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INTRODUCTION

Aneurysmal subarachnoid hemorrhage (aSAH) accounts for 5% of strokes and is still associated with high
morbidity and mortality, with case fatality approaching 50%." Clinical prediction models are essential for outcome
estimation.”” The Hunt and Hess (HH) and World Federation of Neurosurgical Societies (WENS) scales are widely
used to determine severity and prognosis at admission.®# However, their predictive accuracy in contemporary
neurocritical care is uncertain, as early aneurysm repair and improved intensive care unit (ICU) management have
significantly modified survival patterns.®® This study evaluated the predictive performance of the HH score for
predicting in-hospital mortality and described neurological outcomes at discharge and 6 months in a multicenter
Latin American cohort.

METHODS

A retrospective cohort study was performed from 2011 to 2022 across three high-complexity hospitals in Argentina
(Hospital Alemédn, Hospital Universitario Austral, and Hospital Italiano de Buenos Aires).

Adults (2 18 years) admitted to the ICU with angiographically confirmed non-traumatic aSAH were included.
Patients with SAH secondary to neurosurgical manipulation or without aneurysmal confirmation were excluded.
Inclusion occurred at ICU admission following aSAH diagnosis. Collected data included demographics, Acute
Physiology and Chronic Health Evaluation II (APACHE II), HH grade, treatment modality, and neurological
outcomes using the modified Rankin Scale (mRS) at discharge and 6 months. Discrimination was evaluated by
the area under the Receiver Operating Characteristic curve (AUROC), and calibration was assessed by comparing
predicted versus observed mortality and by Cox-based calibration statistics. Statistical analyses are detailed in the
Supplementary Material.

RESULTS

Of 222 screened patients, 175 met inclusion criteria (mean age 59 + 14 years; mean APACHE II 13 + 8.4). The
most frequent HH grade was 2 (n = 64; 36.6%). Overall, in-hospital mortality was 21% (n = 37). The HH score
showed acceptable discrimination for mortality prediction (AUROC 0.74; 95%CI 0.66 - 0.82) but poor calibration
(calibration-in-the-large -3.6; slope 0.3), systematically overestimating mortality across all grades. Predicted mortality was

10% for HH grade 1 (observed 0%) and 99% for grade 5 (observed 46%).
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Baseline characteristics and outcomes by HH
grade are summarized in table 1. The calibration curve
demonstrated overestimation across all categories
(Figure 1). At discharge, 49% achieved mRS < 3,
increasing to 54% at 6 months. Among HH four and
five patients, the favorable outcome increased from 9%

Table 1 - Demographic characteristics

to 22% at 6 months. Differences between ICU survivors
and non-survivors, including functional outcomes
and treatment strategies, are summarized in table 2.
The 1-year and 5-year survival rates were 72% and
70%, respectively. Additional results are presented in
the Supplementary Material.

Variable Total of patients Survivors at discharge Deceased in ICU Jel
(n = 175) (n = 138) (n =37)
Age (years) 59.1 (14.4) 57.7 (14.6) 63.9 (13.0) 0.015
Sex 117 (66.9) 88 (63.8) 29 (78.4) 0.139
APACHE Il 13.0 (8.47) 11.3 (8.01) 19.1 (7.30) < 0.001
Charlson 2.00 [0.00 - 4.00] 1.00 [0.00 - 3.00] 3.00 [1.00 - 4.00] 0.029
Comorbidities
Smoking 41 (24.4) 32 (24.1) 9(25.7) 0.99
Diabetes 10 (5.71) 7 (5.07) 3(8.11) 0.443
Hypertension 75 (42.9) 59 (42.8) 16 (43.2) 0.99
Chronic kidney disease 4(2.30) 3(2.19) 1(2.70) 0.99
Need for mechanical ventilation 116 (66.3) 82 (59.4) 34 (91.9) < 0.001
Days of mechanical ventilation 18.5 [6.25 - 28.8] 20.0 [6.75 - 29.0] 7.50[3.00 - 16.0] 0.013
Hunt and Hess < 0.001
1 19 (10.9) 19 (13.8) 0(0.00)
2 64 (36.6) 58 (42.0) 6 (16.2)
3 23 (13.1) 19 (13.8) 4(10.8)
4 21(12.0) 13 (9.42) 8(21.6)
5 48 (27.) 29 (21.0) 19 (51.4)
Fisher's modified scale 0.004
1 8 (4.62) 8 (5.88) 0(0.00)
2 17 (9.83) 17 (12.5) 0(0.00)
3 39 (22.5) 34 (25.0) 5(13.5)
4 109 (63.0) 77 (56.6) 32 (86.5)
Hydrocephalus 69 (39.7) 45 (32.8) 24 (64.9) 0.001
Presence of neurological deficit 67 (38.5) 49 (35.5) 18 (50.0) 0.162

ICU - intensive care unit. Results expressed as mean (standard deviation), n (%), or median [interquartile range].
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Figure 1 - Calibration plot with the relation between expected and observed mortality probability.

Table 2 - Differences between intensive care unit survivors and non-survivors

Modified ranking at patient discharge < 0.001
mRS < 3 85 (48.57) 85 (61,59) 0(0)
mRs > 4 91 (52,0) 54 (39,13) 37 (100)
Presence of vasospasm 60 (34.3) 51(37.0) 9(24.3) 0.214
Cerebrospinal fluid drainage 74 (42.3) 54 (39.1) 20 (54.1) 0.149
Aneurysm treatment 0.002
No treatment is performed 13 (7.4) 8 (5.80) 5(13.5)
Surgical 56 (32.0) 52 (37.7) 4(10.8)
Endovascular 106 (60.6) 78 (56.5) 28 (75.7)
Modified ranking 6 months after patient discharge < 0.001
mRS < 3 76 (53,52) 76 (71,7) 0(0)
mRS > 4 67 (46.48) 30 (28,3) 37 (100)

ICU - intensive care unit; mRS - modified Rankin Scale. Results expressed as n (%).
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DISCUSSION

The HH score demonstrated good discrimination
but poor calibration for in-hospital mortality prediction,
substantially overestimating mortality, especially in
high-grade cases. These findings align with recent
international cohorts reporting acceptable discrimination
but weak calibration. Nguyen et al. and Rojas-Panta et al.
reported good discrimination of the HH scale (AUROC
0.84 - 0.71).7® However, calibration was not assessed
in these studies, and predicted mortality differed from
observed mortality despite good discrimination.

