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Infantile haemangioma (IH) is among the most com-
mon benign tumours, occurring in 4.5% of the infant 
population, and can be accompanied by a risk of dysfun-
ction, ulceration, and disfigurement (1–4). Studies have 
reported that segmental IHs on the head and face may 
lead to PHACE syndrome (posterior fossa, haemangi-
oma, arterial lesions, cardiac abnormalities, and eye 
abnormalities), segmental IHs in the lumbosacral and 
perineal regions may lead to LUMBAR syndrome (lower 
body haemangioma, urogenital anomalies, ulceration, 
myelopathy, bony deformities, anorectal abnormalities, 
and renal abnormalities), and segmental IHs on the hands 
and feet may have a “biker glove” pattern (5–7). These 
findings indicate that there may be different patterns 
for IHs in different regions. Clinically, regression dif-
ferences are observed for perioral, hand, and anogenital 
IHs involving 2 opposite regions after treatment with 
propranolol. To date, this phenomenon has not been 
specifically studied. Therefore, the current study aimed 
to identify the clinical characteristics and regression 
features of these IHs.

MATERIALS AND METHODS
This was a multicentre retrospective study that included 3 tertiary 
medical centres. Approval was obtained from the local institutional 
review boards at each participating site. The data (photographs, 
basic information, clinical characteristics, and complications) of 
patients with IHs from January 2017 to June 2023 were obtained. 
Given that only deidentified data were collected, the need for infor-
med consent was waived. The inclusion criteria were as follows: 
(i) age at treatment initiation of 1 to 6 months and (ii) perioral, 
hand, or anogenital IHs involving 2 opposite regions and treated 
with oral propranolol for at least 6 months. The exclusion criteria 
were as follows: (i) patients with deep IHs and (ii) patients with 
incomplete clinical data.

Patients with 2-sided IHs were defined as those with IHs in-
volving 2 opposite regions (external vs internal). External side 
included the dorsal side of the hand, the region above and/or 
below the lip, and the outside of the natural closure of the lip (if 
the other side of the IH was within the inside of the natural clo-
sure of the lip), extending vertically from the mons pubis along 
the natural closure of the bilateral labia majora outside the sacral 
concavity or from the root of the penis on both sides to the area 
outside the sacral concavity. Internal side included the volar side 
of the hand, the outside of the natural closure of the lip (if the other 
side of the IH was above and/or below the lip), and the inside of 
the natural closure of the lip, extending vertically from the mons 
pubis along the natural closure of the bilateral labia majora to the 

area between the sacral concavity or from the root of the penis 
on both sides to the area between the sacral concavity (Fig. 1). 
Regression heterogeneity was defined as a difference of ≥ 0.5 in 
the Hemangioma Activity Score (HAS) between IHs on external 
and internal sides after treatment with propranolol at month 6  
(Fig. 2). HAS assessment was performed according to the methods 
of Janmohamed et al. (8). Satisfactory regression was defined as 
complete or nearly complete regression of IH lesions.

The primary outcome measure was the presence or absence of 
regression heterogeneity pattern of IHs. The secondary outcome 
measures were the time to achieve satisfactory regression of IHs 
and the presence of ulceration. All patients followed a standardized 
treatment regimen with propranolol (administered orally at 1.0 mg/
kg/day in 3 doses over 1 week and then increased to 2.0 mg/kg/day 
in 3 doses from week 2 onwards). The data of all the patients were 
collected and reviewed by professionals at each centre. Finally, the 
photographs and other data were reviewed and summarized again 
by 2 professionals. Disagreements were resolved via discussion 
among the research team.

Frequencies (percentages) and medians (interquartile ranges, 
IQRs) were used to present the clinical data. For qualitative vari-

Fig. 1. Schematic diagrams of external and internal sides of IHs. 
(A–E): Red arrows refer to the external side, and blue arrows and circles 
refer to the internal side in patients with IH. 
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ables, the χ2 test or Fisher’s exact test was used for comparisons 
between groups. Quantitative variables were analysed by using 
Student’s t-test or the Mann‒Whitney U test. Multivariate logistic 
analysis was conducted for variables for which p < 0.1. SPSS 26.0 
software was used for statistical analysis (IBM Corp, Armonk, NY, 
USA). P < 0.05 was considered to indicate statistical significance, 
and the odds ratio (OR) and 95% confidence interval (CI) were 
calculated.

RESULTS

A total of 75 patients with IHs were included in this 
study. There were 57 cases (76.0%) with regression he-
terogeneity; the IHs were located in the perioral region 
in 64.1% of cases, the hand region in 90% of cases, and 
the anogenital region in 88.5% of cases. Anogenital 

(p = 0.049) and segmental and indeterminate (p = 0.047) 
2-sided IHs more commonly exhibited regression he-
terogeneity. Additional information on the patients is 
provided in Table I.

