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Abstract
Study Design: Retrospective cross-sectional study.
Objectives: To determine if pre-operative albumin and CRP can predict post-operative infections after lumbar surgery.

Methods: Patients who underwent an anterior lumbar interbody fusion (ALIF), posterior lumbar interbody fusion (PLIF), or
lumbar discectomy were identified using a patient record database (PearlDiver) and were included in this retrospective study.
Patients were stratified by Charlson Comorbidity Index (CCl) scores and pre-operative albumin and CRP status. Post-operative
complications included deep infections and urinary tract infections within 3 months of the surgery and revisions within | year of
the surgery.

Results: 74,280 patients were included in this study. 21,903 had pre-operative albumin or CRP lab values. 7,191 (33%), 12,183
(56%), and 2,529 (12%) patients underwent an ALIF, PLIF, and a lumbar discectomy, respectively. 16,191 did not have any
complication (74%). The most common complication was UTI (16%). Among all patients, hypoalbuminemia was a significant risk
factor for deep infection and UT]I after ALIF, deep infection, UTI, and surgical revision after PLIF, and deep infection after lumbar
discectomy. Elevated CRP was a significant risk factor for deep infection after ALIF, UT] after PLIF, and deep infection after lumbar
discectomy in patients with a CC| < 3.

Conclusions: Pre-operative hypoalbuminemia and elevated CRP were significant risk factors for deep infection, UTI, and/or
revision, after ALIF, PLIT, and/or lumbar discectomy. Future studies with a larger population of patients with low albumin and high
CRP values are needed to further elaborate on the current findings.
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Introduction rates as high as 19%.* Common post-operative complications
of lumbar surgery include pseudarthrosis, hardware failures,
radiculopathies, wound infections, and urinary tract infec-
tions.*> Pre-operative risk factors include obesity, smoking

The World Health Organization (WHO) has estimated that
4-33% of the world’s population suffers from low-back pain,
the most prevalent musculoskeletal condition.' The total cost
of low-back pain in the United States has been estimated to cost
over 100 billion dollars per year with less than 5% of patients 1 Department of Orthopaedic Surgery, Keck School of Medicine of the
accounting for 75% of the total costs.” Additionally, a recent University of Southern California, Los Angels, CA, USA

study states that the prevalence of elective lumbar fusion sur-

gery increased from 60.4 per 100,000 US adults to 79.8 per Sorresponding Author: .
100.000 US adults between 2004 and 2015 Zorica Buser, PhD, Department of Orthopaedic Surgery, Keck School of

. . . Medicine, University of Southern California, 1450 San Pablo St., HC4-5400A,
Compared to conservative management, instrumentation | Angels, CA 90033, USA.

surgery of the lumbar spine is associated with complication  Email: zbuser@usc.edu
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history, diabetes mellitus, chronic obstructive pulmonary dis-
ease, osteoporosis, and malnutrition among others.””’

A widely used marker to assess malnutrition is albumin,
which is also a well-studied marker of inflammation and
chronic disease.*'® Previous studies have looked at preopera-
tive values of hypoalbuminemia as markers for postoperative
complications in lumbar spine procedures. In elderly Medicare
patients receiving posterior lumbar interbody fusion (PLIF),
poor nutritional status, as measured by albumin, within 3
months prior to surgery had more major medical complications
within 90 days, a higher 1-year mortality rate, and increased
infection and wound dehiscence.!' Another study found that
pre-operative hypoalbuminemia was significantly associated
with an increased risk of operative mortality, any complication,
sepsis, and prolonged length of stay among other complications
after surgical decompression of spinal metastases.'” In a study
on adult lumbar deformity surgeries using the National Surgi-
cal Quality Improvement Program (NSQIP) database, hypoal-
buminemia showed to be a risk factor for mortality, increased
length of stay, any complications, and 30-day mortality.'*> On
the other hand, a single institution study demonstrated that a
low preoperative albumin level may be a risk factor for surgical
site infections (SSI) in spine surgeries overall, but it was not
seen to be statistically significant.'* Additionally, a retrospec-
tive analysis of patients undergoing PLIF in the NSQIP data-
base did not find low serum albumin to be a significant
predictor of postoperative complications.'> However, another
NSQIP database study showed a 4.8% incidence of hypoalbu-
minemia, which was also predictive of wound dehiscence and
SSI.'® The relationship between hypoalbuminemia and poor
outcomes is not fully understood. It is postulated to be related
to low nutrition, decrease in vital functions, hyperinflamma-
tion.'” It may also be due to the hypermetabolic state associated
with spinal cord injuries, which may be intensified after
surgery.'®

