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Abstract
Background
Deceased donor liver transplantation (DDLT) is a transplant modality performed routinely in adults at Wits Donald Gordon Medical Centre (WDGMC). Infection, graft dysfunction, surgical and medical complications are common in the early post-transplant period, accounting for early15 morbidity and mortality.
Objectives
To provide a descriptive analysis of all complications in the first 30 days post DDLT.
To investigate associations between recipient demographic data, comorbid diabetes, MELD score, and subsequent complications.
Methods
A retrospective review of adult DDLT recipients for the first 30 days post-transplant was performed at WDGMC from January 2015 - December 2016. Fischer's exact test was used to assess relationships between demographic data and infectious complications, while an independent sample t-test was used for non-infectious complications.
Results
Seventy-eight DDLTs were performed, with 6 (8%) mortalities in the first 30 days. The median age was 54 years; 54% were male. In total, 24 recipients (31%) developed infectious complications. Sixteen patients (67% of the infectious cohort) had intra-abdominal sepsis, 6 (25%) developed lower respiratory tract infections, 6 (25%) skin and soft tissue infections, and 3 (13%) urinary tract infections. Of all infectious complications, seven patients (29%) developed bacteremia. Non-infectious complications were developed in 55 patients (71%); renal complications were more common (67%). There was no significant association between age, gender, ascites, diabetes mellitus, MELD score, and complications.
Conclusion
Non-infectious complications were more prominent than infectious complications in adult recipients in the first 30 days post-DDLT. There was no significant association between recipient demographic data, comorbid diabetes, CMV status, and MELD score.
Keywords: Early complications, liver transplant recipients, Deceased donor liver transplantation, Wits Donald Gordon Medical Centre, Model for End-Stage Liver Disease.
Introduction
In adults, deceased donor liver transplantation (DDLT) is the only routine transplant performed in sub-Saharan Africa, while living donor liver transplants (LDLT) are commonly performed in other centers worldwide.1
There are only two adult liver transplant centers in sub-Saharan Africa, Groote Schuur Hospital in Cape Town and Wits Donald Gordon Medical Centre (WDGMC) in Johannesburg, South Africa.1 The adult liver transplant protocol used at WDGMC utilizes standardized protocols and immunosuppressive therapy for recipients of DDLT in the pre-, intra-, and post-operative periods.
Numerous non-infectious and infectious complications are reported post-liver transplantation.1-5 Biliary leaks, biliary obstruction, and hepatic artery thrombosis are some of the most common hepato-biliary complications in the early postoperative period following liver transplantation.5,6Multifactorial etiologies account for early renal complications, including hypovolemia, sepsis, nephrotoxic drugs, underlying CKD, pre-existing hepato-renal syndrome and surgical complications.5-9 Independent risk factors for developing AKI post orthotopic liver transplantation include blood loss, cold and warm ischemia time, overexposure to calcineurin inhibitors (CNI), and combined immunosuppression therapy (mycophenolate mofetil (MMF) with CNI use), female gender, high Child-Pugh score, presence of underlying diabetes mellitus.10,11 Of infectious and non-infectious respiratory complications post-liver transplantation, pleural effusions, atelectasis, pulmonary edema, and pneumonia are more commonly noted in the early postoperative period, contributing to morbidity and mortality.12 Acute respiratory distress syndrome (ARDS), frequently an early complication, can manifest severe reperfusion syndrome, prolonged surgical time, significant blood loss, and severe sepsis.5
Complications of immunosuppression can result in sepsis, multi-organ dysfunction, and graft failure.13-15 Post-transplant infections are significant contributors to morbidity and mortality yet remain potentially preventable.3,16-17 In this period, bacterial infections are most prominent.3,16 Hospital-acquired pathogens, donor-derived infections, diabetes mellitus, hypoalbuminemia, and cytomegalovirus (CMV) seropositivity are risk factors for bacterial infections following a liver transplant.3,5,16,18 Besides the direct cytopathic effects of CMV, growing evidence emphasizes the immunomodulating effects of the CMV virus itself and the consequent increase in the incidence of bacterial superinfection and bacteremia in CMV-infected recipients post-transplant. Immunomodulation leads to excessive interleukin ten productions, decreased synthesis of viral neutralizing antibodies, reduced interferon production, impairment of lymphocytic stimulation responses such as decreased cytotoxic T lymphocyte activity, all of which are essential inhibitors of immunity, resulting in susceptibility not only to bacterial infections but viral and fungal infections too.3,5,16,18
There is very little literature on the common early complications after adult liver transplants in South Africa. We describe a retrospective review of complications in adult liver transplant recipients over two years at the WDGMC, Johannesburg, South Africa.
Materials and Methods
1. Study population
