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Abstract
Purpose  Although infundibular dilatations (IDs) have been thought to be benign anatomical variants, case reports suggest 
that they can grow and rupture. The aim of this study was to determine whether IDs have a tendency to grow or rupture.
Methods  The study population was collected from the Tampere University Hospital (TAUH) Aneurysm Database. The 
presence of IDs was screened from the medical records and imaging studies of 356 intracranial aneurysm patients left to 
follow-up from 2005 to 2020. The imaging studies were reviewed to confirm the IDs, and their clinical course. Finally, we 
performed a systematic review of published cases of ID leading to aneurysmatic rupture from PubMed.
Results  We found 97 typical IDs in 83 patients and 9 preaneurysmal lesions resembling ID in 9 patients. Out of the typi-
cal cone-shaped IDs, none grew or ruptured in a total follow-up of 409 patient-years. One preaneurysmal lesion ruptured 
during a follow-up: this lesion had components of both infundibular dilatation and aneurysm at the beginning of follow-up. 
In the systematic literature search, we found 20 cases of aneurysmatic SAHs originating from an ID. Of those, only 7 had 
imaging available prerupture. All 7 IDs were typically cone-shaped, but a branching vessel originating from the apex of ID 
was only seen in 4/7.
Conclusion  Typical infundibular dilatations seem to be benign anatomical variants that are stable and, thus, do not need 
prophylactic treatment or imaging follow-up. Likely, the SAHs reported from IDs were actually caused by misdiagnosed 
preaneurysmal lesions.
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Introduction

Infundibular dilatations (IDs) are funnel-shaped enlarge-
ments of the origin of a cerebral artery (Fig. 1). They are 
most often located in the ICA origin of posterior communi-
cating artery (PCom), but they can also be present in other 
cerebral arteries. Other common locations are the arteries 
that originate from the ICA or MCA, such as anterior cho-
roidal artery (AChoA) or perforating arteries of MCA. IDs 
can also be found in the small arteries of other anterior or 
posterior circulation.

Currently, IDs are thought to be benign anatomic variants 
[8]. However, some case reports suggest that IDs should be 
considered preaneurysmal lesions with a risk of develop-
ing into an aneurysm or even rupture on its own [6, 14]. 
Recently, at our institution (Tampere University Hospital), 
a preaneurysmal lesion with components of infundibu-
lar dilatation ruptured 8 years after its diagnosis (Fig. 2). 
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This lesion was not a typical aneurysm either, as it had two 
branching vessels originating from the dome, resembling 
an ID.

Triggered by this patient case, we performed a system-
atic review of reported cases of subarachnoid hemorrhage 
originating from IDs. This investigation revealed similar 
cases, thereby prompting a deeper exploration into whether 
IDs should indeed be redefined as potential precursors of 
aneurysms instead of anatomical variants. The primary aim 
of this study is to firstly determine whether infundibular 
dilatations tend to grow in follow-up and secondly to deter-
mine whether these infundibular dilatations preceded the 
arterial bifurcations that subsequently developed de novo 
aneurysms.

Material and methods

This dataset was collected along the collection of a cohort 
of unruptured aneurysms. All patients admitted between 
2005 and 2020 with potential unruptured aneurysm were 
screened (i.e., at least one hospitalization not related to 
operative treatment of aneurysm). TAUH implemented the 
use of a digital image archive in 2003–2004. Since 2005, 
the imaging studies are available consistently and there-
fore that was chosen as the starting point for this study. 
The data for hospitalization information and baseline 
characteristics were collected from the TAUH Aneurysm 
Database which is a database into which all patients who 
presented with subarachnoid hemorrhage (ICD I60.1-9) 
or unruptured aneurysm (ICD I67.1) in its catchment area 

Fig. 1   A Illustration of ID and 
the definition criteria we used to 
diagnose them and B example 
of PCom ID diagnosed at DSA 
and C example of multiple IDs 
diagnosed in DSA. The IDs are 
located on the PCom and on 
the anterior choroidal artery. 
The arrows in the figure point 
to the IDs
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are entered. The imaging studies of patients followed for 
unruptured intracranial aneurysms were reviewed for the 
presence of IDs and the clinical course of these IDs during 
the imaging follow-up. In addition, the medical records of 
patients with more than one visit to TAUH related to an 
unruptured aneurysm were screened for any record of a 
diagnosed ID (Fig. 3).

