Blood-gas history and oxygen target classification
Supplementary methods and results
Blood-gas history and arterial oxygen target classification after acute brain injury: a temporal and multicentre external validation study
S1. Clinical identification and analysis population
Adults aged at least 18 years were screened using the code-based eligibility rules described below. MIMIC-IV traumatic brain injury (TBI) identification used ICD-9 850–854 or ICD-10 S06 codes with an initial-encounter suffix A. Subarachnoid haemorrhage (SAH), intracerebral haemorrhage (ICH), and ischaemic stroke used 430/I60, 431/I61, and I63 or infarction-designated 433x1/434x1 codes, respectively. Other intracranial haemorrhage, unspecified stroke, non-initial S06 codes, and isolated skull-fracture codes were retained as uncertain unless another qualifying code existed. eICU identification combined structured diagnosis paths, admission labels, and available ICD codes. Composite labels potentially including unruptured aneurysms were insufficient by themselves. The complete executable vocabulary is retained in inherited_clinical_codes.py.
Recorded cardiac-arrest, anoxic-injury, or ECMO flags excluded the corresponding hospital admissions in MIMIC and ICU stays in eICU. Absence of a detected flag did not establish absence of these conditions; eICU ECMO ascertainment was particularly incomplete. Subtypes could overlap. Neither diagnosis onset nor recognition before sampling was established, and no independent clinical adjudication was performed. The reference group had no detected ABI code under these rules and was not a clinically confirmed ABI-free group. Eligibility did not require mechanical ventilation, complete FiO₂, neurological scores, or treatment records. Observations were restricted to the first 72 hours of each ICU stay and to actual accepted, pairable blood-gas measurements.
S2. Specimen evidence, measurement pairing, and availability
MIMIC pO2 item 50821 was linked by specimen_id to specimen-type item 52033; ART, ART., or ARTERIAL was required. Missing, conflicting, venous, mixed-venous, and capillary designations were excluded. eICU required the arterial-named paO2 test, labtypeid 7, and compatible pressure units. Its stay/draw-time key is a specimen proxy, not an individual specimen identifier. Recorded arterial evidence therefore differed between databases, and neither source constituted independently witnessed sampling.
Accepted pressure units were mmHg, torr, or kPa, with kPa multiplied by 7.50061683. Conflicting eICU interface/system units were rejected. PaO₂ had to be finite, positive, and no greater than 800 mmHg; censored, cancelled, or error-labelled results were excluded. Values below 20 or above 600 mmHg were flagged without automatic deletion. Exact duplicates were collapsed; conflicting values, specimen labels, or sample times at the same key were excluded. No record was removed because it disagreed with SpO₂ or a model estimate.
The primary pair used the latest valid SpO₂ measured at or before sampling, within 10 minutes, from the same stay. SpO₂ had to be finite and within (0,100], with explicit percentage units in MIMIC. No fractional rescaling, future observation, interpolation, or oxygen-value imputation was used. eICU vitalPeriodic.saO2 denotes archived monitor SpO₂, represented by five-minute medians. Same-time conflicting monitor values were excluded.
Historical eligibility required a distinct earlier paired sample in the same stay. Its final PaO₂ and, for MIMIC, specimen-type information had to be recorded strictly before the current draw, with valid non-negative recording delays; its paired SpO₂ had to be recorded by the current draw. The most recent eligible prior sample was selected. Final duplicate availability used the latest relevant recording time. Current blood-gas analytes were never predictors.
The secondary MIMIC information-system analysis first filtered monitor records to measurement time ≤ entry time ≤ current draw, then selected the latest valid timestamp within the unchanged 10-minute window. Only records already known at the draw determined duplicate conflicts. Identical records could establish visibility at their earliest entry; a conflicting timestamp was skipped. Histories were rebuilt from these pairs. A separate calculation changed current selection while retaining original historical inputs. eICU had only an observation-time availability proxy. These analyses did not reconstruct every laboratory revision or validate real-time clinical access.
