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Background: Surgical site infection (SSI) is an important complication in the postoperative period of re-
cipients of liver transplantation. The purpose of this integrative literature review is to summarize the
knowledge available about the risk factors contributing to the development SSI among adults undergo-
ing liver transplantation.
Methods: We reviewed the Medical Literature Analysis and Retrieval System Online/PubMed, the Cu-
mulative Index to Nursing and Allied Health Literature, the Latin American and Caribbean Health Sciences
Literature, Scopus, and Web of Science databases.
Results: Two hundred sixteen articles were identified and the final sample of 9 articles was analyzed in
full length. The SSI rate found in the investigations ranged between 9.6% and 35.5%. Risk factors for SSI
were grouped into categories related to the preoperative period, such as Model for End-Stage Renal Disease
score > 35 and ventilated support on day of transplant; to the intraoperative period activity, such as trans-
fusion of packed red blood cells, extended surgical time, hyperglycemia >200 mg/dL, use of vasopressor
drugs, and ascites flow >1 L; and to the donor/recipient relationship, such as age differences >10 years,
ratio of donor liver mass to recipient body mass < 0.01. Additionally, centers that annually perform <50
transplants appear to have higher rates of SSI.
Conclusions: Few studies have addressed the subject of SSI in relation to liver transplantation in the sci-
entific literature. Risk factors for SSI in patients who underwent liver transplantation vary between
institutions.
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Liver transplant recipients have a higher possibility of develop-
ing bacterial infections when compared with recipients of other types

Health care-associated infections are currently a major problem
related to hospitalization and result in increased costs related to

increased length of stay and the use of antimicrobial agents, in ad-
dition to the direct affect on the lives of patients, leaving them out
of work, generating psychological consequences from being iso-
lated, separation from family, and other disorders related to the
experience.!

Bacterial infections are among the most frequent complica-
tions during the postoperative period of liver transplantation and
cause significant morbidity and mortality related to these infec-
tions, at rates of approximately 50% when accompanied by septic
shock.>*
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of transplants due to the complexity of the surgical procedure and
the involvement and handling of the hepatobiliary tract. It is also
worth noting the importance of the hospital environment as a carrier
of infecting pathogens such as gram-negative and gram-positive
bacteria.>®

In addition to this scenario, there is a need for immunosuppres-
sion to prevent graft rejection. The presence of infections related
to previous contact with the receiver or pathogens are common due
to the acquisition of microorganisms during the transplant
procedures.’

Among health care-associated infections, the surgical site in-
fections (SSIs) that affect liver transplant recipients stand out because
they are related to increased morbidity and mortality, to the need
for new surgical procedures, to the use of a broad antimicrobial spec-
trum, and to extended hospital stays.®®

Risk factors for SSI among patients undergoing surgery related
to different specialties have been extensively studied; however, with
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the global growing demand for transplants, it is of great value to
understand the risk factors specific to this population.

It is thus relevant to gather and synthesize information avail-
able in the scientific literature about the risk factors for SSI
development among patients undergoing liver transplantation.

To this end, we aimed to summarize the knowledge about the
risk factors that contribute to the development of SSIs among adult
recipients of liver transplantation.

MATERIAL AND METHODS

This was an integrative literature review (IR) guided by the ques-
tion: What are the risk factors identified by the scientific literature
that contribute to the development of SSI among adult recipients
of liver transplantation?

The preparation and reporting of this review observed the prin-
ciples of the Centre for Reviews and Dissemination, York University,
guidance for undertaking reviews in health care.!®

The following inclusion criteria were used: primary studies in
which the sample patients were aged 18 years or older; liver trans-
plant recipients of graft from a deceased donor; and published in
English, Portuguese, or Spanish. We excluded scientific articles with
samples composed of patients undergoing multiple-organ
transplantation.

