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CONGENITAL HEART DISEASE

“Cr‘ocliétage” (Notch) on R Wave in Inferior Limb LeadS: A New
Independent Electrocardmgraphlc Sign of Atnal Septal Defect

JOSEPH HELLER, MD, ALBERTA HAGEGE MD, BRUNO BESSE, MD, MICHEL DESNOS, MD
FRANCOIS-NOEL MARIE, MD, CLAUDE GUEROT, MD

Paris, France

Objectives. This study sought fo determine the clinical signifi-
cance of a “crochetage™ patiern—a nofch near the apex of the R
wave in electrocardiographic (ECG) inferior limb leads—in se-
cundum atrial septal defect.

Background. Atrial septal defect is often overdiagnosed on the
basis of classical clinical features. Thus, more specific sigas on the
ECG for screening are needed.

Methods. We searched for a crochetage pattern in 1,560 older
children and adults: 532 with secundom atrial septal defect, 266
with ventricular septal defect, 146 with palmonary stenosis, 110
with mitral stenosis, 47 with cor pulmonale and 459 normal
subjects. ‘

Resadts. This pattern was observed respectively in 73.1%, 35.7%,
23.3%, 6.4%, 10.6% and 7.4% of these groups (p < 6.001). In atrial
septal defect, its incidence increased with larger snatomic defect
(p < 0.0001) or greater lefi-to-right shunt (p < .0.0081), even in

the preseace of palmonary hypertension. By multiple regression
amalysis, only shunt size (p < 0.0006) and defect location (p <
0.0001) were the dererminants of its presence. In all groups, the
specificity of this sign for the diagnosis was remarkably bigh when
present in all three inferior limb leads (292%), even when
comparison was limited to patients with aa incomplete right
bundle branch block (2952%). Early disappearance of this
pattern was observed in 35.i% eof the operated-on patients al-
though the right bundle branch block pattern persisted. -
Conclusions. A crochetage pattern of the R wave in inferior limb
leads is frequent in patients with atrial septal defect, correlates
with shunt severity and is indepeadest of the right bumdle branch
block pattern. Semsitivity and specificity of this sign are remark-
ably high whea it is associated with an incomplete right buadle
branch bleck or present in all inferior limb Jeads.
(] Am Coll Cardiel 1996:27:877-82)

The main consequences of atrial septal defect are the appear-
ance of pulmonary hypertension and congestive heart failure,
but there is also a potential for transitory right-to-left shunting
with its potential for cerebral paradoxic embolism and arterial
desaturation such as encountered in scuba divers (1-3). Some
may then suggest that all atrial septal: defects, even those
clinically silent, would have to be closed (1,4~7). In this setting,
an -incomplete right - bundle branch block pattern on the
- elettrocardiogram (ECG) may often orient toward an echo-
cardiographic examination but is lacking in specificity (1,8-11).
'On the contrary, a notched aspect of the R wave of the QRS
complex in inferior ECG limb leads was frequently observed in
Gur practice in ostium secundum or sinus venosus atrial septal
defects and seemed independant of the right bundle branch
block. This pattern was called “crochetage,” a French equiva-
lént of notch, in 1959 in a reportof a group of 11 patients with
secundum atrial septal defect (12), but the clinical relevance of
this pattern remained unknown. We studied its clinka] signif-
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icance in a large cohort of patients with atrial septal defect and
tested its diagnostic value in a normal group and in groips with
other causes of incomplete right bundle branch block and right
ventricular hypertrophy as in ventricular septal defect, pulmo-
pary stenosis, mitral stenosis or cor pulmonale.

