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This supplement provides the cohort definition, frozen preprocessing parameters, stability results and executable reproducibility details used in the revised manuscript.
	Supplementary Table S1a. Cohort construction audit in MIMIC-IV
metric
	value

	pneumonia_icd_codes
	157

	pneumonia_hadm
	43092

	adult_first_icu_los_ge_24h
	16933

	hospital_deaths_in_cohort
	3687

	median_los_icu
	4.21

	(5 rows)
	



	Supplementary Table S2a. MIMIC-derived imputation and standardization parameters
Variable
	Median used for imputation
	Mean used for standardization
	SD used for standardization

	wbc
	13.2
	15.138224177641257
	11.356270252820897

	hemoglobin
	9.8
	9.924608752140795
	2.293592791048971

	platelet
	183
	199.95240063780784
	114.5249036561921

	pt
	14.6
	18.081999645662314
	12.369916883223244

	aptt
	33
	43.83880588200549
	29.525310137823524

	bun
	25
	33.232977027106834
	25.581943935476147

	creatinine
	1.2
	1.7245201677198463
	1.8317835818182

	sodium
	137
	136.71151006909585
	5.8547347616032575

	potassium
	4.5
	4.661329947439912
	0.9104973177090485

	chloride
	101
	100.77623575267229
	7.0440933384445525

	calcium
	8.1
	8.072556546388753
	0.8798159635074103



Supplementary Table S3. Candidate variable missingness audit in MIMIC-IV
	variable
	missing
	missing_pct

	age
	0
	0.0

	apsiii
	0
	0.0

	gender
	0
	0.0

	sofa
	0
	0.0

	bun
	101
	0.6

	chloride
	107
	0.6

	creatinine
	98
	0.6

	hemoglobin
	109
	0.6

	platelets
	109
	0.6

	potassium
	108
	0.6

	sodium
	107
	0.6

	wbc
	112
	0.7

	calcium
	350
	2.1

	pt
	1458
	8.6

	ptt
	1562
	9.2

	lactate
	4930
	29.1

	lymphocytes
	4983
	29.4

	neutrophils
	4991
	29.5

	ast
	5005
	29.6

	alt
	5112
	30.2

	bilirubin_total
	5173
	30.5

	albumin
	7824
	46.2

	ckmb
	11237
	66.4

	troponin_t
	12042
	71.1

	fibrinogen
	12662
	74.8

	ntprobnp
	15901
	93.9

	crp
	16234
	95.9

	d_dimer
	16380
	96.7

	(28 rows)
	
	



	Supplementary Table S4a. Bootstrap stability summary
metric
	mean
	q025
	median
	q975

	pct1
	71.290
	34.093
	73.300
	76.052

	pct2
	3.138
	0.500
	0.600
	52.187

	pct3
	25.568
	23.195
	26.000
	27.652

	mort1
	17.701
	15.845
	17.800
	18.605

	mort2
	17.516
	10.790
	17.250
	26.455

	mort3
	33.116
	31.547
	33.300
	34.805

	crrt1
	2.787
	2.348
	2.700
	3.252

	crrt2
	5.499
	1.580
	5.400
	11.052

	crrt3
	19.230
	17.500
	19.350
	21.157

	d_center1
	1.192
	0.687
	0.716
	9.017

	d_center2
	16.451
	1.646
	17.093
	17.254

	d_center3
	1.277
	1.047
	1.135
	1.211

	mortality_gradient
	0.450
	
	
	

	crrt_gradient
	0.850
	
	
	

	highrisk_highest_mort
	0.990
	
	
	

	highrisk_highest_crrt
	0.990
	
	
	



Supplementary Table S1b. Complete pneumonia-related ICD-9/10 code list
	ICD code
	Version
	Diagnosis description

	00322 
	9
	Salmonella pneumonia

	01160 
	9
	Tuberculous pneumonia [any form], unspecified

	01161 
	9
	Tuberculous pneumonia [any form], bacteriological or histological examination not done

	01162 
	9
	Tuberculous pneumonia [any form], bacteriological or histological examination unknown (at present)

	01163 
	9
	Tuberculous pneumonia [any form], tubercle bacilli found (in sputum) by microscopy

	01164 
	9
	Tuberculous pneumonia [any form], tubercle bacilli not found (in sputum) by microscopy, but found by bacterial culture

	01165 
	9
	Tuberculous pneumonia [any form], tubercle bacilli not found by bacteriological examination, but tuberculosis confirmed histologically