The search for articles was conducted in the following data-
bases: the Medical Literature Analysis and Retrieval System Online,
the Cumulative Index to Nursing and Allied Health Literature, Latin
American and Caribbean Health Sciences, Scopus, and Web of
Science. The initial period of search corresponded to the different
index start dates until September 18, 2016.

For the selection of key words we used the constant Medical
Subject Headings terms, the List of Topical Subheadings in CINAHL
Information Systems, and descriptors in Health Sciences of the Virtual
Health Library (Spanish and Portuguese).

The search of different databases was carried out using con-
trolled and uncontrolled descriptors to ensure a sensitive search.
To ensure the possibility of recovering all pertinent articles, we used
combined strategies in different databases, using Boolean opera-
tors and additional strategies based on the searching terms in titles
and abstracts (Supplementary Table S1).

Using the aforementioned inclusion and exclusion criteria, 2 in-
dependent reviewers examined the titles and abstracts of the
retrieved documents in the selected databases and discrepancies
were later resolved through a third reviewer. The articles consid-
ered eligible were examined in full text.

The theoretical framework proposed by Melnyk and
Fineout-Overholt!'! was used to assess the level of strength of the
evidence concerning the prognosis or prediction of issues. Using this
framework, the studies were stratified on a scale ranging from 1-5,
in which 1 is evidence of higher strength, coming from synthesis
of case studies control or cohort, and 5 indicates studies with a
weaker level of evidence, such as expert opinions.

We extracted the following information from the included
studies: data related to investigations (study design, purpose, year,
and publication) and data on the variable of interest (predictive
factors, comorbidities, and factors related to the donor). For this
purpose, we created a tool built on the evaluation table proposed
by Melnyk and Fineout-Overholt.!!

Figure 1 describes the steps taken in the process of inclusion and
exclusion of the studies. The authors used a unique nomenclature
to identify the research designs included in this review.

To evaluate the methodologic quality and the risk of bias in the
included articles, we used the Newcastle-Ottawa Scale. This scale
is recommended by the Cochrane Collaboration as a tool for
methodologic quality assessment in observational studies.'>!* This
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Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow-
chart summarizing the search strategy using the Medical Literature Analysis and
Retrieval System Online (Medline), the Cumulative Index to Nursing and Allied Health
Literature (CINAHL), Latin American and Caribbean Health Sciences (LILACS), Scopus,
and Web of Science.

instrument evaluates 3 areas, namely: selection of study groups, com-
parability of groups, and ascertainment of exposure or outcome. The
articles are scored using stars, from 0-9, with 9 stars being the best
score.'?

RESULTS

The final sample consisted of 9 articles published between 1999
and 2014, 33.3% of them published during 2009. Regarding the
country in which the studies were carried out, 66.6% were pro-
duced in the United States,'*'® 16.7% were conducted in Canada,*
and 16.7% were conducted in Spain.?'?? All of them were con-
ducted by medical sciences professionals and published in English.

Regarding the definition of SSI, 3 studies (44.4%) used the Centers
for Disease Control and Prevention concept as published in
1992,'4171821 3 studies (33.3%) used the Centers for Disease Control
and Prevention definition published in 1999,'5122 and 2 studies did
not cite which SSI definition was used.!®?°

When analyzing the variable of interest of the IR—the risk factors
for the development of SSI—it was found that the analyzed studies
aimed to identify the risk factors for the development of SSI and
its association with graft loss and death!#!>181%; hyperglycemia during
the intraoperative period, obesity, performing antibiotic
prophylaxis,'®2°22 and mortality of subjects affected by SSL”

Regarding the level of evidence,'' the 9 analyzed articles were
classified as evidence level 2; that is, cohort studies. As for the
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Table 1

