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1 Abstract

Perihematomal edema (PHE) has been represented as an
important secondary injury after intracerebral hemorrhage
(ICH). The evolution of PHE contributed to mass effect,
which could induce the increase of intracranial pressure. The
volume of PHE increased rapidly in the early stage of ICH
and continued to increase for 7 to 11 days after symptom
onset, and the edema extension distance (EED) increased
rapidly within 24 hours, accounting for 60% of the peak EED
[1-2]. For the timepoint of follow-up CT scans was different,
the fastest development stage of PHE could also be 48 or 72
hours after symptom onset [3-4]. If patients with ICH could
not benefit from early surgical evacuation of the hematoma,
anti-edema treatment may bring better therapeutic effect.
Thus, the use of anti-edema treatment may need to be
considered for reducing PHE volume during the early phase
of PHE development. How to appropriately predict PHE
growth is important in patients at the early stage of ICH.

2 Predictions of perihematomal edema growth

Many studies have proved that initial hematoma volume
will promote PHE growth. A study included 596 patients
showed that baseline hematoma volume seemed to influence
PHE growth, and other studies also represented similar
results [5-7]. The formation mechanism of PHE is associated
with coagulation cascade, erythrocytes lysis and cell toxicity,
while lager hematoma induced more severe cellular injury.
Furthermore, another experimental study proved that high
percentage of surgical hematoma removal will reduce the
volume of PHE growth [8]. These conclusions powerfully
certify the significant effect of hematoma volume on PHE
growth. However, the volume of hematoma could not be the
only determinant for promoting PHE. For clinicians, it’s still
necessary to consider whether patients with relatively small
hematoma volume are at risk of edema growth.

Besides hematoma volume, Spriigel et al represented
that the morphology of hematoma could also influence
the evolution of perihematomal edema, for irregular shape
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hematoma had larger relative PHE volume [9]. In this study,
researchers found that the surface of hematoma influenced
PHE more than volume, providing an explanation that
hematoma with irregular shape and relatively small volume
had lager relative PHE volume. This study made us realize
that volume of hematoma was not the only factor influencing
PHE evolution. Thus, we could draw the conclusion that
PHE growth really depends on hematoma volume and shape.
This conclusion also brings some questions for us. .. Will the
effect of hematoma on PHE growth persists for a long term?
Whether the shape and density of hematoma only affect
PHE growth in the early stage is still unknown. Overall, in
the future, more studies are needed to explain the interaction
mechanism and identify patients who only need long-term
monitoring of PHE growth.

Earlier, the shape and volume of hematoma was listed as
factors influencing PHE growth. Interestingly, the hematoma
will also be affected by its size and shape. Hematoma growth
usually occurs within a few hours after symptom onset,
accounting for about 30% patients with ICH, which has
been verified as an independent and reliable factor of poor
outcomes in patients with ICH [10-12]. For convenience and
saving time, signs for predicting early hematoma expansion
on admission noncontrast computed tomography (NCCT)
scans are really necessary for clinical decision-making.
Barras at al have classified the hematoma into to 5 categories
according to their shape and density, and other researchers
also proposed different NCCT imaging markers for predicting
hematoma expansion, including hypodensities, swirl sign,
blend sign, black hole sign, island sign, satellite sign and so on
[13-14]. Besides presenting the trend of hematoma growth,
there signs also reflect density heterogeneity and irregular
shape of hematoma. After irregular shape of hematoma
was verified to be a factor associated with PHE growth, few
study has focused on the effect of hematoma density on the
development of PHE. In our study, NCCT imaging markers,
which reflect the heterogeneous density of hematoma, were
also capable of promoting early PHE development [15]. The
result proved that early PHE growth could be predicted
by some characteristics of hematoma, which presenting as
different NCCT imaging markers, such as blend sign, black
hole sign and island sign. In the future, new scale combining
clinical characteristics and imaging markers may be proposed
and improve the predictive accuracy of PHE growth.

