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Abstract

Study design Retrospective cohort study.

Objectives The goal of this study was to assess the impact of multidrug resistant gram-negative organisms (MDRGNOs) on
outcomes in those with SCI/D.

Setting VA SCI System of Care, Department of Veterans Affairs, United States.

Methods Multidrug resistance (MDR) was defined as being non-susceptible to >1 antibiotic in >3 antibiotic classes.
Multivariable cluster-adjusted regression models were fit to assess the association of MDRGNOs with 1-year mortality,
30-day readmission, and postculture length of stay (LOS) stratified by case setting patients. Only the first culture per patient
during the study period was included.

Results A total of 8,681 individuals with SCI/D had a culture with gram-negative bacteria during the study period, of
which 33.0% had a MDRGNO. Overall, 954 (10.9%) died within 1 year of culture date. Poisson regression showed that
MDR was associated with 1-year mortality among outpatients (IRR: 1.28, 95% CI, 1.06-1.54) and long-term care
patients (OR: 2.06, 95% CI, 1.28-3.31). MDR significantly impacted postculture LOS in inpatients, as evidenced by a
10% longer LOS in MDR vs. non-MDR (IRR: 1.10, 95% CI, 1.02—-1.19). MDR was not associated with increased 30-day
readmission.

Conclusions MDRGNOs are prevalent in SCI/D and MDR may result in poor outcomes. Further attention to prevention of
infections, antibiotic stewardship, and management are warranted in this population.
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Introduction

The Centers of Disease Control and Prevention (CDC) esti-
mate approximately two million illnesses and 23,000 deaths
are caused by antibiotic resistant bacteria every year [1].
Specifically, multidrug resistant gram-negative organisms
(MDRGNOs) have been a growing concern in healthcare and
community settings [1]. These are particularly worrisome as
MDRGNO:s are often resistant to nearly all commonly used
antibiotics. Gram-negative bacteria are frequently implicated
in the most serious healthcare-associated infections (HAISs),
with the common pathogens being Enterobacteriaceae,
Pseudomonas aeruginosa, and Acinetobacter [1, 2].

Individuals with spinal cord injury or disorder (SCI/D)
are at particularly high risk for infections due to frequent
contact with the healthcare system, use of invasive medical
devices, and antibiotic use [3-5]. Infections have been
noted as a predictor of mortality and re-hospitalizations in
individuals with SCI/D [6, 7]. In addition, previous research
has found that individuals with SCI who have a hospital-
acquired infection (HAI) have lowered survival [8].

Infections with MDRGNOs are associated with increased
morbidity and mortality in general patient populations [9].
Gram-negative organisms are highly prevalent in indivi-
duals with SCI/D [10, 11], with increasing resistance over
time [10]. Healthcare exposures, older age, exposure to
antibiotics such as fluoroquinolones, carbapenems, cepha-
losporins, and sulfonamides, and comorbidities have been
associated with MDRGNOs in those with SCI/D [10-13].
Furthermore, Fitzpatrick et al. found that although there
were no differences in mortality rate, individuals with
SCI/D colonized or infected with extended-spectrum
B-lactamase (ESBL) bacteria had a longer postculture
length of stay (LOS) than those with non-ESBL bacteria [5].
Additional research, focusing on MDR Acinetobacter in
those with SCI/D did find increased risk of 30-day mortality
in those with MDR cultures [13].

Therefore, the objective of this study was to assess
the association between MDRGNOs and 1-year mortality,
30-day readmission, and postculture LOS in individuals
with SCI/D stratified by case setting [inpatient, outpatient,
long-term care (LTC)].

Methods
Study design, setting, and population

This was a retrospective cohort study of national Veterans
Affairs (VA) medical encounter, microbiology, and phar-
macy data from all 142 VA facilities. The first year of data
(January 1, 2011 to December 31, 2011) was utilized to
determine exposure for risk factors, and all microbiology

culture data and analyses were based on the final 2 years of
data collected January 1, 2012 to December 31, 2013.
Veterans with SCI/D seen at a VA medical center during the
study period were included. Veterans with multiple sclero-
sis and amyotrophic lateral sclerosis were excluded as these
conditions are not associated with stable nonprogressive
spinal cord neurological deficits and therefore not the focus
of the VA SCI/D system of care.

Data sources and definitions

Several national VA datasets were utilized for this study.
Patient demographics, healthcare utilization, facility
information, microbiology, and pharmacy data were
obtained from the VA Corporate Data Warehouse (CDW).
The CDW is a national repository that is updated daily and
includes clinical and administrative data from the Veterans
Health Administration (VHA). The VA Vital Status File
contains dates of death combined from the Veterans Ben-
efits Administration Beneficiary Identification and Records
Location System death file, the VA Medicare Vital Status
File, and the Social Security Administration Death Master
File, and was used to obtain mortality data. SCI/D char-
acteristics were collected from the VA SCD registry which
is a national database that contains spinal cord injury
information derived from patient registries.

Demographic data (age, sex, race/ethnicity, and comor-
bidities) were identified 1 year prior to and during the visit or
admission the culture was identified. Specimen type was
categorized into blood, urine, sputum, and other (wound,
tissue, body fluid, and bone cultures). ICD-9 codes from the
Deyo-Charlson co-morbidity index [14], including pressure
ulcer which is a common condition in SCI/D individuals,
were used to identify comorbidities. Duration of SCI was
categorized between 0—10 years, 11-20 years, and 21+ years.
Healthcare exposure was defined as exposures in the previous
90 days prior to culture date (long-term care, intensive care
unit stay, surgery, mechanical ventilation, and previous
healthcare admission). Antibiotic and steroid exposures were
defined as receipt of the medication in the 90 days before
culture date. The VA utilizes a hub and spoke system where
24 VA facilities are designated ‘hubs’ or SCI centers deli-
vering specialized SCI care. ‘Hub’ centers are connected to
‘spoke’ facilities; spoke facilities provide community-based
care for SCI/D individuals. Region was defined using the US
Census Bureau regions; San Juan, Puerto Rico, and Manila,
Philippines were grouped into the South region.