Presentation of synthesis of articles included in an integrative literature review addressing surgical site infections (SSI) and liver transplants (LTs), Sao Paulo, Brazil, 2016
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n (SSI Level of the
Study Design rate %) evidence Objective Risk factors found
Sawyer et al, Retrospective 302 (20) 2 To evaluate the effects of obesity in Preoperative body mass index >35 s
199919 cohort the outcomes of transplant and
retransplant liver recipients
Hollenbeak Retrospective 777 (37.8) 2 To identify risk factors, estimate the Preoperative:
etal, 20017 cohort effect of surgical risk infections, and - Low levels of serum albumin;
mortality after 1y of performing LT  Intraoperative:
- No. of units of concentrate red blood cells received;
-Surgical time >60 min;
-Ascites fluid output >1,000 mL
Asensio et al, Retrospective 1222 (10.4) 2 Define the incidence, timing, site, and Intra- and postoperative:
200821 cohort risk factors, in particular antibiotic - No. of units of concentrate red blood cells received;
prophylaxis for SSI Low-volume hospitals:
- Hospitals that perform fewer than 50 liver transplants/y
Garcia-Prado Prospective 167 (35.5) 2 To research epidemiology, risk Preoperative:
et al, 200822 cohort factors, and prognosis among LT Antibiotic therapy 3 mo before LT
and retransplant recipients with SSI
Hellinger et al, Retrospective ~ 370(18) 2 To identify risk factors associated Intraoperative:
2009'> cohort with SSI and analyze the association -Surgical time >60 min
of such infections with graft loss or ~ Donor/recipient
death within 1y after LT -Ratio of donor liver mass to recipient body mass < 0.01
Park et al, Retrospective 680 (11.2) 2 Aimed to define if intraoperative Preoperative:
20096 cohort hyperglycemia was associated to -Model for End-Stage Liver Disease score > 35;
SSI after LT - Mechanical ventilation used in the same day of transplantation;
Intra- and postoperative:
- No. of units of concentrate red blood cells received;
- Hyperglycemia > 200 mg/dL;
- Use of vasopressor drugs
Schaeffer et al, Retrospective 167 (9.6) 2 Define the outputs in specific Preoperative:
200920 cohort subgroups of LT recipients and Body mass index >35
evaluate morbidity and mortality in
obese patients undergoing LT
Hellinger et al, Retrospective 1036 (16) 2 To identify modifiable risk factors for ~ Preoperative:
2011 cohort SSI - Model for End-Stage Liver Disease score > 35;
Intraoperative:
-No. of units of concentrate red blood cells received >5 units;
-Surgical time > 60 min;
Donor/recipient:
-Sex incompatibility;
-Age difference >10 y;
-Ratio of donor liver mass to recipient body mass < 0.01
Shah et al, Retrospective 152 (20.4) 2 To establish the incidence and risk Risk factors for SSI after second LT were not readily apparent
2014'8 cohort factors of SSI among liver

retransplant recipients

research perspective, most of the investigations (88.8%) were
retrospective.!42° Regarding assessment using the Newcastle-
Ottawa Score, 4 studies (44.4%) got 7 stars,'*7?122 whereas 11.2%
got 6 stars,'® and 22.2% got 5 stars,'®?° showing from moderate to
good methodologic quality, respectively. Investigations had lower
performance on the items that assessed the comparability and rep-
resentativeness of participants included in the cohorts.

The characteristics of the research included in this IR are de-
scribed in Table 1.

With regard to the characterization of subjects, it was found that
the average age ranged between 43 and 56 years, that most par-
ticipants in all investigations were men,'4?? and the average Model
for End-Stage Liver Disease (MELD) score at transplantation varied
from 16-25.141>18 Hepatic cirrhosis caused by hepatitis C and alco-
holic liver cirrhosis were the most common reasons for liver
transplantation.!#!>18-22 Related to the physical status immediate-
ly before carrying out the transplant, the American Society of
Anesthesiologists (ASA) score quoted in 2 investigations was ASA
IV,141518 representing subjects with severe organic life-threatening
disorders.?®

Risk factors for SSI were grouped into 4 categories related to the
following periods: preoperative, intraoperative, donor/recipient mis-
match, and the provider organization of health care.