Definition of the infundibular dilatation

The ID diagnosis in our patient cohort was based on the 
report of an experienced radiologist, but in addition, the 
imaging studies of all patients with UIAs left to follow-up 
were reviewed, to confirm the presence of an ID. Cur-
rently, a proper definition of the ID has been established 
for the PCom location of the ID. In this study, the fol-
lowing criteria were used to identify the classical cone-
shaped IDs.

1)	 All sites of ID included
2)	 ID sizes 1–4 mm included
3)	 ID is located in the origin of the branching vessel as a 

funnel-shaped form
4)	 The branching vessel continues from the apex of the ID

Moreover, we chose to include a separate analysis of 
preaneurysmal lesions that resembled IDs. In the patient’s 
medical records, these lesions were classified as preaneu-
rysmal lesions or aneurysms. We chose to include these 
lesions since they had components of IDs, and they were 
similar to the cases of ruptured IDs presented in the lit-
erature. The abnormality was classified as preaneurysmal 
lesion if any of the following criteria were met.

1)	 More than one branching vessel originating from the ID
2)	 Branching vessel originating from the wall before the 

apex

Fig. 2   Example of a preaneu-
rysmal lesion resembling ID 
that ruptured. The left column 
represents the DSA images 
taken in 2015 (a, c, e) and the 
right column represents the 
DSA images taken in 2023 
at the time of the rupture (b, 
d, f). Contrary to the typical 
ID, this lesion in the MCA 
bifurcation had two branching 
arteries originating from the 
dilatation (a, c). The growth of 
the ruptured lesion can be seen 
in panels b and d (red arrow). 
In addition to the growth and 
rupture of the preaneurysmal 
lesion, the patient also had 
aneurysm growth on PCom 
aneurysm (e, f). The red arrows 
point to the lesion that ruptured, 
and the green arrow points to 
the aneurysm growth



	 Acta Neurochirurgica          (2024) 166:48    48   Page 4 of 11

3)	 Any irregularities in the shape

Measurement of infundibular dilatation size 
and growth

The maximum size, neck, height, and diameter of the 
branching vessel from the ID were measured from the 
computed tomography angiography, digital subtrac-
tion angiography, or magnetic resonance angiography, 
as reported previously [22]. All images were available 
in digital form, and all measurements were made from 
the digital images. The size of the ID and branching ves-
sel were measured on a scale of 0.1 mm. The primary 

outcome for this study was stability of the ID, meaning 
either (1) stable ID, (2) rupture, or (3) growth in any of 
the observed directions (e.g., height, width). Growth was 
defined as an increase in ID size by 1.0 mm. Follow-up 
time was defined as the time from diagnosis to the most 
recent available imaging study.

Retrospective angiographic analysis of arteries 
that developed de novo aneurysms

De novo aneurysms were collected from the TAUH Aneu-
rysm Database in two ways. Firstly, aneurysms classified 
as de novo were identified from the Aneurysm Database 

Fig. 3   A flowchart describ-
ing how the study cohort was 
formed. *The group that was 
not suitable for further review 
(n = 351) included mostly 
patients who had had SAH and 
a conservative line of treatment 
or patients for whom medical 
records were not available



Acta Neurochirurgica          (2024) 166:48 	 Page 5 of 11     48 

from the period 1989–2020. Secondly, to include all de 
novo aneurysms, patients with unruptured aneurysms were 
inspected, and if one patient had multiple aneurysms and 
different times of diagnosis for them, there would have been 
formation of de novo aneurysm and the latter aneurysm was 
included as de novo. The search from the TAUH Aneurysm 
Database yielded 41 de novo aneurysms, and the search 
from the unruptured aneurysms file yielded 19 aneurysms. 
After the removal of duplicates (n = 2) the imaging stud-
ies of patients with a total of 58 de novo aneurysms were 
retrospectively reviewed to confirm true de novo aneurysm 
formation and to confirm the morphology of arteries in 
which the de novo aneurysms formed before de novo aneu-
rysm formation. A total of 21 de novo aneurysms diagnosed 
onwards 2005 were included in the final analysis of arteries 
that developed de novo aneurysms. The patients with no 
prior imaging studies available before the de novo aneurysm 
formation were not included as the presence of ID could not 
be reviewed.

Collection of clinical variables

All the clinical variables such as age, history of aneurysms, 
and risk factors were collected retrospectively from the 
patient’s medical records. In TAUH, the clinical informa-
tion is collected during every hospitalization by the attend-
ing physician.