Multiple cultures from the same patient within 30 days
were excluded as well as cultures that did not grow at least
one gram-negative bacteria. Only the first culture per patient
that grew a gram-negative bacteria during the study period
was included. All gram-negative isolates were identified as
MDR or non-MDR based on definitions from Magiorakos

SPRINGER NATURE



S. Ramanathan et al.

598

(€S'T-19°0) 96°0 (T'8€) 801 (¥'LE) OF #9°0-Sv"0) $S°0 (0°0L) 856°€ (THS) L¥T (08°0-7S°0) #9°0 (T'SS) 886  (TH¥) €LI €9 djewinely,
SuIssIA
ouaryey (8°19) SLT  (979) L9 ouaryy (0°0¢) L69T (8'SH) 60T ouaIyy (8+h) 108 (8'SS) 81T S9¢ /Anewines-uoN
Amlur jo 3osuQ
(CTL'1-SS'0) L6'0 (1'61) ¥S  (L'81) 0T (€9°0-2v"0) 1S°0 ('€v) LSH'T (TLD) ¥TI 0L°0-2v'0) $S°0 (1'9¢) 9v9  (S'€0) T6 1'6¢ dperdwo)
ouaryy (6°08) 67¢  (€°18) L8 ouaIyy (9°96) 861€ (8'CTL) TEE ouaryy (6°¢9) €vIT  (S'9) 66T 609 Syerdwoouy
JuAIXH
(€€'T-050) 280 (T€9) 6 (0°60) 1€ (89°0-91°0) 95°0 (0°0S) LT8T (6'F€) 6ST (LL0-LY"0) 09°0 (L'LS) ¥L9  (9°9T) +01 Sy evigo[dereq
ouaryay (899) 68T (0°1L) 9L ouaryay (0°0S) 88T (1'S9) L6T ouaryy (£79) SITT (#'€L) L8T 4SS eigo[densy,
[PAYT
(€7°€-69°0) S+'T (081 1S (9'81) 0T FO'T-¥S'0) SL'0 (812 €€T°1 (9°00) ¥6 9T 1-€50) 280 (L1 11€  (6'9T1) 99 '0C ISOM
(#9'7-06'0) 18T (S°LE) 90T (9°8%) TS (S6°0—€S°0) IL'0 (+'15) +06'CT (0'9%) 01T (ITT-LS'0) €80 (+7€S) 9S6  (L'TS) 90T T'1S ynog
9T7-8%'0) ¥O'T (S'LD) 8L  (9°00) TT O£ T-L9°0) ¥6'0 (+'L1) ¥386 (I'12 96 OTT-¥S0) €80 (+00) ¥9¢ (0°07) 8L L'81 ISOMPIN
uamyey (0°L1) 87 (TTI) €1 uary  (¥'6) v£S (€T 9¢ ouareey  (8°8) 86T (S°0D) T¥ 86 ISEYHON
uor3oy
(8€'7—79'0) 17T (60D 1€ (O'%D) ST (LO'T-19°0) 08°0 (L¥1) 6T8 (STD LS (TTT-79°0) 68°0 (€+¥1) 9ST  (8°€D) ¥S eyl SUISSIN/ISYO
FTT-170) 1L°0 (T9D) vL  (9'61) 1T F0'T-79°0) 18°0 (€12 SOTT (+'81) #8 (66°0—8S°0) SL'0 (897 647 (0'TT) 98 ¢ Aoerd
ouargy (679) 8LT  (+799) 1L ouargy (0+9) 129°€ (1'69) ST€ ouaryay (6°8S) ¥S0T (TH9) 15T 79 AMYM
Qoey
(T9T-¥00) €0 (8D 8 601 (L6°0-TT°0) 9v°0 (7€) €61 DL F8'1-€+'0) 680 (977 9% (€06 0'¢ S[elo]
ouargey (T°L6) SLT (1°66) 901 oudIIy (9°96) T9FS (S'86) 611 ouaIgey (+°L6) €vLT (L'L6) T8E 0'L6 S[eIN
Iopuen
(69°0TT-L6'D) 6LVI (S'6%) OF1  (S%9) 69 (TS'OT-ST'P) 699 (+'8€) ¥L1T (1°S9) L6T (0€°81-20°S) 856 (L'0¥) 8TL  (1'¥9) 1ST ey +<9
FSPL—-6TTD) 786 (66 €11 (9%0) LE 68'7-76'T) 90°€ (T'TH) 88€T (S°0€) 6€1 08°L—6€7) 19F (8¢h) €8L  (£7€€) 0O€T 71y ¥9-0S
oua1gay (9°01) 0€ 601 Qoua1elay (£°61) €601 ) 0T ouaregey (S°GT) 8LT 9D 01 (S 6781
(s1e94) 93y
sonsLRjRIRYD DS pue diydessounq
(S9'7-80°'T) 69°T (0°SE) 66  (L'LY) IS (E€LT-8T°'D €71 (S°60) 8991 (6°LE) €LT (T€T-¥8°0) SO'T (0'0¥) 91L  (L'OF) 6SIT 0'¢ce EEIN
ouargey (0°69) ¥81  (£72S) 9¢ ouardyey (S0L) L86E (1°79) €8T Qouardjey (0°09) €L01 (£°6S) T€T 0°L9 ON
JUB)ISISAI InIpnn
ansodxd ureyy
ON SOX ON S9X ON S9X
(ID %S6) (ID %S6) (») N (ID %S6) ») N (189°'8 =N)
JO passnlpeun (%) N (06€ =N) DL1 A1 passafpeuny  ([11°9 = N) uaneding A0 pasnipeun (081°C = N) usneduy (%) Ter0L, sonsuLIdRIRY D

*Kjireriow 18941 JO $1010BJ YSLI JO SISATRuE QJeleAld | d|qel

SPRINGER NATURE



599

Multidrug-resistant gram-negative organisms and association with 1-year mortality, readmission, and...