A retrospective chart review was conducted on all adult DDLT recipients for the first 30 days post-transplant. This was performed at WDGMC for the period January 2015 to December 2016. The University of Witwatersrand Human Research Ethics Committee (Medical) granted permission to conduct the review, approval certificate M170265 as included in appendix 1.1.
2. Data collection
The following information from all adult DDLT recipients was documented: age, gender, indication for transplant, presence of ascites, diabetes mellitus (DM) (insulin-requiring and non-insulin requiring), hepatitis status (HAV, HBV, HCV), and CMV status. CMV status from donors was obtained. The length of ICU stay was documented up to thirty days. Following liver transplantation, hospital charts and laboratory results were reviewed for the first 30 days post-transplant, documenting all complications in this period, including mortality. Non-infectious complications were reported by organ involvement. Infectious complications were identified upon chart review and correlated with serological/microbiology findings. Diagnoses and antibiotic use found on chart reviews were documented. Contagious pathogens, susceptibility to antimicrobial agents, and site of infection were identified from the available microbiology reports, hospital charts, clinical information, and serology reports. The location of infection was categorized according to the CDC/NHSN guidelines.19
3. Assays
Analyses of blood serum samples and microbiology reports were performed by the following accredited laboratories according to good laboratory practice: South African National Health Laboratory Services (NHLS), Ampath Laboratories, Lancet Laboratories, and Vermaak and Partners Pathologists. Where applicable, adult reference ranges were applied for the various blood tests. 
4. Inclusion and Exclusion Criteria
Inclusion Criteria:
All liver transplants were performed at the WDGMC from January 1, 2015-December 31, 2016, in recipients aged 18 years and older. All donors and recipients with complete pre-transplantation data and total post-transplant records were included.
Second transplants/ re-transplants were included in this study.
Exclusion Criteria:
Age < 18 years
Combined liver-kidney transplant
5. Statistical analysis
Data were analyzed using SAS version 9.4 for windows. Categorical and continuous variables were used for this descriptive analysis.  The former was represented by frequency and percentage tabulation and demonstrated on bar charts. Mean, standard deviation, median, and interquartile range (IQR) represent continuous variables. Histograms were used to illustrate their distribution. The relationship between the presence/absence of infectious/non-infectious complications and age, diabetes mellitus (DM) in a recipient, ascites, and hepatitis status of both donor and recipients were depicted using Fischer's exact test. For the above, the phi coefficient measures the strength of association. Independent samples T-test was used to assess the relationship between the presence/absence of infectious/non-infectious complications with age and MELD score. Cohen's d was used to measure the strength of association. Results were taken as statistically significant for p-values of less than 0.05.
Results 
Seventy-eight adult liver transplant recipients with complete data were retrospectively identified and reviewed over two years.
Sixty-three recipients (81%) developed complications within the first-month post orthotopic liver transplantation (OLT).
Sixteen recipients of the 63 (25%) had one complication only, while the remainder (75%) experienced multiple complications.
Twenty-four patients (31%) developed infectious complications, and 55 patients (71%) developed non-infectious complications, respectively, as some recipients developed both infectious and non-infectious complications.
Chronic liver cirrhosis with end-stage liver disease (ESLD), diagnosed in 70 recipients (89%), was the most common indication for liver transplants in this cohort. However, some individuals have more than one underlying indication.
In this subgroup, the 3 commonest causes of cirrhosis were non-alcoholic fatty liver disease (NAFLD) (n=20, 29%), chronic viral hepatitis (n=13, 19%) and biliary pathology (n=14, 20%).
Chronic HBV followed by HCV were the leading causes of chronic viral hepatitis, while primary sclerosing cholangitis (PSC) accounted for most of the biliary cirrhosis subgroup. Only four individuals (5%) required emergency liver transplantation due to acute fulminant liver failure. Primary graft dysfunction, drug-induced hepatitis, and two recipients with acute viral hepatitis were the underlying etiologies, respectively. As noted, this study included re-transplants, as per inclusion criteria.
Demographics, comorbidities, and complications post-transplantation
The median age of 78 adult liver transplant recipients was 54 years (IQR 39-60). Fifty transplants (64%) were performed on male patients.
Uncontrolled ascites and DM pre-transplantation occurred in 36 recipients (46%) and 19 (24%).
Fifty-seven donors (73%) had a positive CMV serology status (IgG+).
The presence of DM (4 individuals (17%) of the infectious cohort and 15 (24%) of the non-infectious cohort) proved statistically insignificant when associated with complications (table 1).
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IQR: interquartile range. 
Continuous Variables: Age, Pre-transplant MELD score.
Categorical Variables: Gender, Ascites, Diabetes Mellitus, HAV, HBV, HCV.
The median MELD score of recipients' pre-transplant was 20 (IQR 15-24). Of all 78 liver transplants performed, 6 (8%) resulted in mortality in the first thirty days post-transplantation.