Methods

Patients. Amial septal defect study group. A total of 568
older children and adults with atrial septal defect underwent.
catheterization in our institution between January 1960 and
December 1984, We excluded paticats with ostium primuin
defect or with other. associated h=inodynamicslly severe con-
genital heart disorder or. patients with anomalous venous

-drainage without atrial . >ptal ‘defect; patieots with partial

anomalous pulmonary venous drainage  associated with an
atrial septal defect were included i the study. Thus, 532
patients {374 female) were retrospectively. included in this
study. Mean age was:24.1 * 15.0 years (range-4 to 80). All
patients underwcnt clinical and ECG examination; 50 patients
presented with clinical signs of congestive right heart failure.
'l‘bednagnosaswasmnﬁrmddunngaﬁietemmnby

-passage of the catheter across the defect at a midseptal level or

by an increase of 10% in oxygen saturation of right atrial blood

~ compared with blood from the superior and inferior venae
- cavae. lnallmscs,mnpnlmmnrymayprmandthe

0735—1091/%1‘3[5&‘
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magnitude of left-to—ﬁght shunting ‘across the defect (pulmo-. ]
nary/systesnic blood flow ratio: Q,/Q,) were measured using - -

the direct Fick method. Mean pulmonary artery pressure was

21.3 +:13.9 mm Hg (range 6 to 130); pulmonary hypertension,
defined as meéan pulmonary artery pressure. >30 mm Hg, was .

present in 83 patients (15.6%). Mean Q/Q; was equal to
3.47 + 212 (range 0.4 to 8.1), and the shunt was considered
significant when the Q,/Q, ratio was >':5. Contraindications
10 operation—severe pulmonary hypertemnon, SEvere associ-
ated diseases ot old. age—were found by cardiologist referees
in 48 cases; in this group, mean age was 42.3 = 19.0 years,
‘(range 6 to 80) and mean pulmonary artery pressure was
54.6 = 27.3 mm Hg (range 30 to 101).

Surgical repair of the defect was performed in 484 patients
{91%) (336 female) with a mean’ age of 22.6 + 13.5 years
(range 4 1o 72); 35 patients (7.1%) with moderate pulmonary
hypertension and high level shunting across the defect under-
went operation. This made it possible to confirm the type of
ostium secundum defect (13) and the associated lesions:
central type (58.9%); inferior caval type or low septal defect
(19.2%); high septal or sinus venosus defect (15.3%) associ-
ated with a partial anomalous venous drainage in 50 cases;
large defect from the superior to the inferior vena cavae
{6.6%), associated with a partial anomalous venous drainage in
2 patients.

Congenital heart disease contml group.. This group included
412 consecutive patients admitted during the same period of
time and without complete right bundle branch block pattern.
‘There were 266 patients (164 male) with isolated ventricular
septal defect (mean age 14.3 * 18 years [range 6 to 38} and 146
patients. (91 male) with isolated pulmonary stenosis (mean age
19.1 % 15 years [range 8 to 42]). The diagnosis was based on
Doppler and edxomrdlogmpbnc ‘examinations or heart cathe-
tefization and confirmed by surgical repair in 305 patients.

Acquired heart disease control group. This group included
157 consecutive patients admitted during the same period of
time and without-a complete right bundie branch block pat-
tern. There were 110 patients (75 female) with isolated or
predominant severe mitral stenosis (mean age 583 * 22.1
‘years [range 18 to 62 years]); mean pulmonary artery pressure
as assessed by cather2rization was 32.3 * 257 mm Hg (range
16 tc 50), and operation was performed in 104 cases. There
were 47 patients'(32 male) with cor pulmonale from chronic
hyposia, pulmonary embolism or primary pulmonary hyperten-
sion (mean age 68.1 = 17.9 years [range 49 to 82}); mean
pulmonary artery pressure as assessed by Doppler examination
or right heart catheterization was 47.3 + 20 7 mm Hg (range 39
o).

