Development and quality assurance of Atlas.ti method for chart review
Manual coding: For each test, we conducted manual review of the first 10 records for each test from which the first key word search strings was developed (version 1). Independent double coding of each record was performed for each care process outcome, with adjudication of discrepancies by a third researcher and input from the Principal Investigator (MTS) as needed.
Thrombophilia example: Atlas.ti key word search strings, version 1

Test indication:  thrombosis|embolism|DVT|PE|stroke|CVA|TIA|heart attack|MI|*coag*

Test name: thrombo*|Factor V|FVL|APC|Prothrombin|F2|factor 2|G20210A|*coag*

Family history: family history|fm hx|FHX|family hx|FH|FMH|brother*|sister*|sibling*|mom|mother|dad|father|maternal|paternal|fam hx|family

Consent:Risk*|Benefit*|Limitation*|Consent*|Implication*|Discuss*|Counsel*|*agree*|understand*|sign*

Test results: neg*|pos|positive|normal|abnormal|detected|homo*|hetero*|carrier|nl|nml|abnl|abnml

Implications: Family|relatives|discuss*|counsel*|review*|educate*

Management: consult*|refer*|Thromb*|prothrombin|FVL|APC|G20210A|DVT|PE

Atlas.ti-assisted manual coding: For each test, we conducted an Atlas.ti-assisted manual review of the first half of all records (almost 300) using version 1 of the search strings. The coders expanded the search strings for each outcome of interest, as they identified additional relevant key words in each record (versions 2). We then combined codes for all pre-analytic phase outcomes and all post-analytic phase outcomes to hasten the coding process, with addition of a few key words for final refinement of the search strings (version 3). Independent double coding of each record was performed with adjudication of discrepancies by a third researcher and input from the Principal Investigator (MTS) when needed. 

Thrombophilia example: Atlas.ti key word search strings, version 2

Reason for test:  Thromb*|thromb*|THROMB*|embol*|DVT|dvt*|PE*|stroke|CVA|TIA*|cva|tia*|heart attack|MI|*coag*|retinal vein|Retinal vein|miscarriage*|SAB*|sab*|SAb*|pregnancy loss|Pregnancy loss|clot*|Clot*|stillbirth|Stillbirth|still birth|Still birth|infarct|Infarct|spontaneous abortion*|Spontaneous abortion*|*RVO|genet*|Genet*|Leiden|FVL|fvl leiden|LEIDEN

Test name: Thrombophilia||thrombophilia|FVL|fvl|Leiden|leiden|LEIDEN|APC|ACTIVATED PROTEIN C|activated protein C|apc|Prothrombin|prothrombin|F2|f2|factor 2|Factor II|G20210A|hypercoag*|Hypercoag*|anticoag*|Anticoag*|Factor V|factor v|factor 5*|F5*|f5*|clot* work*|clot* w/u|mutation|Genet*|genet*|coagulopathy|coagula*|PT Gene|PT gene|*coag* w*|Coag* w*

Family history:  family history|fm hx|FHX|fam*|FH*|FMH|brother*|sister*|sibling*|mom|mother|dad|father|maternal|paternal|FAM*|Father|Mother|Sister|Brother|Dad|Mom|aunt|uncle|grand*|Grand*|Aunt|Uncle|child*|Child*|Fam*|wife|F/H|f/h|cousin|Cousin|relative*|niece|nephew|Niece|Nephew|kid*|Kid*

Consent: Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|*agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*

Test results: neg*|pos|positive|normal|abnormal|detected|homo*|hetero*|carrier|nl|nml|abnl|abnml|Leiden|FVL|fvl leiden|LEIDEN|APC|ACTIVATED PROTEIN C|activated protein C|apc|F2|f2|factor 2|Factor II|G20210A|hypercoag*|Hypercoag*|anticoag*|Anticoag*|Factor*|factor*|F5*|f5*|