	01166 
	9
	Tuberculous pneumonia [any form], tubercle bacilli not found by bacteriological or histological examination, but tuberculosis confirmed by other methods [inoculation of animals]

	0382 
	9
	Pneumococcal septicemia [Streptococcus pneumoniae septicemia]

	0551 
	9
	Postmeasles pneumonia

	0730 
	9
	Ornithosis with pneumonia

	11505 
	9
	Infection by Histoplasma capsulatum, pneumonia

	11515 
	9
	Infection by Histoplasma duboisii, pneumonia

	11595 
	9
	Histoplasmosis, unspecified, pneumonia

	4800 
	9
	Pneumonia due to adenovirus

	4801 
	9
	Pneumonia due to respiratory syncytial virus

	4802 
	9
	Pneumonia due to parainfluenza virus

	4803 
	9
	Pneumonia due to SARS-associated coronavirus

	4808 
	9
	Pneumonia due to other virus not elsewhere classified

	4809 
	9
	Viral pneumonia, unspecified

	481 
	9
	Pneumococcal pneumonia [Streptococcus pneumoniae pneumonia]

	4820 
	9
	Pneumonia due to Klebsiella pneumoniae

	4821 
	9
	Pneumonia due to Pseudomonas

	4822 
	9
	Pneumonia due to Hemophilus influenzae [H. influenzae]

	48230 
	9
	Pneumonia due to Streptococcus, unspecified

	48231 
	9
	Pneumonia due to Streptococcus, group A

	48232 
	9
	Pneumonia due to Streptococcus, group B

	48239 
	9
	Pneumonia due to other Streptococcus

	48240 
	9
	Pneumonia due to Staphylococcus, unspecified

	48241 
	9
	Methicillin susceptible pneumonia due to Staphylococcus aureus

	48242 
	9
	Methicillin resistant pneumonia due to Staphylococcus aureus

	48249 
	9
	Other Staphylococcus pneumonia

	48281 
	9
	Pneumonia due to anaerobes

	48282 
	9
	Pneumonia due to escherichia coli [E. coli]

	48283 
	9
	Pneumonia due to other gram-negative bacteria

	48284 
	9
	Pneumonia due to Legionnaires' disease

	48289 
	9
	Pneumonia due to other specified bacteria

	4829 
	9
	Bacterial pneumonia, unspecified

	4830 
	9
	Pneumonia due to mycoplasma pneumoniae

	4831 
	9
	Pneumonia due to chlamydia

	4838 
	9
	Pneumonia due to other specified organism

	4841 
	9
	Pneumonia in cytomegalic inclusion disease

	4843 
	9
	Pneumonia in whooping cough

	4845 
	9
	Pneumonia in anthrax

	4846 
	9
	Pneumonia in aspergillosis

	4847 
	9
	Pneumonia in other systemic mycoses

	4848 
	9
	Pneumonia in other infectious diseases classified elsewhere

	485 
	9
	Bronchopneumonia, organism unspecified

	486 
	9
	Pneumonia, organism unspecified

	4870 
	9
	Influenza with pneumonia

	48801 
	9
	Influenza due to identified avian influenza virus with pneumonia

	48811 
	9
	Influenza due to identified 2009 H1N1 influenza virus with pneumonia

	48881 
	9
	Influenza due to identified novel influenza A virus with pneumonia

	5070 
	9
	Pneumonitis due to inhalation of food or vomitus

	5071 
	9
	Pneumonitis due to inhalation of oils and essences

	51630 
	9
	Idiopathic interstitial pneumonia, not otherwise specified

	51635 
	9
	Idiopathic lymphoid interstitial pneumonia

	51636 
	9
	Cryptogenic organizing pneumonia

	51637 
	9
	Desquamative interstitial pneumonia

	5171 
	9
	Rheumatic pneumonia

	7700 
	9
	Congenital pneumonia

	99731 
	9
	Ventilator associated pneumonia

	99732 
	9
	Postprocedural aspiration pneumonia

	V0382 
	9
	Other specified vaccinations against streptococcus pneumoniae [pneumococcus]

	V066 
	9
	Need for prophylactic vaccination and inoculation against streptococcus pneumoniae [pneumococcus] and influenza

	V1261 
	9
	Personal history of pneumonia (recurrent)