Lye-6v'0) ¥€'T (Th) Tl 999 LLe-v'm sec (S1 L8 (6°¢) 81 @Te-9%'D STT (09 06 (ToD ov 0¢ SOA
2ouAIIRY (8°66) 1LT (¥'16) 101 9oua1Jay (5'86) 89SS (1°96) 8¢h 9ouamly (0°56) 6691 (8'68) 1S¢€ 0'L6 ON
OSBOSIP JOAI]
P8'1—2L'0) ST'T (TeD) v6  (S'LE) OF (98'1-90°D) OV'T  (L'S) 06¥ 1z ss (Te'1-6L°0) 20’1 (6'€0) 8T (€'%7) S6 8¢l SOA
9oua19JY (8'99) 681 (6'C9) L9 oua1yy (£'16) S91S (6°L8) 10V Qouardyay (1°9L) 19€'T (L'SL) 96T 98 ON
sojoqeI(
(8T'1-9C°0) LSO (#'C1) SE (AR (86D soe (TD L9 (Tv) 61 6r'T-STD 69T (09 LOT (L6) 8¢ e SOA
9oua19)y (9'L8) 8¥T  (S'T6) 66 90ua19JaY (8'86) 88S°S (8'G6) LEV doua1Jy (0'76) 7891 (£°06) €S€ 896 ON
9SBOSIP JE[NOSBAOIQRI))
9L€-8TD 61'C (¥ I (I'LD) 6T 61v—9770 80 (67 S91 (666 St (S8T9SD 11T (L'6) €L1 (8D TL 09 SOA
oua1yy ($°68) Tve  (6'CL) 8L oua1eyay (1°L6) 06vS (1°06) 11¥ oua1Jy (£°06) 9191 (9°18) 61¢€ 0v6 ON
adod
(26'1-8L°0) 2T’ (T'8) 801 (0'Ed) 9F WeT-Lr'D S8T (601 819 (T6D) 68 (0T 1-LL'0) 96'0 (9'8€) 069  (9°LE) L¥1 96l SOA
2ouarRgey (8'19) SLT  (0'LS) 19 2ouargey (1'68) LEOS (S°08) L9E 2ouarRgey (#'19) 6601 (+°29) ¥1C 08 ON
JIOO[N AINSSAIJ
(87'7-98°0) 9’1 (L'8D) €5 (¥'€T) ST (08'T-8T°D) 9F°'T (8'81) 7901 (6°ST) 811 (€S'1-26'0) 61'T (8°17) 06€  (€17) S6 10¢ SO
2ouargey (€£'18) 0€C  (9'9L) T8 2ouargey (T'18) €65 (1'7L) 8EE 90uaIgey (T'8L) 66€1 (L'SL) 96T 6'6L ON
Mo [eIqoIdTWAIO]
(I18'7-€8°0) €51 (0°€D L (8'LD 61 (T0'e-6LD) T€T (£9) 9S€ D ¥9 (89°T-LS'D) SO°T (€vD) SST (S+20) 96 S'6 LYo
(6¥'€1-6TD LIy (8D S €9 L 8LEV-I9'D §9T (TD 1L (€©) 91 asv-se€n s (00 9¢ (Iv) 91 8’1 poorg
Qouargey (T'68) 1vT  (L'SL) 18 90uaIgey ($'26) 8TTS (S'T8) 9LE Qouargey (L'€8) 86v1 (¥'1L) 6LT L'88 QuL)
2d£) uowroadg
(Tr'1-€5°0) 80 (009) $8  (I'LD) 6T (9L°0-€S°0) ¥9°0 (v'LS) v¥Te (T'SP) 90T (LS°0-S€°0) SP'0 (€18) SSPT (0°99) 8ST 809 S9A
oouaryay (0°L9) 861 (6'CL) 8L QouamRyay (9'Ch) T1¥C (8'%S) 0ST ouamyay (L'8T) ¥e€  (0'vE) €€T T6¢ ON
191U IDS
SONSLIdJORIBYD [BIUI])
(Tr'z-06'0) 8’1 (18D 1S (1°L7) 6T (6L°0-€S°0) $9°0 (v'OP) L8TT (1°€E) 1T (10'7T-99'0) $8°0 (I'L2) 98y  (€%7) S6 L'SE +1T
Or'1-61°0) TS0 (S6) LT Ly s (IL0-0t°0) €5°0 (8°L1) SOOT  (8'TT) ¥S (Te1-¥9°0) T6'0 (I'TD 861  (L'OD) TV 961 0C11
Qouamyy ($'¢L) S0T  (T'89) €L QouamRJy (8'TH) €9€C (1°SS) 15T 2ouargRy (8'19) SOIT (0°S9) ¥ST 06y 01-0
(s1eak)
Am(ur jyo uoneinQg
ON SOX ON SOK ON SOK
1 %56) D %56) (%) N 1 %56) (%) N (189'8 =N)
O pasnlpeun (%) N (06€ =N) D11 A1 pawsnlpeuny (1119 = N) weneding ¥O passnlpeun  (081°C = N) 1uoneduy (%) 18101, SonsLvoeIRYY