Systematic review of the literature

The PubMed database was searched with the terms (“infun-
dibular dilation” OR “infundibulum”) AND (“hemorrhage” 
OR “rupture” OR “bleeding”). In addition, the reference lists 
of prior publications on ruptured infundibular dilatations 
were systematically screened (Supplementary Figure 1). The 
search from the PubMed and from the reference lists was 
conducted between 1 August 2023 and 3 August 2023.

Eligibility criteria, selection process, and data 
extraction

A study was eligible for our analysis if the following criteria 
were fulfilled: (1) the study addresses ruptured IDs and (2) the 
article was in the English language. Studies describing ID evo-
lution to aneurysm, and studies not retrievable were excluded. 
All records were screened, and abstracts and full texts were 
assessed by one author (JT). The review was reported accord-
ing to the preferred reporting items for systematic reviews and 
meta-analyses (PRISMA) 2020 checklist [18].

Data were extracted and recorded in an Excel spread-
sheet (Version 2307, Microsoft) by one author (JT). The data 

extracted included the study title, author names, publication 
year, patient demographics, and morphological features of 
the IDs. In addition, the published radiological image rep-
resenting preruptured IDs and ruptured IDs were retrieved 
from the publications as available.

The risk of bias was assessed with Joanna Briggs Institute 
(JBI) Critical Appraisal Checklist for Case Reports or with 
JBI checklist for case series [9] by one author (JT).

Statistical analysis

The statistics were calculated using SPSS version 26.0 
statistical software (IBM). Proportions and percentages 
were calculated for categorical variables. The means, 
medians and ranges were calculated for continuous vari-
ables. The results of systematic review are presented in 
tabular format. Proportions and percentages were calcu-
lated for the characteristics of ruptured IDs presented in 
the literature. Subgroup analysis was performed on those 
IDs with images available before rupture.

Results

Characteristics of the study cohort

Table 1 presents the baseline characteristics of the study 
cohort. During our study period, 83 patients with 97 
typical IDs and 9 patients with 9 preaneurysmal lesions 
resembling infundibulum were identified from the TAUH 
Aneurysm Database. Out of the cohort of patients with 
UIAs left for follow-up, 90 IDs were found in 77 patients 
(Fig. 3), suggesting that the prevalence of IDs is 21.6% 
(77/356) in patients with aneurysms.

The median age for patients with typical ID was 56 
years and 62.7% (52 of 83) were women (Table 1). Almost 
all (98.8%, 82 of 83) of these patients also had an aneu-
rysm in addition to the ID. Two patients had no aneu-
rysms: one in the typical ID group and one in the preaneu-
rysmal lesion group. They were included in the Aneurysm 
Database, as they were initially thought to be aneurysms 
before diagnosis in subsequent more precise imaging stud-
ies. 67.5% (56 of 83) of patients in the typical ID group 
had a history of smoking (current or past), and 59.0% (49 
of 83) had hypertension. Out of the patients with typical 
IDs, 77 patients were concomitantly followed for the sta-
bility of UIAs with the same methods. In contrast to the 
stable IDs in 77 patients, 6.5% (5 of 77) of the patients had 
aneurysm growth, and 3.9% (3/77) had aneurysm rupture 
in the same follow-up period of 409.3 patient-years.
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Characteristics and stability of infundibular 
dilatations

By far the most common location for typical IDs was the 
origin of the PCom (79.4%, 77 of 97), followed by the 
AChoA IDs (6.2%, 6 of 97) and MCA IDs (4.1%, 4 of 
97) (Table 1). The mean neck size was 2.6 mm, the mean 
height was 1.9 mm, and the mean largest size was 2.6 
mm. The mean branching vessel diameter was 0.7 mm, 

and the median neck width to branching vessel diameter 
ratio was 3.7.

None of the typical IDs showed any signs of growth or 
rupture in a total follow-up of 409.3 patient-years. 34.0% 
(33 of 97) of patients had a follow-up of over 5 years. Total 
follow-up for preaneurysmal lesions was 49.6 patient-
years, and one of them ruptured after 8 years of follow-up. 
The diagnostic modalities used to identify and follow the 
IDs are presented in Supplementary Table 1.