The median length of ICU stays post-transplantation was six days for the entire cohort. However, the median length of ICU stays for those who died within the first 30 days was 13 days (range 7-30d), without the statistical significance of the length of stay between survivors and non-survivors.
Hospital stay within the 30 days included ICU, High Care, and step down to the general ward. All non-survivors were managed in the ICU only.
There was no association between continuous variables (age, pre-transplant MELD score) and infectious complications (table 1). Likewise, no statistically significant association was evident when comparing these variables with non-infectious complications (table 1). Categorical variables (gender, diabetes mellitus, ascites, hepatitis) compared to the presence/absence of infectious and non-infectious complications were statistically non-significant (Table 1).
Infectious complications 
In the first 30 days following liver transplantation, infectious complications (n=24, 31%) were less frequently seen than non-infectious complications (n=55, 71%).
Most patients who developed infectious complications (n=16) developed intra-abdominal sepsis, accounting for 67% of the infectious complication subgroup. Six (25%) recipients with infectious complications had lower respiratory tract infections.
Many recipients also developed skin and soft tissue infections (25%).
Three recipients (13%) developed urinary tract infections. 
Seven patients of the infectious complication subgroup (29%) had documented bacteremia. Of the 14 recipients (58%) with pathogen-proven infection, 100% were bacterial. Fifteen recipients (63%) received directed antimicrobial therapy, 6 (25%) 
received empiric treatment, and 5 (21%) received both empiric and directed antimicrobial therapy as empiric therapy was considered appropriate and continued following available microbiology reports.
Microbiologically proven Klebsiella pneumoniae was the most typical organism, isolated in 11 patients (46% of the infectious cohort), of which 7 (64%) were extended-spectrum beta-lactamase (ESBL) producing bacteria, 2 (11%) Carbapenem-sensitive Enterobacteriaceae, and 2 (11%) Carbapenem-resistant Enterobacteriaceae (CRE). Based on the WDGMC ICU microbiological surveillance data, Klebsiella pneumoniae was consistently the most common pathogen, with an ESBL rate of 47% and a CRE rate of 25%, exclusively OXA-48 during this time. Unsurprisingly, Klebsiella pneumonia (ESBL/OXA) is the most common hospital-acquired infection at WDGMC. Ninety percent of infections due to Klebsiella pneumonia had an intra-abdominal source (figure 1).
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Fig1:Culture has proven pathogens causing infectious complications
Microbiological reports did not reveal any confirmed fungal or viral organisms within the 30 days of review. The diagnosis of viral and fungal infections is limited by the difficulties in diagnosis and compounded by CMV administration and fungal prophylaxis post-transplantation.
Non-infectious complications 
Renal complications were the most frequently encountered non-infectious complication (n=37, 67% of the non-infectious cohort) (figure 2).
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Fig2:Non-infectious complications post-OLT 
This was followed by 33 recipients with GIT complications, which accounted for 60% of the non-infectious subgroup. Thereafter, in descending frequency with percentages of the non-infectious complication subgroup: respiratory complications (n=24, 44%), neurological complications and tacrolimus toxicity, both occurred in 13 patients each (24%), hematological (n=11, 20%), vascular (n=10, 18%), cardiac and graft failure both occurred in 6 recipients (11%), suspected acute rejection (n=3, 5%), and other drug reactions (n=2, 4%).
Of the renal non-infectious complications, acute kidney injury (AKI) proved the most common finding (n=39, 71%). Sixteen recipients (42%) in the non-infectious subgroup with renal complications also experienced infectious complications. 
In 8 recipients (22%), the renal complications were considered to be directly due to sepsis. AKI not requiring dialysis appeared more prevalent than AKI requiring acute dialysis (n=21, 38%, and n=18, 33% respectively).
Of all non-infectious GIT complications, hepatic complications (rejection, cholestasis, ischemia-reperfusion injury, venous congestion) developed most commonly (n=12, 22%), followed by GIT bleed (n=10, 18%), biliary (biliary leaks, obstruction) (n=8, 15%) and intestinal complications (ileus, malabsorption, perforation, ischemia, obstruction)  (n=7, 13%).
Of all the non-infectious respiratory complications (pneumonia, atelectasis, pleural effusions, pulmonary embolus) (n=29), pleural effusions occurred most frequently (n=22), of which 64% were drained.
Delirium was the most common neurological complication (n=11, 85% of all neurological complications).
Of all vascular complications, hepatic artery thrombosis (n=6) was most prevalent, followed by portal vein complications (n=2), IVC complications (thrombus and bleed) (n=2), and other (n=1).
