Table 1 Characteristics of the 20 included studies
	Study (year)
	n
	Design; country
	Exposure and timing
	Severity dimension
	Main finding

	Boulouis et al. (2016) [10]
	1,029
	Two-stage retrospective cohort; United States
	Intrahaematoma hypodensity on NCCT within 24 h; two blinded readers
	Haematoma expansion
	Hypodensity independently associated with expansion (OR 3.42); similar in a second cohort (OR 4.37)

	Chu H et al. (2019) [12]
	459
	Derivation with prospective validation; China
	Minimum haematoma attenuation, threshold ≤31 HU; CT within 6 h
	Expansion; 90-day outcome
	Only imaging study relating attenuation directly to functional outcome; specificity 92.0%

	Jeong et al. (2021) [13]
	89
	Retrospective cohort; Republic of Korea
	Mean haematoma HU, continuous, semi-automated planimetry
	Haematoma expansion
	Each 1 HU rise lowered the odds of expansion by 36%; C statistic 0.66 to 0.84

	Kim YS et al. (2022) [14]
	267
	Prospective registry, retrospective analysis; Republic of Korea
	Mean HU by volume (≤10 mL and >10 mL)
	Haematoma expansion
	Measured density associated with expansion even where visual signs were uncommon

	Chen et al. (2022) [15]
	398
	Derivation and validation; China
	Non-hypodense region attenuation, threshold <64 HU
	Haematoma expansion
	Associated with expansion (OR 4.12) but modest discrimination (AUC 0.589)

	Morotti et al. (2023) [11]
	2,465
	Pooled cohort, 8 centres; United States, Canada, Germany, Italy, China
	Hypodensity added to a four-variable clinical model
	Haematoma expansion
	Largest and most precise estimate (OR 3.11); AUC 0.67 to 0.71

	Wang J et al. (2026) [16]
	351
	Retrospective cohort; China
	Relative attenuation, threshold ≤33.35 HU
	Haematoma expansion
	Associated with expansion; AUC 0.665

	Qi et al. (2018) [24]
	558
	Retrospective cohort; China
	Admission LMR and NLR
	Deterioration; 90-day death
	LMR associated with deterioration and death; better for early deterioration

	Zhang F et al. (2018) [19]
	104
	Retrospective cohort, surgical patients; China
	Admission NLR
	90-day functional outcome
	Admission NLR associated with 90-day outcome (threshold 6.46)

	Wang Z et al. (2019) [17]
	123
	Retrospective cohort; China
	Admission NLR; repeat CT within 24 h
	Early haematoma growth
	NLR associated with growth (OR 1.22); threshold 6.49

	Radu et al. (2021) [20]
	201
	Retrospective cohort; Romania
	Admission and 72-h NLR (72-h analysis in 112 survivors)
	In-hospital death
	Only 72-h NLR associated after adjustment (AUC 0.819)

	Li J et al. (2021) [21]
	403
	Propensity-matched cohort; China
	Admission SIRI and NLR; SIRI threshold 2.76
	3-month outcome; 1-month death
	SIRI associated with outcome and death; NLR with outcome only

	Wang JJ et al. (2022) [25]
	640
	Prospective registry; China
	Admission LMR by quartile
	Outcome and death to 1 year; infection
	J-shaped relation; second quartile had the best prognosis

	Kim Y et al. (2023) [18]
	520
	Registry cohort; Republic of Korea
	NLR and PLR at arrival; CT at 24 and 72 h
	Expansion; poor outcome
	NLR associated with expansion, AUC 0.84 at 5.63; better than PLR

	Chu H et al. (2023) [27]
	455
	Development and validation; China
	Composite inflammatory score 0 to 9 (NLR, PLR, MLR, SII, LDH, CRP)
	Expansion; deterioration; death; mRS
	Composite score better than most single markers; threshold ≥5

	Pisco et al. (2023) [23]
	215
	Retrospective cohort; Portugal
	Admission NLR; volumetric perihaematomal oedema
	Oedema; 90-day outcome
	NLR associated with outcome but not with oedema

	Zhao G et al. (2024) [22]
	869
	Critical care database cohort (MIMIC-IV); United States
	NLR, PLR, LMR, SII, SIRI on ICU admission, by tertile
	ICU death
	NLR discriminated ICU death best of five indices

	Du et al. (2016) [28]
	164
	Comparative cohort; China
	MPV and platelet count within 2 h of admission
	Event risk; functional outcome
	MPV >13 fL associated with event risk (5.21-fold) but not with prognosis