	A0103 
	10
	Typhoid pneumonia

	A0222 
	10
	Salmonella pneumonia

	A3700 
	10
	Whooping cough due to Bordetella pertussis without pneumonia

	A3701 
	10
	Whooping cough due to Bordetella pertussis with pneumonia

	A3710 
	10
	Whooping cough due to Bordetella parapertussis without pneumonia

	A3711 
	10
	Whooping cough due to Bordetella parapertussis with pneumonia

	A3780 
	10
	Whooping cough due to other Bordetella species without pneumonia

	A3781 
	10
	Whooping cough due to other Bordetella species with pneumonia

	A3790 
	10
	Whooping cough, unspecified species without pneumonia

	A3791 
	10
	Whooping cough, unspecified species with pneumonia

	A403 
	10
	Sepsis due to Streptococcus pneumoniae

	A5004 
	10
	Early congenital syphilitic pneumonia

	A5484 
	10
	Gonococcal pneumonia

	B012 
	10
	Varicella pneumonia

	B052 
	10
	Measles complicated by pneumonia

	B0681 
	10
	Rubella pneumonia

	B7781 
	10
	Ascariasis pneumonia

	B953 
	10
	Streptococcus pneumoniae as the cause of diseases classified elsewhere

	B960 
	10
	Mycoplasma pneumoniae [M. pneumoniae] as the cause of diseases classified elsewhere

	B961 
	10
	Klebsiella pneumoniae [K. pneumoniae] as the cause of diseases classified elsewhere

	J09X1 
	10
	Influenza due to identified novel influenza A virus with pneumonia

	J100 
	10
	Influenza due to other identified influenza virus with pneumonia

	J1000 
	10
	Influenza due to other identified influenza virus with unspecified type of pneumonia

	J1001 
	10
	Influenza due to other identified influenza virus with the same other identified influenza virus pneumonia

	J1008 
	10
	Influenza due to other identified influenza virus with other specified pneumonia

	J110 
	10
	Influenza due to unidentified influenza virus with pneumonia

	J1100 
	10
	Influenza due to unidentified influenza virus with unspecified type of pneumonia

	J1108 
	10
	Influenza due to unidentified influenza virus with specified pneumonia

