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ABSTRACT: Background. Global surgery indicators measure a country’s capacity, not what happens to a patient between the first
symptoms and discharge. Intracranial suppurations (ICS) test every link in the chain of care. We used them as a tracer condition to
build and test a framework for measuring quality in neurosurgery. Methods. Single-center cohort study, retrospective then
prospective, of 150 observations (148 patients) of ICS managed at Bouaké University Hospital (Cote d’Ivoire) from 2016 to 2026.
This is a secondary analysis of a cohort whose main study is the subject of a separate manuscript. The ISQF framework comprises
twenty indicators distributed according to the Donabedian model: six of structure, eight of process, and six of outcomes. A composite
compliance score (ISI-QI) was calculated for each patient. Two Firth penalized logistic regression models (in-hospital mortality;
unfavorable outcome, GOS 1-3) combined the I1SI-QI, a Glasgow Coma Scale (GCS) score below 9, and an age of at least 65 years.
Internal validation relied on 2,000 bootstrap samples with optimism correction. No protocol was registered. The report follows
STROBE, SQUIRE 2.0, and TRIPOD+AI; no machine learning method was used. Results. Overall process compliance was 89.0%
(878/987 care opportunities; 95% CI: 86.9-90.8). Clinical indicators met or approached their targets. Timeliness indicators fell
short: 67.0% of patients with a surgical indication were operated on within 48 hours, and 2.0% were admitted within seven days of
symptom onset. The median delay to surgery was 20 days, of which about 95% elapsed before reaching the hospital. Only 34 of
150 patients (22.7%) received antibiotic therapy guided by the antibiogram. The ISI-QI was not associated with mortality (aOR 1.18
per 10-point increment; 95% CI: 0.72—2.06) but was associated with unfavorable outcome (aOR 1.52; 1.04-2.29), solely because
of the early-surgery indicator (aOR 3.72; 1.31-11.41): patients operated on early were more severe (GCS < 9 in 18.2% of cases
versus 2.6%). Without this indicator, the association disappeared (aOR 1.15; 0.80-1.69). After optimism correction, the ISI-QI
added nothing to initial severity for mortality (C statistic 0.646 versus 0.651), and for functional outcome the apparent gain (0.676
to 0.739) disappeared without the early-surgery indicator (0.685). Conclusion. ICS lend themselves to quality measurement from
ordinary records. The failure lies before the hospital and in the microbiological chain, not in the operating room. The ISI-QI describes
the compliance of an organization; it does not predict the outcome of a patient. From this we derive a ten-indicator dashboard, the
ISI-QI-10. Level of evidence. I1l. Protocol registration. None (secondary analysis of an observational cohort).

KEYWORDS: quality of care; tracer condition; Donabedian model; intracranial suppuration; brain abscess; global neurosurgery;
sub-Saharan Africa; performance indicators; confounding by indication

I. INTRODUCTION

In resource-limited health systems, quality of care has long come second to access. The Lancet Global Health Commission on High-
Quality Health Systems reversed that order: in low- and middle-income countries, poor-quality care kills more people than lack of
access [1]. Neurosurgery illustrates this clearly. Five billion people lack access to safe and timely surgery [2], and more than five
million essential neurosurgical procedures go unperformed each year, mostly in sub-Saharan Africa and South-East Asia [3]. Global
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surgery indicators track a country’s capacity: access within two hours, surgeon density, operative volume, perioperative mortality.
They say nothing about what happens to a given patient between the first symptoms and discharge.

The Donabedian model remains the reference framework for assessing quality: structure (the resources), process (what is done to
the patient), and outcomes (what becomes of the patient) [4,5]. Its limitation is well known. Process indicators often predict outcomes
poorly, and outcomes depend heavily on patient case mix, so that rankings of institutions based on crude rates can be misleading
[6,7]. The difficulty can be sidestepped by measuring the system through a single condition whose management draws on many
links: this is the tracer condition, proposed by Kessner in 1973 [8]. Hernia repair, for example, has been used to assess access to and
quality of elective care in 83 countries [9].

Intracranial suppurations (ICS)—brain abscesses, empyemas, ventriculitis—meet these criteria, with urgency in addition.
Prognosis depends on delay. Diagnosis requires cross-sectional imaging. Treatment combines surgery, microbiology, and prolonged
antibiotic therapy, and follow-up lasts months [10,11]. Primary care, transport, emergency services, radiology, laboratory, operating
theater, intensive care, and rehabilitation each come into play in turn, and the failure of a single link compromises the whole. African
series describe long presentation delays and a low microbiological yield [12-17], with an in-hospital mortality of 13 to 17% when
reported [13,15,18]. To our knowledge, none has turned these findings into measurable indicators with explicit denominators and
targets, or subjected such a system to the methodological requirements of prognostic models [19,20].

A note on vocabulary. This work uses no machine learning method: all models are penalized logistic regressions. We follow
TRIPOD+AI because this guideline replaced TRIPOD in 2024 and also covers regression models [20]. We chose a simple model,
written out in full and recalculable by hand: with a small sample and limited resources, interpretability and transportability take
precedence over algorithmic flexibility.

We pursue four objectives: to build a framework of structure, process, and outcome indicators specific to ICS in resource-limited
settings; to apply it to 150 observations to test its feasibility and discriminative power; to examine its measurement properties
(relation to clinical outcomes, discrimination, calibration, clinical utility) through a complete internal validation; and to derive a
minimal set of indicators for a regional registry.

Il. PATIENTS AND METHODS

A. Study Design, Setting, and Population

This is an observational, single-center cohort study with retrospective then prospective recruitment, conducted in the neurosurgery
department of Bouaké University Hospital (Cote d’Ivoire) from 2016 to 2026. Bouaké University Hospital is one of the two public
neurosurgical centers of the country. It serves several million inhabitants of the center and north. It has a continuously operating CT
scanner, a dedicated operating theater, and a bacteriology laboratory that performs aerobic cultures. During the study period, it had
neither anaerobic media nor molecular amplification technigues.

We included all patients managed for an ICS documented by clinical findings and imaging: brain abscess, subdural empyema,
extradural empyema, ventriculitis, or extracranial suppuration with intracranial involvement or risk of extension. We excluded
records whose clinical or imaging data did not allow the diagnosis to be characterized. This work is a secondary analysis: the
selection of observations and the STROBE flow diagram appear in the main report on the same cohort. The cohort comprises 150
observations (episodes) for 148 patients. Two patients contributed two episodes each and both survived. The episode is the unit of
analysis, without accounting for within-patient correlation; mortality is identical by episode (16/150) and by patient (16/148).

The report follows STROBE for observational studies [21], SQUIRE 2.0 for quality measurement [22], and TRIPOD+AI for the
development and internal validation of prognostic models [20].