	Zhang X et al. (2022) [29]
	609
	Development with external validation; China
	Nomogram: GCS, NLR, blend sign, swirl sign, hypodensity
	Haematoma expansion
	Highest discrimination (AUC 0.908 and 0.844)

	Cao et al. (2025) [26]
	83
	Retrospective cohort; China
	NLR, LMR, PLR at baseline and 24 to 72 h; oedema extension distance
	Oedema; 90-day outcome
	No association with oedema; baseline NLR discriminated outcome better than haematoma volume


AUC, area under the curve; CRP, C-reactive protein; GCS, Glasgow Coma Scale; HU, Hounsfield unit; ICU, intensive care unit; LDH, lactate dehydrogenase; LMR, lymphocyte-to-monocyte ratio; MLR, monocyte-to-lymphocyte ratio; MPV, mean platelet volume; mRS, modified Rankin Scale; NCCT, non-contrast computed tomography; NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio; PLR, platelet-to-lymphocyte ratio; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index.


Table 2 Risk of bias (QUIPS) and Newcastle-Ottawa Scale score of the included studies
	Study (year)
	Study participation
	Study attrition
	Prognostic factor measurement
	Outcome measurement
	Study confounding
	Statistical analysis
	NOS (0 to 9)

	Boulouis et al. (2016)
	Moderate
	Low
	Low
	Low
	Low
	Low
	8

	Chu H et al. (2019)
	Low
	Low
	Low
	Low
	Moderate
	Low
	8

	Jeong et al. (2021)
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate
	6

	Kim YS et al. (2022)
	Moderate
	Low
	Low
	Low
	Low
	Low
	7

	Chen et al. (2022)
	Moderate
	Moderate
	Moderate
	Low
	Moderate
	Moderate
	6

	Morotti et al. (2023)
	Low
	Low
	Low
	Low
	Low
	Low
	9

	Wang J et al. (2026)
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate
	6

	Qi et al. (2018)
	Moderate
	Low
	Low
	Low
	Moderate
	Low
	7

	Zhang F et al. (2018)
	Moderate
	Moderate
	Low
	Low
	High
	Moderate
	5

	Wang Z et al. (2019)
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate
	6

	Radu et al. (2021)
	Moderate
	Low
	Low
	Low
	Moderate
	Low
	7

	Li J et al. (2021)
	Low
	Low
	Low
	Low
	Low
	Low
	8

	Wang JJ et al. (2022)
	Low
	Low
	Low
	Low
	Low
	Low
	8

	Kim Y et al. (2023)
	Moderate
	Low
	Low
	Low
	Moderate
	Low
	7

	Chu H et al. (2023)
	Low
	Low
	Low
	Low
	Low
	Low
	8

	Pisco et al. (2023)
	Moderate
	Low
	Low
	Low
	Low
	Low
	7

	Zhao G et al. (2024)
	Moderate
	Moderate
	Low
	Moderate
	Moderate
	Low
	6

	Du et al. (2016)
	Moderate
	Moderate
	Moderate
	Moderate
	High
	Moderate
	5

	Zhang X et al. (2022)
	Moderate
	Low
	Low
	Low
	Low
	Moderate
	7

	Cao et al. (2025)
	Moderate
	Moderate
	Low
	Low
	Moderate
	Moderate
	6


NOS, Newcastle-Ottawa Scale; QUIPS, Quality in Prognosis Studies.


Table 3 Proposed thresholds and discrimination of each marker
	Marker
	Threshold
	Study (year)
	Outcome
	Performance as reported

	Minimum haematoma attenuation
	≤31 HU
	Chu H et al. (2019)
	Haematoma expansion
	Sensitivity 64.0%; specificity 92.0%; accuracy 84.2%

	Non-hypodense region attenuation
	<64 HU
	Chen et al. (2022)
	Haematoma expansion
	Sensitivity 36.1%; specificity 81.7%; AUC 0.589

	Relative attenuation
	≤33.35 HU
	Wang J et al. (2026)
	Haematoma expansion
	Sensitivity 59.3%; specificity 70.0%; AUC 0.665

	Mean HU (continuous)
	No single threshold
	Jeong et al. (2021)
	Haematoma expansion
	Model C statistic rose from 0.66 to 0.84

	Admission NLR
	5.63
	Kim Y et al. (2023)
	Haematoma expansion
	AUC 0.84

	Admission NLR
	6.49
	Wang Z et al. (2019)
	Early haematoma growth
	Sensitivity 50%; specificity 69%