Normal control group. This group included 459 eonsecutwe
patients (mean age 243 % 14yea:s,range35t083 227
female) adnitted in our. hospital for orthopedic -or: plastic
surgery between 1960 and 1980 and who were considered to

‘have a normal heart. These patients had no history of heart -
‘disease, no cavdiovascular treatment, normal cardiovascular -

examination and chest radiograph; the ECG. findings were
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Figure 1. Examples of electrocardingraphic (ECG) traciny, Wil g

chetage” patterns in inferior limb leads I1, 111 and aVF in \gtiey! with

atrial septal defect. Top, ECG from an 11-year old girl Whﬂﬁentml

defect (mean pulmonary artery pressure was 17 mm Hg, a0y Q“/

3.8). Note the notch on the QRS near the zenith of the R ws\y (\( Dﬂ

its ascending branch and the incomplete right bundle &apcy biack

pattern i V, lead. Bottom, ECG from a 44-year old wyngh ®igh'a-
large defect between the venae cavae (mean pulmonary aftyry By®stre
was 40 mm Hg, and Q,/Q, was 1.4). Note the noich on thy B waye in

the inferior limb leads and the complete right bundle b(anﬂh \\lﬁck

pattern on the V, lead.

normal or showed a pattern of incomplete right bunl Yach
block without sign of right ventricul>r hypertrophy, }
Electrocardiographic patterns. All patients had 4 styfiyard
12-lead ECG with a sensitivity of 10 mm/mV and 4 73 Bynys
paper speed Analysis of the tracings were perfonyed 8 100
patients in each of the four groups by two N&Qwﬂ\iént
observers (J.H., AH.) who were unaware -of the Qificyl,
hemodynamic and surgical data. Right bundle brany plg% on
the ECG was defined as complete when QRS dujatinf! was
>120 ms in adults with a ’ or R’ aspect in right preqordis lead
V, or V, and with a wide S wave (longer than R quatiOy or
than 40 ms) in leads V¢ and I; it was defined as jpeoghiete
when QRS duration was between 80 and 120 ms wyh 3 R’ or
r' inlead V, or V; and R’ greater than Rin V, or V, lﬁads, of
when QRS duratlon was <"120 ms with an R peak tiyge 3% ngs
in lead V, or V, (14). The QRS aspect on the prgopy wive
ECG helped to define patients along with the absyge2 o the
presence of a “crochetage” aspect of the R wave iy My or
more of limb leads II, 1Il or aVF (Fig. 1). This pute~a.
notch on the R wave—was defined as a rapid ulapydgwn
motion of the R wave fracing on its ascendant bralwh of year
its zenith with an M-shaped or a.bifid pattern ity g Yogt

- typical form and always involving the initial 80 ms of g QRS

complex. Postoperative ECGs were obtained in yfl pslignss
aftter atrial septal defect repair within 15 days aftet ppeyaiiap,
Statistical analysis. The data were analyzed by .thy 5AS

(SAS Institute, Inc., version 6.03). All results are e:(prﬁgéw as

mean value *+ SD. For ECG interpretation;
between the two observers was calculated. The Stydeng ¢ test

- was used to assess differences in continuous variablys Defyeen

two groups, and one-way analysis of variance (ANOV A) was
used to define a global statistical significance for JifesSuces
between more than two groups. When a globa|" siagi\yeat

'significance was obtained, a post hoc test (Tukey’s YudefMized

range test) was used to test for significant differefyz Dofeen
two groups. A chi-square test {or a Fisher exact te8y) wof ysed
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1o assess differences in categorical variables. Pearson correla-
tion coefficient was used to study the relation between wo
quantitative variables. Multivariate analysis was used to search
for factors related to the presence of a “crochetage™ pattern
and was performed using logistic regression analysis; when
_more than two classes were present for a categorial variable, a
dummy variable was generated; parameters were estimated
using the maximum likelihood method. Results were consid-
ered significant if p < 0.05.

Results

Mean age was not significatively different between the atrial
septal defect and the normal groups but was lower in the
congenital heart disease control group and higher in the
acquired heart disease control group (p < 0.01).

Electrocardingraphic data. Concordance between the two
observers for ECG interpretation—presence of a right bundle
branch block pattern and number of “crochetage”—was 99%.