Eleven patients (20% of the subgroup with non-infectious complications) developed hematological complications (pancytopenia, neutropenia, thrombocytopenia, anemia, hemolysis), of which pancytopenia (n=6, 55%) was the most frequent finding. Cardiac failure (n=5, 83%) predominantly due to sepsis and stress cardiomyopathy was the most typical complication in those with overall cardiac complications (n=6, 11%). Graft failure (n=6) occurred in 11% of the non-infectious complication subgroup. Drug reactions (n=2, 4%) were uncommon in this study. Acute rejection was clinically suspected in 3 patients (5%) based on biochemical signs of liver dysfunction in the absence of any other cause (no evidence of infection, biliary pathology, drugs/ toxins), unfortunately not confirmed with liver biopsy within the 30 days of review.
Discussion
Local data in South Africa on liver transplantation and its early complications remains scarce.1,2 This is the first comprehensive 30-day report from Africa of all complications occurring in adult DDLT recipients following transplantation. The period of 30 days post-transplantation focuses on complications seen predominantly within the ICU/ High Care setting. In our cohort of 78 adult recipients, it is unsurprising that the primary indication for liver transplantation is ESLD and cirrhosis. Cirrhosis, the result of numerous causes of ESLD, accounts for approximately 80% of all indications for liver transplantation throughout the USA,20 consistent with this study. The increasing prevalence of obesity, diabetes and hyperlipidemia in western countries contributes to most non-alcoholic fatty liver disease (NAFLD).21 NAFLD is estimated to occur 20-30% more frequently in western countries.21
In this cohort, NAFLD is the leading cause of cirrhosis (n=20, 29%), followed by chronic viral hepatitis (n=19, 16%) and biliary cirrhosis (n=14, 20%). This differs slightly from data published in both developing and developed countries, which indicate that hepatitis B and C, alcoholic steatohepatitis, and hepatocellular carcinoma are the most common indications for liver transplantation, in descending frequency.1 Finding from local data at WDGMC and that published from Cape Town also differ, with PSC and alcoholic steatohepatitis accounting for the most common causes of end-stage cirrhosis requiring liver transplantation.1,2 These studies include both adult and pediatric populations, two possible reasons for higher incidences of biliary disease, which is common to the pediatric population.2 Possible contributors to the higher proportion of NAFLD in this study are the whole adult population and the presence of type 2 DM (24%). Notably, obesity is prevalent amongst South African adults, particularly females,22 another risk for NAFLD, despite the male predominance in this study (64%). This study's finding of non-infectious complications (71%) occurring more commonly than infectious complications (31%) differs from data of the ten-year retrospective review from WDGMC.1The significantly shorter time frame (30d) of this study influences this finding, a period in which patients are susceptible to both acute infectious and non-infectious complications. Complications such as biliary strictures, chronic kidney disease (CKD), calcineurin inhibitor (CNI) toxicity, and opportunistic infections are a few anticipated complications expected over a longer review time, as noted in the WDGMC decade study.1,2,5,9,23,24 Non-infectious biliary complications (20.9%) followed by infectious complications (19.9%) and vascular complications (17.5%) proved the most common outcomes from the decade review, one. In contrast, renal (47%), GIT (42%), respiratory and infectious complications (31% each) are the most frequent findings of this study, as expressed as percentages of the total cohort (n=78). Long-term vascular complications are also expected to occur less frequently in this study due to the shorter review period.1,6
Notably, biliary complications are reported as a component of GIT complications in this study. This study's biliary complications are approximately 50% lower (10%) than the WDGMC decade review.1 Biliary leak and obstruction are observed as early as 1-month post-transplantation, while strictures tend to occur later, contributing to this discordant finding.5,24 These findings are, however, still consistent with the reported incidence of 10-25% of biliary complications following liver transplantation in developed countries.7-9,23, 25-27 
Hepatic artery thrombosis (HAT), the most frequent vascular complication (8%), parallels findings from the decade retrospective review performed at WDGMC.1 The decade review reports an incidence of 5.3% of early HAT, which accounts for most vascular complications (17.5%).1 Early HAT is defined as 0-100 days post-transplant in this decade-review. 1 A systematic review of 77 studies from developed and developing countries reports a lower incidence (2.9%) of early HAT (defined as the first 60 days) in adult liver transplant recipients.6 The age references for pediatric and adult populations are not clearly defined in the systematic review.6  This systematic review acknowledges a higher incidence of early HAT in DDLT vs. LDLT, the latter being the significant representation of trials reviewed.6 The decade review performed in Cape Town, which includes both adult and pediatric groups, also revealed a low incidence of HAT (3.4%).2 Despite DDLT being the only type of transplant performed in this study, the low incidence of early HAT is attributed to microsurgical techniques, routine post-transplant thrombo-embolism prophylaxis, and aspirin administration in the pediatric population.2