Implications: family|relatives|discuss*|counsel*|review*|educate*|rule*|thromboph*|Factor V|Prothr*|FV*|risk factor*|mutation| FVL|fvl|Leiden|leiden|LEIDEN|APC|ACTIVATED PROTEIN C|activated protein C|apc|Prothrombin|prothrombin|F2|factor 2|Factor II|G20210A|Factor V|factor v|factor 5|risk|not due to|heteroz*|homoz*|consistent with|suggestive of|chance|thrombo* work up|likelihood|hered*|acquired|hypercoag*

Management: Consult*|consult*|Refer*|refer*|Thromb*|*thromb*|Factor*|factor*|f5*|F5*|FVL|fvl|APC|apc|G20210A|DVT|dvt|PE|embol*|Embol*|Coumadin|coumadin|Lovenox|lovenox|filter|*coag*|Warfarin|warfarin|hem*|Hem*|Monitor|monitor|Begin|begin|Continue|continue|Genet*|genet*|f/u|F/U

Thrombophilia example: Atlas.ti key word search strings, version 3

Pre-analytic phase:  family history|fm hx|FHX|fam*|FH*|FMH|brother*|sister*|sibling*|mom|mother|dad|father|maternal|paternal|FAM*|Father|Mother|Sister|Brother|Dad|Mom|aunt|uncle|grand*|Grand*|Aunt|Uncle|child*|Child*|Fam*|wife|F/H|f/h|cousin|Cousin|relative*|niece|nephew|Niece|Nephew|kid*|Kid*|Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|*agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*|Thromb*|*thromb*|THROMB*|embol*|DVT|dvt*|PE*|stroke|CVA|TIA*|cva|tia*|heart attack|MI|*coag*|retinal vein|Retinal vein|miscarriage*|SAB*|sab*|SAb*|pregnancy loss|Pregnancy loss|clot*|Clot*|stillbirth|Stillbirth|still birth|Still birth|infarct|Infarct|spontaneous abortion*|Spontaneous abortion*|*RVO|genet*|Leiden|FVL|fvl leiden|LEIDEN|APC|ACTIVATED PROTEIN C|activated protein C|apc|F2|f2|factor 2|Factor II|G20210A|hypercoag*|Hypercoag*|anticoag*|Anticoag*|Factor*|factor*|F5*|f5*|clot* work*|clot* w/u|mutation|Genet*|genet*|coagulopathy|coagula*|PT Gene|PT gene|*coag* w*|Coag* w*

Post-analytic phase: family|relatives|discuss*|counsel*|review*|educate*|rule*|Prothr*|FV*|risk factor*|mutation| FVL|fv*|Leiden|leiden|LEIDEN|APC|ACTIVATED PROTEIN C|activated protein C|apc|F2|factor 2|Factor II|G20210A|Factor V|factor v|factor 5|risk|not due to|due to|heteroz*|homoz*|consistent with|suggestive of|chance|thrombo* work up|likelihood|hered*|acquired|hypercoag*|Consult*|consult*|Refer*|refer*|Thromb*|*thromb*|Factor*|factor*|f5*|F5*|APC|apc|DVT|dvt|PE|embol*|Embol*|Coumadin|coumadin|Lovenox|lovenox|filter|*coag*|Warfarin|warfarin|hem*|Hem*|Monitor|monitor|Begin|begin|Continue|continue|Genet*|genet*|f/u|F/U

Atlas.ti-directed manual coding: For each test, we combined the pre- and post-analytic search strings, truncated key words (i.e., fam* instead of family) and removed redundancies across the outcomes of interest (version 4). We applied the expanded key word search strings to the remainder of the records without any further additions. Independent double coding of each record was performed with adjudication of discrepancies by a third researcher and input from the Principal Investigator (MTS) when needed. 