Regarding the regression heterogeneity pattern of 
IHs, the average HAS after treatment with propranolol 
at month 6 was significantly greater for the internal side 
than for the external side (1.97 ± 0.68 vs 1.02 ± 0.62, 
p < 0.001). The regression of all external tumours was 
better than that of internal tumours after treatment with 
propranolol at month 6. Three patients with regression 
heterogeneity did not have satisfactory regression times 
during follow-up. The median times for satisfactory 
regression of the remaining IHs with regression hetero-
geneity in external and internal sides were 7.3 and 16.5 
months, respectively (p < 0.001). Additionally, ulceration 
was more common in external side for IHs with regres-
sion heterogeneity (p = 0.006).

DISCUSSION

The regression heterogeneity pattern of IHs was not 
accidental, and its manifestation resembled the “biker 
glove” (7), indicating that IHs in certain locations may 
exhibit unique biological behaviour and that regres-
sion heterogeneity was a significant manifestation of 
this particularity. Our findings revealed that regression 
heterogeneity was associated with a high incidence of 
anogenital and nonlocalized 2-sided IHs, indicating 
that anatomical location and morphological subtype 
were critical factors in determining whether regression 
heterogeneity occurs. Regarding the regression hetero-
geneity, IHs on the internal side generally need to be 
treated over a longer term than those on the external side. 
These observations underscore the imperative need for 
individualized treatment strategies for IHs and provide 
new insights into the mechanism of IH regression. Ad-

Table I. Characteristics of all patients with 2-sided IHs

Factor
All patients
(n = 75)

IHs with regression 
heterogeneity (n = 57)

IHs without regression 
heterogeneity (n = 18)

Univariate
p-value

Multivariate

OR (95% CI) p-value

Sex
 Male 14 (18.7%) 12 (21.1%) 2 (11.1%) Reference Reference Reference
 Female 61 (81.3%) 45 (78.9%) 16 (88.9%) 0.551 – –
Age at treatment initiation, median (IQR), m 2.2 (1.7–3.0) 2.3 (1.6–3.0) 2.1 (1.7–2.9) 0.785 – –
Born prematurely 14 (18.7%) 10 (17.5%) 4 (22.2%) 0.923 – –
Location
 Perioral 39 (52.0%) 25 (43.8%) 14 (77.8%) Reference Reference Reference
 Hand 10 (13.3%) 9 (15.8%) 1 (5.5%) 0.230 – –
 Anogenital 26 (34.7%) 23 (40.4%) 3 (16.7%) 0.029 4.29 (1.01–15.87) 0.049
Morphologic subtype
 Localized 57 (76.0%) 40 (70.2%) 17 (94.4%) Reference Reference Reference
 � Segmental and indeterminate 18 (24.0%) 17 (29.8%) 1 (5.6%) 0.074 8.55 (1.03–71.43) 0.047
Description
 Superficial 12 (16.0%) 10 (17.5%) 2 (11.1%) Reference Reference Reference
 Mixed 63 (84.0%) 47 (82.5%) 16 (88.9%) 0.779 – –
Ulceration 26 (34.7%) 20 (35.1%) 6 (33.3%) 0.892 – –
Healing time, mean (x ± s), w 5.19 ± 2.01 5.00 ± 2.00 5.83 ± 2.11 0.385 – –

CI: confidence interval; IH: infantile haemangioma; IQR: interquartile range; m: month; OR: odds ratio; w: week. Reference denotes the reference group (also termed 
the baseline group) for categorical variables in statistical analysis. Other subgroups within the same variable are compared against this baseline group to calculate 
p-values, OR, and 95% CI. 

Fig. 2. Pictures of IHs in perioral, hand, and anogenital regions 
exhibiting regression heterogeneity. Regression of tumours on the 
external side (red arrows) was better than that of tumours on the internal 
side (blue arrows).

http://medicaljournalssweden.se/actadv
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ditionally, explaining the differences in the regression of 
IHs to patients’ parents can help alleviate their anxiety.

Regression heterogeneity may be associated with 
differences in tissue structure, the microenvironment, 
and the response to oral propranolol between IHs on the 
external and internal sides and mosaic genetic patterns. 
Clinically, we did not observe regression heterogeneity 
patterns of IHs on the nose or ears, but they were evident 
in the IHs on the hands. It is plausible that 2-sided IHs 
on the feet may also exhibit regression heterogeneity. 
Future studies with larger sample sizes and prospective 
designs are needed to confirm these patterns.

This study has several limitations. First, this was a 
retrospective study, and the photographs obtained were 
not standardized, which may have introduced variability 
in assessing the regression heterogeneity of IHs. Second, 
because there were no cases of 2-sided IHs on the feet at 
the 3 medical institutions, it was impossible to analyse the 
regression heterogeneity of such IHs. Finally, the small 
sample size for certain subgroups (patients with IHs on 
the hands, n = 10) may have limited the statistical power 
and affected the generalizability of subgroup-specific 
findings, particularly in detecting subtle associations 
between clinical factors and regression heterogeneity 
patterns.

In conclusion, this study identified a regression hetero-
geneity pattern in 2-sided IHs on the perioral, hand, and 
anogenital regions after treatment with propranolol. The 
internal side of these IHs required a significantly longer 
treatment duration for satisfactory regression. These 
findings emphasize the importance of individualized 
treatment strategies, provide new insights into the me-
chanism of IH regression, and establish a bridge between 
basic research and clinical practice.
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