S3. Partitioning, model specification, and reproducibility
MIMIC admission-era intervals were calculated by adding ICU-admission year minus anchor_year to both anchor_year_group endpoints. Patients were early if their latest interval endpoint was before 2020, late if their earliest endpoint was at least 2020, and otherwise boundary-spanning. All encounters of a patient remained together. Boundary-spanning patients were descriptive only. Among early patients, the first eight hexadecimal digits of SHA256("oxygen-v1|" + patient_id), modulo five equal to zero, assigned calibration; others formed training.
Categories were ordered below80, 80to120, above120, with 80 and 120 included in the middle category. Let s denote current SpO₂, u hours since ICU admission, z=log(prior PaO₂/100), and h=log(1+hours since prior sampling). B used s, max(s−90,0), max(s−94,0), max(s−96,0), max(s−98,0), age capped at 90, and log(1+u). P used z, z², h, and zh. C combined the B and P features and prior paired SpO₂. P, B, and C used identical history-eligible training observations. B_all used the B features on all eligible training pairs. Missing age was replaced by the training median, calculated separately within each cross-validation training fold. Final age medians were 62 years for P/B/C and 63 for B_all.
Models used standardisation followed by L2-penalised multinomial logistic regression (lbfgs; maximum 5,000 iterations; tolerance 10⁻⁸), with unweighted observations and no class balancing. Three-fold patient-grouped cross-validation selected inverse regularisation strength from 0.01, 0.1, 1, and 10 by minimum pooled out-of-fold multiclass Brier score; ties favoured stronger regularisation. Selected values were 10 for P/B/C and 1 for B_all. Models were refitted on their respective training sets only. No held-out recalibration occurred.
For each class, the linear predictor is its intercept plus the sum of standardised features multiplied by the corresponding coefficients. Standardise each feature by subtracting its training-set mean and dividing by its training-set standard deviation. Exponentiate the three class linear predictors and divide each exponential by their sum to obtain the class probabilities. The training code is provided in Additional file 2; fitted objects and complete reconstruction parameters are excluded, as explained in the main data-availability statement. A assigns one-hot categories using SpO₂ <94, 94–98, and >98%; P0 carries forward the prior PaO₂ category. Neither is a calibrated probability model.
S4. In-target decisions and threshold selection
Ordinary decisions used the maximum-probability category. A false in-target decision meant actual PaO₂ <80 or >120 mmHg among observations assigned to the middle category. Coverage was the fraction assigned in target, reported within history-eligible observations and separately among all main pairs. Missing history was not an in-target result.
Selective thresholds for P/B/C were evaluated only in the MIMIC history-eligible calibration set, with B_all evaluated separately in all calibration pairs. Candidates required p(in target) ≥t for t=0.50–0.99 in increments of 0.01, at least 30 selected pairs from 20 patients, and empirical false-in-target proportion ≤5%. The qualifying threshold with greatest coverage would be retained, breaking ties towards the higher threshold. None qualified. Null thresholds therefore produced zero selective coverage and undefined error proportions in subsequent datasets. The criterion concerned empirical calibration-set error, not a confidence-bound risk guarantee. Descriptive test-set curves were not used to select replacement thresholds.
S5. Uncertainty, heterogeneity, and sensitivity analyses
Multiclass Brier score was the mean sum of three squared probability errors, without division by three. The primary contrast was C−B in eICU. Negative differences favoured C. Confidence intervals used 1,000 patient-cluster bootstrap replicates with seed 20261007 and percentile limits. All observations of each sampled patient shared a multiplicity, including observations across hospitals. Models remained fixed; intervals therefore excluded development uncertainty and hospital-population sampling uncertainty. Patient-equal and hospital-equal summaries were secondary. Hospitals with at least 20 history-eligible patients were displayed individually; smaller centres were pooled, and leave-one-hospital-out contrasts were descriptive.