Thrombophilia example: Atlas.ti key word search strings, version 4

fm hx|FHX|fam*|Fam*|FAM*|FH|FMH|brother*|Brother*|sister*|Sister*|sibling*|Sibling*|mom|Mom|mother|Mother|dad|Dad|father|Father|maternal|paternal|aunt*|Aunt*|uncle*|Uncle*|grand*|Grand*|child*|Child*|kid*|Kid*|son*|Son*|daughter*|Daughter*|wife|F/H|f/h|cousin*|Cousin*|relative*|niece*|Niece*|nephew*|Nephew*|Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*|Continue*|continue*|Monitor|monitor|Begin|begin|f/u|F/U|rule*|Rule*|r/o|R/O|pending|review*|probab*|secondary to|2/2|consistent with|suggestive of|unspecific|chance|likelihood|consult*|Consult*|Refer*|refer*|pending|heteroz*|Heteroz*|homoz*|Homoz*|mutation|penetran*|related to|neg* w* up|pos* w* up|not detected|Not detected|not due to|due to|acquired|Thromb*|*thromb*|THROMB*|embol*|DVT*|dvt*|PE*|stroke|CVA|TIA*|cva|tia*|heart attack|MI|*coag*|retinal vein|Retinal vein|miscarriage*|SAB*|sab*|SAb*|pregnancy loss|Pregnancy loss|clot*|Clot*|stillbirth|Stillbirth|still birth|Still birth|infarct|Infarct|spontaneous abortion*|Spontaneous abortion*|*RVO|Leiden|FV*|fv*|leiden|LEIDEN|APC|apc|ACTIVATED PROTEIN C|activated protein C|F2|f2|factor 2|Factor II|G20210A|hypercoag*|Hypercoag*|anticoag*|Anticoag*|Factor*|factor*|F5*|f5*|clot* work*|clot* w/u|mutation|coagulopathy|coagula*|PT Gene|PT gene|Prothr*|mutation|fv*|Embol*|Coumadin|coumadin|Lovenox|lovenox|filter|Warfarin|warfarin|hem*|Hem*

Quality assurance of the coding process: For each test, to assure consistency in coding across records, we applied version 4 of the key word search strings to the first 30 records that had only manual review with version 1. We found 46 additional codes for 25 records, with the greatest number of additions for documentation of family history (n=10), implications (n=12) and management (n=20). We then applied version 4 of the key word search strings to about 10% of the first half of the records, and additions in coding made in a small number of records, which provided reassurance that we had developed comprehensive codes and had applied the codes consistently. For each coded record throughout the coding process, independent double coding of each record was performed with adjudication of discrepancies by a third researcher and input from the Principal Investigator (MTS) when needed. 

Key word search strings, version 4, for each genetic test
Note: these codes may not reflect documentation in other health care settings by other healthcare providers due to differences in culture, language and practice. 
HFE

fm hx|FHX|fam*|Fam*|FAM*|FH|FMH|brother*|Brother*|sister*|Sister*|sibling*|Sibling*|mom|Mom|mother|Mother|dad|Dad|father|Father|maternal|paternal|aunt*|Aunt*|uncle*|Uncle*|grand*|Grand*|child*|Child*|kid*|Kid*|son*|Son*|daughter*|Daughter*|wife|F/H|f/h|cousin*|Cousin*|relative*|niece*|Niece*|nephew*|Nephew*|Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*|Continue*|continue*|Monitor|monitor|Begin|begin|f/u|F/U|rule*|Rule*|r/o|R/O|pending|review*|probab*|secondary to|2/2|consistent with|suggestive of|unspecific|chance|likelihood|consult*|Consult*|Refer*|refer*|pending|heteroz*|Heteroz*|homoz*|Homoz*|mutation|penetran*|related to|neg* w* up|pos* w* up|not detected|Not detected|not due to|due to|iron|Iron|hepatitis|Hepatitis|transamin*|Transamin*|Ferritin|ferritin|Transferrin|transferrin|diabet*|cardiomyopathy|arthritis|fatigue|LFT*|liver|DM|HCM|RA|fatty|hem*|Hem*|Liver|liver|cirrhosis|Cirrhosis|lft*|AST|ALT|HHC|diabet*|arthritis|*282*|H63D|S65C|HFE work up|HFE|hfe|iron|GI|phleb*|echo|EtOH|etoh|alcohol|f/u|F/U