Another promising preoperative marker is C-reactive pro-
tein (CRP), a recognized marker of inflammation.'® Elevated
postoperative CRP has been extensively studied as a predictive
marker for infections and complications,'®* but the utility of
preoperative CRP has not yet been fully explored in spine
surgeries. Larger differences between preoperative and post-
operative CRP was associated with a higher risk of postopera-
tive complications in lumbar fusion procedures in a single
center study.”® A single center study that included all types
of spinal surgery found that preoperative CRP was not shown
to be predictive of postoperative SSI.'>

Many of the existing studies investigating the relationship
between pre-operative serum albumin or CRP levels and post-
operative infections are single institution studies or do not ana-
lyze pre-operative serum albumin or CRP as risk factors after
specific spine surgeries. Additionally, one challenge large ret-
rospective database studies face is the ability to control for
patient co-morbidities, as stratifying patients by their individ-
ual medical conditions would significantly reduce the sample
size. One comprehensive and reliable metric to control for this
is the Charlson Comorbidity Index (CCI) score, a cumulative

score predicting 10-year survival factoring in patient age and
history of various cardiac, pulmonary, and other comorbidities
that is frequently used to stratify patient’s risk pre-opera-
tively.?* Therefore, this large, retrospective database study
aimed to determine if albumin and CRP can be predictors of
post-operative infections and revisions after anterior lumbar
interbody fusion (ALIF), posterior lumbar interbody fusion
(PLIF), or lumbar discectomy in a patient population stratified
by CCI score.

Methods

In this retrospective database study, we hypothesized that
patients with low pre-operative albumin or elevated pre-
operative CRP would have increased post-operative complica-
tion rates including deep infection and UTI within 3 months of
surgery and surgical revision within 1 year of surgery. Data was
extracted using the Humana Insurance database within Pearl-
Diver, which is a large database consisting of over 25 million
Health Information Portability and Affordability Act compliant
patient records spanning across private and public health insur-
ance policies. All patients undergoing an ALIF, PLIF, or lum-
bar discectomy with pre-operative labs between January 1,
2007 and March 31, 2016 were selected for the study (Table 1).
In accordance to CCI score classification with CCI scores of 1-
2 being mild, 3-4 being moderate, and > 5 being severe,
patients were stratified into one group consisting of patients with
a CCI < 3 and the other with a CCI > 3.2 Based on their pre-
operative lab values, patients were further stratified into either
a normal albumin (3.5-5.4 g/dL), low albumin (<3.5 g/dL),
normal CRP (<1.0 mg/dL), or high CRP (> 1.0 mg/dL) group
(Figure 1). In order to maintain patient anonymity, all groups
returned by PearlDiver that had 11 or fewer patients did not
report the specific number of patients.

Complication rates for deep infection and urinary tract
infection (UTI) within 3 months of surgery and surgical revi-
sions within 1 year of surgery were measured for each group
(Table 1). All odds ratios were calculated using the R statistical
program through PearlDiver. Chi-square analysis was used to
identify the significance of complication rates. 95% confidence
intervals (CI) were calculated for all risk ratios by using an
alpha level of P < 0.05.