Among risk factors related to the preoperative period, it was ob-
served that MELD score > 35 was pointed out by 3 investigations,
and in 2 of them'*'® there was statistically significant difference when
comparing the groups with and without SSI. Furthermore, a study'*
highlighted that MELD score > 35 almost doubles the chance of oc-
currence of SSI compared with participants whose MELD scores were
lower (relative risk [RR], 1.81; 95% confidence interval [CI], 1.01-
3.26; P=.047). However, another study'®> showed no statistically
significant difference for the same variable when comparing groups
with and without SSI (RR, 1.00; 95% CI, 0.74-1.35; P=.99).

A study observed that the use of mechanical ventilation on the
day of the transplant increased by approximately three times the
risk of developing SSI (RR 3.01; CI95% 1.70-5.33; P<.001).1° However,
another research pointed to the absence of statistical significance
(RR 1.44; C195% 0.74-2.82; P=.29).'

Malnutrition, as expressed by low levels of serum albumin, was
addressed in a study showing an increase in the chances of occur-
rence of SSI by approximately 30%.'” At the same time, body mass
index > 35 was pointed out as an SSI predictor in 2 studies.!®?°
Despite this, 3 other articles did not show statistically significant
differences between this variable and the occurrence of SSL.'41>17

Moreover, the use of antimicrobial drugs during the 3 months
before the liver transplantation procedure was associated with a
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Table 2
Presentation of synthesis of risk factors for surgical site infection (SSI) by patients undergoing liver transplantation (LT) as shown in 6 studies, Sao Paulo, Brazil, 2016
Sawyer Hollenbeak Asensio Garcia-Prado Hellinger  Park  Schaeffer Hellinger = Shah
etal, etal, etal, etal, etal, etal, etal, etal, etal,

Category Risk factors 199919 20017 200821 20082* 2009'°  2009'6  2009%° 20114 2014'8

Preoperative Antibiotic therapy during the 3 mo before - - - S - - - - -
period liver transplantation
Model for End-Stage Liver Disease score > 35 S - - - NS S -
Body mass index > 35 - NS - - NS - NS -
Low levels of serum albumin (g/dL) - S - - - - - - -
Ventilated support on day of transplant - - - NS S - - -
Intraoperative  Transfusion of packed red blood cells - S S - NS N - S -
period Operative time (60-min increase) - S - - S NS NS S NS
Hyperglycemia >200 mg/dL - - - - S - - -
Vasopressor - - - - S - - -
Ascites (>1L) - - - NS - - -
Donor/ Donor’s age (10-y increase) - - - - - - - S -
recipient Recipient-donor sex incompatibility - - - - NS - - S -
Ratio of donor liver mass to recipient body - - - - S - - S NS
mass < 0.01

Admjnistrative ~Fewer than 50 liver transplant procedures in - - S - - - - -

the hospital per year

S, significant risk factor; NS, nonsignificant risk factor; —, risk factor not investigated.

2-fold increase in the chance of experiencing SSI (odds ratio, 2.02;
95% CI, 1.00-4.07; P=.049).2?

Analyzing the intraoperative period, it was found that 5 re-
search reports addressed the surgery timing, showing an average
procedure duration range between 241 and 414 minutes.'*'7?! The
results of 3 investigations suggest that every 60 minutes spent in
surgery increases the risk of SSI between 14% and 19%. However,
2 other studies showed no statistically significant correlation between
the duration of surgery and the occurrence of SSI.'6172° The massive
transfusion of concentrated red blood cell units was considered a
predictor in 3 investigations, increasing approximately twice the
chances of occurrence of SSI (RR, 1.9; 95% CI, 1.2-3.1; P=.004).
However, 2 research reports found no association between this vari-
able and the development of SSI.'4!°

An investigation showed that severe hyperglycemia (>200 mg/
dL) increases the risk of SSI approximately by 2 and the use of
vasopressor agents during surgery increases the risk of SSI more than
2 times, with an RR of 2.25 (95% CI, 1.26-4.03) and 3.14 (95% CI, 1.65-
5.95), respectively.'®