Thrombophilia panel

fm hx|FHX|fam*|Fam*|FAM*|FH|FMH|brother*|Brother*|sister*|Sister*|sibling*|Sibling*|mom|Mom|mother|Mother|dad|Dad|father|Father|maternal|paternal|aunt*|Aunt*|uncle*|Uncle*|grand*|Grand*|child*|Child*|kid*|Kid*|son*|Son*|daughter*|Daughter*|wife|F/H|f/h|cousin*|Cousin*|relative*|niece*|Niece*|nephew*|Nephew*|Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*|Continue*|continue*|Monitor|monitor|Begin|begin|f/u|F/U|rule*|Rule*|r/o|R/O|pending|review*|probab*|secondary to|2/2|consistent with|suggestive of|unspecific|chance|likelihood|consult*|Consult*|Refer*|refer*|pending|heteroz*|Heteroz*|homoz*|Homoz*|mutation|penetran*|related to|neg* w* up|pos* w* up|not detected|Not detected|not due to|due to|acquired|Thromb*|*thromb*|THROMB*|embol*|DVT*|dvt*|PE*|stroke|CVA|TIA*|cva|tia*|heart attack|MI|*coag*|retinal vein|Retinal vein|miscarriage*|SAB*|sab*|SAb*|pregnancy loss|Pregnancy loss|clot*|Clot*|stillbirth|Stillbirth|still birth|Still birth|infarct|Infarct|spontaneous abortion*|Spontaneous abortion*|*RVO|Leiden|FV*|fv*|leiden|LEIDEN|APC|apc|ACTIVATED PROTEIN C|activated protein C|F2|f2|factor 2|Factor II|G20210A|hypercoag*|Hypercoag*|anticoag*|Anticoag*|Factor*|factor*|F5*|f5*|clot* work*|clot* w/u|mutation|coagulopathy|coagula*|PT Gene|PT gene|Prothr*|mutation|fv*|Embol*|Coumadin|coumadin|Lovenox|lovenox|filter|Warfarin|warfarin|hem*|Hem*

HLA
fm hx|FHX|fam*|Fam*|FAM*|FH|FMH|brother*|Brother*|sister*|Sister*|sibling*|Sibling*|mom|Mom|mother|Mother|dad|Dad|father|Father|maternal|paternal|aunt*|Aunt*|uncle*|Uncle*|grand*|Grand*|child*|Child*|kid*|Kid*|son*|Son*|daughter*|Daughter*|wife|F/H|f/h|cousin*|Cousin*|relative*|niece*|Niece*|nephew*|Nephew*|Risk*|risk*|Benefit*|benefit*|Limitation*|limitation*|Consent*|consent*|Implication*|implication*|Discuss*|discuss*|Counsel*|counsel*|agree*|Agree*|understand*|desires|accept*|ACCEPT*|Accept*|d/w|D/w|D/W|participate*|Participate*|educate*|Educate*|inheritance|genet*|Genet*|Continue*|continue*|Monitor|monitor|Begin|begin|f/u|F/U|rule*|Rule*|r/o|R/O|pending|review*|probab*|secondary to|2/2|consistent with|suggestive of|unspecific|chance|likelihood|consult*|Consult*|Refer*|refer*|pending|heteroz*|Heteroz*|homoz*|Homoz*|mutation|penetran*|related to|neg* w* up|pos* w* up|not detected|Not detected|not due to|due to|inflammatory|spondylo*|back pain*|uveitis|arthritis|seronegative|sero-neg|LBP|lbp|Crohn*|Reiter*|iritis|Iritis|DJD|djd|autoimm|psoria*|Psoria*|lower back|AAU|b27|B27|B-27|b-27|B 27|b 27|fibro-myalgia|Fibro-myalgia|fibromyalgia|Fibromyalgia|hip pain|Hip pain|dactylitis|joint pain*|Joint pain*|sacroili*|ANA+|ANCA+|HLA|hla|spondyl*|Spondyl*|rheum*|Rheum*|arthrop*|ankyl*|Ankyl*|TNF|injection|pain clinic|SI j*|Ophth*|ophth*|MTX|AAU|steroid*

(If no terms are found, search for AS alone and/or RA alone.)