B. Construction of the Indicator Framework

The framework was built in four steps. A targeted literature review on ICS (guidelines of the European Society of Clinical
Microbiology and Infectious Diseases [11], meta-analyses and large cohorts [23-25]) first identified the elements of care on which
there is consensus. We then classified them according to Donabedian’s three domains, following the usual principles of indicator
construction [26,27]. Each candidate indicator had to be clinically relevant, measurable in existing records without additional data
collection, equipped with an unambiguous denominator, and sensitive to organizational failures. Finally, we set a target for each
process indicator, drawn from guidelines where they exist and, failing that, from an internal consensus within the department.

Content validity therefore rests on the literature and on an internal expert consensus, without a Delphi procedure or external
panel. This is an acknowledged limitation at this stage of development. On the other hand, no indicator was retained or discarded
on the basis of cohort data, which protects the construction from a selection bias driven by results. The guiding principle was
feasibility: we discarded any indicator that required equipment that was absent, dedicated prospective data collection, or a
computerized information system, however theoretically interesting.

The framework comprises twenty indicators (Table | and Fig. 1): six structure markers, eight process indicators (P1 to P8), and
six outcome indicators. Complete operational definitions appear in Table S1.
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STRUCTURE OUTCOMES

Available capacities Patient outcomes
+ 24/7 operational CT « Symptom-to-admission delay (19 d) + In-hospital mortality: 10.7%
* Limited MRI access (31% of cases) * Surgery = 48 h if indicated (67%) * Favorable GOS (4-5): 59.9%
+ Laboratory: aerobic culture only > * Intraoperative sampling (84%) > + Postoperative complications: 24.8%
+ No anaerobic or molecular biology * Antibiogram if culture + (88%) + Reoperation: 10.4%
« Operating theater available (100%) « Anaerobic coverage (93%) * Recurrence: 4.0%
+ Medicalized transport: 29% « Treatment of the portal of entry (95%) + Length of stay: 11 d

* Follow-up = 30 d documented (85%)

Fig. 1. The Donabedian model applied to intracranial suppurations at Bouaké University Hospital. Values shown are those
observed in the cohort (N = 150).

TABLE I. ISQF INDICATOR FRAMEWORK: DOMAINS, INDICATORS, DENOMINATORS, AND TARGETS

Domain Indicator Denominator PITEIpEEEE
Target
Structure | Operational cross-sectional imaging All patients 24/7 availability
MRI access All patients No reference
norm
Microbiological capacity (aerobic, anaerobic, - Anaerobic
Facility .
molecular) available
Access t_o the operating theater when an indication Patients with a surgical indication | 100%
is established
Medicalized transport to the referral center Patients with documented | No reference
transport norm
Health facilities passed through before admission Patients  with - a  documented <2
pathway
Process Sl..C_ross—sectlonal imaging before the therapeutic All patients > 95,
ecision
s . Patients with a surgical indication o
P2. Surgery within 48 h of admission and a documented delay >90%
P3. Pus sample sent to the laboratory Operated patients >95%
P4. Antibiogram reported Positive cultures >90%
P5. Empirical antibiotic therapy covering All patients > 950
anaerobes
P6. Total antibiotic duration > 6 weeks Survivors at discharge >90%
P7. Treatment of the portal of entry Patients with an identified portal > 90%
of entry
P8. Documented follow-up > 30 days Survivors at discharge >80%
Outcomes | All-cause in-hospital mortality All patients Eiols?lé-)adjusted
Favorable outcome (GOS 4-5) Patients with an evaluable GOS Risk-adjusted
Postoperative complications Operated patients Surveillance
Reoperation Operated patients Surveillance
Recurrence All patients Surveillance
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Domain Indicator Denominator Proposed
Target
Length of stay All patients Surveillance

GOS: Glasgow Outcome Scale; O:E: observed/expected ratio. A “no reference norm” target means that the indicator is followed
descriptively, no reference value having been established. Operational definitions: Table S1.

C. ISI-QI Score, Outcomes, and Predictors

For each patient, we classified each of the eight process indicators as met, not met, or not applicable. Applicability matters: P4 is
assessed only if the culture is positive, P6 and P8 only in survivors. The ISI-QI score of patient i is written:

ISI-QI(i) = 100 x [ 2 I(i,j), j € A®) ]/ JA®)]

A(i) is the set of indicators applicable to patient i, and I(i,j) equals 1 if indicator j is met, 0 otherwise. The score ranges from 0
to 100%. Writing it in terms of “care opportunities” avoids penalizing a patient for a care that was not due [28]. The overall
compliance of the department is the ratio of the sum of indicators met to the sum of applicable indicators over the whole cohort.

The ISI-Ql is a descriptive instrument: its value does not depend on the patient’s outcome, and it requires neither calibration nor
clinical utility assessment. The models described in Section II-E are, for their part, predictive tools that use it as an explanatory
variable; it is they that are subjected to the analyses of discrimination, calibration, and clinical utility.

The outcomes are all-cause in-hospital mortality and functional outcome at the last assessment, measured by the Glasgow
Outcome Scale (GOS): favorable if GOS 4-5, unfavorable if GOS 1-3. The GOS was not collected independently: it was assigned
from sequelae and level of autonomy, according to a mapping rule, without a standardized time point. The predictors are the ISI-QI
(per 10-point increment), a GCS below 9 at admission, and an age of at least 65 years. Delays are expressed in calendar days.
Indicator definitions appear in Table S1.

D. Missing Data and Data Quality

We imputed no data. Three situations were distinguished. A non-applicable indicator (the antibiogram in a patient whose culture is
sterile, for example) enters neither the numerator nor the denominator. A care not delivered counts as a failure. Missing data make
the indicator non-evaluable in that patient: this is the case for the ten operated patients whose surgical delay was not documented,
excluded from the denominator of P2. This choice avoids confusing a care failure with a traceability failure. The proportion of
missing data is reported separately.

The missing-data mechanism is probably not entirely random [29]. The operative delay is missing mainly from the oldest and
least complete records, which suggests a mechanism dependent on observed variables. The GOS is missing in 8 survivors (5.3% of
the cohort) whose follow-up did not allow the outcome to be rated; this missingness might depend on the outcome itself, which is a
limitation. A sensitivity analysis with extreme bounds gives a proportion of favorable outcome between 56.7% (85/150, if the 8
patients all had an unfavorable outcome) and 62.0% (93/150, if they all had a favorable outcome), against 59.9% (85/142) in
complete cases. We extended it to the unfavorable-outcome model (Section I11-H). Because the variables of the analytic core (age,
sex, admission delay, GCS, lesion type, therapeutic strategy, vital status, length of hospital stay) are recorded in 100% of cases, we
favored complete-case analysis [30]. Multiple imputation would have added more uncertainty than it removed in a sample of this
size. The numbers analyzed are indicated for each estimate.