Standard ECG data. Al atrial septal defect group patients
were in sinus rhythm, except for 10 in atrial fitrillation; PR
interval duration was within the normal range (120 to 200 ms)
in 94.9% (505 patients), >200 ms in 14 patients and >120 ms
in 3 patients; 522 patients (98.1%) showed a right ‘bundie
branch block, incomplete in the majority of the patients (491
paticnts, 94.1%) and complete in the remaining patients (31
patients, 5.9%). In the normal group, an incomplete right
bundle branch block was observed in 50 subjects (10.9%)
without any other ECG abnormality, and its sensitivity and
specificity for the diagnosis of atrial septal defect reached,
respectively, 98.1% and 89.1%. Among patients with ventric-
ular septal defect or pulmonary stenosis, an moomplete right
bundle branch block was ebserved in 112 (27.2%), and its
specificity for the diagnosis of atrial septal defect reached
71.1%. Among patients with mitral stenosis or cor pulmonale,
an incomplete right bundle branch block was observed in 42
(26.8%), and its specificity for the diagnosis of atrial septal
defect reached 73.2%.

Electmcardwgmphw ‘crochetage” pattern. Among atrial
septal defect patients, a “crochetage" was observed in 73.1% of
patients in one lead at least, 58.1% in two to three Jeads and
218% in ‘three.leads (Table 1); it was isolated (without right
bundle-branch block) in three patients (Fig. 2). In the normal
group, a crochetage was present in only 7.4% of the patients in
at least one lead, but a crochetage in all inferior limb leads was
never observed. According to these results in the ‘normal
control group, its sensitivity and specificity for the diagnosis
rcached, respectively, 73.1% and 92.6% if present in one
inferior limb lead only, 58.1% and 97.2% if present in two to

three leads and 27.8% and 100% if present in three inferior

timb leads. Among patients with ventricular septal defect or
pulmonary stenosis; 3 croclietage was observed, respectively, in

35.7% and 23.3% in one lead at least, in 173% and 89% in
two 10 three leads and in 1.9% and 0.7% in three leads; thus, -
the sensitivity and specificity of the presence of a crochetage

Fighe 1~ Wdebmwdxmphx
~paﬂwmtnfwmbleadmbmwum:@;mdkmm
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Tahye 5. Frequepty of “Crochetage” Pattern in Inferor Limb Leads
in Syudy Pakts
AN A

Three:

One Lead Two Leads Leads
ASQy IEX T N 303% (161) 278% (148)
vsh 1845 (49} 15.4% (41) 15% (5)
s 1445 (1) 82%(12) 3% (1)
MS L% A43) 18% (2) 18% (2)
cP 0.4% {3) 20% 1N PALTIE
NLS 465 (21) 28%(13) 0% (0)
——NASN,

a2 pf&yedt Are percent {number ) of patients. ASD = atria! septal defect;
CP « Or Pmonske; MS = mitral steposis: NLS = normal subjects: PS =
pulthyongty Stefiosis; VD = ventricular septal defect,

palig i thyee Icads reached. respectively, 27.8% and 98.5%.
Amgng Paligns With mitral stenosis or cor pulmonale, a
crohctage Was observed, respectively, in 6.4% and 10.6% in
one lead of Jesst. in 3.6% and 4.3% in two to three leads
and jn } 8% and 21% in three Jeads; thus, in this contrel group
of pptieshy with a<quired heart disease, potentially a cause of
righy ventdolst hypertrophy. the sensitivity and specificity
of the Prefent of a crochetage in three leads reached,
respectively, 27.8% and 92.4%.