The overprediction likely reflects contemporary
improvements in aneurysm repair and neurocritical
care, which have reduced mortality even in severe
cases.®?” Comparison with WFNS and Glasgow coma
scale (GCS) suggests that HH performs similarly in
discrimination but tends to overestimate risk, particularly
in poor neurological grades, consistent with prior
studies.” Patient-level factors, including age, sex, and
APACHE II, not captured by the HH score, may partly
explain the poor calibration observed. However, formal
meta-regression was not feasible due to sample size
limitations. Neurological recovery, particularly among
patients with HH grades 4 - 5, continues beyond ICU
discharge, supporting cautious prognostication and
avoiding early withdrawal-of-care decisions.”

This study is one of the first multicenter prognostic
evaluations of aSAH in Latin America. Limitations include
its retrospective design, limited follow-up, and modest
sample size.

In conclusion, although widely used, the HH score
overpredicts mortality in contemporary aSAH care and
should not be used as the sole parameter for clinical
decision-making.

AUTHORS’ CONTRIBUTIONS

M. V. Gonzalez, C. G. Videla and N. M. Ciarrocchi:
conceptualized the study, study design, critically revised
the manuscrip, original manuscript draft; I. A. Huespe, M.
S. Venuti and N. M. Ciarrocchi: study design, statistical
analysis plan, and data andlisis; A. R. Gira, V. Ortega and
D. Ivulich: statistical analysis plan, and data andlisis; M. V.
Gonzalez, C. G. Videla, M. B. Anfuso, S. Prati, F. Monsalve,
G. Yossa, S. Schverdfinger, D.1 Ivulich, V. Ortega, and A.
Gira: collected data, contributed to study concepts, data
collection, analyzed results, and revised the manuscript.

Crit Care Sci.2026;38:e20260403

AVAILABILITY OF DATA AND MATERIALS

Data is available on demand from referees.

Conflicts of interest: None.

Submitted on November 3, 2025
Accepted on December 23, 2025

Corresponding author:

Maria Victoria Gonzalez

Hospital Italiano de Buenos Aires

Tte. Gral. Juan Domingo Perén 4190, CABA. PC C1199ABB
Buenos Aires, Argentina

E-mail: mariavic.gonzalez@hospitalitaliano.org.ar

Responsible editor: Viviane Cordeiro Veiga

REFERENCES

1. lawton MT, Vates GE. Subarachnoid Hemorrhage. N Engl J Med.
2017;377(3):257-66.

2. van Smeden M, Reitsma JB, Riley RD, Collins GS, Moons KG. Clinical
prediction models: diagnosis versus prognosis. J Clin Epidemiol.
2021;132:142-5.

3. World Federation of Neurosurgical Societies Committee. Report of
a universal subarachnoid hemorrhage grading scale. J Neurosurg.
1988;68(6):985-6.

4. Hunt WE, Hess RM. Surgical risk as related to time of intervention in the
repair of intracranial aneurysms. J Neurosurg. 1968;28(1):14-20.

5. Konczalla J, Seifert V, Beck J, Gtiresir E, Vatter H, Raabe A, et al. Outcome
after Hunt and Hess Grade V subarachnoid hemorrhage: a comparison
of pre-coiling era (1980-1995) versus post-ISAT era (2005-2014).
J Neurosurg. 2018;128(1):100-10.

6.  Samuels 0B, Sadan 0, Feng C, Martin K, Medani K, Mei Y, et al. Aneurysmal
subarachnoid hemorrhage: trends, outcomes, and predictions from a
15-year perspective of a single neurocritical care unit. Neurosurgery.
2021;88(3):574-83.

7.  NguyenTA, MaiTD, Vu LD, Dao CX, Ngo HM, Hoang HB, et al. Validation of
the accuracy of the modified World Federation of Neurosurgical Societies
subarachnoid hemorrhage grading scale for predicting the outcomes
of patients with aneurysmal subarachnoid hemorrhage. PLoS One.
2023;18(8):20289267.

8.  Rojas-Panta G, Reyes-Narro GF, Toro-Huamanchumo C, Choque-Velasquez
J, Saal-Zapata G. Prognostic value of scales for aneurysmal subarachnoid
hemorrhage: report of a reference center in Peru. Neuracirugia (Engl Ed).
2024;35(1):1-5.

9.  Nieuwkamp DJ, Setz LE, Algra A, Linn FH, de Rooij NK, Rinkel GJ.
Changes in case fatality of aneurysmal subarachnoid haemorrhage over
time, according to age, sex, and region: a meta-analysis. Lancet Neurol.
2009;8(7):635-42.

10. Mocco J, Ransom ER, Komotar RJ, Schmidt JM, Sciacca RR,
Mayer SA, et al. Preoperative prediction of long-term outcome in
poor-grade aneurysmal  subarachnoid hemorrhage. Neurosurgery.
2006;59(3):529-38.


mailto:mariavic.gonzalez@hospitalitaliano.org.ar
https://orcid.org/0000-0002-0287-3601

