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Protein Energy Malnutrition as a Predictor of Early Recurrent Revisions
After Debridement Surgery in Patients With Difficult-to-Treat
Periprosthetic Infection
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Background. Protein energy malnutrition (PEM) is a proven risk factor of postoperative complications in orthopedic
patients, including arthroplasty of the large joints. The aim of our study was the evaluation of PEM prevalence and its
association with the early postoperative revision in patients with the difficult-to-treat (DTT) prosthetic joint infection (P]I)
of the hip. Methods. The retrospective study included 132 patients with chronic DTT PJI of the hip. The patients underwent
the removal of the orthopedic implant, radical debridement of the infected tissues, and resection arthroplasty with non-
free transplantation of an axial vastus lateralis muscle flap (n = 57) or installation of an antimicrobial spacer (n =75). DTT
PJI was defined as infection caused by rifampicin-resistant staphylococcal strains, ciprofloxacin-resistant gram-negative
bacteria, fungi of the genus Candida, as well as their associations. Assessment of the patient’s protein-energy status
included the evaluation of the reference laboratory parameters: the levels of hemoglobin, total protein, albumin, and the
number of lymphocytes. The degree of PEM was determined by the number of laboratory markers below the threshold values.
The statistical comparison was performed using Fisher’s test. The odds ratio (OR, 95% CI) was calculated to assess the risk
of PJI recurrence. Differences were considered significant at p<0.05. Results. More than 70% of patients with chronic DTT
PJI included in the study were diagnosed with preoperative PEM of varying degree of severity. Hypoalbuminemia and a
decrease in hemoglobin levels were diagnosed more often: 64.3% and 57.1% in the muscle flap plasty and 57.3% and 31.1%
in the antimicrobial spacer group, respectively. In addition, in muscle plasty and antimicrobial spacer groups, a decrease
of three or more reference PEM markers was detected in 28.5% and 16.0% of patients and this advanced impairment
of the nutritional status increased the risk of early revision intervention by 2 (OR 2.0; CI 95% 0.47-8.56; p = 0.35)
and 6 times (OR =6.11; C1 95% 1.06—35.35; p <0.04), respectively. Conclusion. In general, the analysis of publications and
results of our study show that PEM is associated with the development of surgical site infection and recurrence of PJI after
revision surgery. A decrease in three or more reference PEM markers is a significant predictor of repeated revisions after
debridement surgery with the installation of an antimicrobial spacer. PEM complicates the course of postoperative period
in patients with resection arthroplasty. Given the high incidence of PEM in patients with DTT PJI of the hip joint further
research is needed to develop methods for nutritional status correction and assessment of their impact on the outcomes
of debridement surgery.