(panunuoo) | 3jqey

SPRINGER NATURE



S. Ramanathan et al.

600

(€5'7-68°0) L¥'T (S8 ¥T (0¥ ST (TS'€-09°'D) LET (TT) 9CI (L9) 9t QTTvTD ST (I'9) SvI (€¥71) 9§ (974 oA
ouareyey (S'16) 6S¢  (098) T6 ouaIyay (8°L6) 67SS (€76) 0¢h ouaIyy (6°16) ¥+9'1 (L'S8) SE€ Y} ON
sunodsoreyde) uoneroussd yunoj pue payJ,
(T6'1-€8°0) 9T1 (61D 79 (0'80) 0¢ @6 1-61'D IS'T (1'CD) #89 (8°L1) 18 8Y'1-€6'0) LTI'T (T0D) 29¢ (S'€D) T6 'Sl oA
ouareyey (1'8L) 12 (0°TL) LL ouaryy (6°L8) 1L6v (T'T8) SLE ouaryy (8°6L) LTHT (S'9L) 66T 6178 ON
sauojouInQ)
ouaryay (£°66) 18T (S°€6) 001 uarRyy (+'66) 0TS (6'96) Tri ouaryy (1°66) TLLT (#'L6) 18€ 066 ON
SPI0JA)S JIUOIYD)
(€1°7-€8°0) SE'T (8719 SLT (T'89) €L (6£'T-96'0) 91'T (T'SH) LSST (I'6%) ¥TT GLT-TI'D T (T19) 60T (0°69) 0LT 9'0S SOA
ouargey (7'8¢) 80T  (8°1€) v¢€ ouaryy (8+S) 860€ (6°0S) TET ouaIegay (8°8¢) 69  (0'TE) 121 v'ov ON
onoiquue Auy
sAep (¢ Sno1adxd ur ansodxad proId)s pue dNoIqHUY
(ILT1-0L0) 60°'T (S+b) 92T (L'6%) 0S (L6°T-€6'D) 6£T (901 009 (6°€7) 601 FE€-E€1T) 99T (9°60) 85y (8°Ly) L8I 9Ll SOA
ouargay (6°6S) LST  (£€9) LS ouaIly (+°68) SS0S (1'9L) L¥E ouareyy (4'+L) 1661 (T'TS) #0T 'C8 ON
UOISSTWPE AIBOYI[BI
(I¥'-11°0) 260 (S°€) 01 (RN (ST'01-66°€) 0b9  (+0) 1T (6°¢) 81 95°s—€6'0) €0y (9°9) 101 (#'61) 9L 9'C oA
oua1gay (5°96) €LT (1°86) SOT ouaIgy (9°66) ¥€9S (1°96) 8¢ ouarly (#'+6) 8891 (9°08) ST€ 7'L6 ON
UOTJR[IJUSA [BOTURYIA
(T67T+90 9¢'T (8Lt (€0D I11 OTP-€9'D 65T (1) T8 T 61 (8T'1-0L°0) S6'0 (991) L6T (6°ST) 29 LS oA
ouaregey (7'Z6) 197 (L'68) 96 oudIgay (9°86) €LS°S (8'S6) LEY ouareyy (+7¢8) To¥l (I'+8) 6T¢ €6 ON
A193Ing
61¢+90) e’ T (L9 61 (€6) 01 09°s-81°0) 0s'€  (6°0) €S (67¢) 81 Ly'€-S6'D) 09T (+76) 891 (T'10) €8 (184 oA
ouagey (£¢6) 9T  (L'06) L6 Qouargey (1°66) 209S (1°96) 8¢ ouaIlRY (9°06) 1291 (8'8L) 80€ 096 ON
Ke1s NDI
(90'T-09°0) 11°T (S¥D ¥ (6°SD) LI #8€-01'D S0'C (0°'1) 9 (T 01 @Y'L-€v'D LTy (SD LT (1'9) T 0T SOA
ouaregey (6'68) bt (1'+8) 06 oua1ly (0°66) 66SS (8'L6) 9 Qoua1ley ($°86) TILL (6'€6) L9E 0'86 ON
QIed WiI9)-3U0]
sAep (¢ snoradxd ur saansodxd eIy
@s9-LL'D) ok’ (1'L) 0c  (9°00) TC 81'9-95¢) I8V (L'1) 86 (€oD Ly IT°6-€8%) 999 (SH) 08 (8°€0) €6 (47 SOA
ouaryy (676) €97 (+'6L) S8 ouaryay (£86) LSSS (L'68) 601 ouaryy ($°66) 60LT (T'9L) 86T 8°S6 ON
hehliie)
ON SOX ON SOX ON SOX
(ID %S6) (ID %S6) (») N (ID %S6) (%) N (I189°8=N)
JO pasulpeun (%) N (06€ =N) DL1 WAl passafpeuny  ([11°9 = N) uaneding JO pasnlpeup) (081°C = N) Jusneduy (%) Te10L, sonsLLIdRIRY D

(panunuoo) | 3jqey

SPRINGER NATURE



Multidrug-resistant gram-negative organisms and association with 1-year mortality, readmission, and... 601

Table 1 (continued)

390) N (%) Unadjusted OR

LTC (N

Unadjusted IRR

(95% CI)

6,111)

Outpatient (N
N (%)

Unadjusted OR

—=2,180)
(95% CI)

Inpatient (N
N (%)

Total (%)

Characteristics

(95% CI)

8,681)

=

No

Yes

No

Yes

No

Yes

Carbapenems

100 (93.5) 275 (97.2) Reference

7 (6.5)

454 (99.6) 5632 (99.6) Reference

362 (92.6) 1732 (96.8) Reference

98.5

No

1.75 (0.81-3.77)

8 (2.8)

23 (0.4) 1.07 (0.27-4.30)

2 (0.4)

57 3.2) 1.95 (1.34-2.85)

29 (7.3)

1.5

Extended-spectrum penicillins

Yes

252 (89.1) Reference

87 (81.3)
20 (18.7)

431 (94.5) 5584 (98.7) Reference

1600 (89.4) Reference

318 (81.3)

95.3

No

31 (10.9) 1.53 (0.94-2.48)

25 (5.5) 71 (1.3) 3.63 (2.43-5.44)

4.7 73 (18.7) 189 (10.6) 1.68 (1.30-2.17)

Yes

Bold typeset indicates significant values

et al. which accounted for intrinsic resistance [15]. The
sample was limited to cultures with antibiotic sensitivities
and any culture with at least one MDR isolate was con-
sidered a MDRGNO culture.

1-year mortality was defined as death within 1 year from
the date of culture. 30-day hospital readmission was defined
as readmission of the patient with 30 days of the culture date
and only applicable among those with an initial culture col-
lected in the inpatient setting. Post-culture LOS was defined
as time from date of culture to date of discharge and was also
only applicable among those in the inpatient setting.