Calibration used ten fixed probability bins and one-versus-rest logistic calibration intercepts/slopes, clipping probabilities to [10⁻⁶,1−10⁻⁶] for logit calculations. AUROCs and calibration coefficients were descriptive point estimates. Information-age curves fitted restricted cubic splines to C−B losses against log(1+hours), with knots at 1, 6, 12, and 24 hours and patient-cluster bands. Prespecified strata were (0,6], (6,12], (12,24], and (24,72] hours.
Frozen models were applied without refitting to five-minute preceding pairs, eICU pairs recorded 5–10 minutes before sampling, and corrected MIMIC availability pairs. Alternative PaO₂ bounds of 60–120 and 80–150 mmHg were descriptive fixed-rule reclassifications. Subtype and unmatched reference-group summaries were descriptive. These analyses estimated neither safe sampling intervals nor treatment effects, and no fairness evaluation was performed.
S6. Post hoc respiratory-support extension
Status and order. The extension was specified after the frozen analysis had been reported and after a descriptive FiO₂ coverage audit, and was locked before any extension model was fitted (v1.0 locked 07:47:57 UTC, 21 October 2026). Version 1.1 (locked 08:07:29 UTC, before fitting) changed only the ventilation-state rule, so that uninterpretable records (airway tubes, ventilator brands, 'Other') no longer masked earlier explicit evidence; the problem had been identified in an outcome-free vocabulary check (266 of 2,077 MIMIC history-eligible measurements affected, 203 recovered as documented ventilation). Fitting started at 08:29:52 UTC, all 12 models and thresholds were locked at 08:29:54 UTC, and evaluation started at 08:30:41 UTC; the events are hash-chained in the execution log. Coefficient-based probability replay and an independent bootstrap reimplementation agreed with the reported estimates within 10⁻¹².
Respiratory variables. FiO₂ came from MIMIC item 223835 and the eICU respiratoryCharting labels FiO2, FIO2 (%), Set Fraction of Inspired Oxygen (FIO2) and O2 Percentage; fractions 0.21–1 and percentages 21–100 were accepted, explicitly documented room air was assigned 0.21, and FiO₂ was never derived from oxygen flow. PEEP came from MIMIC items 220339 and 224700 and the eICU labels PEEP and PEEP/CPAP (0–100 cmH₂O). Records had to be observed and entered before the current draw, within 4 hours (6 hours in S1); simultaneous conflicting values were skipped in favour of the most recent non-conflicting time. Prior FiO₂ was anchored to the previously selected blood gas and had to be entered before the current draw.
Ventilation status. Positive evidence comprised active ventilator modes, BiPAP, CPAP or ventilator devices and eICU 'RT Vent On/Off' entries of Start or Continued. Evidence of no positive-pressure ventilation comprised room air, nasal cannula, oxygen masks, high-flow nasal oxygen, tracheostomy mask or T-piece and ventilator Off. Standby, suspended or ambient entries, simultaneous positive and negative evidence, and absent or expired evidence were classified as unknown; airway tubes and ventilator brands alone were neutral. Before fitting, 3,200 eICU history-eligible measurements had PEEP recorded, of which 2,238 had unknown status; review of all labels and texts in these windows identified no omitted explicit ventilation entries, so PEEP was not used to infer ventilation.
Missing data and models. FiO₂, PEEP, log(P/F/100) and FiO₂ change were imputed with training-fold medians and accompanied by missingness indicators; derived variables were computed from pre-imputation values, and PEEP was set to 0 only when no positive-pressure ventilation was documented. B+, B+H and C+ used 13, 18 and 22 features on identical rows, with the original estimator, regularisation grid, patient-grouped cross-validation and threshold rules. S2 required actual current and prior FiO₂, actual PEEP and determinate ventilation status and was refitted on complete-case MIMIC rows (training 583 pairs/344 patients; calibration 127/83; later era 203/109; eICU 732/249 in 25 hospitals, 722 with documented ventilation). S3 used same-draw blood-gas FiO₂ irrespective of entry time and was refitted on its own rows (MIMIC training 130/99; later era 13/12; eICU 3,979/1,290); it is a retrospective covariate adjustment, not pre-draw prediction.
Supplementary results tables
Table S1. Patient-level history availability and boundary-era cohort
	Patient group
	Patients
	Age, median [IQR]
	Female, n (%)
	Pairs