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Beedenue. benkoBO-sHEpreTMyeckass HeOOCTaTOYHOCTh (BOH) sBisieTcss mokasaHHBIM (PAaKTOPOM pMCKA Pa3BUTHMS
MOC/IEOTIEPALIMIOHHBIX OCJIOKHEHUI Y OPTONEIMYEeCKMX OOJIbHBIX, B TOM UMCIe M TOC/Ie SHAOIPOTE3UPOBAHMS KPYITHBIX
cyctaBoB. Llensto vicciieoBaHys 6bUIA OLEHKA YaCTOThI BcTpeuaemMocTyt BOH 1 ee BIMsiHMS HA HEOOXOAMMOCTD BbITIOTHEHMSI
PeBU3MOHHOTO BMeIIaTeNbCTBA B paHHEM I10C/IeONepalMOHHOM Iepuofie y TaluMeHTOB ¢ TpyaHousiaeunmoii (TU)
nepunpoTesHoii nubekuueit (M) TazobeapeHHOr0 cycTaBa. Mamepuan u memodsl. B peTpoCreKTUBHOE MCCIeIoBaHe
BKIIOUEeHO 132 maryeHTa ¢ xpoHudeckoit TU TIIM Ta306eIpeHHOr0 CyCTaBa, KOTOPbIM ObLIM BBITOJHEHBI YAaIeHUe
OPTOIEeINYECKOTO MMIUIAHTATA, PAAMKaIbHAS XUpypruueckas o06paboTka ouara MHGEKIMN 1 Pe3eKIMOHHAs apTPOTIacTUKa
C HeCBOOOHOI MepecagKkoii 0CEBOTO MBIIIEUHOTO JIOCKyTa U3 m. vastus lateralis (n = 57) vy ycTaHOBKA aHTMMUKPOOGHOTO
creiicepa (n = 75). K TU I[N oTHocwiM WMHGEKINIO, OOYCIOBIEHHYI0 PUGAMIUIMH-PE3UCTEHTHBIMY IITaMMaMU
CTaMIOKOKKOB, IMITPOGIIOKCAIIH-PE3UCTEHTHBIMY IIITAMMaMM TPaMOTPUIIATEbHBIX 6akTepuit, rpubamu poma Candida,
a Takke Mx accoryarysiMu. OleHKa 6GeJKOBO-IHEpPreTMYecKoro CTaTyca MallyieHTa BKIIIoYaja OmpefesieHue OIMOPHBIX
J1a6OpaTOPHBIX MOKa3aTeseil: YpoBHEl reMOro6uHa, o6Iiero 6enka, ambOyMuHa M KOIMYECTBO JUMMbOUNUTOB. CTerneHb
BOH ompenensy 1Mo KOJIMUYECTBY JIab0PaTOPHBIX MapKepoB HIKe MOPOTOBbIX 3HAUeHMit. COMoCTaBIeHe OTHOCUTETbHbBIX
rokasarejieii CpaBHeHMsI BBITIOJIHSIIN C IIpUMeHeHeM KpuTtepust duiiiepa. [Ij1s1 otieHky Bavsiuust BOH Ha pa3BuTue pelansa
paccunTbIBaM OTHOIIeHe mancoB (OIII, 95% [IU). Pasnuuust MpyUHUMAaIM 3a OCTOBepHbIe Ipu p<0,05. Peynsmamet. bonee
yeM y 70% 6GombHBIX ¢ XpoHudeckoit TU TIIIH, BKIIOUEHHBIX B MCCIENOBaHNMeE, IO Onepanyy 6buia auarHocTupoBaHa BOH
Pa3IMYHONM CcTeneHy TspkecTy. Yale AMarHOCTUPOBAIM TUTIOATBOYMUHEMMIO Y CHYDKEHME YPOBHS TeMOIJIOOMHA: COOTBET-
CTBEHHO 64,3% ¥ 57,1% B TpyTIIe MbIIIEYHOI TIACTURM U 57,3% w 31,1% B TpyIiie aHTMMUKPOOHOTO criejicepa. B rpymmax
MBIIIEUHOM TUIACTUKM U aHTUMMUKPOGHOTO creiicepa medMUMUT Tpex U 6Gojiee OMOPHBIX IokasaTeseii BOH Obla BbISIB/IEH
COOTBETCTBEHHO Y 28,5% 1 16,0% mauyeHTOB, TPy 3TOM Ha/IMUMe TaKMX BhIPAKEHHBIX HAPYIIEHWT HYTPUIIMOHHOTO CTaTyca
YBEJIMUMBAJIO PUCK PAHHETO PEBM3MOHHOTO BMeIIaTesbcTBa B 2 pasa (OII = 2,0; N 95% 0,47-8,56; p = 0,35) u B 6 pas
(Ol = 6,11; IV 95% 1,06-35,35; p<0,04). 3axntoueHue. AHaNN3 HAYUHBIX ITyOIMKAIMIT Y PE3yIbTAThl HAIIIETO VICCIeNOBAHMS
MmokasbiBaloT, 4To bOH cBs3aHa ¢ paszsutueM MOXB u peuyausom TN mocie peBM3MOHHBIX omnepaiinii. CHIDKeHMe Tpex U
60Jiee OMTOPHBIX MMOKa3aTeseit BOH sBiseTcs] 3HAUMMbBIM MTPEAUKTOPOM MTOBTOPHBIX PEBMU3UIL TIOC/IE CAHUPYIOLIVX OTeparyii
C YCTAaHOBKO# aHTMMMKPOOHOTO CITelicepa, a TAKKe YXY/IIaeT TeUeH)e paHHEero MoC/IeonepaiOHHOTO TIepro/ia y MalyeHTOB
C pe3eKIMOHHOV apTPoIIacTuKoi. C yueTOM BBICOKOV YaCTOThI BCTpeuaeMocTy BOH pasnuyHoil cTeneHn TSDKeCTH y MaLy-
enTtoB ¢ TU TIIIU Ta306epeHHOTO CycTaBa HEOGXOOMMBI AATbHENIINE MCCIeIOBAaHMS TI0 pa3paboTKe METOAO0B KOPPEKI
HYTPULIMOHHOTO CTaTyca M OLIEHKe UX BAMSHMS Ha MCXOJIbl CAHMUPYIOIINX OTeparnii.