	J12 
	10
	Viral pneumonia, not elsewhere classified

	J120 
	10
	Adenoviral pneumonia

	J121 
	10
	Respiratory syncytial virus pneumonia

	J122 
	10
	Parainfluenza virus pneumonia

	J123 
	10
	Human metapneumovirus pneumonia

	J128 
	10
	Other viral pneumonia

	J1281 
	10
	Pneumonia due to SARS-associated coronavirus

	J1282 
	10
	Pneumonia due to coronavirus disease 2019

	J1289 
	10
	Other viral pneumonia

	J129 
	10
	Viral pneumonia, unspecified

	J13 
	10
	Pneumonia due to Streptococcus pneumoniae

	J14 
	10
	Pneumonia due to Hemophilus influenzae

	J15 
	10
	Bacterial pneumonia, not elsewhere classified

	J150 
	10
	Pneumonia due to Klebsiella pneumoniae

	J151 
	10
	Pneumonia due to Pseudomonas

	J152 
	10
	Pneumonia due to staphylococcus

	J1520 
	10
	Pneumonia due to staphylococcus, unspecified

	J1521 
	10
	Pneumonia due to staphylococcus aureus

	J15211 
	10
	Pneumonia due to Methicillin susceptible Staphylococcus aureus

	J15212 
	10
	Pneumonia due to Methicillin resistant Staphylococcus aureus

	J1529 
	10
	Pneumonia due to other staphylococcus

	J153 
	10
	Pneumonia due to streptococcus, group B

	J154 
	10
	Pneumonia due to other streptococci

	J155 
	10
	Pneumonia due to Escherichia coli

	J156 
	10
	Pneumonia due to other Gram-negative bacteria

	J157 
	10
	Pneumonia due to Mycoplasma pneumoniae

	J158 
	10
	Pneumonia due to other specified bacteria

	J159 
	10
	Unspecified bacterial pneumonia

	J16 
	10
	Pneumonia due to other infectious organisms, not elsewhere classified

	J160 
	10
	Chlamydial pneumonia

	J168 
	10
	Pneumonia due to other specified infectious organisms

	J17 
	10
	Pneumonia in diseases classified elsewhere

	J18 
	10
	Pneumonia, unspecified organism

	J180 
	10
	Bronchopneumonia, unspecified organism

	J181 
	10
	Lobar pneumonia, unspecified organism

	J182 
	10
	Hypostatic pneumonia, unspecified organism

	J188 
	10
	Other pneumonia, unspecified organism

	J189 
	10
	Pneumonia, unspecified organism

	J200 
	10
	Acute bronchitis due to Mycoplasma pneumoniae

	J690 
	10
	Pneumonitis due to inhalation of food and vomit

	J691 
	10
	Pneumonitis due to inhalation of oils and essences

	J698 
	10
	Pneumonitis due to inhalation of other solids and liquids

	J8281 
	10
	Chronic eosinophilic pneumonia

	J8282 
	10
	Acute eosinophilic pneumonia

	J8411 
	10
	Idiopathic interstitial pneumonia

	J84111 
	10
	Idiopathic interstitial pneumonia, not otherwise specified

	J84116 
	10
	Cryptogenic organizing pneumonia

	J84117 
	10
	Desquamative interstitial pneumonia

	J842 
	10
	Lymphoid interstitial pneumonia

	J851 
	10
	Abscess of lung with pneumonia

	J852 
	10
	Abscess of lung without pneumonia

	J95851 
	10
	Ventilator associated pneumonia

	P23 
	10
	Congenital pneumonia

	P230 
	10
	Congenital pneumonia due to viral agent

	P231 
	10
	Congenital pneumonia due to Chlamydia

	P232 
	10
	Congenital pneumonia due to staphylococcus

	P233 
	10
	Congenital pneumonia due to streptococcus, group B

	P234 
	10
	Congenital pneumonia due to Escherichia coli

	P235 
	10
	Congenital pneumonia due to Pseudomonas

	P236 
	10
	Congenital pneumonia due to other bacterial agents

	P238 
	10
	Congenital pneumonia due to other organisms

	P239 
	10
	Congenital pneumonia, unspecified

	Z8701 
	10
	Personal history of pneumonia (recurrent)



Supplementary Table S2b. Standardized phenotype centroids used for fixed-centroid assignment
	Variable
	Phenotype 1 z
	Phenotype 2 z
	Phenotype 3 z

	wbc
	-0.043238
	-0.083502
	0.278304

	hemoglobin
	0.516666
	-0.410506
	-0.442270

	platelet
	0.427603
	-0.426759
	-0.187878

	pt
	-0.235131
	-0.010246
	0.604734

	aptt
	-0.248313
	0.081177
	0.450287

	bun
	-0.423507
	-0.092151
	1.240103

	creatinine
	-0.345582
	-0.166807
	1.199485

	sodium
	-0.109507
	0.503593
	-0.759162

	potassium
	-0.162684
	-0.239629
	0.894497

	chloride
	-0.235091
	0.680144
	-0.808838

	calcium
	0.391086
	-0.400749
	-0.150471



Supplementary Table S4b. Repeated-initialization sensitivity
	Metric
	Result

	Independent multistart batches
	30

	k-means++ initializations per batch
	20

	Minimum adjusted Rand index vs reference
	0.993

	Median adjusted Rand index vs reference
	0.993

	Batches with adjusted Rand index >=0.90
	30/30



Supplementary Methods. Reproducible cohort and phenotype assignment
Pneumonia-related hospitalizations were identified by linking diagnoses_icd to d_icd_diagnoses and selecting diagnosis descriptions containing "pneumonia" or "pneumonitis due to inhalation". Adult records with first_icu_stay=true and ICU length of stay of at least 24 hours in icustay_detail formed the derivation cohort. First-day adverse laboratory values were WBC maximum, hemoglobin minimum, platelet minimum, PT maximum, APTT maximum, BUN maximum, creatinine maximum, sodium minimum, potassium maximum, chloride minimum and calcium minimum. Missing values were replaced with MIMIC medians, after which all variables were standardized using frozen MIMIC means and sample standard deviations. Candidate k values from 2 to 6 were compared. The exploratory k=3 solution retained the lowest within-cluster sum of squares across 20 k-means++ initializations. Thirty independent multistart batches assessed initialization sensitivity. Local observations were transformed with the frozen MIMIC parameters and assigned to the nearest frozen centroid in standardized Euclidean space; local data were not re-clustered and local outcomes were not used for assignment. In MIMIC-IV, CRRT was defined by at least one derived CRRT record with system_active=1 or a non-empty crrt_mode; RRT was defined by dialysis_present=1 in the derived RRT table.
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Median
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wbc

13.2

15.138224177641257

11.356270252820897

hemoglobin

9.8

9.924608752140795
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platelet

183
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pt
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bun
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sodium
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chloride

101

100.77623575267229

7.0440933384445525

calcium

8.1

8.072556546388753
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