	MIMIC boundary; all
	88
	69.0 [61.8–78.0]
	43 (48.9)
	237

	MIMIC later era; ever history
	180
	64.0 [50.5–71.2]
	68 (37.8)
	622

	MIMIC later era; never history
	198
	66.0 [55.0–77.0]
	76 (38.4)
	208

	eICU; ever history
	1493
	63.0 [47.0–75.0]
	555 (37.2)
	6527

	eICU; never history
	880
	66.0 [52.8–79.0]
	383 (43.5)
	1204


Ever/never groups are mutually exclusive within a cohort and refer to whether a patient contributes at least one eligible-history measurement. Every included patient nevertheless has at least one measurement without eligible history. Complete training, calibration and subtype summaries are supplied in patient_baseline_full.csv. Representative-admission selection and its limitations are described in descriptive_methods_EN.txt. All included age values were present; two external patients had other/unknown sex.
Table S2. Measurement-level oxygen-reference distributions
	Partition; group
	Pairs
	Patients
	<80, n (%)
	80–120, n (%)
	>120, n (%)

	Training; all
	2611
	1288
	343 (13.1)
	896 (34.3)
	1372 (52.5)

	Training; history
	1243
	584
	175 (14.1)
	502 (40.4)
	566 (45.5)

	Training; no history
	1368
	1288
	168 (12.3)
	394 (28.8)
	806 (58.9)

	Calibration; all
	605
	316
	94 (15.5)
	212 (35.0)
	299 (49.4)

	Calibration; history
	271
	135
	44 (16.2)
	110 (40.6)
	117 (43.2)

	Calibration; no history
	334
	316
	50 (15.0)
	102 (30.5)
	182 (54.5)

	Later era; all
	830
	378
	131 (15.8)
	295 (35.5)
	404 (48.7)

	Later era; history
	423
	180
	68 (16.1)
	173 (40.9)
	182 (43.0)

	Later era; no history
	407
	378
	63 (15.5)
	122 (30.0)
	222 (54.5)

	Boundary; all
	237
	88
	48 (20.3)
	95 (40.1)
	94 (39.7)

	Boundary; history
	140
	47
	33 (23.6)
	51 (36.4)
	56 (40.0)

	Boundary; no history
	97
	88
	15 (15.5)
	44 (45.4)
	38 (39.2)

	eICU; all
	7731
	2373
	1708 (22.1)
	2730 (35.3)
	3293 (42.6)

	eICU; history
	4877
	1493
	1132 (23.2)
	1875 (38.4)
	1870 (38.3)

	eICU; no history
	2854
	2373
	576 (20.2)
	855 (30.0)
	1423 (49.9)


PaO₂ units are mmHg. Percentages use the row measurement count. Patient counts overlap between per-measurement history groups and must not be added. All oxygen values in these analysis pairs were nonmissing by construction; prior features are absent in no-history rows. Complete medians, IQRs, pairing gaps, ICU times and availability reasons are supplied in measurement_distributions.csv. These tables were completed after evaluation for reporting and did not change the frozen analysis.
Table S3. External class-specific score, discrimination and calibration
	Model
	PaO₂
	Brier component
	AUROC
	Calibration in the large
	Calibration slope

	P
	<80
	0.1642
	0.7318
	0.459
	0.858

	P
	80–120
	0.2257
	0.6363
	−0.084
	1.287

	P
	>120
	0.2021
	0.7432
	−0.202
	1.165

	B
	<80
	0.1395
	0.8528
	1.379
	0.927

	B
	80–120
	0.2372
	0.6242
	0.127
	0.484

	B
	>120
	0.1985
	0.8087
	−0.809
	1.063

	C
	<80
	0.1278
	0.8682
	1.112
	0.831

	C
	80–120
	0.2230
	0.6747
	0.092
	0.654

	C
	>120
	0.1780
	0.8361
	−0.673
	0.971


Each row uses all 4,877 matched external measurements. Class Brier components sum to the multiclass score. Calibration-in-the-large is a logistic offset intercept; joint recalibration slopes are reported separately. Zero and one are the corresponding ideal values. AUROCs and calibration coefficients are point estimates; confidence intervals for class Brier, sensitivity, specificity and positive predictive value are in class_metrics.csv. Frozen models were not externally recalibrated.
Table S4. Increment by prespecified historical blood-gas interval
	Evaluation set
	Prior interval, h
	Pairs / patients
	C−B (95% CI)

	MIMIC later era
	>0–6
	162 / 85
	−0.0256 (−0.0485 to −0.0040)

	MIMIC later era
	>6–12
	101 / 76
	−0.0350 (−0.0599 to −0.0094)

	MIMIC later era
	>12–24
	95 / 74
	−0.0138 (−0.0458 to 0.0195)

	MIMIC later era
	>24–72
	65 / 61
	−0.0071 (−0.0483 to 0.0338)

	eICU external
	>0–6
	2106 / 789
	−0.0548 (−0.0671 to −0.0419)

	eICU external
	>6–12
	1027 / 662
	−0.0319 (−0.0433 to −0.0208)

	eICU external
	>12–24
	1158 / 827
	−0.0434 (−0.0543 to −0.0320)

	eICU external
	>24–72
	586 / 541
	−0.0473 (−0.0606 to −0.0341)