KiioueBbie c/10Ba: TpymHOM3IeuMMass MHGOEKIVS, epurnpoTesHast nHbeKus, 6e1K0BO-9HepreTnyeckass HeJoCTaTOu-
HOCTb, Pe3eKI[MOHHAS apTPOTIACTUKA, TA300eIPEHHBIN CYCTaB.

Introduction debridement surgery result in large bone defects.

Chronic prosthetic joint infection (PJI) is one of Resection arthroplasty of the hip coupled with a
the serious complications of total joint arthroplasty. flap of vastus lateralis muscle filling the bone defect
The worst treatment results are observed in has been shown as an effective way to achieve the
infections caused by drug-resistant strains of bacteria  control of infection, particularly, in case of the DTT
[1, 2]. Lately, the so-called difficult-to-treat (DTT) PJI and in some cases restore its function [4, 5].
infection has been defined as an infection caused by  This surgical approach improves the blood supply
difficult-to-eradicate pathogens such as rifampicin- and the delivery of oxygen, leucocytes and antibiotics
resistant  staphylococci, ciprofloxacin-resistant to the affected tissue which helps to eradicate
gram-negative bacteria and Candida fungi [3]. pathogens responsible for the chronic infection
Multiple attempts to eradicate this infection through  decreasing the risk of PJI recurrence [6].
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The imbalance of nutrients or protein-energy
malnutrition (PEM) is one of the main causes of
increased morbidity and mortality, reduced quality of
life, increased frequency and length of hospital stay,
and associated health care costs [7, 8]. PEM is a proven
risk factor for the development of postoperative
complications in orthopedics including patients who
underwent arthroplasty of large joints as well as
spinal surgery [9, 10, 11]. In addition, PEM not only
negatively affects postoperative recovery and wound
healing but also increases the risk of early and late
surgical site infection [12]. The incidence of PEM in
orthopedic patients requiring arthroplasty varies
from 8.5% to 50% [13, 14, 15]. PEM has been shown
both as a risk factor for the onset of prosthetic joint
infection and a predictor of the infection recurrence
after primary arthroplasty [16]. Surrogate markers of
PEM such as total lymphocyte count, serum albumin
and transferrin have been extensively used to assess
the underlying nutritional status of patients [17,
18]. Increased risk of complications after total hip
arthroplasty including the recurrence of PJI has been
associated with hypoalbuminemia [19]. Low levels of
albumin in combination with hemoglobin were also
associated with the development of PJI [18].

The number of studies that have addressed the
role of PEM in the development of PJI is limited.
Most of them are hindered by heterogeneous cohorts
without any discrimination between cases of primary
and revision arthroplasty, or PJI and trauma-related
surgery [15, 20]. Given this, we aimed to evaluate the
prevalence of PEM in patients DTT PJI of the hip. In
addition, the association of preoperative PEM with
surgical complications requiring early postoperative
revision after resection arthroplasty with a muscle
flap or a cement spacer implantation was assessed.

Methods

The data for the study were retrieved from the
records of the local PJI register covering the period
of 2012-2018. The study was approved by the
institutional review board. General informed consent
was obtained as a part of the hospital admission.

Of all 132 patients included in the study, 57
were treated with a pedicled muscle flap after the
removal of the endoprosthesis. Surgical debridement
of the affected tissue was followed by subsequent
transplantation of a vastus lateralis muscle flap of
the femur retaining the vascular supply. Alternatively,
the remaining 75 patients were treated with surgical
debridement and installation of an antimicrobial
cement spacer in place of the metal components.

The main inclusion criteria were chronic DTT PJI of
the hip caused by rifampicin-resistant staphylococci,
ciprofloxacin-resistant Gram-negative bacteria and/or
Candida fungi. The main laboratory parameters which
were taken for the evaluation of the nutritional status

included total lymphocyte count, hemoglobin, albumin
and total protein. The cut-off values suggesting PEM
were defined as follows: total lymphocyte count (TLC)
at <1.5x10° cells/L, hemoglobin at <12.0 g/dL, albumin
at <3.5 g/dL and total protein at <6.5 g/dL. The severity
of PEM was defined as the percentage of cases with one,
two or three and more of these laboratory values below
the cut-off level.