Statistical analysis

All analyses were stratified by care setting (inpatient, out-
patient, and LTC). LTC included individuals in skilled nur-
sing facilities and rehabilitation centers. Bivariate analysis
was conducted and unadjusted odds ratios (ORs) and inci-
dence rate ratios (IRRs) and 95% confidence intervals (CIs)
were estimated to identify risk factors for outcomes related to
MDRGNO:s. Cluster-adjusted logistic regression models were
used for outcomes related to 1-year mortality in inpatients and
LTC patients and 30-day readmission in inpatients. Multi-
variable cluster-adjusted multilevel mixed effects Poisson
regression models were fitted to assess the association of
MDRGNO with 1-year mortality among outpatients. A fixed-
effects, cluster-adjusted, negative-binomial model was used to
assess post-admission LOS among inpatients. Logistic models
were used because the outcome (mortality and 30-day read-
mission) occurred in >10% of the cohort among inpatients
and LTC patients. Poisson regression was selected for the
outpatient 1-year mortality analysis as the event was rare [16].
Finally, LOS was modeled as a count variable using a
negative-binomial model instead of a Poisson model because
the outcome was overdispersed. All models were population-
averaged cluster adjusted by individual facility to account for
facility variations. Variables were included in multivariable
regression if they were significant in the unadjusted analyses,
and the most parsimonious or simplest model was selected.
Adjusted ORs and 95.0% ClIs and IRRs and 95.0% ClIs were
reported for all regression models. A p value of <0.05 was
considered statistically significant. All analyses were per-
formed using STATA software version 14.2 (StataCorp,
College Station, TX).

Results

Overview

There was a total of 8,681 individuals with SCI/D who had
a gram-negative bacteria grow in culture during the study

period. The sample had a mean age of 62.1 (sd =13.2)
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Proportion of cohorts who recieved the specific antibiotic
*

0
Inpatients

W Quinolones

B Sulfonamides
@ Nitrofurantoins
Carbapenems

Fig. 1 Proportion of inpatients, outpatients, and LTC individuals that
received the type of antibiotic 90 days before and association with
outcomes of mortality, readmission, and length of stay. Asterisk
denotes unadjusted OR or unadjusted IRR were significant and the
proportion of those that received the specific antibiotic were different
among those that died and did not die. White circle denotes unadjusted

years, SCI duration of 19.4 (sd = 15.5) years, and Charlson
co-morbidity score of 2.3 (sd = 2.0). Most of the cohort was
White (63.2%), male (96.7%), from the South (51.1%), and
about half the cohort had tetraplegia (55.2%). Most speci-
mens were urine cultures (88.7%) and 20% of patients had a
polymicrobial culture. The majority of patients were out-
patients (n = 6111, 70.4%). Inpatients comprised 25.1% of
the total cohort (n=2180) and the remaining were LTC
patients (n =390, 4.5%). From the overall sample, 2866 of
gram-negative cultures (33.0%) were MDR. Overall, 40.0%
(n=2875) of inpatient cultures, 30.1% (n=1,841) of out-
patient cultures, and 38.4% (n = 150) of LTC patient gram-
negative cultures were MDR.

Overall, 11.0% of the cohort (n = 954) died within 1 year
of culture date (13.4% of the MDRGNOs versus 9.8% of
non-MDRGNGOs). Of those who died in 1 year, 456 (47.8%)
were outpatients, 391 (41.0%) were inpatients, and 107
(11.2%) were LTC patients. Overall, median postculture
LOS in inpatients was 25 (IQR = 82) days (MDRGNO [37;
IQR: 111] vs non-MDRGNO [21; IQR: 71]). A total of 297
inpatients (13.6%) experienced a readmission within
30 days of culture date (14.9% of the MDRGNOs vs 12.9%
of the non-MDRGNOs).

Bivariate unadjusted results

Bivariate unadjusted results for showed that having an
MDRGNO was not associated with 1-year mortality in
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Outpatients

LTC Patients

M Extended spectrum-penicillins
W 3rd & 4th Generation Cephalosporins
E Tetracyclines

OR was significant and the proportion of those that received the
specific antibiotic were different among those that were readmitted and
were not readmitted. Plus symbol denotes unadjusted IRR was sig-
nificant and the length of stay differed for those that received the
specific antibiotic compared with those that did not.

inpatients (OR: 1.15, 95% CI, 0.87-1.52) (Table 1). How-
ever, having an MDRGNO was associated with increased
l-year mortality in outpatients (IRR: 1.28, 95% CI,
1.06-1.54) and among LTC patients (OR =2.06, 95% CI,
1.28-3.31). Among inpatients, risk factors for 1-year mor-
tality included increased age, White race (vs. Black race),
SCI characteristics, not being at an SCI center, blood or
other specimen types (vs. urine), comorbidities, healthcare
stay, and antibiotics or steroids in the previous 90 days
before culture. For outpatients, similar risk factors were
found for mortality; in addition male sex, north region (vs.
south), increased duration of injury, having a polymicrobial
culture, surgery, and mechanical ventilation were found to
be risk factors for outpatients. Risk factors for LTC patients
included increased age, having COPD or tumor or cancer,
and use of chronic steroids. Individual exposure data in
the previous 90 days is described in Fig. 1. The most fre-
quent antibiotics prescribed were quinolones, extended-
spectrum penicillins, and sulfonamides for inpatient and
LTC groups. Among outpatients, the most frequently pre-
scribed antibiotics were nitrofurantoins, quinolones, and
sulfonamides. Carbapenems, third/fourth generation cepha-
losporins, and extended-spectrum penicillins increased the
odds of inpatient mortality while quinolones, third/fourth
generation cephalosporins, and extended-spectrum peni-
cillins increased the risk of mortality in outpatients. No
antibiotics were associated with increased risk of mortality
in LTC individuals.
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Table 2 Bivariate analysis of risk factors of 30-day readmission and increased length of stay among inpatients®.