A single investigator collected the data from the paper records of the department. Definitions are thus homogeneous, but inter-
rater agreement cannot be estimated. Three checks were applied: an internal consistency check (no operative delay in a non-operated
patient, no antibiogram without a positive culture, vital status compatible with the duration of follow-up), a systematic return to the
source record for any value outside plausible bounds, and a time-stamped correction log retaining the initial value, the corrected
value, and its justification. There was neither independent double entry nor external audit. Partly retrospective recruitment exposes
the study to information bias: a care that was not recorded cannot be distinguished from a care that was not delivered.

E. Statistical Analysis
Quantitative variables are described by the median and interquartile range (IQR), qualitative variables by counts and percentages.
The 95% confidence intervals of proportions come from the Jeffreys method, better suited than the normal approximation to extreme
proportions. We compared groups with Fisher’s exact test (qualitative variables) and the Mann—Whitney test (quantitative variables).
Two prognostic models were specified, one per outcome:
logit( pdeatr ) = Bo + P1 - (ISI-QI/10) + B2 - [(GCS < 9) + B3 - I(age > 65)
logit( peos1-3 ) =7yo0 + v1 - (ISI-QI/10) + 2 - I(GCS <9) + v3 - I(age > 65)
GCS and age were retained because they were the only two prognostic determinants identified in the main analysis of the same
cohort. This choice, made on the same data, precedes resampling. We deliberately limited the number of covariates given the small
number of events. Estimation relies on Firth penalized logistic regression, retained because of the small number of events and the
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risk of quasi-complete separation: no patient with a GCS below 9 had a favorable outcome, which would prevent maximizing the
likelihood in conventional regression [31,32]. Confidence intervals and p-values come from the penalized profile likelihood, more
reliable than the Wald approximation in this situation. The coefficients, their intervals, and the intercepts are reported in full (Table
V) so that any prediction can be recalculated. These are the unshrunken Firth coefficients.

We compared four specifications for each outcome: severity alone (GCS < 9 and age > 65 years), the ISI-QI alone, the full
model, and a sensitivity model in which the score is calculated without the surgical delay indicator P2. The comparison sought to
determine whether the score provides prognostic information beyond initial severity.

No sample size calculation was done in advance: the sample is that of the available cohort. According to the criterion of Riley
et al. [33], with three predictors, a target shrinkage factor of 0.90, and an assumed Cox—Snell R? of 0.05, about 525 patients would
be needed. With 150 patients and 16 deaths, the sample is insufficient for the mortality model, whose results are exploratory.

We evaluated the models by bootstrap internal validation: 2,000 samples of the size of the cohort, drawn with replacement. In
each, the Firth model is refitted and then evaluated in the bootstrap sample and in the original cohort. The mean optimism, the
difference between the two performances, is subtracted from the apparent estimates. Splitting into training and validation samples
would have been inefficient with sixteen deaths [34,35]. No variable selection took place in the analysis, but the initial choice of
GCS and age, made on the same data, is not resampled: the reported optimism is therefore probably underestimated.

Discrimination is measured by the C statistic, calibration by the calibration intercept and slope, and overall performance by the
Brier score [36], reported with that of the null model and in normalized form. We did not use the Hosmer—Lemeshow test, whose
power depends too much on sample size [37]. The optimism-corrected slope measures overfitting; it is not applied to the coefficients
of Table V. Clinical utility was explored by decision curve analysis [38,39], whose net benefit is written NB = TP/n — (FP/n) - [pd/(1
—pv)], TP and FP being the true and false positives and p; the probability threshold that triggers action. Such an analysis makes sense
only if a concrete action follows the crossing of the threshold. For mortality, we retained enhanced postoperative surveillance or
admission to critical care, for which a false positive has few consequences, hence a threshold range of 5 to 30%. For functional
outcome, the action is close follow-up and early rehabilitation, with an inexpensive false positive, with a range of 20 to 70%.

Risk-adjusted mortality is expressed as the observed/expected (O:E) ratio. Expected deaths come from the severity-only model
fitted on the whole cohort, with confidence intervals from the Poisson approximation. We compared the 2016—2020 and 2021-2026
periods on crude rates and O:E ratios. The significance threshold is 0.05, without correction for multiple testing: all analyses are
exploratory and hypothesis-generating. Analyses were performed with Python 3.12 (pandas, NumPy, SciPy, statsmodels,
Matplotlib) and an implementation of Firth regression written for the study; the code is available from the corresponding author. No
analysis protocol was registered.

I1l. RESULTS
A. Population, Descriptive Data, and Missing Data
We analyzed 150 observations, corresponding to 148 patients (the flow of inclusions appears in the main report). Median age was
26 years (IQR: 14-50) and the sex ratio was 2.3. Another health facility had referred 77 patients (51.3%). Median GCS at admission
was 13 (IQR: 10-15); 12.7% of patients had a GCS below 9. Brain abscess accounted for 49% of cases, and 125 patients (83.3%)
received combined medical and surgical management. Table Il describes the 142 patients whose GOS was evaluable, according to
their outcome.

The framework produced 987 evaluable care opportunities, i.e., a median of 7 applicable indicators per patient (range: 3 to 8).
A non-operated patient generates no opportunity for P2 and P3, and a deceased patient generates none for P6 or P8. The database
was 97.3% complete for the expected values (4,602/4,732 across 34 variables), and 100% complete for the eight variables of the
analytic core. Table 11 lists the variables that were not completely recorded.

TABLE Il. PATIENT CHARACTERISTICS BY FUNCTIONAL OUTCOME (N = 142 EVALUABLE)

Variable Favorable Outcome | Unfavorable D
(n =85) Outcome (n = 57)