Results

A total of 74,280 patients were included in this study, of which,
21,903 (30%) had either pre-operative albumin or CRP mea-
sured within 3 months of surgery. 7,191 (33%), 12,183 (56%)
and 2,529 (12%) patients had undergone an ALIF, PLIF, and
lumbar discectomy, respectively. Furthermore, 3% (n = 746)
of all patients with pre-operative albumin measured had low
albumin and 5% (n = 1062) of all patients with pre-operative
CRP had elevated CRP levels. 56% (n = 15,343) of all patients
who underwent surgery had a CCI < 3 and 74% (n = 16,191) of
all patients did not have a complication (Tables 2 and 3).
Patients with a CCI < 3 were significantly less likely to have
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Figure 1. Flow diagram of study design.

any post-operative complication compared to patients with a
CCI > 3 (23.1% vs. 33.0%, respectively; P < 0.001).
Hypoalbuminemic patients had a UTI complication rate as
high as 40% and a deep infection rate as high as 17% in patients
with a CCI > 3 who underwent lumbar discectomy and PLIF,
respectively (Table 4). In patients with a CCI < 3, hypoalbu-
minemic patients were at significant risk of having a UTI (OR

3.03, CI 1.39-6.37, P < 0.005) after ALIF and deep surgical
site infection (OR 3.85, CI 2.63-5.56, P < 0.0001), UTI (OR
2.38, CI 1.82-3.13, P < 0.0001), and surgical revision (OR
2.44,CI1.61-3.57, P < 0.0001) after PLIF (Table 5). Similarly,
in patients with a CCI > 3, hypoalbuminemia was significant
risk factor for UTI (OR 1.92, CI 0.93-3.85, P < 0.05) after
ALIF, deep infection (OR 2.94, CI 1.96-4.35, P < 0.0001) and



37

Yoshida et al

2952nq sipa paejndod syusned Jamay o | || >
> > 0 > (%1) s¢ "> 0 0 "> > (%5°0) s¢€ "> 06 <
0 > > (%) 1 (%) £¢ (%) 1t 1> > 1> > (%8°0) 09 > 68-98
> (%6) 81 (%01) 11 (%8) L¥ (%6) 18T (%9) 111 > (%L) 91 "> (%0) L€ (%¥) 61¢€ (%0) ¥¢ ¥8-08
> %t 9% (%10 €T (%S1) €6 (%81) 128 (%¥1) 15T 1> W) ve @eD Tt %) 901 (%11) LT8 (%S) TSt 61-SL
> (%€ 8y (%91) 81  (%70) s€l (%90 1€8  (%TT) 00% > (%t ts ) 11 (%91) skt (%00) €251 (%€1) £8S ¥1-0L
> (%61) 68 (%81) 0T  (%61) 811 (%70 €69 (%TD) €6€ "> (%€0) S5 (%00 61  (%07) 81 (%¥T) 0£81  (%61) S98 69-59
> %11) €T 1) s1 (%L1) 01 (%€1) ¥OF  (%F1) ST > (%11) 9t (%00 61  (%¥1) TTT  (%¥1) 8501  (%S1) 689 ¥9-09
> (%8) 91  (%t1) €1 (%L) s¥ (%L) 91T (%11) sél N> %11) 9T %SD¥1 (1) 8TT  (%11) ¥T8  (%S1) 669 65-SS
> > "> (%9) 8¢ (%p) s11 (%2) 951 "> (%) 91 N VARV R VA (%8) €19  (%¥1) L£9 ¥5-0S
> 0 > (%¢) £1 (%2) 8% (%) 99 "> > "> (%8) 821 (%S) o2 (%01) L4y 6¥-St
0 0 "> > (%80 £ (%) 6l 0 "> 0 (%¥) 6 (%€) 61 (%9) 99t ¥h-0b
0 > > > > > 0 > 0 (%) 1¥ (%0) €11 (%0 111 6€-S¢€
0 0 0 0 "> > 0 0 "> (%0) st (%L0) €5 (%6°0) €% ¥€-0€
0 0 0 > > 1> 0 1> 0 1> (%£°0) ST (%€0) Sl 67-ST

0 0 0 0 0 0 0 0 0 > > > ¥T-0T a8y

Awopadsig  4d 4NV Awoxedsiqg dd 41V Awopedsig  d41d 40V Awoedsiqg 41d v
(% / 4oqwinu) ulwngje moT (% / 42qwinu) ulwngje [eWJIoN (% / 42qwinu) ulwngje mon (% / 49qwinu) ulwnge [ewJoN