Characteristics Total (%) Inpatient 30-day readmission Unadjusted OR Inpatient LOS
(N=28681) (N=2180) N (%) (95% CI) unadjusted IRR
(95% CI)
Yes No
Main exposure
Multidrug resistant
No 67.0 167 (56.2) 1138 (60.4) Reference Reference
Yes 33.0 130 (43.8) 745 (39.6) 1.23 (0.96-1.57) 1.38 (1.37-1.39)
Demographic and SCI characteristics
Age (years)
18-49 16.5 34 (11.5) 254 (13.5) Reference Reference
50-64 41.4 140 (47.1) 773 (41.0) 1.35 (0.91-2.02) 1.04 (1.03-1.06)
65+ 42.1 123 (41.4) 856 (45.5) 1.07 (0.72-1.61) 1.02 (1.01-1.04)
Gender
Male 97.0 288 (97.0) 1837 (97.6) Reference Reference
Female 3.0 9 (3.0 46 (2.4) 1.25 (0.60-2.58) 0.81 (0.79-0.84)
Race
White 63.2 173 (58.3) 1132 (60.1) Reference Reference
Black 22.5 75 (5.2) 90 (42.0) 1.00 (0.75-1.34) 1.24 (1.23-1.25)
Other/Missing 14.3 49 (16.5) 261 (13.9) 1.22 (0.87-1.73) 0.75 (0.74-0.76)
Region
Northeast 9.8 29 (9.8) 170 (9.0) Reference Reference
Midwest 18.7 53 (17.9) 389 (20.7) 0.80 (0.49-1.30) 0.48 (0.47-0.49)
South 51.1 172 (57.9) 990 (52.6) 1.02 (0.67-1.56) 0.52 (0.51-0.53)
West 20.4 43 (14.4) 334 (17.7) 0.75 (0.46-1.25) 0.39 (0.38-0.40)
Level
Tetraplegia 55.2 191 (64.3) 1211 (64.3) Reference Reference
Paraplegia 44.8 106 (35.7) 672 (35.7) 1.00 (0.77-1.29) 0.93 (0.92-0.94)
Extent
Incomplete 60.9 191 (64.3) 1251 (66.4) Reference Reference
Complete 39.1 106 (35.7) 632 (33.7) 1.10 (0.85-1.42) 1.18 (1.17-1.19)
Onset of injury
Non-traumatic/Missing 36.5 136 (45.8) 883 (46.9) Reference Reference
Traumatic 63.5 161 (54.2) 1,000 (53.1) 1.05 (0.82-1.34) 1.03 (1.02-1.04)
Duration of injury (years)
0-10 49.0 180 (60.6) 1179 (62.6) Reference Reference
11-20 15.6 34 (11.5) 206 (10.9) 1.08 (0.73-1.61) 1.20 (1.18-1.21)
21+ 35.7 83 (27.9) 498 (26.5) 1.09 (0.82-1.44) 0.99 (0.98-1.00)
Clinical characteristics
SCI center
No 39.2 83 27.9) 384 (20.4) Reference Reference
Yes 60.8 214 (72.1) 1499 (79.6) 0.66 (0.50-0.87) 0.95 (0.94-0.96)
Specimen type
Urine 88.7 228 (76.8) 1549 (82.3) Reference Reference
Blood 1.8 724 45 (2.4) 1.73 (0.29-1.87) 1.18 (1.15-1.21)
Other 9.5 62 (20.9) 289 (15.4) 1.47 (1.09-1.87) 1.04 (1.03-1.05)
Polymicrobial culture
No 79.9 230 (77.4) 1465 (77.8) Reference Reference
Yes 20.1 67 (22.6) 418 (22.2) 1.06 (0.80-1.42) 1.01 (1.00-1.02)
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Table 2 (continued)

Characteristics Total (%) Inpatient 30-day readmission Unadjusted OR Inpatient LOS
(N=28681) (N=2180) N (%) (95% CI) unadjusted IRR
(95% CI)
Yes No
Pressure ulcer
No 80.4 173 (52.3) 1,170 (62.1) Reference Reference
Yes 19.6 124 (41.7) 713 (37.9) 1.18 (0.92-1.51) 1.30 (1.29-1.31)
COPD
No 94.0 259 (87.2) 1676 (89.0) Reference Reference
Yes 6.0 38 (12.8) 207 (11.0) 1.19 (0.82-1.72) 0.77 (0.75-0.78)
Cerebrovascular disease
No 96.8 275 (92.6) 1,760 (93.5) Reference Reference
Yes 32 22 (7.4) 123 (6.5) 1.14 (0.71-1.83) 1.39 (1.37-1.41)
Diabetes
No 86.2 228 (76.8) 1429 (75.9) Reference Reference
Yes 13.8 69 (23.2) 454 (24.1) 0.95 (0.71-1.27) 0.82 (0.81-0.83)
Liver disease
No 97.0 270 (90.9) 1780 (9.5) Reference Reference
Yes 3.0 27 (9.1) 103 (5.5) 1.73 (1.11-2.69) 0.66 (0.64-0.67)
Cancer
No 95.8 270 (90.9) 1737 (92.3) Reference Reference
Yes 4.2 27 (9.1) 146 (7.8) 1.19 (0.77-1.83) 0.65 (0.64-0.67)
Health exposures in previous 90 days
Long-term care
No 98.0 291 (98.0) 1838 (97.6) Reference Reference
Yes 2.0 6 (2.0) 45 (2.4) 0.84 (0.36-1.99) 1.78 (1.74-1.82)
ICU stay
No 96.0 254 (85.5) 1675 (89.0) Reference Reference
Yes 4.0 43 (14.5) 208 (11.0) 1.36 (0.96-1.94) 0.79 (0.78-0.80)
Surgery
No 94.3 244 (82.2) 1577 (83.8) Reference Reference
Yes 5.7 53 (17.9) 306 (16.2) 1.11 (0.81-1.54) 0.75 (0.74-0.76)
Mechanical ventilation
No 97.4 267 (89.9) 1736 (92.2) Reference Reference
Yes 2.6 30 (10.1) 147 (7.8) 1.33 (0.88-2.01) 0.95 (0.93-0.96)
Healthcare admission
No 82.4 184 (62.0) 1351 (71.8) Reference Reference
Yes 17.6 113 (38.0) 532 (28.2) 1.56 (1.21-2.01) 0.79 (0.78-0.80)
Antibiotic and steroid exposure in previous 90 days
Any antibiotic
No 494 92 (31.0) 723 (38.4) Reference Reference
Yes 50.6 205 (69.0) 1160 (61.6) 1.39 (1.07-1.81) 0.88 (0.87-0.89)
Chronic steroids
No 99.0 292 (98.3) 1,861 (98.8) Reference Reference
Yes 1.0 5(1.7) 22 (1.2) 1.45 (0.54-3.85) 1.21 (1.17-1.25)
Sulfonamides
No 91.5 264 (88.9) 1705 (90.6) Reference Reference
Yes 8.5 33 (11.1) 178 (9.5) 1.17 (0.81-1.68) 1.39 (1.37-1.41)
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Table 2 (continued)