Age (years), median [IQR] 30 [14-50] 25 [15-51] 0.71
Age > 65 years 5 (5.9%) 8 (14.0%) 0.14
Male sex 57 (67.1%) 42 (73.7%) 0.46
Referred from another facility 43 (50.6%) 29 (50.9%) 1.00
Symptom-to-admission delay (days), median [IQR] | 18 [15-24] 19 [16-25] 0.18
Facilities passed through, median [IQR] 3 [2-5] 3 [1-4] 0.13
GCS at admission, median [IQR] 14 [13-15] 10 [8-11] <0.001
GCS<9 0 (0.0%) 17 (29.8%) <0.001
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Variable Favorable Outcome | Unfavorable D
(n=85) Outcome (n = 57)
Mass effect 59 (69.4%) 47 (82.5%) 0.12
Maximum lesion size (mm), median [IQR] 32 [29-38] 43 [38-50] <0.001
Hydrocephalus 10 (11.8%) 4 (7.0%) 0.40
Brain abscess (isolated form) 50 (58.8%) 19 (33.3%) 0.004
Immunosuppression 7 (8.2%) 6 (10.5%) 0.77
Combined medical and surgical management 66 (77.6%) 54 (94.7%) 0.008
Admission-to-surgery delay (days), median [IQR] 2 [2-3] 2 [0-2] <0.001
Pus sample sent 65 (76.5%) 48 (84.2%) 0.30
Positive culture 29 (34.1%) 21 (36.8%) 0.86
ISI-QI score (%), median [IQR] 86 [80-100] 100 [86-100] 0.013
Applicable indicators (n), median [IQR] 7 [6-8] 7[6-7] 0.78
Postoperative complication 13 (15.3%) 16 (28.1%) 0.09
Length of stay (days), median [IQR] 10 [7-13] 15 [10-17] <0.001

Fisher’s exact test for qualitative variables, Mann—Whitney test for quantitative variables. GCS: Glasgow Coma Scale; IQR:
interquartile range. Postoperative complications are reported relative to the whole of each group (and not to the operated patients
only); 29 of the 31 complications concern patients whose GOS is evaluable.

TABLE I11. DATA COMPLETENESS: VARIABLES NOT COMPLETELY RECORDED

Variable Recorded Missing Denominator
C-reactive protein 93/150 38.0% Entire cohort
Facilities passed through before admission 132/150 12.0% Entire cohort
Admission-to-surgery delay 115/125 8.0% Operated patients
Leukocytes 138/150 8.0% Entire cohort

Mode of transport 140/150 6.7% Entire cohort
Follow-up duration 125/134 6.7% Survivors at discharge
GOS 142/150 5.3% Entire cohort
Maximum lesion size 144/150 4.0% Entire cohort

The 26 other variables analyzed, including the eight of the analytic core, are complete relative to their theoretical denominator. All
34 variables: 4,602/4,732 values recorded (97.3%). A non-applicable variable (the antibiogram without a positive culture, for
example) is not counted as missing.

B. Structure Domain

Imaging capacity did not limit management: all 150 patients had a CT scan or an MRI before the therapeutic decision (a partly
tautological finding, since the imaging that documents the diagnosis is an inclusion criterion). MRI access was restricted: only 47
patients (31.3%) had one, mostly as a second-line examination. Access to the operating theater was complete: all 125 patients for
whom a surgical indication had been established were operated on, with no documented cancellation or postponement for
unavailability of the room or team (an unrecorded postponement cannot be excluded in paper records).

The structural limits were concentrated elsewhere. The laboratory had only aerobic cultures, with no anaerobic medium or
molecular biology throughout the period, whereas ICS are often polymicrobial with anaerobes. Blood cultures were performed in
only 39 of the 132 patients for whom the information existed (29.5%). Only 40 of 140 patients (28.6%) were transported by a
medicalized means. The median number of health facilities passed through before admission was 3 (IQR: 2-5), and a quarter of
patients had attended five or more (n = 132).

C. Process Domain
Overall compliance with the eight process indicators was 89.0% (878 opportunities met out of 987; 95% CI: 86.9-90.8). This value
hides large differences between indicators (Fig. 2).

Four indicators reached their target: cross-sectional imaging before any decision (150/150, 100%), antibiotic duration of at least
six weeks in survivors (127/134, 94.8%), treatment of the portal of entry when it was identified (122/129, 94.6%), and documented
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follow-up at thirty days in survivors (114/134, 85.1%). Two others came close: empirical anaerobic coverage (139/150, 92.7%;
target 95%) and the antibiogram reported if the culture was positive (44/50, 88.0%; target 90%). Intraoperative sampling, performed
in 105 of 125 operated patients (84.0%), remained eleven points below the 95% target.

The two timeliness indicators stood out clearly. Among patients with a surgical indication and a documented delay, 77 of 115
(67.0%; 95% CI: 58.0—75.0) were operated on within 48 hours, and 35.7% within 24 hours. Above all, pre-hospital access collapsed:
3 of 150 patients (2.0%) were admitted within seven days of symptom onset, and 22.7% within fourteen days. This indicator is not
part of the composite score, because it does not depend on the care delivered by the facility.

At the individual level, the median ISI-QI score was 87.5% (IQR: 83.3-100; range: 50 and 100%). Eight patients (5.3%) had a
score below 75%. The distribution showed a clear ceiling effect with a low variance, which limits the ability of the score to
distinguish patients.

Cross-sectional imaging before decision 100% (150/150)
Antibiotic duration = 6 weeks (survivors) 95% (127/134)
Treatment of the portal of entry if identified 95% (122/129)
Empirical anaerobic coverage - I—Ei 93% (139/150)
Antibiogram if culture positive I—E—i 88% (44/50)
Follow-up = 30 days documented (survivors) _ 85% (114/134)
Intraoperative sampling if procedure performed - —_ E 84% (105/125)

Surgery < 48 h if indication established » 67% (77/115)

Admission = 7 days after symptom onset " 2% (3/150)

0 20 40 60 80 100

Compliance (%) — error bars: 95% Cl; dotted line: proposed target

Fig. 2. Compliance with process indicators (variable denominators). Error bars represent the 95% confidence intervals
(Jeffreys method); dotted lines indicate the proposed targets. Green: target met; orange: gap below 20 points; red: gap
above 20 points.

D. The Microbiological Cascade
Of 150 patients admitted, 116 (77.3%) had a sample sent to the laboratory: 105 of 125 operated patients (84.0%) and 11 of 25
medically treated patients (diagnostic puncture or wound sample). Fifty (33.3%) had a positive culture, 44 (29.3%) a reported
antibiogram, and only 34 (22.7%) an antibiotic therapy actually adapted to that antibiogram (Fig. 3).

Thirty-four observations had no sample at all: 14 in exclusive medical treatment and 20 in operated patients (16% of procedures),
a loss that stems from operative practice rather than from the laboratory. The main break comes next: only 43.1% of the samples
sent yielded a positive culture. This single step accounts for 66 of the 116 cumulative losses, more than all the others combined.
The last loss, 10 of 44 patients whose available antibiogram did not lead to a documented adaptation of treatment, reflects a broken
loop between laboratory and clinic, not a lack of technical means.
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Cumulative attrition: 77% of the cohort does not reach microbiologically guided antibiotic therapy

150
160 1 (100%)

116
(77%)

[~

o N b

S ©o o
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(33%) 44
_6 (29%) 34
-10 (23%)

=)} <]
(= o
1 I

Number of observations

B
(e]
1

N
o
1

o
L

Patients admitted Sample sent Posiltive Antibié)gram Ada;)ted
with ICS to laboratory culture reported antibiotic therapy
Fig. 3. Neurosurgical quality cascade applied to microbiological documentation (N = 150). Values in orange indicate the
number of observations lost at each step (34 without a sample: 14 in exclusive medical treatment, 20 operated patients).
The terminal yield, an antibiogram-guided antibiotic therapy, concerns 22.7% of the cohort.