(%t1) Ly %11 +19 (%€1) 85 (%11) 8451 Awo393s1g
(%L5) 60T (%¢15) gTee (%19) 9¢T (%59) 68SL 4Nd

(%1€ 011 (%T€) 1€81 (%S0 96 (%+€) 9¥9% 417V @4npadouy
(%59) 00T (%€£9) €£0€ (%59) 9%t (%69) 6v18 3jewa4

(%S¥) 991 (%) s€9T (%S¢) ¥€1 (%1%) 9995 del xag

(%/42qwinu) ujwinge [ewJoN (%/42quinu) ulwngpe mon (%/42qwinu) ulwnge [ewJoN A103a18D)

(%%/42quinu) uiwinge mo

€ <1020

€>100

‘ulwngy aAnesadQ-add YA siuaned Joj ereq diydeaSowaq 7 dqeL



Global Spine Journal 13(1)

38

1932nq sipa pasejndod syusned uamay Jo ] 1| >
"> "> 0 "> 0 0 0 0 0 0 0 0 06 <
> > > 0 > 0 0 0 0 > > 0 68-S8
> (%2) 91 > "> > > > (%¥) +1 > "> > > ¥8-08
> (%S1)ze  (%E1) ¥1 "> (%) 11 > "> (%6) 7€ (%01) 0T > (%11) £t > 61-SL
> (%50 s (%0 ¥ > (%€0) Tt (%€¢) SI (%61) 61 (%t 8 (%£1) LT "> (%91) oF  (%¥1) 0T ¥/-0L
(%61) 11 (%07) £ (%61) 0T "> (%¥0) €T > %1 11 %10 22 (BL1) 9 (%10 €I %61) £y (%61) 8T 69-99
(%00 I (%s1) Te  (%S1) 91 1> (%61) 81 > (%81) 81 (%S ¥S 1D v (%81) 11 (%11)8T  (%S1) 1T #9-09
"> (%01) 1T (%%1) SI 0 1> 1> (%¥1) #1 %11 oy (k1) os  (%07) Tl (%S1) 8¢ (%S1) TT 65-9S
"> (%9) T (%01) 11 "> > > (%L1) L1 (%01) s (%6) 81 > %11) 2T (%T1) £1 ¥5-0S
N> N> > 0 > > > (%9) 0T (%21) 9t > (%9) s1 - (%01) #1 6b-St
> > > 0 > 0 > 1> 1> > (%9) 11 > yh-0p
0 > 0 0 0 0 > "> > > > > 6£-S€
0 0 0 0 0 0 > > "> > > > ¥E-0€
0 0 0 0 0 0 0 0 0 0 > 0 67-ST
0 0 0 0 0 0 0 > 0 0 0 0 ¥-0T a8y
Awo393s1g 4d 40V Awoxedsiqg 41d v Awo393s1g 41d v Awo393s1g 4d v
(% 1 4equinu) dyD Y3iH (% 1 4equinu) dyD [ew.ioN (% 1 4oquinu) 4y Yy3iH (% 1 4equinu) dyD [ew.oN
(%S1) 6 (%t1) ot (%S1) 01 (%€1) 19 Awo3deds1q
(%L5) 81T (%65) 6 (%%5) 99¢ (%SS) £¥T 4Ind
(%87) 801 (%60) 9% (%1€) 60T (%T8) s¥1 41V  @4npadouy
(%89) TTT (%79) 96 (%79 L1V (%+9) 06T 3eway
(%Tp) €91 (%8¢) 59 (%8¢) 09T (%9¢) €91 el PEN
(%/49quinu) gyD Mo (%/43quinu) gyD [ewioN (%/42quinu) gyD moT (%/43quinu) gyD [ewioN A1o3a3e)
£<12D £>12D