The volume of intraoperative ascites fluid output >1 L was ad-
dressed by 2 articles.’®!” Patients with output values of ascites >1
L had an increased chance of developing SSI by 43% (RR, 1.43; 95%
(I, 1.02-2.0; P=.037)."” Regarding donor and receiver mismatch, it
was found that the incompatibility of sex was studied by 2
articles,'*!> but only 1 showed an association (RR, 1.42; 95% CI, 1.05-
1.93; P=.02)."* Age difference between donor and recipient >10 years
appears to contribute to an increase by 10% of the risk for SSI and
was singled out by an investigation,'* reporting an RR of 1.10 (95%
Cl, 1.01-1.20; P=.02). The ratio of donor liver mass to recipient body
mass < 0.01 contributed to increased risk of being affected by SSI
by approximately 2.5 times.!4!°

As for the organization providing health care, a study pointed
out that among liver transplant recipients undergoing the proce-
dure in centers that perform fewer than 50 transplants a year, there
is an increase in the risk of SSI when compared with patients un-
dergoing transplant in centers performing more than 50 procedures
annually (RR, 1.7; 95% CI, 1.2-2.4; P=.002).*!

Most studies used the 30-day period of observation for detect-
ing SSI'+16182122 and the observed number of subjects varied between
167%° and 1,222°! from the 4,873 participants analyzed in this review.

Regarding SSI, the rate ranged from 9.6%2°-35.5%.?2 It is note-
worthy that 1 specific investigation traced the SSI diagnosis for 1
year, obtaining a value of 37.6%.!” Among the patients with SSI, the

deeper form was the most frequent.'*'>?! It is noteworthy that there
were no statistically significant differences among the SSI inci-
dence rates among patients undergoing primary liver transplant and
retransplant,’4-22

Regarding the microorganisms isolated from the surgical site, the
most frequent were: Escherichia coli, Acinetobacter baumanii, En-
terococcus, Staphylococcus, and methicillin-resistant Staphylococcus
aureus.l4,15,l7.18,21,22

Therefore, the risk factors describe patients as showing signs of
worsening of the disease that led to transplantation (MELD score),'#!¢
exhibiting low serum albumin,'” being obese (body mass index >
35),'92% and needing mechanical ventilation before transplantation.'®
As contributing factors we found extended surgical time,'*!>!” the
need for transfusion of a considerable volume of red blood
cells, 4161721 hyperglycemia >200 mg/dL, net ascites output >1 L, and
use of vasopressors during the perioperative period.'® They also call
attention to disagreements between the donor and recipient such
as sex mismatch'4; differences in age of more than 10 years'4; and
ratio of donor liver mass to recipient body mass < 0.01, which trans-
lates into small-for-size grafts.'*'*> Regarding the institution providing
the procedure, it can be inferred that those patients undergoing
transplantation in centers performing fewer than 50 liver trans-
plants per year are exposed to greater chance of developing SSI.?!

To prepare an overview of the risk factors addressed by the studies
in the sample, a summary table has been prepared that includes
the risk factors according to statistical significance (Table 2).

DISCUSSION

The results of our scientific literature review point to 4 groups
of risk factors related to the preoperative and intraoperative periods,
to mismatches between donor and recipient, and related to the
health care facility. We did not identify additional risk factors among
liver retransplant patients, probably due to the similarities between
the surgical and clinical variables of those patients undergoing re-
transplant in the set of studies included in the present IR.'81922

The studies analyzed suggest the following as risk factors for SSI
among liver transplant recipients: worsening of the disease causing
the indication of transplant (MELD score),'#'6 antibiotic therapy
during the 3 months before liver transplantation,?? low levels of
serum albumin,'” obesity,'*?° mechanical ventilation previous to
transplantation,'® extended surgical time,'*'>7 high volumes of blood
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transfusion,'#1%172! glycemic levels >200 mg/dL, high volume of ascites
output, and use of vasopressors during the intraoperative period.'®

In addition to these, the review highlighted recipient and donor
sex mismatch,'* differences in age of more than 10 years,'* and ratio
of donor liver mass to recipient body mass < 0.01'*'> as well as a
low volume of procedures performed by the hospital.?!