E. Breakdown of Delays
The median delay between symptom onset and admission to the hospital was 19 days (IQR: 15-25), and that between admission
and surgery was 2 days (IQR: 1-3). Relative to a median total delay of 20 days, the pre-hospital segment accounts for about 95%
of the elapsed time (a ratio of medians, which do not add up; the individual proportion was not calculated) (Fig. 4).

This imbalance dictates the hierarchy of actions. Halving the in-hospital delay, which would already be demanding, would save
one day in twenty. Halving the pre-hospital delay would save ten. A strategy focused on the hospital alone would act on the 5%
least decisive portion of the pathway.

Pre-hospital delay In-hospital delay
(symptoms - admission) (admission — surgery)
Median total delay: 20 days
of which = 95% pre-hospital
0 5 10 15 20 25 30

Days (medians)

Fig. 4. Breakdown of the total delay to surgery (median values). The pre-hospital segment accounts for about 95% of the
total delay.

F. Outcomes Domain
In-hospital mortality was 10.7% (16/150; 95% CI: 6.5-16.4). A favorable outcome (GOS 4 or 5) concerned 59.9% of evaluable
patients (85/142; 95% CI: 51.7-67.7). Among the 125 operated patients, 31 had a postoperative complication (24.8%; 95% CI:
17.9-32.9) and 13 a reoperation (10.4%; 6.0-16.6). Recurrence occurred in 6 patients (4.0%; 1.7-8.1). Median length of stay was
11 days (IQR: 8-15).
G. Process and Outcome: Confounding by Indication

The ISI-QI score was associated neither with crude mortality (OR 1.31 per 10-point increment; 95% CI: 0.80-2.28) nor with
mortality adjusted for GCS and age (aOR 1.18; 0.72-2.06; p = 0.54). In this model, a GCS below 9 (aOR 4.05; 1.16-16.8) and an
age of at least 65 years (aOR 4.29; 1.11-19.7) remained the only two determinants of death. All intervals in this paragraph are
penalized profile-likelihood intervals.

For functional outcome, the result is baffling: higher compliance went with more unfavorable outcomes, in crude analysis (OR
1.55; 1.11-2.25) as after adjustment (aOR 1.52; 1.04-2.29; p = 0.031). Taken literally, this would mean that better care does harm.

Table Il sheds light on this association. None of the 85 patients with a favorable outcome had a GCS below 9, against 17 of the
57 patients with an unfavorable outcome (29.8%; p < 0.001): this quasi-complete separation justifies the Firth penalization and
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explains the width of the odds ratio interval. Lesion size differed markedly between the groups (median 32 versus 43 mm; p < 0.001)
without being in the model, which leaves residual confounding. Finally, patients with an unfavorable outcome were more often
operated on (94.7% versus 77.6%; p = 0.008) and faster (median delay 2 days [IQR 0-2] versus 2 days [2-3]; p < 0.001), and their
ISI-QI was mechanically higher (median 100% versus 86%; p = 0.013). The pre-hospital delay, the number of facilities passed
through, the sampling rate, and the culture yield did not differ between the groups.

Indicator-by-indicator analysis resolves the ambiguity. None of the indicators P3 to P8 was associated with outcome. All the
signal came from P2: surgery within 48 hours went with an unfavorable outcome in crude analysis (OR 4.88; 1.84-14.05) and after
adjustment (aOR 3.72; 1.31-11.41; p = 0.013). Among patients operated on within 48 hours, 18.2% had a GCS below 9, against
2.6% of those operated on later (14/77 versus 1/38; p = 0.019, Fisher’s exact test; a single patient with a GCS < 9 in the second
group, hence a very imprecise estimate). The earliness of the intervention is not independent of severity: it is its expression. The
path linking severity to the operative decision and then to outcome remains open, and its effect masks the specific effect of surgical
earliness, whose direction remains undetermined and could be protective.

Without indicator P2, the association between the score and unfavorable outcome disappears (aOR 1.15; 0.80-1.69; p = 0.44),
as does that with mortality (aOR 1.07; 0.64-1.86; p = 0.80). Table IV summarizes these estimates.

TABLE IV. ASSOCIATIONS BETWEEN PROCESS COMPLIANCE AND CLINICAL OUTCOME

Exposure Outcome | Crude OR [Profile 95% CI] | aOR [Profile 95% CI]*
ISI-QI score (per 10 points) Death 1.31[0.80-2.28] 1.18 [0.72-2.06]
ISI-QI score (per 10 points) GOS 1-3 1.55[1.11-2.25] 1.52 [1.04-2.29]
IS1-QI score excluding P2 (per 10 points) | GOS 1-3 | 1.13 [0.82-1.61] 1.15 [0.80-1.69]
ISI-QI score excluding P2 (per 10 points) | Death — 1.07 [0.64-1.86]
Surgery < 48 h (P2) GOS1-3 |4.88[1.84-14.05] 3.72 [1.31-11.41]
Surgery <48 h (P2) Death — 1.49 [0.29-8.52]
Intraoperative sampling (P3) GOS1-3 |— 1.05[0.31-3.81]
Antibiogram reported (P4) GOS1-3 |— 0.29[0.03-1.84]
Anaerobic coverage (P5) GOS1-3 |— 1.15 [0.22-6.54]
Antibiotic therapy > 6 weeks (P6) GOS1-3 |— 0.93[0.18-4.66]
Treatment of the portal of entry (P7) GOS1-3 |— 1.10 [0.18-6.68]
Follow-up > 30 days (P8) GOS1-3 |— 2.28 [0.54-10.66]

*Adjusted for GCS < 9 at admission and age > 65 years (Firth penalized logistic regression). OR: odds ratio; aOR: adjusted odds
ratio; GOS: Glasgow Outcome Scale. Confidence intervals are obtained by penalized profile likelihood.