Postoperatively, all patients received intravenous
antibiotic therapy followed by oral antibiotics for
6-8 weeks. The proportion of patients requiring
revision surgery in the early postoperative period was
evaluated regardless of the cause.

Statistic analysis

The data were analyzed using Statistica v10
(StatSoft, Russia) and GraphPad Prism v 9.0 (GraphPad,
USA). Categorical variables are shown as percentages.
They were evaluated using Fischer’s exact test.
Odds ratios (OR. were calculated with respective
confidence intervals (CI) at the confidence level of 95%.
The P-value below 0.05 was considered as the indication
of statistical significance.

Results

General characteristics of the cohort are depicted
in Figure 1. Patients treated with a muscle flap had a
longer median duration of PJI and a lower percentage of
at least two episodes of infection recurrence before the
hospital admission as compared to patients managed
using two-stage revision with a cement spacer.

Cohort(n=132)

e

™~

Muscle flap Cement spacer
(n=57) (n=75)
| Median age, years |
59(52-67) 62 (52.5-69.5)
| Gender, n |
Females 24 Females 39
Males 33 Males 36
| Median durationof PJ1, days |
629 (265-1276) 350(83-1229)

| Infection recurrence before admission (>2), %(n)

78.9 (45)

25.3(19)

Fig. 1. General characteristics of the cohort

Fig. 1. O6mias xapakTepucTyKa MaIieHTOB
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Hypoalbuminemia and decreased hemoglobin
were the most common markers of malnutrition in the
cohort (Fig. 2).

Whereas the overall fraction of patients with one
abnormal malnutrition marker was comparable to
those without PEM in the muscle flap group but higher
in the cement spacer group (Fig. 3).

Association of the advanced malnutrition (at
least three abnormal markers) and post-operative
complications requiring surgical revision was only
statistically evident in the cement spacer group
(Fig. 4, 5).

80

5
R
O
&
E Muscle flap Cement spacer

Fig. 2. Percentage of the decreased surrogate markers
of PEM in the cohort

Puc. 2. [lonsg nanyeHToB CO CHMYXKeHVEM YPOBHS OITOPHBIX
rokasateseii BOH B rpymmax cpaBHeHMS
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E Muscle flap Cement spacer

Fig. 3. Severity of the preoperative PEM

Puc. 3. Yactora Bctpeuaemoctyt BOH pasnnuHoii cTrenieHn
BBIPaYKEHHOCTY y ALIMEHTOB TPYII CPaBHEHUS

O.R. 0.67 O.R.2.0
50 (0.14-3.17) (0.47-8.56)
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40+
32.4 O.R.0.57
30127.0 563 (0.09-3.83)
2
21,
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= No revision = Revision

Fig. 4. Association of PEM and revision surgery
in the muscle flap group

Puc. 4. Biusinue crernenu BpipaskeHHOCTM BOH Ha TeueHne
paHHero MocJIeoepaliOHHOro epuoaa B rpyIe
MBIIIEYHO IIaCTUKU

OR.1.22
(0.39-3.8)
50 1

401 36.6 O.R.6.11

323 (1.06-35.35)

O.R.1.43

30 (0.355.79)

24.4

%

219
17.6 17.1

% % 6.0
No PEM 1 2 23

== Norevision

201

101

A

= Revision

Fig. 5. Association of PEM and revision surgery
in the cement spacer group

Puc. 5. BiusiHue crenenu BoipaskeHHOCTY BOH Ha TeueHue
paHHero MowIeolepaliOHHOTO 1epuoja B TpyIlie
aHTMMUKPOOHOTO crieiicepa

Discussion

Despite the worse functional outcomes compared
to the use of an antimicrobial spacer, resection
arthroplasty of the hip joint using a vastus lateralis
muscle flap is an effective procedure to achieve PJI
control [4]. The cohort of patients in the present study
has previously been assessed to compare the efficacy of
resection arthroplasty with a muscle flap and a cement
spacer implantation for treatment of DTT PJI [5]. In all
patients with the muscle flap and cement spacer, the
infection remission was achieved in 96.5% (n = 55) and
45.3% (n = 34) of cases, respectively. Late recurrence of
PJI was only in 2.5% (n = 2) of cases with the muscle
flap vs 26.7% (n = 20) of cases with a cement spacer.
Thus, resection arthroplasty with a vastus lateralis
muscle flap proved to be a strategy of choice for
management of recurrent DTT PJI. In contrast, for this
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study, the cohort was analyzed both for the prevalence
of preoperative PEM and the association of PEM with
early postoperative complications requiring revision.