‘dYD 2AneIad-aud YIAA sIuaned Joj ere dlydesdows *€ 3|qeL



Yoshida et al 39

— Table 5. Odds Ratios Comparing Hypoalbuminemic Patients to
P %’ g ;}"’\ g ggg g E’}; Normo-Albumin Patients With a CCl < 3.
V8le dz|uze |e o
®E|m*in—|oxox |N% Confidence
I E, ~ -jean " - Odds interval P-
Procedure Complication ratio (95%) value
2 < = o o o ALIF No Complication 0.41 0.27-0.63 < 0.0001
% = § § E 5 Deep Infection ~ 3.85 0.74-854  0.005
£ 'g s % lovw oon | mx % % UTlI 235 1.46-3.79 0.001
02| m n N - Revision 1.98 1.04-3.75 > 0.05
™ z= PLIF No Complication 0.41  0.32-0.54 < 0.0001
A Deep Infection 3.78 2.60-5.51 < 0.0001
O E Slae = soo s o UTI 236 1.79-3.10 < 0.0001
LIiss | & A 28 Revision 249  1.66-3.71 < 0.0001
2582 ¢ Lz NI Lumbar Discectomy No Complication 0.43  0.24-0.78 0.007
s 5|18 Q* |gyx* |q* = Deep Infection 401  1.81-886  0.003
5 - UTI 1.61 0.83-3.13 0.17
Revision 1.96 0.68-5.60 0.23
£
AR N S T S S
% E 88&3\\} §,§8£\r, 5;?,5@ Table 6. Odds Ratios Comparing Hypoalbuminemic Patients to
TE“ EIXRSR | RSRS|SRIT® Normo-Albumin Patients With a CCI > 3.
c £ [at} < ; N 0 — < -
zo Confidence
Odds interval P-
oSl = —~—— o —~ Procedure Complication ratio (95%) value
g S|l |e-dnv-adz ALIF No Complication 0.53  0.36-0.79 0.002
:%*’ S E Yo~ a LR eIz Deep Infection 2.88 1.19-6.98 0.04
- UTI 208 1.39-3.11 0.001
Revision 083 0.33-2.09 0.74
% Sle = - = - = PLIF No Complication 0.56 0.43-0.74 < 0.0001
O% § N § g% AN Deep Infection 3.0l 2.04-444 < 0.0001
g_g = g* :;33 :i,* @* UTI 1.56 1.17-2.08 0.003
§3|2° R |s’/8T |7 2 Revision 1.00  050-1.99 097
- z = Lumbar No Complication 0.44  0.24-0.80 0.007
Vi Discectomy Deep Infection 3.80 1.56-9.27 0.009
Gl ega UTI 1.85 1.00-3.40 > 0.05
O ER ¥ ¥ |T¥H|8 2 Revision .12 039326 079
252 & |2I88 |5 &
; E|lwm* % |mmon—| 0% %
= fe} o~ MmN N _
S< - UTI (OR 1.52, CI 1.14-2.04, P < 0.005) after PLIF, and deep
infection (OR 3.57, CI 1.25-10.00, P < 0.05) and UTI (OR
E Y o o 1.72, CI 0.89-3.33, P < 0.05) after lumbar discectomy
Y |88y s |sx8g (Table 6).
= é %‘:-’f: f EEEE’ E’%E’E Patients with elevated CRP had UTI complication rates as
£ 3 § R S E mMmR | ENRE high as 36% in patients with a CCI > 3 after undergoing PLIF.
S~ Deep infection had the second highest complication rate at 11%
" " " ¥ among patients with an elevated pre-operative CRP after PLIF.
5 . 5 c 5 ¢ e The revision rate for patients with elevated pre-operative CRP
5 E % 5 % 5 % - and a CCI > 3 after ALIF was 10%, the highest of all patient
“ g e _|g2e¢ |ge¢ & populations. Elevated CRP was a significant risk factor of hav-
= E— ) 5_ 218 5‘ 218 Tﬂ_} 218 ing deep infection (OR 3.40, CI 0.96-12.05, P < 0.05) after
‘g Sl128 5 é 28k E S8k g ;f ALIF', UTI'(OR 1.85, CI 1.23-2.78, P < 0.005) after PLIF, and
e - a deep infection (OR 3.60, CI 1.00-12.90, P < 0.05) after lumbar
% £ g: discectomy in patients with a CCI < 3 (Table 7). Furthermore,
5 g :d. patients with a CCI > 3 and elevated pre-operative CRP were
v o 2 $ less likely to have no post-operative complications after PLIF
: é . 2 compared to patients with normal pre-operative CRP but this
% § L w € go was not statistically significant likely due to insufficient sample
[ Tl < T 3 " size (Table 8).
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Table 7. Odds Ratios Comparing Patients With Elevated CRP to
Patients With Normal CRP Levels in Patients With CCl < 3.