Well-known predictors of SSI are the presence of comorbidities
with classification ASA III or higher, obesity, smoking, malnutri-
tion with low albumin levels, use of immunosuppressive drugs,
diabetes mellitus with glycemic peak >200 mg/dL during the
perioperative period, and the complexity of the procedure involv-
ing an extensive surgical procedure?*?> as well as prolonged hospital
stay, colonization by S aureus, and transfusion of blood products
during surgery.?

Thus, only a few of the risk factors highlighted by this review
are present in those guidelines.?>?% Therefore, this review shows that
due to the specifics of the liver transplant, other predisposing factors
arise in this category of patients.

During the preoperative period, MELD score > 35 presents itself
as a risk factor.'*16 Despite these results, there is no consensus in
the literature regarding MELD scores that are associated with high
risk of SSI; however, it seems to be agreed that values higher than
20 points indicate risk.?”?® Thus, the higher the MELD score, the
greater the deleterious effects of liver disease, so it appears that pa-
tients with higher MELD scores are subject to more hospitalizations
and invasive procedures, followed by the use of antibiotic agents
that contribute to colonization by microorganisms before perform-
ing a transplant.??

Similarly, it was observed that the use of mechanical ventila-
tion before transplantation acted as a risk factor,'¢ increasing risk
by about 3 times compared with patients unexposed to mechani-
cal ventilation. Still, in the research carried out by Hellinger et al'®
and Hellinger et al,'* this variable did not appear to be significant.

It can be inferred that patients listed by Park et al'® had respi-
ratory failure due to more severe liver disease (MELD score = 32.65)
among those who developed SSI, whereas a MELD score of 28.16
was found among those who did not develop an SSI.

In this sense, a multicenter study? evaluating whether hepatic
dysfunction was associated with mortality among 805 patients who
developed acute respiratory failure found that liver dysfunction
during the first 48 hours of development of respiratory failure is
associated with higher mortality rates.

As for the intraoperative period, the risk factors identified in this
IR were extended surgical time, high-volume concentrates of trans-
fused red blood cells, hyperglycemia, and use of vasopressors.
Handling these factors becomes a real challenge for medical staff.
Given the complexity of the surgical procedure and the severity of
the patients who undergo them, these risk factors are expressed in
the majority of transplants performed, and it is also noted that they
are widely recognized as predictors of SSI.*°

A new risk factor for SSI that appears during the intraoperative
period is the volume of ascites output. Ascites are the most common
complication of cirrhosis compared with jaundice, gastrointesti-
nal bleeding, and even hepatic encephalopathy. Approximately (50%)
of patients with chronic liver disease develop ascites.*! Research that
included 4,170 patients undergoing hepatectomy noted that those
with hematocrit <35% presented a higher frequency of ascites, higher
morbidity rate during the first 30 days after surgery, and more hos-
pital readmissions.>? Refractory ascites are related to events such
as spontaneous bacterial peritonitis; abdominal hernia; hepatic hy-
drothorax; malnutrition; impaired renal function, which may lead
to hepatorenal syndrome; and chronic ascites, which negatively in-
fluence quality of life and survival of 50% of patients with chronic
liver disease in 2 years.*>3* Despite these facts, there are still few
studies that correlate the development of ascites to SSIs.

Another aspect that deserve to be investigated in depth are the
differences between donor and recipient, highlighting the incom-
patibility of sex, age differences, and ratio of donor liver mass to
body mass of recipient.

A study'® suggested that the association between sex incom-
patibility between donor and recipient increases by approximately
42% the chance of SSI development.