As a secondary injury after intracerebral hemorrhage,
many studies have presented that the evolution of
perihematomal edema was definitely influenced by
hematoma. NCCT imaging markers on initial CT scans

could contribute to recognize patients with high risk at
hematoma expansion and early perihematomal edema
growth. Meanwhile, the relationship between hematoma and
edema also provides more possible methods for predicting
early edema growth. In recent years, radiomics, machine
learning and deep learning are gradually applied for medical
regions. For intracerebral hemorrhage, several studies
proved that the texture analysis based on NCCT scans, is
capable of quantifying the heterogeneity of hematoma, and
the performance of discriminating patients at high risk
of HE could be improve by including radiomics features
in machine learning models with other characteristics [16-
17]. Furthermore, several studies also successfully extracted
features from perihematomal regions for different prediction
[18-19]. In the future, the new technology will be better used
for prediction and clinical decision. Though the new radiomics
and machine learning methods always showed satisfied
performance of prediction, the most important question is still
how to improve the prognosis of patients with ICH.

3 Conclusion

In conclusion, the treatment for patients with ICH
could not ignore the reaction between hematoma and
perihematomal edema. Future prediction models based on
artificial intelligence may contribute to saving more time,
enhancing the therapeutic effect. The final aim of all means is
to provide better outcomes for patients with ICH.

4.. Author contribution

All authors have made intellectual contributions to the
work.

5. Conflict of interest

The authors declare that they have no conflict of interest.

6. References

1. Staykov D, Wagner I, Volbers B, Hauer EM, Doerfler A, Schwab S,
et al. Natural course of perihemorrhagic edema after intracerebral
hemorrhage. Stroke. 2011;42(9):2625-2629. doi:10.1161/

STROKEAHA.111.618611

2. Wu TY, Sharma G, Strbian D, Putaala J, Desmond PM, Tatlisumak T, et
al. Natural History of Perihematomal Edema and Impact on Outcome
After Intracerebral Hemorrhage [published correction appears in
Stroke. 2017 Oct;48(10 ):e319]. Stroke. 2017;48(4):873-879. d0i:10.1161/
STROKEAHA.116.014416

3. Venkatasubramanian C, Mlynash M, Finley-Caulfield A, Eyngorn
I, Kalimuthu R, Snider RW, et al. Natural history of perihematomal
edema after intracerebral hemorrhage measured by serial magnetic
resonance  imaging.  Stroke. = 2011;42(1):73-80.  doi:10.1161/
STROKEAHA.110.590646

www.neurodegenerativejournal.com

Page 2 of 3



Neurodegenerative Diseases: Current Research

Fa-Jin Lv, et al.

10.

11.

Inaji M, Tomita H, Tone O, Tamaki M, Suzuki R, Ohno K.
Chronological changes of perihematomal edema of human intracerebral
hematoma. Acta Neurochir Suppl. 2003;86:445-448. doi:10.1007/978-3-
7091-0651-8_91

Inaji M, Tomita H, Tone O, Tamaki M, Suzuki R, Ohno K. Chronological
changes of perihematomal edema of human intracerebral hematoma.
Acta Neurochir Suppl. 2003;86:445-448. doi:10.1007/978-3-7091-0651-
891

Murthy SB, Urday S, Beslow LA, Dawson J, Lees K, Kimberly WT, et
al. Rate of perihaematomal oedema expansion is associated with poor
clinical outcomes in intracerebral haemorrhage. ] Neurol Neurosurg
Psychiatry. 2016;87(11):1169-1173. doi:10.1136/jnnp-2016-313653

Rodriguez-Luna D, Stewart T, Dowlatshahi D, Kosior JC, Aviv
RI, Molina CA, et al. Perihematomal Edema Is Greater in the
Presence of a Spot Sign but Does Not Predict Intracerebral
Hematoma Expansion. Stroke. 2016;47(2):350-355. doi:10.1161/
STROKEAHA.115.011295