This study reveals a 51% incidence of AKI post-transplantation, consistent with reflections from the USA, which report a 5-50% incidence.28-29 Sepsis leading to hemodynamic instability, hypoperfusion, and acute tubular necrosis remain essential contributors to renal complications,5,13-15,28,30 highlighted in this study. However, the small sample size appears to be one of the most significant limitations in proving statistical significance between the presence of DM and renal dysfunction.
Findings of respiratory complications are inconsistent between this study and the decade-review done at WDGMC.1 This study's higher incidence of respiratory complications (37%) is predominantly attributed to pleural effusions. In contrast, the 6.8% incidence of respiratory complications noted in the WDGMC decade-review results from unknown thromboembolism etiologies requiring ventilation.1 The lack of extensive categorical data in other studies limits data comparison to this comprehensive descriptive study.
More extensive cohort studies demonstrate an incidence of 10-70% of acute cellular rejection (ACR),31 findings much higher than this study (4%), and the WDGMC decade review (11.7%).1 Liver biopsies were not routinely performed within the first-month post-transplant during this study's review period, with the presumptive diagnosis of acute rejection based on clinical and biochemical findings. Notably, this study's limitations include its duration of the evaluation, recipients who have normal biochemistry despite possible underlying ACR, and the time frame (0-90d) of the globally accepted definition of ACR. 1,32 
Bacterial infections as the predominant cause of infection in this study, within the first-month post-transplantation, concurs with literature worldwide.1,3,16 Ten recipients (42%) of the infectious complication subgroup had no identifiable pathogen yet were clinically suspected of having infections. Sepsis with multi-organ failure (MOF) was present in all death cases in this cohort (8%). Fungal sepsis was considered a role in these patients with early mortality, based on positive beta-d-glucan serology, multiple risk factors for fungal sepsis, and the poor response to broad-spectrum antibiotics. However, this was not confirmed microbiologically, and postmortem reports are unavailable to confirm the clinical suspicion of systemic fungal sepsis. The clinical limitation to accurately diagnose and microbiologically ensure life-threatening infections in recipients post solid organ transplantation remains an ongoing challenge.
Both South African studies reviewing outcomes over ten years reveal a predominance of bacterial infections over viral and fungal infections.1,2 This differs from the well-documented emergence of viral and fungal infections seen more commonly following one month after transplantation.30,33 The findings of this study concur with international studies, reporting the most typical sites of infection as abdominal and lung in the first-month post-transplantation.30,33 The frequent complication of bacteremia following an illness in these sites is comparable to this cohort.30,33 Interestingly, 83% of all skin and soft tissue infections were reported to originate from the surgical abdominal wound, consistent with international reports.30,33 Furthermore, in keeping with global data,30,33 60% of all cases of bacteremia have an intra-abdominal source, while 20% have a lower respiratory source and the remaining 20% are due to urinary tract infection infections.
Despite extensive documentation of the direct association between bacterial infections in the first-month post-transplantation and DM, hypoalbuminemia, CMV seropositivity, and donor-derived infections, 3,5,16,18 this study could not confirm this association. However, ascites appears to negatively predict recipient and graft survival (P-value 0.011 and hazard ratio 3.06) in the retrospective decade review done at WDGMC.1 
This cohort revealed a mortality of 8% of all recipients at 30 days post-transplant, unfortunately without access to any postmortem reports. A key finding in all mortalities is the presence of sepsis. Based on record review, biochemical and microbiological findings, death resulted from graft failure, severe sepsis, and MOF in the abovementioned subgroup. The trend toward improving survival, with decreasing death rate as time progresses, is comparable to local and international data.1 The 30day period of review provides limitations for comparisons of recipient survival to other studies.
Conclusion
Non-infectious complications were more prominent than infectious complications in the first 30 days post DDLT in adult recipients in a large South African transplant center, with no significant association between recipient demographic data, comorbid diabetes, CMV status, and MELD score.
ABBREVIATIONS
DDLT- deceased donor liver transplant
LDLT- living donor liver transplant
WDGMC- Wits Donald Gordon Medical Centre
MELD- the model for end-stage liver disease
ESLD- end-stage liver disease
ACR- acute cellular rejection
CMV- cytomegalovirus
AKI- acute kidney injury
CNI- calcineurin inhibitor
MMF- mycophenolate mofetil
KDIGO- Kidney Disease Improving Global Outcomes
CKD- chronic kidney disease
OLT- orthotopic liver transplant
HRS- hepatorenal syndrome
ARDS- acute respiratory distress syndrome
HAT- hepatic artery thrombosis
NAFLD- non-alcoholic fatty liver disease
DM- diabetes mellitus
IQR- interquartile range
ESBL- extended-spectrum beta-lactamase
CRE- carbapenem-resistant Enterobacteriaceae
ICU- intensive care unit
GSH- Groote Schuur Hospital
GIT- gastrointestinal
HAT- hepatic artery thrombosis
IVC- inferior vena cava
d- days
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presence/absence of infectious and non-infectious complications