Table 1   Characteristics of the study cohort and infundibular dilatations. *The number of patients followed for the stability of aneurysm is 
smaller as all patients did not have unruptured aneurysms (Fig. 3)

SAH, Subarachnoid hemorrhage; PCom, posterior communicating artery; MCA, middle cerebral artery; ACom, anterior communicating artery; 
PCA, posterior cerebral artery; PICA, posterior inferior cerebellar artery; ACA​, anterior cerebral artery; AChoA, anterior choroidal artery

Patients with typical cone-shaped IDs (n = 83) Patients with preaneurysmal lesions (n= 9)

Age, median (IQR) 56 years (49–65 years) 58 years (47–68 years)
Gender (% women) 62.7% (52/83) 66.7% (6/9)
Aneurysm 98.8% (82/83) 88.9% (8/9)
Multiple aneurysms 65.1% (54/83) 66.7% (6/9)
Aneurysm growth during follow-up 6.5% (5/77) * 0.0% (0/7) *
Aneurysm rupture during follow-up 3.9% (3/77) * 0.0% (0/7) *
Prior SAH 27.7% (23/83) 22.2% (2/9)
Smoking history 67.5% (56/83) 44.4% (4/9)
Hypertension 59.0% (49/83) 55.6% (5/9)
Family history of aneurysms 13.3% (11/83) 22.2% (2/9)

Typical cone-shaped IDs (n = 97) Preaneurysmal lesions (n= 9)
  Length of follow-up (median, IQR) 3.0 years (1.5–6.2 years) 4.6 years (1.5–8.2 years)
  Follow-up over 5 years 34.0% (33/97) 44.4% (4/9)
  Follow-up over 7 years 20.6% (20/97) 11.1% (1/9)
  Total follow-up 409.3 years 49.6 years
  Growth during follow-up (%) 0.0% (0/97) 11.1% (1/9)
  Rupture during follow-up (%) 0.0% (0/97) 11.1% (1/9)
ID characteristics
  Neck width (mean) 2.6 mm 2.8 mm
  Height (mean) 1.9 mm 2.8 mm
  Largest size (mean) 2.6 mm 3.1 mm
  Branching vessel diameter (mean) 0.7 mm 1.0 mm
  Neck width/branching vessel diameter 

ratio, median (range)
3.7 (2.1–10.0) 2.9 (2.3–4.3)

Parent artery
  PCom 79.4% (77/97) 22.2% (2/9)
  MCA 4.1% (4/97) 55.6% (5/9)
  ACom 2.1% (2/97) -
  PCA 2.1% (2/97) -
  ACA​ 2.1% (2/97) -
  AChoA 6.2% (6/97) -
  Ophthalmic artery 2.1% (2/97) 22.2% (2/9)
  Other small ICA perforants 2.1% (2/97) -
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Lack of infundibular dilatations in bifurcations 
that eventually developed saccular intracranial 
aneurysms

To confirm that typical IDs are not the precursor state of 
aneurysm formation, we reviewed the imaging studies of the 
cerebral vasculature of patients who later developed 21 de 
novo aneurysms. The median age of patients who presented 
with de novo aneurysms was 47 years (range 22–61), and 
the median follow-up to de novo aneurysm formation was 
5.3 years (IQR 4.5–6.5 years). Eleven of 21 (52%) of con-
firmed de novo aneurysms formed at a site of bifurcation and 
10 of 21 (48%) formed at the sidewall of the parent artery. 
In the bifurcations in which aneurysms developed, no IDs 
were seen in the bifurcation site prior to de novo aneurysm 
formation. No IDs were neither seen at the site of de novo 
aneurysm formation of sidewall aneurysms.

Systematic review of published cases of ID rupture

The systematic search yielded 104 studies from PubMed 
and from the reference lists (Supplementary Figure 1). Sev-
enty studies were excluded after reviewing title/ abstracts. 
After assessing the eligibility from full texts of 34 studies, 
21 were excluded. Full text was not available for 7 studies, 
and 14 studies did not match the inclusion criteria. Eight 

studies were not suitable, three studies assessed the growth 
of IDs [6, 15, 26], one article was in the Japanese language 
[21], one was a hemodynamic study of stable IDs [1], and 
one study was a systematic review [8]. Finally, a total of 
20 cases of ruptured IDs were included from 13 individual 
studies (Table 2, Supplementary Figures 2-5). Twelve stud-
ies were case reports, and one study was a case series. All 
the ruptured IDs were located at the PCom. The median age 
for ID rupture was 53 years, and 70% (14/20) were female. 
Images of the ID before rupture were available for 7 of the 
subsequently ruptured IDs. Of those 7 IDs, all were typical 
cone-shaped lesions at diagnosis. However, the branching 
vessel that should originate from the apex, could be visual-
ized in only 4/7 of the IDs. Out of the IDs that ruptured in 
a follow-up, all of them had had previous SAHs from other 
aneurysms (5/7) or from unknown origin (2/7). Furthermore, 
de novo aneurysm formation was seen in 4 out of 7 patients 
in the time interval between ID diagnosis and rupture.