Characteristics Total (%) Inpatient 30-day readmission Unadjusted OR Inpatient LOS
(N=28681) (N=2180) N (%) (95% CI) unadjusted IRR
(95% CI)
Yes No
Nitrofurantoins
No 94.0 284 (95.6) 1786 (95.9) Reference Reference
Yes 6.0 13 (4.4) 97 (5.1) 0.86 (0.49-1.50) 0.95 (0.92-0.97)
Quinolones
No 84.9 217 (73.1) 1,509 (80.1) Reference Reference
Yes 15.1 80 (26.9) 374 (19.9) 1.40 (1.08-1.81) 0.96 (0.95-0.97)
Third and fourth generation Cephalosporins
No 95.5 259 (87.2) 1720 (91.3) Reference Reference
Yes 4.5 38 (12.8) 63 (8.7) 1.44 (1.03-2.03) 0.98 (0.96-1.00)
Carbapenems
No 98.5 276 (92.9) 1818 (96.6) Reference Reference
Yes 1.5 21 (7.1) 65 (3.5) 1.85 (1.19-2.89) 1.37 (1.36-1.39)
Extended-spectrum penicillins
No 95.3 236 (79.5) 1,682 (89.3) Reference Reference
Yes 4.7 61 (20.5) 201 (10.7) 1.89 (1.43-2.51) 0.76 (0.76-0.78)
Tetracyclinesb
No 96.0 278 (93.6) 1792 (95.2) Reference Reference
Yes 4.0 19 (6.4) 91 (4.8) 1.29 (0.81-2.05) 1.31 (1.29-1.33)

*Frequencies for LOS were not provided per risk factor as this was used as a continuous variable

®Includes piperacillin, piperacillin/tazobactam, and ticarcillin/clavulanate

Bold typeset indicates significant values

Having an MDRGNO was not associated with
increased 30-day readmission in inpatients (OR: 1.23,
95% CI, 0.96-1.57) (Table 2). However, other factors
associated with 30-day readmission in inpatients included
not being at an SCI center, having a blood or other spe-
cimen (vs urine), having liver disease, and having a
healthcare stay or antibiotic exposure in the previous
90 days before culture. Quinolones, third/fourth genera-
tion cephalosporins, carbapenems, and extended-spectrum
penicillins exposure all increased risk of 30-day read-
mission (Fig. 1, Table 2).

In the bivariate analysis, MDR was associated with
increased postculture LOS in inpatients (IRR: 1.38, 95% CI,
1.37-1.39). Other risk factors for inpatients include male
sex, Black race, northeast region, having tetraplegia or
traumatic injury, increased duration of injury, other speci-
men types, having a pressure ulcer, COPD, cerebrovascular
disease, diabetes, liver disease, tumor or cancer, not using
chronic steroids, and having an LTC stay, not having sur-
gery, not having mechanical ventilation, not having a
genitourinary procedure, not having healthcare admission,
or antibiotics in the previous 90 days before culture.
Specific antibiotics associated with increased LOS
were sulfonamides, carbapenems, and tetracyclines while

nitrofurantoins, quinolones, and extended-spectrum peni-
cillins were associated with a decreased LOS.

Multivariable regression results

In multivariable regression, after adjustment with other
covariates, results showed that having an MDRGNO culture
was not associated with 1-year mortality in inpatients
(OR:1.15, 95% CI, 0.87-1.52) but was associated with
increased risk of 1-year mortality among outpatients (IRR:
1.28, 95% CI, 1.06-1.54) and increased odds of 1-year
mortality in LTC patients (OR: 2.06, 95% CI, 1.28-3.31)
(Table 3). An MDRGNO culture was not associated with
increased 30-day readmission in inpatients (OR: 1.25, 95%
CI, 0.97-1.61) but was associated with increased LOS
among inpatients (IRR: 1.10, 95% CI, 1.02-1.19) (Table 4).

Discussion

The purpose of this study was to understand how
MDRGNOs impact outcomes in Veterans with SCI/D. Our
results showed that having an MDRGNO culture was
associated with 1-year mortality in outpatients and LTC
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Table 3 Multivariable regression analysis of 1-year mortality among inpatients, outpatients, and LTC patients.

Variables

Inpatients
OR (95% CI), p value

Outpatients
IR (95% CI), p value

LTC patients
OR (95% CI), p value

Main exposure
MDR (Yes vs. No)

Demographics and SCI characteristics

Age (years)
50-64 vs. 18-49
65+ vs. 18-49
Race
Black vs. White
Other/Missing vs. White

Level (Paraplegia vs. Tetraplegia)

Duration of Injury
11-20 vs 0-10
21+ vs. 0-10
Clinical characteristics
SCI center (Yes vs. No)
Specimen type
Blood vs. Urine
Other vs. Urine

Polymicrobial culture (Yes vs. No)

Pressure ulcer (Yes vs. No)

Charlson

1.15 (0.87-1.52), 0.331

3.42 (1.71-6.83), 0.001
7.02 (3.74-13.19), <0.001

0.68 (0.52-0.90), 0.006
0.87 (0.59-1.28), 0.485
0.66 (0.47-0.92), 0.014

0.71 (0.54-0.93), 0.012

1.52 (0.75-3.08), 0.245
1.60 (1.22-2.10), 0.001

1.30 (1.21-1.40), <0.001

1.28 (1.06-1.54), 0.009

2.69 (1.72-4.21), <0.001
5.46 (3.45-8.62), <0.001

0.80 (0.64-1.00), 0.05
0.92 (0.69-1.23), 0.563
0.65 (0.55-0.77), <0.001

0.83 (0.64-1.07), 0.155
0.79 (0.64-0.97), 0.027

0.69 (0.58-0.82), <0.001

1.34 (0.87-2.05), 0.179
1.49 (1.13-1.96), 0.004
1.38 (1.09-1.74), 0.007
1.20 (0.97-1.48), 0.098
1.16 (1.11-1.21), <0.001