	Admission NLR
	6.46
	Zhang F et al. (2018)
	Poor 90-day mRS
	AUC 0.668

	Admission NLR
	5.90
	Cao et al. (2025)
	Poor 90-day mRS
	AUC 0.854

	72-hour NLR
	≥6.3
	Radu et al. (2021)
	In-hospital death
	AUC 0.819 (survivors of the first 72 h)

	Postoperative 48-hour NLR
	12.35 (MIPD); 14.46 (craniotomy)
	Zhao Y et al. (2022) *
	30-day outcome
	AUC 0.877 and 0.731

	Admission LMR
	2.21 (deterioration); 2.19 (death)
	Qi et al. (2018)
	Neurological deterioration; 90-day death
	Better discrimination for early deterioration

	LMR (quartiles)
	Second quartile as optimal range
	Wang JJ et al. (2022)
	Functional outcome; death
	J-shaped, not linear

	Admission SIRI
	2.76
	Li J et al. (2021)
	3-month mRS; 1-month death
	Better than NLR

	Composite inflammatory score
	≥5 (scale 0 to 9)
	Chu H et al. (2023)
	Expansion; deterioration; death; mRS
	Better than most single markers

	MPV
	>13 fL
	Du et al. (2016)
	Haemorrhagic stroke event risk
	Not associated with prognosis

	Combined nomogram
	Nomogram score
	Zhang X et al. (2022)
	Haematoma expansion
	AUC 0.908 (development); 0.844 (validation)


All thresholds were derived by receiver operating characteristic analysis in the same data and none was validated externally, so they should be regarded as exploratory. Confidence intervals for sensitivity and specificity were rarely reported. *Zhao Y et al. (2022) is shown for comparison of postoperative NLR values and is not among the 20 included studies, because its population was limited to patients after surgery. AUC, area under the curve; LMR, lymphocyte-to-monocyte ratio; MIPD, minimally invasive puncture and drainage; MPV, mean platelet volume; mRS, modified Rankin Scale; NLR, neutrophil-to-lymphocyte ratio; SIRI, systemic inflammation response index.


Table 4 Certainty of evidence (GRADE for prognostic factors)
	Exposure and outcome
	Studies (participants)
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Certainty
	Main reasons

	Low haematoma attenuation and expansion
	7 (5,058)
	Serious
	Not serious
	Not serious
	Not serious
	Undetected
	Moderate
	Mostly retrospective participation; effects consistent in direction and size

	Low haematoma attenuation and poor functional outcome
	1 (459)
	Not serious
	Not assessable
	Not serious
	Serious
	Suspected
	Low
	Single study

	High NLR and poor functional outcome or death
	7 (2,456)
	Serious
	Serious
	Not serious
	Not serious
	Undetected
	Low
	Incomplete adjustment and survivor bias; different sampling times and outcomes

	High NLR and haematoma expansion
	2 (643)
	Serious
	Serious
	Not serious
	Not serious
	Undetected
	Low
	Conflicts with the pooled estimate of an earlier meta-analysis

	Low LMR and deterioration or death
	3 (2,067)
	Serious
	Serious
	Not serious
	Not serious
	Undetected
	Low
	Linear and J-shaped relations reported; infection and corticosteroids not controlled

	MPV and severity or prognosis
	1 (164)
	Very serious
	Not assessable
	Serious
	Very serious
	Suspected
	Very low
	Single small study; primary outcome was event risk

	Composite inflammatory score and expansion, deterioration, death, mRS
	1 (455)
	Not serious
	Not assessable
	Not serious
	Serious
	Suspected
	Low
	Single development study

	Combined imaging and inflammation model and expansion
	1 (609)
	Serious
	Not assessable
	Not serious
	Serious
	Suspected
	Low
	Single study; small validation cohort; optimism


Following GRADE guidance for prognostic factors, evidence from cohort studies started at high certainty and was rated down as shown. The NLR outcome row includes Qi et al. (2018), Zhang F et al. (2018), Radu et al. (2021), Li J et al. (2021), Kim Y et al. (2023), Chu H et al. (2023) and Pisco et al. (2023); the NLR expansion row includes Wang Z et al. (2019) and Kim Y et al. (2023). LMR, lymphocyte-to-monocyte ratio; MPV, mean platelet volume; mRS, modified Rankin Scale; NLR, neutrophil-to-lymphocyte ratio.