Confidence
Odds interval P-
Procedure Complication ratio (95%) value
ALIF No Complication 0.77 0.47-1.26  0.29
Deep Infection 340 0.96-12.05 0.04
UTI 126 0.69-2.28 046
Revision 122 0.56-2.64 0.63
PLIF No Complication 0.79 0.56-1.12  0.18
Deep Infection 1.32  0.76-230  0.33
UTI 1.87 1.23-2.85 0.003
Revision 0.84 050-1.40 0.50
Lumbar Discectomy No Complication 0.83 0.42-1.63  0.60
Deep Infection 3.60 1.00-12.90 0.04
UTI 0.87 040-1.87 0.72
Revision 1.05 0.29-3.74 0.96

Discussion

In the current study low pre-operative albumin and elevated
pre-operative CRP were statistically significant risk factors for
deep surgical site infection, UTI, and/or surgical revision
depending on the type of surgery. Generally, hypoalbuminemic
patients were approximately 2 to 4 times as likely to have a
deep surgical site infection, 1 to 3 times as likely to have a UTI,
and almost 3 times as likely to undergo a revision within 1 year
of PLIF. Likewise, patients with elevated pre-operative CRP
were at similar increased risks for deep surgical site infection
and UTL

Hypoalbuminemia, despite little conflicting evidence,*® is a
reliable marker for assessing patient malnutrition®® as well as
inflammation and chronic disease.'® As a result, previous stud-
ies have investigated the effects of pre-operative serum albu-
min levels on operative mortality and morbidity.?’ Specifically
within orthopedics, low pre-operative serum albumin levels are
associated with greater morbidity, mortality, and length of stay
after hip fracture,® greater superficial site and deep infection
risk after spine surgery”>*~° and total joint arthroplasty,”"' and
spine surgery revision.*

Pre-operative hypoalbuminemia was previously reported as
an independent risk factor for post-operative complications
including but not limited to UTI, pneumonia, deep and super-
ficial surgical site infections, and sepsis after elective and non-
elective anterior or posterior spinal fusion.>® Lakomkin et al.
found that abnormal pre-operative albumin had an odds ratio of
2.52 for major post-operative complications including deep
wound infections, organ space infections, and sepsis, among
other complications, after posterolateral lumbar fusion and an
odds ratio of 2.26 for minor complications, including superficial
wound infections, pneumonia, UTI, and wound dehiscence.'®
Looking at surgical site infection specifically, Liu et al. showed
that both pre-operative and post-operative hypoalbuminemia
were associated with increased risk of infection after posterior
lumbar spinal surgery.** For anterior lumbar interbody fusions,
low albumin had an odds ratio of 5.93 and 5.35 for UTI and

sepsis, respectively, in a previously published study.*® Finally,
Bohl et al. calculated an adjusted risk ratio of 2.3 and 2.5 for
surgical site infection and UTI, respectively, after posterior lum-
bar spinal fusions in hypoalbuminemic vs. non-
hypoalbuminemic patients.'® Of the existing literature, only one
study did not find pre-operative albumin to be a risk factor for
post-operative complications.*® Additionally, our study reports
a greater complication rate for deep infection after ALIF and
PLIF compared to the existing literature.>”~® Specifically, study
by Mehren et al reported a deep infection rate after ALIF as low
as 0.37% in a single center study.*”