Patients may appear in multiple interval strata. Negative differences favour C. Stratum intervals are descriptive and unadjusted for multiple comparisons. Blood-gas intervals reflect selected clinical testing and do not define a safe sampling frequency. The continuous counterpart appears in Figure S1.
Table S5. Pairing and record-availability sensitivity analyses
	Evaluation definition
	Pairs / patients
	C−B (95% CI)

	MIMIC pre-5 min
	197 / 112
	−0.0170 (−0.0398 to 0.0055)

	eICU pre-5 min
	4825 / 1488
	−0.0469 (−0.0544 to −0.0396)

	eICU 5–10 min before
	4790 / 1478
	−0.0458 (−0.0537 to −0.0387)

	MIMIC current record availability
	84 / 69
	−0.0506 (−0.0856 to −0.0183)

	MIMIC rebuilt record-available history
	30 / 25
	−0.0092 (−0.0415 to 0.0265)


The original fitted models were applied without retraining. Both MIMIC record-availability analyses shown here are later-era subsets. Current-only correction retains the original measurement-history set; the stricter analysis rebuilds history as well. These are different estimands and denominators. eICU monitor availability is an observation-time proxy, not an independently verified first-visible timestamp.
Table S6. External weighting and hospital context
	Weighting
	C−B (95% CI)

	pair-equal
	−0.0464 (−0.0536 to −0.0390)

	patient-equal
	−0.0398 (−0.0483 to −0.0320)

	hospital-equal
	−0.0313 (−0.0445 to −0.0177)


All comparisons retain the 4,877 history-eligible external measurements from 1,493 patients in 103 hospitals. Twenty-two hospitals have at least 20 eligible patients; the remaining 81 contribute 1,238 pairs from 405 patients. Four patients appear across hospitals. Leave-one-hospital-out mean contrasts range from −0.0479 to −0.0433. Figure S2 displays larger-centre estimates, and hospital_differences.csv retains the full hospital-level data. Overlapping coded subtype estimates are supplied in subtype_differences.csv; no subtype or hospital was removed because of its performance.
Table S7. Fixed-range description and availability bookkeeping
	Quantity
	MIMIC
	eICU

	All primary pairs with SpO₂ 94–98%, n
	1644
	2427

	Within that band, PaO₂ <80, n (%)
	328 (19.95)
	970 (39.97)

	Within that band, PaO₂ <60, n (%)
	23 (1.40)
	135 (5.56)

	All primary pairs without eligible history, n
	2206
	2854

	No chronological prior paired measurement, n
	2167
	2511

	Chronological prior pair exists but unavailable, n
	39
	343

	Original already-entered-current subset, pairs / patients
	551 / 423
	Not equivalent

	Corrected current selection on original history, pairs / patients
	565 / 433
	Not equivalent

	Strict rebuilt record-available history, pairs / patients
	257 / 195
	Not equivalent


The top three rows use all primary ABI pairs in the SpO₂ band, not the matched model-evaluation subset. MIMIC availability counts combine all calendar partitions; later-era counts are in Table S5. eICU lacks a corresponding independent monitor first-visible timestamp. Alternative PaO₂ threshold tabulations and no-detected-ABI-code comparisons are in reference_group_and_bounds_descriptions.csv. No statistical claim of ABI-specific instrument error is based on this unmatched reference group.
Table S8. Post hoc respiratory-support extension: matched scores and paired contrasts
	Analysis
	Evaluation set
	Pairs / patients
	Brier, B+ / B+H
	B+H−B+ (95% CI)
	C+−B+H (95% CI)

	Main, 4 h
	MIMIC later era
	423 / 180
	0.4723 / 0.4494
	−0.0229 (−0.0366 to −0.0094)
	−0.0013 (−0.0071 to 0.0046)

	Main, 4 h
	eICU external
	4,877 / 1,493
	0.5787 / 0.5301
	−0.0486 (−0.0556 to −0.0413)
	−0.0001 (−0.0019 to 0.0019)

	S1, 6 h
	MIMIC later era
	423 / 180
	0.4679 / 0.4471
	−0.0208 (−0.0333 to −0.0080)
	−0.0007 (−0.0080 to 0.0066)