lp the porroal control group, a crochetage was associated
with ap ifopitie right bundic branch biock in only 5 patients
(1.0g%) aud were not statistically linked (p = 0.68); a crochet-
age without sight bundle branch block was observed in 29
patignss. Siilaty, in the congenital and acquired heart disease
comyql ghumps, Uy were scarcely ¢ sociated, respectively, in
66 yadeMs (16%) and in 5 patients (3.2%); a crochetage
withpyt ifcomplese right bundle branch block was observed in
therg o youps, fespectively, in 63 and 7 patients. When oaly
patignis #sh ap incomplete right bundie brarich biack pattern
wery, epusigered. the sepsitivity for the diagrosis of atrial septal
defegt of 4 crothetage pattern reached, respectively, 70.3%,
57A¢% apd 25.9% when present in one lead at least, in two or
threy jesdy and it three inferior leads. Similarly, when oaly
pationis #ith 4 7ight bundie branch block pattern were consid-
ereq i (he worMal, the congenital and the acquired control
groNpy, i3 specififity for the diagnosis reached, respectively,
90%, 41.1%, 85,79 when present in one lead only, 94%, 66.7%
and 99.5% when Present in-iwo to three léads, and 100%,
964¢b apd 95.2% When present in all three inferior leads. -

with “crochetage”

patteyn in @ 78.yest Did s with secandum atrial scpial defect (mean

‘W&mwmmﬁmﬂgmoﬁ,mm)
#R an - VE L

R a
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Figure 3. Electrocardiographic tracings from a 16-year old girl with a
low septal defect and partial anomalous venous return. Preoperative
mean artery pressure was 15 mm Hg, and the Q/Q, ratio
was 2.1. Note the ““crochetage” on the R wave tracing in inferior limb
leads 11, 11, aVF and the incomplete bundie branch block pattern in
the V, lead on the ECG before operation (top). Three days after atrial
septal defect surgical repair, note the disappearance of the crochetage
pattern, whereas the mcomp!ete right bundle-branch block pattern

persnsted (lmsom)

Effect of atrial septal defect repair on the ECG. Within 10 to
15 days (mean 12.6 days) after defect repair, the disappearance

‘ of the crochetage was observed in 191 patients (53.9%) among
the 354 with this preoperative pattern in one lead at least; this
was noted in 30 (45.5%) of the 66 patients with this pattern in
one lead only and in 161 (55.9%) of the 288 patients with this
pattemn in two to three leads. Meanwhile, among these pa-
tients, the incomplete right bundle branch block persisted in
120 patients (63.2%); this was noted in 19 (65.5%) of the 29
patients with this pattern in one lead only preoperatively and in
101 (62.7%) of thie 161 with this pattern in two to three leads
preoperatively. ' Moreover, among the 288 patients with a
preoperative crochetage pattern in two to three leads, 101
(35.1%) no longer had crochetage after operation but demon-
strated persistance of an' aspect of incompletc right bundle
branch block that may disappear later Fig. 3). Conversely,
when the. crochetage pattern persisted postoperatively (163
patiems), the right bundle branch block pattern was no longer
seen in 38.0% of patients (62 patients).: Rarely, these two

' patterns may disappear siniultaneously; this was observed in 70
patients (19.8%) of the 353 who pr&semed preoperatively with
thesc two-patterns.

- Hemodynamic data. Among patients with atrial septal de-
fects, Q,/Q, was 3.9+ 2.1,3.1 * 1.4and 1.9 + 1.8, respectively,
in patients with operation without and with pulmonary hyper-
tension and in patients without operation (p < 0.01). Patients
with operation presented with a hlgher mean pulmonary artery
pressure (54.6 vs. 18.0 mm Hg) (p < 0.0001) and older mean

age (42.3 vs. 22,6 years) (p < 0.0001) than those without -
operation. Mean pulmonary artery pressure increased with age
(r = 0.41, p < 0.0001), whereas Q,/Q, decreased with age (r= .

~0.11, p < 0.01) and with mcan pulmonary artery pmssure
(r = -0.18, p < 0.0001).