H. Prognostic Models and Internal Validation

Table V gives the complete coefficients of the two models, intercepts included, which allows any prediction to be recalculated.
These are the unshrunken Firth coefficients. The equations are written:

Paeath = 1 / { 1 + exp[ —( —4.132 + 0.166-(I1SI-QI1/10) + 1.399-1(GCS < 9) + 1.456-I(age > 65) ) ] }

peos13=1/{1+exp[ —(—4.552 +0.419-(ISI-QI/10) + 4.174-1(GCS < 9) + 0.708-I(age > 65)) ] }

TABLE V. COEFFICIENTS OF THE PROGNOSTIC MODELS (FIRTH PENALIZED LOGISTIC REGRESSION)

Parameter Sﬁiﬁ?ﬁ'ﬁ'ﬁém B (Firth,| b ofile 95% CI of p OR
Model 1 — in-hospital mortality (n = 150; 16 events)

Intercept Po —4.132 [-8.36; —1.01] —
ISI-QI (per 10 points) B1 +0.166 [-0.329; +0.724] 1.18
GCS <9 B2 +1.399 [+0.15; +2.82] 4.05
Age > 65 years B3 +1.456 [+0.10; +2.98] 4.29
Model 2 — unfavorable outcome, GOS 1-3 (n = 142; 57 events)

Intercept yo —4.552 [-7.73; —1.83] —
ISI-QI (per 10 points) y1 +0.419 [+0.039; +0.829] 1.52
GCS <97, +4.174 [+1.84; +8.10] 65.0
Age > 65 years y3 +0.708 [-0.52; +2.06] 2.03
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Unshrunken Firth coefficients; 95% confidence intervals of B by penalized profile likelihood; OR = exp(f). The optimism-corrected
calibration slopes (0.842 for model 1 and 1.006 for model 2) measure calibration; they are not applied to these coefficients. The
odds ratio of 65.0 for GCS < 9 in model 2 reflects a quasi-complete separation and its interval is very wide: it is an order of
magnitude, not a reliable point estimate.

These equations must not be used to decide for a patient before external validation, for the reasons set out below and in Section
IV-E.

Table VI and Figs. 5 to 7 report the internal validation. It can be summarized as follows: the ISI-QI improves no corrected
performance of the mortality model; for functional outcome, it improves it in appearance, but this gain is due to the surgical delay
indicator.

1) Mortality: The severity model (GCS and age) had an apparent C statistic of 0.668, corrected to 0.651 after bootstrap. Adding the
ISI-QI raised the apparent statistic to 0.700, but the corrected statistic fell to 0.646: all the apparent gain was optimism. The corrected
Brier score went from 0.0948 to 0.0954, for a null model at 0.0953. The full model therefore does no better than the mean frequency
of the event, with a corrected normalized Brier score of —0.001. The ISI-QI alone had a corrected C statistic of 0.523, i.e., almost
no discrimination.

2) Functional Outcome: Adding the I1SI-QI improved the corrected measures in appearance: the C statistic went from 0.676 to
0.739 and the normalized Brier score from 0.191 to 0.211. But in the model without indicator P2, the corrected C statistic fell back
to 0.685 and the normalized Brier score to 0.189, at the level of the severity-only model. The apparent contribution of the score
therefore tells nothing about the quality of care: it is an artifact of the confounding by indication described in Section I11-G.

3) Calibration: The mortality model had a corrected calibration slope of 0.842: moderate overfitting, predictions too dispersed. The
functional outcome model was well calibrated, with a corrected slope of 1.006 (Fig. 6). The corrected calibration intercepts were
close to zero: —0.02 for mortality and +0.01 for functional outcome.

4) Clinical Utility: On optimism-corrected predictions, the mortality model provided a net benefit superior to the “intervene in all”
and “intervene in none” strategies for thresholds of about 9% to 23%, and the functional outcome model for thresholds of about
25% to 61% (Fig. 7). These results are exploratory. Because the 1SI-QI contributes nothing discriminating, this net benefit is that of
the severity model, not of the quality score.

5) Sensitivity to Missing GOS: We reran the unfavorable-outcome model under three scenarios. In complete cases (142 patients,
57 events), the aOR of the ISI-QI per 10-point increment was 1.52 (95% profile Cl: 1.04-2.29; p = 0.031; corrected C 0.739), and
1.15 (0.80-1.69) without P2. If the eight patients had all had a favorable outcome (150 patients, 57 events), the aOR was 1.49 (1.03-
2.21; p = 0.035; corrected C 0.731), and 1.13 (0.79-1.64) without P2. If they had all had an unfavorable outcome (150 patients, 65
events), the aOR was 1.39 (0.98-2.01; p = 0.066; corrected C 0.716), and 1.10 (0.78-1.58) without P2. The apparent association of
the I1SI-QI with unfavorable outcome is therefore not robust to missing data, whereas its disappearance without P2 is found in all
three scenarios.

TABLE VI. INTERNAL VALIDATION BY BOOTSTRAP (2,000 RESAMPLES)

Model Apparent C | Corrected C (Blgi;rrected El?igrpallzed glzlrglzratlon
Outcome: in-hospital mortality (16 events; null-model Brier = 0.0953)

Severity alone (GCS + age) 0.668 0.651 0.0948 +0.005 0.920
ISI-QI alone 0.579 0.523 0.0986 -0.035 0.354
ISI-QI + severity (model 1) 0.700 0.646 0.0954 —0.001 0.842
IS1-QI excluding P2 + severity 0.691 0.640 0.0956 —0.003 0.849
Outcome: unfavorable outcome, GOS 1-3 (57 events; null-model Brier = 0.2403)

Severity alone (GCS + age) 0.681 0.676 0.1944 +0.191 1.000
ISI-QI alone 0.633 0.625 0.2330 +0.030 1.170
ISI-QI + severity (model 2) 0.751 0.739 0.1897 +0.211 1.006
IS1-QI excluding P2 + severity 0.710 0.685 0.1949 +0.189 0.956

C: C statistic (area under the ROC curve). The normalized Brier score equals 1 — (corrected Brier / null-model Brier); a negative
value means that the model does worse than the mean frequency of the event. The calibration slope is corrected for optimism.
Corrected calibration intercepts of the two full models: —0.02 (model 1, mortality) and +0.01 (model 2, unfavorable outcome).
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Fig. 5. Apparent and optimism-corrected C statistic for the four specifications of each model. The gap between the light
bars and the solid bars represents the optimism.
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Fig. 6. Calibration curves of the two prognostic models. The corrected curve is reconstructed from the calibration slope
and intercept corrected by bootstrap. Points represent the risk groups (quartiles for mortality, quintiles for functional
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Fig. 7. Decision curve analyses. The net benefit of the model is compared with the strategies of intervening in all patients or
in none.

l. Risk Adjustment and Temporal Comparison

Crude mortality went from 12.7% (10/79) in 2016-2020 to 8.5% (6/71) in 2021-2026, with no significant difference (p = 0.44).
The median ISI-QI score was 87.5% in both periods. After adjustment for GCS and age, the observed/expected ratio went from 1.17
(95% CI: 0.56-2.16) to 0.80 (0.29-1.74), i.e., from a slightly unfavorable position to a slightly favorable position relative to the
expected risk. The intervals are wide and almost entirely overlap: with sixteen deaths, no firm conclusion is allowed.