image3.png
o 1 Infectious p-value Non-infectious p-value
veral complications for complications for
Variable | Category | n(%) n(%) between- | (o) between-
dian, | edian, IQR) edian, I
Total 78(100) | "MeABMIQR) ) 54y | n(median,1QR) ’.::’ 63(gy) | "medianIaR) ‘:::’
Age 78(54,39-60) 24(47,3360) 0,33 63(49,33-60) 0,29
Pre-
transplant 78(20,15-24) 24(22,16-25) 022 63(21,15-25) 0,28
MELD score
Female  28(36) 9(12) 23(29)
Gender Male  50(64) 15(19) 209 o1 0D
. No 42(54) 20(26) 48(62)
Ascites Yes 36(46) 11(14) 209 50ag) oz
Type 2 No 59(76) 20(26) 48(62)
Diabetes Yes  19(24) 4(s) 04 15019) 099
Active Negative ~ 76(97) 24(31) 61(78)
Hepatltis A Give  2(3) 0(0) 209 o5 0D
in recipient
HepatitisB  Negative ~ 69(38) 22(28) 55(71)
inrecipient  Positive  9(12) 2(3) o7 a0 0%
HepatitisC  Negative  76(97) 23(29) 61(97)
inrecipient  Positive  2(3) 1) o2 2(3) 0%





image4.png
Kiebsiella pneumoniae
Clostridium difficile

Escherichia coli

Streptococcus mitis

Methicilin Resistant Staphylococcus
Candida krusei

Staphylococcus epidermidis
Enterobacter cloacae

Enterobacter faecium
Pseudomonas aeruginosa

Kiebsiella ozaenae

% Pathogens causing infections (n=24)

°

10 2 30 40

50




image5.png
Renal
GIT

Respiratory
Neurological
Tacrolimus toxicity
Haematological
Vascular

Cardiac

Graft failure

Other drug interactions

9% Non-infectious complications

°
5
N
8
@
5
8
g
g

70




image1.png