	S1, 6 h
	eICU external
	4,877 / 1,493
	0.5756 / 0.5307
	−0.0449 (−0.0516 to −0.0382)
	0.0115 (0.0088 to 0.0145)

	S2, complete cases
	MIMIC later era
	203 / 109
	0.4624 / 0.4294
	−0.0330 (−0.0596 to −0.0085)
	0.0080 (−0.0077 to 0.0243)

	S2, complete cases
	eICU external
	732 / 249
	0.5196 / 0.5013
	−0.0183 (−0.0399 to 0.0034)
	−0.0052 (−0.0178 to 0.0061)

	S3, same-draw FiO₂
	MIMIC later era
	13 / 12
	0.5946 / 0.5537
	−0.0409 (−0.1175 to 0.0155)
	−0.0222 (−0.0625 to 0.0257)

	S3, same-draw FiO₂
	eICU external
	3,979 / 1,290
	0.5656 / 0.5444
	−0.0212 (−0.0277 to −0.0153)
	0.0049 (0.0012 to 0.0085)


Brier scores are sums of three squared class errors (range 0–2); negative differences favour the model with more information. B+, current information plus recorded FiO₂, PEEP and ventilation status; B+H, B+ plus the five original history features; C+, B+H plus prior P/F ratio and FiO₂ change. Intervals use 1,000 patient-cluster bootstrap replicates (seed 20261007) of locked predictions. S1, 6-hour window; S2, strict complete cases, refitted on complete-case rows; S3, same-draw blood-gas FiO₂ entered after the draw (retrospective adjustment). External patient-equal and hospital-equal B+H−B+ differences were −0.0426 (−0.0510 to −0.0345) and −0.0316 (−0.0459 to −0.0180); 21 of 22 larger eICU hospitals had negative point estimates, and leave-one-hospital-out estimates ranged from −0.0503 to −0.0453. No extension model passed the 5% error gate; all locked thresholds were null. Feature coverage, calibration, class metrics and selective-call results are in Additional file 2.
Supplementary figure legends
Figure S1. Historical-information age and incremental probability-classification performance.
The curves describe the per-measurement Brier loss difference C−B versus hours since the selected prior blood gas on a logarithmic time axis. Negative values favour model C. The descriptive restricted cubic spline used prespecified knots corresponding to 1, 6, 12 and 24 h on log(1+hours). Shading denotes 95% pointwise percentile bands from 1,000 patient-cluster bootstrap replicates. Cohorts contain 423 measurements from 180 patients (MIMIC later era) and 4,877 measurements from 1,493 patients (eICU). This characterization did not modify model predictions or determine a new time cutoff. The blood-gas sampling process was clinically selected; the curves do not establish a safe sampling interval or universal expiry time. 
Figure S2. Hospital-level variation in the historical-information increment.
Points show pair-weighted Brier differences C−B and 95% patient-cluster percentile intervals for eICU hospitals with at least 20 history-eligible patients; n labels denote patients, not measurements. Global patient resampling kept all of a patient's records together, including records across hospitals. Negative values favour C. Smaller hospitals remained in the overall analysis and were pooled for descriptive summaries rather than assigned unstable separate performance claims. The external matched comparison overall contains 4,877 measurements from 1,493 patients across 103 hospitals. Intervals are conditional on frozen models and the observed hospitals; they do not represent uncertainty from random sampling of a new hospital population. No multiplicity-adjusted hospital-specific efficacy claim is made.
Contents of Additional file 2
Additional file 2 provides model specifications and outcome ordering, the frozen protocol and model-lock hashes, analysis code, aggregate results, descriptive and figure source tables, source verification, and a TRIPOD+AI reporting map. Fitted model objects and complete reconstruction parameters are excluded from this public supplement; their access limitations are stated in the main manuscript. The map distinguishes reported, partially reported and unassessed items; it is not a certification of clinical validation. No individual-level prediction or derived patient record is included. Resource and reporting references are numbered as in the main manuscript; the primary citations appear there. The folder fio2_extension/ contains the v1.0 and v1.1 lock packages, the pre-fitting implementation snapshot, the hash-chained execution log, model and threshold lock hashes, and aggregate extension results; fitted extension models and complete coefficients are excluded for the same reason.
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