Discussion

In this study, we report the first large-scale follow-up study 
of 97 typical infundibular dilatations and 9 preaneurys-
mal lesions in patients with aneurysms. All the typical IDs 
remained stable in a total follow-up of 409.3 patient-years. 

Table 2   Previously reported ruptures of infundibular dilatations

Author and publication 
year

Sex Age Prerupture 
images avail-
able

Rupture 
images 
available

Initially 
typical ID 
shape

Typical ID 
shape at 
rupture

Branching 
vessel vis-
ible

De novo 
aneurysm 
formation

Prior SAH

Laurent 2020 [13] Female 55 No Yes - No No - No
Lee 2021 [14] Male 27 No Yes - Yes Yes - No

Female 46 No Yes - Yes Yes - No
Female 76 Yes Yes Yes No Yes Yes Yes
Female 70 No No - - - - -
Female 83 No No - - - - -
Female 78 No No - - - - -
Female 78 No No - - - -

Zolnourian 2019 [28] Female 59 No Yes - Yes No - No
Karakezi 2014 [11] Female 60 Yes Yes Yes No Yes Yes Yes
Cowan 2014 [4] Male 23 Yes Yes Yes Yes No No Yes
Yu 2010 [27] Male 35 No Yes - Yes Yes - No
Coupe 2006 [3] Male 51 No Yes - Yes Yes - No
Radulovic 2006 [19] Female 34 Yes Yes Yes No No No Yes

Female 38 Yes Yes Yes No No No Yes
Kuwahara 2001 [12] Female 67 No Yes - Yes Yes - No
Ohyama 1994 [17] Male 57 No Yes - Yes No - No
Itakura 1983 [10] Female 33 Yes Yes Yes No Yes Yes Yes
Trasi 1981 [24] Female 26 No Yes - Yes Yes - No
Stuntz 1970 [20] Male 38 Yes Yes Yes No Yes Yes Yes
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One preaneurysmal lesion ruptured after 8 years of 
follow-up.

The ruptured lesion resembling both infundibular 
dilatation and aneurysm

In our series, the one ruptured lesion resembling an aneu-
rysm and ID (Fig. 2) remained the only one showing insta-
bility. This ruptured lesion was not a typical infundibular 
dilatation: conventional IDs are symmetrical, cone-shaped 
dilations at the origin of the vessel. In contrast, this rup-
tured lesion initially resembled an aneurysm, except for 
the branching vessels originating from it. This lesion was 
thought to be the source of the SAH since the bleeding pat-
tern was typical for a ruptured MCA bifurcation lesion. 
Moreover, the location and clinical presentation differed 
from a perimesencephalic SAH [23]. Besides the ruptured 
lesion, the patient also presented aneurysm instability during 
follow-up. Similarly, the literature review showed that out 
of the 7 IDs that ruptured during a follow-up, 4 patients also 
had de novo aneurysm formation. These are interestingly 
high rates of de novo aneurysm formation since it is esti-
mated that only 2% of patients with ruptured or unruptured 
aneurysm develop de novo aneurysms in a mean follow-up 
of 8.3 years [7]. This may indicate that the patients present-
ing with ruptured IDs may have some unknown factors in the 
cerebral vasculature that predispose to an aneurysm forma-
tion/instability in an unusual manner.

Based on the systematic review of the SAHs originat-
ing from the IDs, we found that many of the ruptured IDs 
reported in the literature, would not have been classified as 
IDs based on the criteria, we used to assess whether a lesion 
is ID or aneurysm. In patients with available imaging stud-
ies, only 6/16 would have been classified as IDs at the time 
of rupture. Of those patients with imaging available prerup-
ture, 4 out of the 7 would have been classified as IDs due 
to the lack of branching vessel originating from the apex 
of ID in 3/7 of IDs. This raises the question of whether the 
ruptured IDs presented in the literature were IDs or preaneu-
rysmal lesions or aneurysms.