Shnn!severkyanﬂuochetagepam Byumvanateanal o

‘ ,)%, Q,,st was slgmﬁcantly different between groups with no
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Figare 4. Frequencies of a “crochetage” pattern in inferior limb leads
in 484 patients (pts) operated on and with different types of secundum
atrial septal defect. The total number and percent of patients in each
group are given according to the total number of patients with atrial
septal defect. For each type of defect, the number of patients and
percent within the group are given according to the presence of a
crochetage pattern. Absent = no crochetage; 1 lead = presence of a
crochetage in one lead only; 2/3 leads = presence of a crochetage in
two or three feads. SVC-1VC = large defect from superior to inferior
venae cavae.

1ioacsien)
Absent-HS. ™)

crochetage (2.9 + 1.9}, crochetage in one lead only (3.6 + 2.6)
and crochetage in two to three inferior limb leads (3.8 + 1.9)
(p < 0.0001). Mean Q_/Q, was significantly higher in patients
from the latter two groups (p < 0.001). Moreover, the presence
of a crochetage in at least one lead differed significantly
according to anatomic type of the defect: 65.9% for a central-

- type defect, 79.7% for a high septal defect, 91.4% for a low

septal defect and 96.9% for a large defect between the venae
cavae (p < 0.001) (Fig. 4). Similarly, QP/Q also - differed
significantly with the location of the defect (p = 0.008) and was
more important for larger (between venae cavae) than for
smaller (central-type) defects (45 += 3.2 vs. 34 = 1.8, p =
0.04). Mean pulmonary pressure did not differ between groups
with or without crochetage (22.8 + 15.1 mm Hg in the absence
of crochetage, 20.5 * 13.9 mm Hg if present in one lead and

'20.7 = 13.3'mm Hg if present in two to three leads,p>005)

or with the location of the defect.

By muitivariate analysis in the atrial septal defect group,
only Q,/Q, (p = 0.0006) and anatomic type of the defect (p <.
0.0001), but not age {(p - 0.57), gender ratio (p = 0.11) or

. mean pulmonary artery pressure (p = 0.08), were independent

determinants of the presence of a crochetage panem in one
inferior limb lead at least. ‘
Despite pulmonary hypertension (83 panems) a crochetage

in at least two inferior limb leads was observed in only 29% of

the patients with a Q/Q <15 versus 67.3% of patiénits with
Q,/Q, <15 (p < 0.02) (Fig. 5)- In patients without operation
with severe pulmonary hypertension (48 patieiits), a crochet-

", age pattern was present in only 38.5% of those with Q/Q,

<15 versus 72.7% of those with QP/O >1.5(p = 0.021). For
these patients, Q,/Q, was 1,3 * 0.5 in patients without veisus
23+°19in those with crochetage (p 0023)
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Figure 5. Number of patients with a “crochetage" pattem in inferior

fimb leads according to the magnitude of the icfi-to-right shunt in 83

patients with atrial septal defect and pulmonary hvpertension (mean

pulmonary artery pressure >30 mm Hg). Among them. the number of

patients who did not undergo operation are shown in parentheses.

Q,/Q, = pulmonary/systemic blood flow ratio; other abbreviations in
igure 4.

Discussion

Atrial septal defect, even if it is clinically silent, may be
associated with nonthrombotic cerebral vascuiar accident in
young patients (1,4,6). Conversely, diagnosis and early repair
of atrial septal defect is associated with excellent long-term
survival (1,3,15). However, most young patients with atrial
septal Gefect have no sympioms, and, because of the nonspe-
cific raiuic of the prosenting symptoms and ihe relatively
subtle physical signs, it is not unusual for atriat septai defect to
be diagnoszd first during early to middle adulthood or even
older age (1,16). This emphasizes the need for a high electro-
cardiographic index of suspicion for the defect in all patients
with compatible presenting signs and symptoms; the diagnosis
may be then confirmed by echocardiographic techniques
(1,17). The electrocardiogram in atrial septal defect can reveal
supraventricular arrhythmias, QRS axis deviation, prolonged
P-R-interval, and right bundle branch block considered as one
hallmark of the disease and present in our study in more than
90% of the cases (1.8-11). However, according to the litera-
ture, similar patterns may be seen in normal subjects in up to
2.9% 10 5% of the cases (18,19); in the current study, this