Identifying hypoalbuminemic patients and delaying surgery
whenever possible not only decreased morbidity and mortality
rates on the patient but also leavens the financial burden of
hospitalization and increased patient quality of care. One study
from 2002 stated that the median total direct cost of hospitali-
zations per infected patient rose from $6,646 in an uninfected
patient to $24,344 in a patient with a surgical site infection.*’
While another study states that the difference in daily total
charges was not statistically significant, length of stay for
patients who had a surgical site infection rose from 5.64 days
to 10.56 days. Additionally, 30-day readmission rates increased
from 8.19 to 51.84 readmissions per 100 procedures, resulting
in a change in profit due to surgical site infection of
$2,268,589.*!

Compared to albumin, CRP was not as strong of a predictor
for post-operative complications. While CRP is also an acute
phase reactant and therefore a marker for acute and chronic
inflammatory states,**** CRP was a significant risk factor for
only deep infection after anterior lumbar interbody fusion and
UTI after posterior lumbar interbody fusion in patients with a
CCI < 3. We suspect that this is due to our low power returned
for all patients with CRP measured pre-operatively. Previous
studies have shown that elevated pre-operative CRP is a risk
factor for increased length of stay after elective orthopedic
surgery** and infection after total hip arthroplasty*® but another
study found that pre-operative CRP levels were not statistically
significant risk factors in predicting post-operative complica-
tions after total knee arthroplasty.*® Extensive research on CRP
detecting post-operative infection after orthopedic surgery
exists'*?%%7 but little literature exists investigating pre-
operative CRP in lumbar spine surgeries.

Our results suggest that perhaps acute or chronic inflamma-
tory states are not the driver of post-operative complications
but malnutrition is instead, as both albumin and CRP are mar-
kers for inflammatory states but only albumin is used to mea-
sure malnutrition. However, regardless of the mechanism by
which decreased albumin or elevated CRP confer increased
risk for post-operative complications, the odds ratio of pre-
operative hypoalbuminemia and elevated CRP is greater than
previously documented risk factors. In a single center retro-
spective study, multivariate logistic regression analysis
revealed operation time and American Society of Anesthesiol-
ogists (ASA) classification: 3 to be significant risk factors for
surgical site infection while operation time, ASA classification:
3, and elevated post-operative CRP after 1 week to be
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Table 8. Odds Ratios Comparing Patients With Elevated CRP to
Patients With Normal CRP Levels in Patients With CCl > 3.

Confidence
Odds interval P-
Procedure Complication ratio (95%) value
ALIF No Complication  0.91 0.43-192 0.82
Deep Infection 129  0.25-6.66 0.80
uTI .24  0.53-291 0.64
Revision 1.19  0.36-3.95 0.8l
PLIF No Complication 0.69  0.42-1.13 0.14
Deep Infection 223 0.82-6.03 0.1l
UTI .32 0.79-221 030
Revision 086 0.31-237 076
Lumbar Discectomy No Complication 0.84  0.28-2.51 0.77
Deep Infection 1.21 0.23-6.37 0.87
UTI .02 0.32-329 0.99

significant risk factors for UTI.>” However, with exception to

ASA classification: 3 which had an odds ratio of 6.0176 and
3.7076 for surgical site infection and UTI, respectively, the
odds ratio for operation time 1.0066 and 1.0577 for superficial
site infection and UTI, respectively; the odds ratio for elevated
CRP after 1 week of surgery was only 1.1336 for UTI.