Nature of classical infundibular dilations 
as anatomical variants—not as precursors 
of intracranial aneurysms

Considering the reported cases of SAHs caused by the rup-
ture of IDs as shown in Table 2, there is a growing concern 
regarding whether the traditional interpretation of IDs as 
benign anatomical variants should be revised. Since a lim-
ited number of follow-up studies of diagnosed IDs have been 
published, this topic merits to be studied, especially since 
even the largest published follow-up study (32 IDs in chil-
dren followed for 86 patient-years) by Dmytriw et al. [5] is 

alone underpowered to make firm conclusions (Data sup-
plement). In comparison to the results of Dmytriw et al., we 
found that a great majority of IDs were located in the PCom 
origin, as reported previously in the literature [8]. This dif-
ference in the proportion of PCom IDs may be attributed to 
unintentional selection bias. Their study cohort consisted 
of children, who were overrepresented with conditions that 
predispose to the development of vascular abnormalities, as 
acknowledged by Dmytriw et al. [5].

Given the high (3%) prevalence of IAs in the past middle-
aged population [25], it seems expected that IAs would occa-
sionally develop at sites of IDs even without any causal rela-
tionship. This can well explain the published cases in which 
IA formation occurred at sites of ID (Table 2). To demonstrate 
that bifurcations with IDs develop fewer IAs than is expected 
overall, the number of studied cases needs to be over 150 in 
order to reach a statistical power of 80% with an alpha level 
of 0.05, if one expects that 3% of cerebral artery bifurcations 
would develop IAs and only 0.1% of IDs would develop IAs 
(Data supplement). Of course, the 3% prevalence of IAs does 
not signify that in the patient with IAs all cerebral artery bifur-
cations would have IAs, so in fact the number of cases needed 
to obtain sufficient statistical power is much more than 150. 
Hence, our cohort adds more certainty to the results published 
by Dmytriw et al., though even combined the two studies are 
somewhat underpowered.

Our patient series combined with that of Dmytriw et al. 
show with a reasonable degree of certainty that typical cone-
shaped IDs do not have an increased risk of progressing into 
aneurysms. This supports the traditional concept that IDs are 
anatomical variants that develop in the early stage of vascular 
development and that the processes for ID formation seem to 
be different from the pathophysiological processes underly-
ing aneurysm formation. One explanation of the origin of IDs 
could be that they are remnants of fetal PCA that originates 
from the ICA at around 28 days in the embryological devel-
opment [16]. In addition, if IDs develop in the early stages of 
vascular development, it is surprising that in patients who later 
developed an aneurysm, the aneurysm formed somewhere else 
and not in the ID, as observed in our series. If IDs form during 
early vascular development and they are prone to developing 
aneurysms, one would expect that aneurysms would specifi-
cally develop in these locations.

In our study cohort, most of the followed patients with 
typical ID (98.8%, 82/83) had also an aneurysm, and 65.1% 
(54/83) had multiple aneurysms. This indicates that our 
study population was more susceptible to developing vas-
cular malformations than the general population, as these 
patients had already developed an aneurysm. Moreover, UIA 
instability (growth or rupture) was seen in 10.4% (8/77) of 
patients with IDs, which are typical rates of UIA instability 
[2]. As none of the typical IDs grew or ruptured, their clini-
cal course seems to be different from aneurysms. Our second 
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observation that cerebral artery bifurcations which eventually 
developed sIAs (de novo aneurysms), were initially anatomi-
cally “normal” without any IDs, provides further support for 
this interpretation.

Should infundibular dilations routinely undergo 
radiological follow‑up?

In our institution, routine follow-up of IDs has not been the 
practice. However, when the patient has in another location a 
true sIA that requires radiological follow-up, as a byproduct the 
concomitant IDs are followed—as in our study cohort. Since 
our results imply that typical IDs do not progress, the rational 
indication for radiological follow-up of IDs would be only to 
confirm that the followed lesion truly is an ID in an unclear 
situation. In such a case, however, a higher resolution imaging 
could give the diagnostic clarity faster, and avoid the subse-
quent psychological load imposed on the patient by the uncer-
tainty of having a potentially growing aneurysmatic lesion. It 
seems that only typical cone-shaped IDs should be considered 
as IDs. When the dilation does not have a vessel arising from 
the tip of the fundus, or when it does not fulfill other criteria 
of a typical ID or has aneurysm-like features, more detailed 
imaging studies or image follow-up are warranted. Since our 
study includes only 9 preaneurysmal lesions resembling ID, 
out of which only one turned unstable, the precise growth rate 
of these lesions remains uncertain. We suggest that the first 
follow-up study of preaneurysmal lesion should be performed 
1 year after the initial imaging study. If the lesion has remained 
stable, another imaging study should be performed two years 
after the previous one.