The average preoperative prevalence of PEM in
patients undergoing arthroplasty depending on the
heterogeneity of the cohort has been widely reported
at 8.5%, 12.3%, 53% and 80% [13, 15, 15, 20, 21]. At
the time of hospital admission, most of our patients
(>70%) had laboratory signs of PEM. It is well known
that prolonged systemic inflammatory response due
to the persistent infection eventually leads to the
loss of muscle mass and function, which could itself
be the manifestation of PEM [7, 8]. For instance, cases
of revision arthroplasty due to septic complications
had a higher rate of hypoalbuminemia as compared to
aseptic cases [10]. Given this, it is feasible to assume
that long-term chronic DTT PJI with multiple prior
failed revisions could have been the primary reason
for the impaired preoperative nutritional status of
our patients. This would also explain the rather high
prevalence of PEM in our study compared to previous
reports. It is noteworthy to mention that the already
abnormal nutritional status of patients at the time
of hospital admission could have also been further
aggravated by the surgery.

Several laboratory values have been considered
as surrogate markers for the early diagnosis of PEM.
For instance, albumin and hemoglobin have been
shown as independent factors associated with PJI
occurrence after primary elective THA [18]. Whereas
albumin had the highest specificity and a positive
predictive value compared to all other markers such
as total lymphocyte count and transferrin. Other
studies have also confirmed the association of
hypoalbuminemia with complications of arthroplasty
from surgical site infection to pneumonia,
cardiovascular pathology, and urinary tract infection
[9, 21, 22, 23]. Like the above reports, our findings
showed low albumin and hemoglobin as the most
prevalent (>50%) abnormal laboratory values.

Our previous study showed that in the early
postoperative period, the only indication for the
secondary revision in the spacer group (28%, n = 21)
was the recurrence of the infection. Alternatively,
main indications (35%, n = 20) for post-operative
revision in the muscle flap group were necrosis of the
flap (8.8%,n = 5), culture-negative hematomas (10.5%,
n = 6), and recurrence of the infection including

Disclaimers

Authors’ contributions
Svetlana A. Bozhkova — research concept and design,
data statistical processing, manuscript writing and editing.

Vitaly N. Liventsov — data collection and analysis,
manuscript writing.

wound dehiscence or prolonged wound drainage for
more than 7 days (15.7%, n = 9) [5]. PEM was found
to be associated with the prolonged surgical site
discharge and subsequent deep infection which
required additional treatment after elective total joint
arthroplasty [16]. In our cohort, a decrease of 3 or
more laboratory markers of PEM increased the risk of
postoperative wound revision by 6 times in patients
with a cement spacer (OR 6.11, CI95% 1.06—35.35,
P<0.04) and 2 times in patients with a muscle flap
(OR 2.0, CI95% 0.47-8.56, P = 0.35) (see Fig. 4, 5).

Due to the retrospective nature of our study, some
medical records such as BMI index and a complete list
of concomitant pathology were missing for a part of
the cohort and thus were omitted from the analysis.

Enteral nutrition is a process of providing the
patients with necessary supplements has been long
regarded as a method of choice for PEM correction
in general medicine and hip replacement in geriatric
patients [24]. Unfortunately, due to the limited
number of studies addressing potential benefits of
PEM correction in orthopedic patients the exact
guidelines for preventing early post-operative
complications including PJI recurrence via nutritional
supplementation before and after arthroplasty are
yet to be established. In a clinical study of 162 cases
of primary knee arthroplasty, it has been shown that
patients with constant perioperative nutritional
management had a lower number of postoperative
complications such as wound drainage, hematomas,
superficial and deep infection as well as the reduced
number of albumin transfusions and a shorter
hospital stay [25]. This suggests that implementing
the protocols for hypoproteinemia correction before
any major orthopedic surgery such as primary and
revision arthroplasty including patients with PJI could
improve its outcome.

Overall, both previous reports and our data show
that malnutrition is associated with the occurrence of
surgical site infection and relapse of P]I after revision
arthroplasty. In particular, the risk of postoperative
revision was significantly associated with multiple
pathological markers of PEM in two-stage revision
with a cement spacer but not with a muscle flap
surgery. Considering the mounting evidence that
malnutrition is a modifiable risk factor for PJI, more
studies are required to demonstrate the efficacy
of preoperative PEM correction.
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