On the process side, two trends diverged. Culture yield improved, from 38.1% to 49.1% of the samples sent (p = 0.26). Empirical
anaerobic coverage, on the contrary, declined, from 97.5% to 87.3% (p = 0.026). This signal of prescribing drift, which permanent
monitoring would have detected in real time, illustrates the value of a dashboard over a one-off retrospective analysis. Delays did
not change: the median symptom-to-admission delay was 19 days in both periods (p = 0.44) and the admission-to-surgery delay 2
days (p = 0.24).

IV. DISCUSSION

A. Main Findings

The framework is feasible: twenty indicators were filled in from existing records, without dedicated data collection, i.e., 987 care
opportunities with a completeness of 97.3%. It also locates failures instead of delivering an overall verdict. Clinical decision-making
reaches or approaches its targets (treatment of the portal of entry 94.6%, anaerobic coverage 92.7%, antibiogram 88.0%), and
imaging and the operating theater do not limit management, even though 33% of procedures exceed 48 hours. The faults lie
elsewhere: access to the hospital, with 2% of admissions within seven days and a median delay of 19 days, and the microbiological
chain, at the end of which fewer than one patient in four receives a guided antibiotic therapy.

The relation between process and outcome postulated by Donabedian is not found in our data, and looking for it naively leads
to a false conclusion: the early-surgery indicator seems to harm outcome because it reflects severity. Finally, after optimism
correction, the composite score contributes nothing beyond initial severity. This result is thankless to state, but it protects the
instrument from misuse: the 1SI-QI measures the compliance of an organization with standards; it does not predict the outcome of
a patient.

B. Intracranial Suppurations as a Tracer Condition

Kessner’s criteria are met in an unusual way [8]. The functional impact is heavy and measurable by the GOS (GOS 1-3in 40.1%
of evaluable patients). The incidence, about fifteen cases a year in our series, allows an annual follow-up. Management is codified
by recent guidelines [11]. Drainage combined with an adapted antibiotic therapy changes the prognosis. And the pathway weighs
heavily on the result, since most of the delay is pre-hospital.
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We propose adding three requirements for urgent surgical tracer conditions in resource-limited settings. The condition must
successively draw on heterogeneous subsystems. Its indicators must be measurable on ordinary records. And the evaluation must
reveal a failing link on which action is possible. Without the first, the condition illuminates only one segment of the system; without
the second, the measurement does not hold in routine; without the third, one obtains a diagnosis without a lever. Hernia [9] draws
on a shorter, non-urgent pathway. ICS add a microbiological dimension and a prolonged follow-up. Performance there is bounded
by the weakest link, not by the average: a sample sent in 84.0% of operated patients is cancelled out by a culture yield of 43.1%.
Equipping the laboratory with anaerobic media without shortening the 19-day delay would amount to better documenting infections
that are already advanced.

C. The Pre-Hospital Bottleneck

About 95% of the time elapsed between the first symptoms and the operation lies before the hospital. This reverses the spontaneous
order of priorities, which looks at what one sees from the hospital. Our data can be read within the framework of the three delays of
Thaddeus and Maine: deciding to seek care, reaching an appropriate facility, being cared for once there [40]. The first two are clear.
Three facilities passed through at the median, and five or more for a quarter of patients, signal diagnostic wandering; 28.6% of
medicalized transport speaks to the weakness of transfer. The third delay is under control, with two days median to surgery. These
findings echo the barriers described in Cameroon for nontraumatic neurosurgical diseases [41]. For ICS, the most useful global
surgery indicator would therefore be access within two hours to a facility capable of cross-sectional imaging and referral, more than
operative volume or the number of neurosurgeons.

D. The Microbiological Cascade
The cascade, borrowed from HIV programs [42], turns an uninformative indicator (“a third of cultures are positive”) into a
breakdown that points to the failing step. We propose to call it the neurosurgical quality cascade. Here, the main loss is neither the
decision nor the procedure, but the passage from sample to culture result. Three mechanisms probably contribute: antibiotic therapy
started before sampling, given the admission delay; the absence of anaerobic culture, whereas these infections are often
polymicrobial with anaerobes [43,44]; and the conditions under which samples are transported. Series that use 16S rRNA sequencing
or metagenomics identify an etiology in the majority of culture-negative abscesses [45-47], which gives an order of magnitude of
the expected gain.

The last loss, ten patients whose available antibiogram did not lead to a documented adaptation, is of a different nature. Neither
equipment nor competence is at issue: the loop between the laboratory and the clinical team is broken. A well-constructed indicator
makes it visible, and an inexpensive measure, such as feeding back the results at the weekly staff meeting, can correct it.

E. Confounding by Indication

The most baffling result is the link between early surgery and unfavorable outcome. It is a textbook case of confounding by
indication [48,49]. Patients operated on within 48 hours do not resemble those operated on later: they are more severe, and it is their
severity that made the intervention urgent. In our cohort, 18.2% had a GCS below 9, against 2.6% of those operated on later, a gap
that rests on a single patient in this second group. Severity is a common cause of operative earliness and of outcome. Adjustment
for GCS and age does not close this path, especially as lesion size and mass effect, which also differ between the groups (Table 11),
remain outside the model.

The implications go beyond ICS. A facility that receives many severe cases will operate quickly and display worse crude results;
one that transfers its severe cases will operate less quickly and appear better. Without adjustment, the ranking would be inverted,
with the risk of perverse incentives if it were used to fund or accredit. Three rules follow. A surgical timeliness indicator is read
together with the severity distribution of the patients. Facilities and periods are compared by observed/expected ratios, not by crude
rates. And before validating a composite score, one must verify that none of its items carries an inverse signal of confounding origin:
our analysis without item P2 gives the minimal protocol for this verification.

The absence of a link between the score and mortality has three explanations. The score suffers from a ceiling effect (median
87.5%, low variance). Power is limited, with sixteen deaths. And the variability of in-hospital processes is probably too low to weigh
on outcomes already fixed upstream by a 19-day delay. This does not mean that quality of care has no effect: once the door of the
hospital is crossed, in-hospital quality is no longer the limiting factor.