2.06 (1.28-3.31), 0.003

8.13 (0.98-67.68), 0.053
13.87 (1.53-125.63), 0.019

5.09 (1.18-21.88), 0.029
1.69 (0.83-3.42), 0.147

1.40 (1.24-1.57), <0.001

Healthcare exposures in previous 90 days
Long-term care (Yes vs. No) 2.02 (1.21-3.44), 0.007
2.95 (1.99-4.37), <0.001
1.58 (1.22-2.04), <0.001
Antibiotic and steroid exposure in previous 90 days

Steroid Use (Yes vs. No) -

Mechanical ventilation (Yes vs. No)

Healthcare exposure (Yes. vs. No)

2.39 (1.64-3.50), <0.001 -
1.65 (1.39-1.99), <0.001 -

1.97 (1.24-3.14), 0.004 16.07 (4.29-60.16), <0.001

« o

Blank spaces defined by

Bold typeset indicates significant values

patients. Furthermore, although MDR did not affect 30-day
readmission among inpatients, it was significantly asso-
ciated with increased LOS.

Overall, 1 in 10 Veterans with SCI/D with a gram-
negative culture died within 1-year of the culture date. We
found that outpatients with MDRGNOs had 27% increased
risk for 1-year mortality. Outpatients and LTC patients who
died within 1-year of MDRGNO -culture were older and
sicker, with outpatients having had prior healthcare expo-
sures. It is possible that outpatients with MDR may have
substantial healthcare exposures, possibly for a chronic
condition that may shorten life expectancy. However, our
data showed that outpatients had a lower mean charlson
score (1.2 (sd =1.5)) compared with inpatients (3.0 (sd =
1.9)). It is unclear what is causing the increased risk for
mortality in outpatients. It is also important to consider that
MDRDNOs may be markers for increased mortality but
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may not be the cause of death. This is consistent with
findings that those with increased risk for MDRGNOs were
sicker and had prior healthcare exposures.

In addition, though we found no effect of 30-day read-
mission in inpatients, LOS for inpatients with MDRGNOs
was significantly greater compared with those without
MDRGNOs. Having an MDRGNO was associated with a
10.0% longer postculture LOS among inpatients in this
study. Previously, having SCI has been found to be a unique
predictor for increased LOS after HAI infection among
those in a rehabilitation unit [17]. Furthermore, our results
are also consistent with other published findings that
nosocomial infections and MDR infection in those with
SCI/D result in increased LOS [8, 18, 19]. However, as
noted in the case of mortality, MDR may be a marker for
increased LOS and may be a part of a combination of
factors that increase postculture LOS.
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Table 4 Multivariable
regression analysis of 30-day
readmission and length of stay
among inpatients.

Variables

Inpatients
30-day readmission
OR (95% CI), p value

Length of stay
IIR (95% CI), p value

Main exposure
MDR (Yes vs. No)

1.25 (0.97-1.61), 0.086 1.10 (1.02-1.19), 0.018

Demographics and SCI characteristics

Region
Midwest vs. Northeast
South vs. Northeast
West vs. Northeast
Duration of Injury
11-20 vs 0-10
214 vs. 0-10
Clinical characteristics
SCI center (Yes vs. No)
Specimen type
Blood vs. Urine

Other vs. Urine

Cerebrovascular Disease (Yes vs. No)

Charlson

- 1.04 (0.85-1.26), 0.728
- 1.15 (0.96-1.38), 0.118
- 1.16 (0.95-1.42), 0.151

- 0.82 (0.73-0.94), 0.003
- 0.81 (0.74-0.89), <0.001
0.69 (0.49-0.96), 0.029 1.46 (1.27-1.66), <0.001
- 1.09 (0.84—1.40), 0.520
- 1.15 (1.03-1.28), 0.011

1.21 (1.04-1.41), 0.012
0.96 (0.91-1.01), 0.110 -

Healthcare exposures in previous 90 days

Long-term care (Yes vs. No)

Healthcare exposure (Yes. vs. No)

1.53 (1.19-1.96), 0.001
1.53 (1.18-1.99), 0.001 -

Blank spaces defined by “—” indicate that those variables were not in the final model for that analysis

Bold typeset indicates significant values

There were several limitations within this study. First,
our study did not distinguish between infection and colo-
nization, specifically with urinary colonization. This is an
important limitation, as including patients who were only
colonized rather than actively infected may have masked or
blunted the actual association reported in this study. Sec-
ond, we did not capture data from healthcare external to the
VA which may bias results if there are unique character-
istics associated with those that receive care outside the VA.
Finally, because our study focused on Veterans with SCI/D
who receive care at the VA and are mostly male, the results
of this study may not be generalizable to other populations
with SCI/D. This study however, has the advantage that it
reports on data from the VHA, the single largest integrated
healthcare system in the United States that is also the largest
provider of care for patients with SCI/D.

In summary, among a large national cohort of individuals
with SCI/D and cultures with gram-negative organisms,
having an MDRGNO was associated with increased risk
and increased odds for 1-year mortality among outpatients
and LTC patients, respectively. Furthermore, among inpa-
tients, having an MDRGNO was not associated increased
postculture LOS but not 30-day hospital readmission. It is
important for clinicians to be aware of the increased risk for
poor outcomes in patients with SCI/D and MDRGNOs.

Results from this study support increased attention to anti-
biotic stewardship in SCI/D populations to prevent the
development of antibiotic resistance in gram-negative bac-
teria and effective infection prevention strategies to prevent
transmission of MDRGNOs.

Data archiving

The datasets generated during and/or analyzed during the
current study are not publicly available as the sample size is
too large to obtain informed consents and HIPAA author-
izations for public discloser of the final study data con-
taining PII and/or PHI and would be inconsistent with the
IRB approved waiver of informed consent and waiver of
HIPPA authorization that was approved.
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