freéquency is even higher reaching 10.9%.
" An early notch on the R wave of the QRS in mfenor fimb
leads had. been reported 35 years ago in a small group of
patients with an ostium secundum defect (11). This triphasic
aspect, called “crocheiage.” was observed in our practice in at
least one inferior limb lead in a majority of patients with-atrial
septal defect but in only, 7.4% of normal subjects and in fewer
than -oné-third of the patients with other congenital heart
‘discase and one- teath of the patierits with acquired heart
disease. This frequent finding is a sensitive sign for the

diagnosis of secundum atrial septal defect but no more so than
incomplete right bundlé branch block. However, when present’
in all three inferior limb- leads, iis specificity is considercbly
high (92% to 100%), even in populauons with other causes of
right ventricular hypertrophy such as in congenital (ventricular '

septal defect, pulmonary stenosis) or acquired (mitral stenosis,
core pulmonale) heart diseases; this has to be-compared with
the specificity of the right bundle branch block pattern in such

‘populations (71:1% and 73.2%. respectively, in patients with .
congenital and acquired beart- diseases). Moreover, when.
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statistical comparison is limited to patients with an incomplete
right bundle branch block pattern, its specificity, when present
in all three inferior limb leads, remains consndcrably hlgh in all
populations, greater than 95.2%. .

In atrial septal defect, this pattem is clearly indepéndent of
the incomplete right bundle branch block: 1) it may be present
in the absence of the right bundle branch block, as observed in
several patients with atrial septal defect: 2) in the immediate
postoperative period, it frequently disappears while the right
bundle branch block. which has been attributed to- chronic
right ventricular volume overload. usually persists longer; 3) it
alway > involves the initial 80 ms of the QRS, while the

_ conduction disturbance on the right bundle branch involves the

last part of the QRS wave. This “crochetage” is readily
apparent in inferior limb leads and may be associated with a
“crochetage™ pattern in other limb leads; however, after sur-
gety, crochetage patterns in all inferior standard leads disap-
pear at the same time. although crochetage may persist in
other standard leads.

The association between this tripriasic pattern and lefi-to-
right shuniing is confirmed by the strong correlation between
the presence of a crochetage pattern and shunt severity or
anatomic type and size of the defect. Even in the case of
pulmonary hypertension. presence of a crochetage pattern
remains an index of significant left-to-right shunt and could
lead to consideration of surgical repair of the defect.

Limitatiens of the study. Sclection bias may have occurred
in the atrial septal defect group, as only patients who under-
went catheterization were included in the study; thus, more
benign atrial septal defects with the smallest shunts may rat
have been studied; however, these patients usually have no
indication for further explorations, as surgical repair is usually
not indicated. Patients inthe normal and atrial septal defect
groups were not meiched for age, but mean age was not
different betweer these groups, and adjustment for age was
performeq using inultivariate analysis. Finally, the exact cause
of this pattern remains unknown even if it is related to the
importance of the shunt: it might not be related to right
ventricular hypertrophy and dilation, which often resolve 6
months to 1 year after operation, whereas the abnormality in
right ventricular conduction seen on the ECG can resolve later
(1.13).

Condeasions. A * crochelage pattern on the R wave in
inferior ECG limb leads is frequently seen in atrial sepml,
defect patients and is independent of the frequent incomplete
right bundle branch block pattern. The association of these two
patterns considerably increases the specificity of the electro-"
cardiogram for the diagnosis of an atrial septal defect. Though
its pathophysiologic mechanisms femain unknown. the. pres-
cnce of this crochetage:correlates with shunt severity. even in

the, presenec of pulmonmy liypertension.
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