F. Intended Use: What the ISI-QI Is and Is Not, and the ISI-QI-10 Dashboard

An instrument is defined as much by its uses as by its misuses. The I1SI-QI makes it possible to describe the compliance of a
department with standards, indicator by indicator; to identify failing steps and prioritize actions; to follow an organization over time,
provided the indicators are read separately; and to structure a prospective registry. It does not make it possible to predict the outcome
of a patient, since internal validation shows no contribution beyond severity. Nor does it make it possible to rank facilities on the
score alone, to evaluate a practitioner (the framework measures an organization), or to allocate resources or accreditation without
external validation. The equations of Table V must not be used to decide for a patient before external validation.
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From this experience we derive a minimal dashboard of ten indicators, the ISI-QI-10, measurable without additional resources and
covering the three Donabedian domains. A core of six indicators is feasible in any department that has paper records and a
bacteriology laboratory: median delay between symptom onset and admission (target < 7 days; observed 19 days); cross-sectional
imaging before decision (> 95%; 100%); median delay between admission and surgery (< 48 h; 2 days); pus sampling in operated
patients (> 95%; 84.0%); risk-adjusted in-hospital mortality (O:E < 1; 1.17 then 0.80 depending on the period); favorable outcome
(= 70%; 59.9%). Four other indicators form an extension that presupposes an organized follow-up: facilities passed through before
admission (< 2; 3), culture yield (> 60%; 43.1%), antibiotic therapy adapted to the available antibiogram (> 90%; 77.3%),
documented follow-up at 30 days in survivors (= 80%; 85.1%). The targets combine guidelines and internal consensus; they are to
be discussed before any comparative use. Culture yield is the only indicator whose improvement requires a material investment,
which makes it a quantified advocacy argument. Adaptation of antibiotic therapy is conversely the least costly to improve.

G. Comparisons, Equity, and Registries

Crude rates of mortality or unfavorable outcome depend on the patient profile, and a center that receives more severe or later cases
may display less bad results despite a better quality [6,7]. O:E ratios are a first answer, but their validity depends on the risk model.
Ours, limited to GCS and age, has a corrected C statistic of 0.651 for mortality: it will need to be enriched before any comparative
use between facilities. Table Il points to the candidates: lesion size, mass effect, and type of suppuration all differed according to
outcome without being in the model.

Quality cannot be separated from equity. The pre-hospital delay is also an indirect marker of territorial and social inequalities.
Our study evaluated neither equity nor algorithmic bias: no equity variable was collected. A registry should include a few simple
ones: distance to the center, urban or rural setting, mode of transport, insurance coverage, direct payment, interruption of treatment
for financial reasons. They would make it possible to verify that the average performance does not mask systematically
disadvantaged subgroups [50,51]. Because the chain of care crosses several levels of the system, it would be unfair to attribute the
results to the neurosurgery department alone: the framework can support broadened morbidity and mortality meetings, from families
and primary care providers to the laboratory.

The move from the framework to a prospective registry is the next step. A registry should serve to learn (measure, spot gaps,
intervene, reassess) and not to produce publications from time to time [52]. Sobriety matters: a registry overloaded with variables
sees its completeness erode, as shown by the Ethiopian perioperative registry designed around sixty-seven variables, which
approached completeness only after reorganization [53].

H. Strengths, Limitations, and Generalizability

1) Strengths: The framework is explicit: indicators, numerators, denominators, and targets were set before the analysis, and the
applicability of each indicator is handled with care, which composite scores often neglect. Confounding by indication is formalized
and tested by a sensitivity analysis. Internal validation is complete (bootstrap, calibration, Brier score, decision curves) and makes
it possible to state a solid negative conclusion rather than a flattering apparent performance.

2) Limitations: The study is single-center: it cannot assess the variability between facilities, which is nonetheless the intended use
of these indicators. The absence of external validation is the main limitation. The reported performances, even corrected for
optimism, are development performances, and these almost always degrade when a model changes population [19,54]. The risk of
overfitting is real: sixteen deaths for three predictors make 5.3 events per variable, well below the rule of ten [33,55], and the
corrected calibration slope of the mortality model is 0.842. The criterion of Riley et al. would require about 525 patients for an
assumed Cox-Snell R2 of 0.05 (Section 1I-E). The choice of GCS and age was made on the same data, which probably
underestimates the optimism. No analysis protocol was registered.

The cohort comes from a referral center. Patients who died before transfer, were directed elsewhere, or never reached a
neurosurgical center are absent from it: the observed mortality does not represent that of the source population, and our rates have
no epidemiological reading. Nor can it be directly compared with that of series with different criteria [24,25], and it cannot serve
alone as a performance indicator. Recruitment, largely retrospective, exposes the study to information bias: a care that was not
recorded cannot be distinguished from a care that was not delivered, and 8% of undocumented surgical delays give its measure. A
single investigator collected the data, without double entry or measure of agreement, so that the reliability of the rating (portal of
entry, applicability, GOS) is not established. The GOS itself was assigned from sequelae and autonomy, without a standardized time
point, and is missing in 8 survivors: it is not an independent measure of outcome.

Two limitations concern the framework. Its content validity rests on the literature and an internal consensus, without a Delphi
procedure. Patients and the public did not take part in it: the cost of the pathway, the distance, the burden of transport, the clarity of
the information received, and the social impact of sequelae are represented by no indicator. Risk adjustment, limited to GCS and
age, is moreover rudimentary, and Table Il shows a possible residual confounding. The logical next step is a validation program:
content validity by a multinational Delphi with patient representatives, reliability by double rating and a kappa coefficient, sensitivity
to change through improvement cycles, then multicenter application.
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3) Generalizability: It decreases across three levels. The method (domains, applicability, denominators, cascade, risk adjustment)
transposes widely. The indicators are probably transposable to neurosurgical centers of sub-Saharan Africa with a comparable
technical platform, with adaptation of the thresholds. The observed values, for their part, hold only for this department, this period,
and this recruitment: a median delay of 19 days or a culture yield of 43% are local findings, not regional references. The targets are
benchmarks for discussion, not norms. As it stands, the ISI-QI must be used neither to compare, nor to decide, nor to prognosticate.

V.CONCLUSIONS

Applied to 150 observations, a structure—process—outcome framework built from ordinary records shows a generally solid clinical
decision-making and access to the operating theater (compliance of 89.0%, complete access to the theater, median operative delay
of two days), and two breaking points: pre-hospital access, which concentrates about 95% of the total delay, and the microbiological
chain, which loses 77% of the cohort between admission and a guided antibiotic therapy.

The study also highlights two pitfalls of quality measurement in surgery. The first is confounding by indication: compliance
with the operative delay is so tied to severity that it reverses the direction of the association with outcome. The second is the optimism
of development performance: after correction, the score contributes nothing beyond initial severity. The ISI-QI must therefore serve
as a descriptive instrument of the quality of an organization, and any comparison between facilities or periods must go through
observed/expected ratios. The ten-indicator dashboard we propose requires no additional resources; it can serve as the foundation
of a regional registry.
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