Since IDs seem to be anatomical variants that arise dur-
ing the genesis of vasculature, we do not think that IDs in 
children and adults should behave differently. Thus, we do 
not recommend follow-up for typical cone-shaped IDs in 
children. However, if it is uncertain whether a radiologi-
cal change is ID or preaneurysmal lesion, we recommend a 
similar follow-up as described for adults.

Strengths and limitations

To the best of our knowledge, this is the first large-scale 
follow-up study of infundibular dilatations in the adult popu-
lation. Furthermore, this study specifically concentrates on 
patients affected by aneurysms. This emphasis has particular 
significance due to emerging concerns about whether IDs 
could potentially be precursors of aneurysms and should 
they be treated.

This study had some limitations. Firstly, the imaging fol-
low-up was short for some of the IDs. We chose to include 
all IDs with follow-up of over 3 months, as the knowledge 
of the clinical course of IDs is very scarce. However, even 
though the imaging follow-up is short for some IDs, none 

of them ruptured and therefore were not referred to TAUH 
at the time of the data collection (8/2023). Despite the short 
follow-up time in some patients, we had several patients fol-
lowed for longer periods (Table 1).

Secondly, the imaging follow-up was carried out with 
multiple imaging modalities (Table S1), which may reduce 
the accuracy of the size measurements. However, if there 
had been a significant change in ID size, one would have 
been able to notice it despite the different modalities. To 
address this limitation, we chose to measure IDs with two 
modalities if they were performed in a time span of one 
week in 9 IDs. The mean difference in size was 0.2 mm, 
which is rather low. It seems that the larger bias comes 
from the measurement itself. A growth of 1 mm is an 
uncertain finding anyway, since by measuring any 3D 
object from different 2D directions, the results are easily 
off by 1 mm. Because of this, IDs were measured from as 
similar projections as possible when measuring the size 
from follow-up studies and from the initial imaging stud-
ies. We conclude that the comparison of different imaging 
modalities during follow-up did not impair the detection 
of possible growth or change in shape any more than what 
would have been a reasonable detection limit when com-
paring similar imaging modalities at different time points.

Thirdly, the study design (Fig. 3) excludes the potential 
IDs in patients with only one hospitalization related to 
operative treatment of the aneurysm. However, as these 
patients had only one hospitalization stay, there would not 
have been any imaging follow-up for these patients and, 
thus, were not suitable for a follow-up study.

Fourthly, the systematic review part of the study was 
conducted by a single author. The single-author approach 
may introduce potential bias, primarily because it lim-
its the inclusion of diverse perspectives. In addition, the 
review and the protocol were not registered.

Conclusions

Classical funnel-shaped infundibular dilatations seem to 
be benign anatomical variants that do not have tendency 
to grow or rupture. Patients presented with typical IDs do 
not require prophylactic treatment or imaging follow-up.
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Comments

This systematic review on the natural course of infundibular dilatations 
confirms the benign nature of this entity as an anatomic variation without 
growth or risk of rupture. The paper provides a valuable practical 
guideline to distinguish infundibular dilatations from preaneurysmal 
lesions which in contrast require imaging follow-up.

Angelika Sorteberg
Oslo, Norway  

This study by Tarkiainen et al. describes important data on the natural 
course of infundibular dilatations. The authors present a retrospective 
series of 97 infundibular dilatations in 83 patients from a registry 
database as well as a systematic review on previous case series and 
case reports. Their relatively large own series and in-depth meticulous 
review analysis provide physicians with useful information for their 
clinical practice. First of all, the definition of infundibular dilatations 
is strictly defined and adhered to. This definition is illustratively 
exemplified in Fig. 1. Secondly, the authors’ data show that infundibular 
dilatations are benign lesions that have an extremely low rupture 
potential. As such, the findings of this study justify current clinical 
practice that infundibular dilatations do not require routine radiological 
follow-up. This confirmatory information can be used by physicians 
when counseling patients that harbor infundibular dilatations.
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