In the United States, routine pre-operative laboratory is
often performed before surgical procedures, as information
gathered from such results helps stratify risk and determine
intra-operative and post-operative management. Additionally,
routine pre-operative laboratory work up has been demon-
strated to be a significant cost saving measure in septoplasty,
though no literature currently exists within the orthopedic spine
surgery space.*® However, one study by Rodriguez et al*® have
noted that routine pre-operative tests are redundant, as lab
results of patients who were indicated to undergo pre-
operative laboratory tests per guideline recommendations® did
not yield unexpected results and consequently did not change
anesthetic management. In another study by Onuoha ef al,’!
70% of routine pre-operative metabolic panels, a commonly
used blood test in the United States that measures serum elec-
trolytes, kidney function, and glucose levels, were collected in
patients who were sufficiently healthy according the American
Society of Anesthesiology physical status. Nonetheless, while
the appropriateness of pre-operative lab work is widely
debated, malnutrition is a frequently missed and untreated
diagnosis with as many as 2 of every 3 major surgery patients
being malnourished.’® Therefore, orthopedic spine surgeons
should consider the possibility of malnourishment in their
patients and order appropriate testing to stratify patients’ risk.

While other studies have investigated pre-operative albumin
and CRP as risk factors for post-operative complications, most
studies are either single institutional studies or utilize the Amer-
ican College of Surgeons National Surgical Quality Improve-
ment Program (ACS-NSQIP) database. Our study provides a
unique perspective by being the only study investigating pre-
operative albumin and CRP as risk factors for post-operative
complications after ALIF, PLIF, and lumbar discectomy using

the Pearl Diver database. Using this database provides advan-
tages with the primary one being that Pearl Diver helped facil-
itate a highly powered study that served to mitigate confounding
factors that would otherwise impact other smaller powered stud-
ies. Additionally, because Pearl Diver is a national database, we
were also able to mitigate regional bias that would otherwise
impact single-institutional studies.

Our study was not without limitations. One limitation of
using PearlDiver to conduct a retrospective study such as this
one is its dependence on ICD-9 and CPT codes, as the accuracy
of collected patient information is subject to provider record-
ing, thus serving as a potential source of error. Additionally,
due to PearlDiver as well as this study being retrospective in
nature, collected patient data is limited to certain demographics
and additional information including but not limited to patient
outcomes, characteristics, or hospital course could not be
obtained; furthermore, controlling for pre-existing conditions
is difficult, as doing so would significantly impact the power of
our study and therefore impact the primary objective of our
study. Information pertaining to intra-operative variables such
as operation time, estimated blood loss, and blood transfusion
was also absent from this study, which could have otherwise
provided additional detail regarding the etiology of various
post-operative complications such as infection or surgical revi-
sion. Another limitation to Pearl Diver is its inability to report
the number of patients for groups in which there were 11 or
fewer patients, limiting our ability to report post-operative
complication rates or odds ratios. Given the study design and
small populations our exclusion criteria did not exclude
patients who had a front/back procedure. Power was also a
limitation in this study, patients with abnormal CRP and in
particular albumin values were low and might have had an
impact on the comparison analysis. Lastly, our study did not
compare the complication rates between patients who had pre-
operative laboratory values compared to those who did not,
serving as a potential source of selection bias.

Recent literature has come out investigating how a pre-
operative CRP: albumin ratio affects morbidity and mortality.
In the study done by Llop-Talaveron et al., a pre-operative CRP:
albumin ratio was statistically significant for predicting infec-
tion, sepsis, and liver failure.®> Furthermore, prealbumin has
been cited as a serum biomarker of impaired perioperative nutri-
tional status and a risk factor for surgical site infection, UTI, and
longer surgery time after spine surgery.'>%*7 In addition to
investigating other serum markers for malnutrition, including
platelets, INR, absolute lymphocyte count, and hematocrit, spe-
cial attention should focus on the sensitivity and specificity of
these markers in predicting intra-operative and/or post-operative
complications including, but not limited to, operative time,
bleeding, infection, revision of surgery, MI, DVT, PT, and
length of hospitalization.

Conclusion

Using the Humana Insurance database through PearlDiver, we
demonstrated that pre-operative hypoalbuminemia is a
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statistically significant risk factor for deep infection, UTI, and
surgery revision while CRP showed a trend but was not a
statistically significant risk factor for these complications. For
some patient populations, low serum albumin greatly increases
risk for post-operative complications, namely deep infections.
Given these findings, serum albumin may be a useful test to add
pre-operatively to improve patient safety and reduce adverse
outcomes.
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