarding PFO, Ay et al. determined a trend between infarct size and crochetage - there were
larger infarct sizes in PFO patients with crochetage compared to PFO patients without crochetage.
In their study, 75% of patients who were referred for PFO closure due to recurrent embolic events
exhibited crochetage. Interestingly, unlike the reports from ASD studies, the crochetage pattern
remained unchanged after PFO closure. There was also a statistically significant increase in the
prevalence of crochetage in inferior EKG leads in patients with PFO and cryptogenic stroke
compared to control patients with cryptogenic stroke and no PFO. There was crochetage in at least
1 inferior lead in 36% of PFO patients as opposed to 9% of control patients.

Overall, it has been found that patients with PFO and crochetage are more likely to suffer from
cerebral infarction than PFO patients without crochetage. Crochetage has a specificity of 91% and
a PPV of 77% in recognizing PFO patients prone to paradoxical embolism. As such, crochetage
sign may be a useful tool in recognizing PFO and predicting stroke risk.

This research was supported (in whole or in part) by HCA Healthcare and/or an HCA Healthcare
affiliated entity. The views expressed in this publication represent those of the author(s) and do
not necessatrily represent the official views of HCA Healthcare or any of its affiliated entities.
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Given widespread availability and cost-effectiveness of EKGs, crochetage pattern may serve as a
tool to accelerate the search for PFOs in scuba divers suffering from recurrent DCI. The EKG
pattern may help stratify patients for further screening with an echocardiogram as there was a high
specificity (91%) and moderately high PPV (77%) for crochetage in detecting paradoxical emboli
secondary to PFO. Limitations to current research include small sample sizes and lack of
generalizability. Future studies need to determine whether crochetage correlates with DCI risk in
divers with PFO. PFO size and degree of right-to-left shunting should also be investigated in
relation to crochetage. Overall, EKGs may be useful in streamlining the diagnostic workup of
paradoxical emboli and may accelerate the speed at which an echocardiogram is ordered in
divers with recurrent DCI.
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Conclusion

Crochetage may serve as a readily available EKG marker to motivate the search for PFO in divers
with recurrent DCI. This is important for providers performing medical evaluation of divers.

References

Ay H, Buonanno FS, Abraham SA, Kistler JP, and Koroshetz WJ. 1998. An electrocardiographic criterion for diagnosis of patent foramen ovale associated with ischemic
stroke. Stroke. 29(7): 1393-1397.

Bhattacharyya PJ. 2016. ‘Crochetage’ sign on ECG in secundum ASD: clinical significance. BMJ Case Rep. 113(2): 133-134.

Byyny and Shockley. 2015. Scuba Diving and Dysbarism. Rosens Emergency Medicine — Concepts and Clinical Practice. 9t Edition. Chapter 135. Elsevier. Philadelphia,
Pennsylvania.

Cohen JS, Patton DJ, and Giuffre RM. 2000. The crochetage pattern in electrocardiograms of pediatric atrial septal defect patients. Can J Cardiol. 16: 1241-1247.
Denoble PJ and Holm JR. 2015. Patent foramen ovale and fitness to dive consensus workshop proceedings. Durham, North Carolina, Divers Alert Network, 160 pp.
Hagen PT, Scholz DG, Edwards WD. (1984). Incidence and size of patent foramen ovale during the first 10 decades of life: an autopsy study of 965 normal hearts. Mayo
Clinic Proceedings. 59(1): 17-20.

Heller J, Hagége AA, Besse B, Desnos M, Marie FN, and Guerot C. 1996. "Crochetage" (notch) on R wave in inferior limb leads: a new independent electrocardiographic
sign of atrial septal defect. J Am Coll Cardiol. 27(4): 877-882.

Honék J, Sefc L, Honék T, Sramek M, Horvath M, and Veselka J. 2015. Patent foramen ovale in recreational and professional divers: an important and largely unrecognized
problem. Canadian Journal of Cardiology. 31(8):1061-1066.

Marabotti C, Scalzini A, Menicucci D, Passera M, Bedini R, L'Abbate A. (2013). Cardiovascular changes during SCUBA diving: an underwater Doppler echocardiographic
study. Acta Physiologica. 209: 62-68.

Raut MS, Verma A, Maheshwari A, and Shivnani G. 2017. Think beyond right bundle branch block in atrial septal defect. Ann Cardiac Anaesth. 20(4): 475-476.

Sykes O and Clark JE. 2013. Patent foramen ovale and scuba diving: a practical guide for physicians on when to refer for screening. Extreme Physiology & Medicine. 2: 10.
Toscano Barboza E, Brandenburg RO, and Swan HJ. 1958. Atrial septal defect: the electrocardiogram and its hemodynamic correlation in 100 proved cases. Am J Cardiol.

HCA-r

Healthcare’




	Crochetage Pattern: An Electrocardiographic Warning Sign for Scuba Divers