This research is based on a retrospective cohort study>” that fol-
lowed 2,144 adults undergoing liver transplantation, and
demonstrated that among male donors and female recipients, in-
fection was the main complication, accounting for 17.2%; and from
female donors and male recipients, SSI is the second leading cause
of complications at 14.9%.

At the same time, intensification of the deleterious effects of high
volume transfusion of concentrated red blood cell units and pro-
longed cold ischemia of the graft among female liver transplant
recipients whose donor was a man has been observed. Thus, it is
suggested that the incompatibility of sex between donors and re-
cipients may aggravate the influence of these risk factors for SSI.3¢

Previous research has found that differences in age >10 years
between liver transplant donors and recipients increased up to 10%
the chance of being affected by SSL.'* In addition, a study of 221 adults
undergoing liver transplantation identified a shorter survival period
among subjects who received an organ from donors whose ages were
unpaired. Also there was greater frequency of graft loss in recipi-
ents of donors aged >60 years.’” However, there is a paucity of
research in the scientific literature that has addressed the effects
of mismatch between the ages of donors and recipients on SSI.

Another SSI predictor indicated by 2 studies'*! is the ratio of
donor liver mass to recipient body mass < 0.01. Small-for-size grafts
increased the risk of SSI development about 2.5 times.

The effects of correspondence between the weight of the liver
and the donor’s weight were widely discussed in the arena of living
donor liver transplant; the so-called small-for-size syndrome.**3°
However, it seems that the effects of small-for-size syndrome are
not widely discussed regarding deceased donors, especially when
related to SSI.

Centers with low numbers of monthly procedures?#°4! consti-
tute another aspect that can contribute as a risk factor for SSI and
survival. In this sense, research that involved 5,130 patients under-
going liver transplantation in 63 hospitals in the United States during
2009 and 2010 found that patients assisted in centers that perform
large volumes of this procedure (ie, >70 transplants/year) had lower
mortality rates, lower average of length of stay in the intensive care
unit, and shorter length of stay during the postoperative period, with
a consequent reduction in direct costs compared with partici-
pants in transplant centers performing low volumes (ie, <47
transplants/year) for liver transplantation.*®

A German study?® showed that the survival rate during the first
hours, during the first year, and after 3 years of transplantation is
higher among patients assisted in large centers when compared with
the results of small centers. However, these studies did not show
the SSI rates in a way that could be compared.*%4!

Despite the extended time of cold ischemia of the graft among
patients undergoing transplantation and simultaneous kidney and
liver transplantation?” and accidental hypothermia during surgery*!
being identified as risk factors for SSI, no evidence was found point-
ing to transplant of the liver, so the risk factors listed in this IR plus
the cold ischemia time and hypothermia during surgery should be
subjects for future primary research.

Another aspect to be highlighted was the small number of pub-
lications available in the literature on this topic, in addition to the
heterogeneity in the presentation of results that made it difficult
to synthesize the data. Also, multiple investigations were con-
ducted retrospectively, calling for the need to consider possible gaps
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in the medical records of patients regarding SSIs, which could con-
tribute to potential underreporting of the phenomenon.'#

Finally, the IR is a first step in allowing care providers who deal
with these patients to get familiar with information relevant to clin-
ical practice and to let emerge new investigations conducive to
optimizing the delivery of perioperative care.*?

CONCLUSIONS

In addition to traditional risk factors considered and men-
tioned by the literature as predisposing factors for SSI in any specialty,
a few stood out as risk factors for SSI in liver transplant recipients.
These factors can be categorized as those related to the preopera-
tive period such as MELD score > 35 and using mechanical ventilation
before transplantation; risk factors related to the intraoperative
period such as net ascites output >1 L; factors related to the inter-
relationship between donor and recipient, such as differences in age
>10 years, sex incompatibility and ratio of donor liver mass to re-
cipient body mass < 0.01; and those related to centers performing
fewer than 50 transplants per year.

SUPPLEMENTARY DATA

Supplementary data related to this article can be found at
http://dx.doi.org/10.1016/j.ajic.2017.05.021.
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