Horowitz ME, Ali M, Chartrain AG, Allen OS, Scaggiante
], Glassberg B, et al. Definition and time course of pericavity edema
after minimally invasive endoscopic intracerebral hemorrhage
evacuation. ] Neurointerv Surg. 2022;14(2):149-154. doi:10.1136/
neurintsurg-2020-017077

Spriigel MI, Kuramatsu JB, Volbers B, Gerner ST, Sembill JA, Madzar D,
et al. Perihemorrhagic edema: Revisiting hematoma volume, location,
and surface. Neurology. 2019;93(12):e1159-e1170. doi:10.1212/
'WNL.0000000000008129

Fujii Y, Tanaka R, Takeuchi S, Koike T, Minakawa T, Sasaki O.
Hematoma enlargement in spontaneous intracerebral hemorrhage. ]
Neurosurg. 1994;80(1):51-57. doi:10.3171/jns.1994.80.1.0051

Davis SM, Broderick ], Hennerici M, Brun NC, Diringer MN, Mayer
SA, et al. Hematoma growth is a determinant of mortality and poor
outcome after intracerebral hemorrhage. Neurology. 2006;66(8):1175-
1181. doi:10.1212/01.wnl.0000208408.98482.99

12.

13.

14.

15.

16.

17.

18.

19.

Delcourt C, Huang Y, Arima H, Chalmers J, Davis SM, Heeley EL, et
al. Hematoma growth and outcomes in intracerebral hemorrhage:
the INTERACT1 study. Neurology. 2012;79(4):314-319. doi:10.1212/
WNL.0b013e318260cbba

Barras CD, Tress BM, Christensen S, MacGregor L, Collins M, Desmond
PM, et al. Density and shape as CT predictors of intracerebral
hemorrhage growth. Stroke. 2009;40(4):1325-1331. doi:10.1161/

STROKEAHA.108.536888

Morotti A, Boulouis G, Dowlatshahi D, Li Q, Barras CD, Delcourt C,
et al. Standards for Detecting, Interpreting, and Reporting Noncontrast
Computed Tomographic Markers of Intracerebral Hemorrhage
Expansion. Ann Neurol. 2019;86(4):480-492. doi:10.1002/ana.25563

Li YL, Lv XN, Wei X, Yang WS, Li R, Deng L, et al. Relationship
Between Non-contrast Computed Tomography Imaging Markers
and Perihemorrhagic Edema Growth in Intracerebral Hemorrhage.
Neurocrit Care. 2021;35(2):451-456. doi:10.1007/s12028-021-01188-2

Shen Q, Shan Y, Hu Z, Chen W, Yang B, Han J, et al. Quantitative
parameters of CT texture analysis as potential markersfor early
prediction of spontaneous intracranial hemorrhage enlargement. Eur
Radiol. 2018;28(10):4389-4396. doi:10.1007/s00330-018-5364-8

Ma C, Zhang Y, Niyazi T, Wei ], Guocai G, Liu J, et al. Radiomics
for predicting hematoma expansion in patients with hypertensive
intraparenchymal hematomas. Eur ] Radiol. 2019;115:10-15.

doi:10.1016/j.ejrad.2019.04.001

Wang J, Xiong X, Zou J, Fu ], Yin Y, Ye ]J. Combination of Hematoma
Volume and Perihematoma Radiomics Analysis on Baseline CT Scan
Predicts the Growth of Perihematomal Edema [published online ahead
of print, 2022 Aug 9]. Clin Neuroradiol. 2022;10.1007/s00062-022-
01201-x. doi:10.1007/s00062-022-01201-x

Zhou P, Sun Q, Song G, Liu Z, Qi ], Yuan X, et al. Radiomics features
from perihematomal edema for prediction of prognosis in the patients
with basal ganglia hemorrhage. Front Neurol. 2022;13:982928.
Published 2022 Nov 8. doi:10.3389/fneur.2022.982928

www.neurodegenerativejournal.com

Page 3 of 3



	Title
	Correspondence
	1 Abstract 
	2 Predictions of perihematomal edema growth 
	3 Conclusion 
	4. Author contribution 
	5. Conflict of interest 
	6. References 

