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Abstract
Organ transplant patients present to emergency departments (EDs) for conditions often
associated with transplantation due to changing anatomy, denervated allograft and
immunosuppression. Infections and rejection are among the most feared problems in
these patients. It is necessary to maintain a high index of suspicion. The process
should be carried out in a multidisciplinary fashion with the transplantation team
including specialists in infectious diseases. When evaluating these patients, conditions
that are easily managed in other patients should be carefully investigated. Emergency
care providers should recognize infections and other complications, obtain diagnostic
work up, initiate empirical treatment and consider specialty consultation and inpatient
admission. Even if these patients are referred to hospitals for reasons unrelated to
transplantation, healthcare providers need to know their differences, the expected effects
of the drugs to be administered, and to be aware of probable drug interactions while their
treatment is being planned.
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1. Definitions and introduction

Worldwide, the first organ transplantation (TX) was performed
in 1950 [1]. Its prevalence is increasing; in 2022, 42,800
organ transplants were performed only in the United States
[2]. The kidney is the most transplanted solid organ (58%),
followed by the liver (21%), the heart (8%), the lung (5%) and
the pancreas (5%) [1, 3]. It is necessary to pay attention to
their specific situation when transplanted patients present to
the ED. In the evaluation of these patients, the physiological
and anatomical differences should be recognized, and TX-
associated infections, adverse effects of the drugs used, trans-
plant rejection, graft-versus-host disease (GVHD) and post-
surgical complications need to be considered.
Most patients with solid organ or hematopoietic cell TX

present to the emergency departments (ED), especially in de-
veloping countries. Kidney transplantation (KTX) is the most
common TX procedure among all and is a superior treatment
option because of lower health expenditure in all age groups
compared to dialysis in patients with chronic renal failure
(CRF), and provision of longer life and higher quality of life.

2. General approach to patients

2.1 History
The history of these patients should be focused on the main
complaint on presentation and extended in line with the char-

acteristic properties unique to the given patients. First, detailed
information should be obtained related to the TX process. The
time of operation, and the source of the TX (cadaver or live
donor) should be questioned, for it has been assumed that
living donor transplantation grafts are superior to deceased
donor transplantation grafts in terms of graft survival and a
lesser recipients’ morbidity [4]. In addition, the drugs used
in the process and the recent changes in the use of these
drugs should be evaluated, because each agent can produce a
different array of effects and adverse outcomes to seek for. Of
note, living donor transplantation grafts have potential risks.
Therefore, a thorough history and investigation are carried
out to search for significant diseases that can be transmitted
to the recipient from the donor [5]. The history of possible
infections should be expanded in line with the increased risk of
infection in these patients; whether there is a fever or changes
according to the basal state should be questioned. It should be
evaluated whether there is a history of chronic infection (Cy-
tomegalovirus (CMV), Epstein-Barr Virus (EBV), Hepatitis B,
Hepatitis C and others). A recent history of acute infection
and the treatments received for it should be evaluated [6].
Depending on the basal condition of the patient, changes may
be a guide in the diagnosis of organ rejection. For example,
an increase or decrease in the urine output in the patient with
KTX, the exertion capacity of the heart transplant patient,
jaundice in the liver transplant patient, or changes in skin color
are among the important signs to be sought. Whether the
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patient has a history of rejection before, how he or she has had
and relieved after this attack, if any, should be questioned [6].

2.2 Physical examination
The physical examination should also be focused on the main
complaint on presentation at first, as in the history taking.
It should also be extended to TX procedures, medications
used, and any suspected differential diagnoses in these pa-
tients. The risk of opportunistic infection is increased due
to immunosuppression; therefore, a detailed examination of
patients should be performed in this regard. Ear, nose and
throat examination and meningeal signs take priority in terms
of possible infections, progressing caudally.
A detailed cardiopulmonary examination may indicate

pneumonia which is often encountered in transplanted
patients. Findings suggestive of pericardial effusion and/or
murmurs detected during a heart examination may also be
harbingers of viral infections. Abdominal examination may
suggest complicated urinary tract infections or peritonitis,
especially in patients with KTX. If there is an indwelling
peritoneal catheter placed in the patient, the evaluation of the
patient in terms of peritonitis should gain priority [7]. Pain
in the upper right quadrant, and tenderness may be indicative
of infections such as hepatitis B and/or C, CMV and EBV.
Skin examination helps in the diagnosis of viral syndromes,
meningococcal meningitis (petechiae), and rashes of GVHD
or drug reactions. Neurological examination in search of neck
stiffness and altered mental status is a guide to the diagnosis
of infections of the central nervous system.

3. Complications, presentations and
survival

The risk of developing anemia, cardiovascular syndrome
(CVS), vascular calcification, metabolic bone disease and
mortality, is reduced in TX, compared to the patients not
undergoing transplantation process; while the risks of
infection, malignancy, side effects of immunosuppressive
drugs, obesity, and diabetes are higher in the patient with TX.
The most common causes for ED referral of these patients
include infections (39%), non-infectious gastrointestinal
and genitourinary pathologies (15%), dehydration (15%),
electrolyte disorders (10%), cardiopulmonary conditions
(10%), injuries (8%) and transplant rejection (6%) [3].
The mortality rates after TX processes show large variations

between studies secondary to sampling criteria, geographic
and sociodemographic features, technological advances, etc.
Death rates from cardiovascular and infectious diseases among
solid organ transplant (SOT) recipients have decreased due to
improved screening and intervention methods [8].
Bloodstream infections are a leading cause of morbidity

and mortality in this population, with mortality reaching 50%
when associated with septic shock [9, 10]. Crude mortality
was 15.4%–82.4% and was consistently higher than for non-
multidrug resistant organism bloodstream infections (MDRO
BSIs) [11].
In 2003, the Dialysis Outcomes and Practice Patterns Study

(DOPPS) reported that the crude 1-year mortality rate was

21.7% in the United States for patients on dialysis [12]. On
the other hand, patients with kidney transplantation (KTX)
experience survival benefits at all age groups, with a 68%
lower risk of death compared to patients remaining on dialysis
awaiting transplantation [13]. They also experience on average
an additional 11 extra years of life after KTX, even among
elderly or diabetic patients [14]. Risk of mortality is initially
worse with KTX compared with dialysis, with a relative risk
of 2.84. However, by 3–4 months, the risks are equal and
subsequently, there are long-term survival benefits to the trans-
plantation [15].

3.1 Cardiovascular syndrome
Cardiovascular Syndrome (CVS) is a major risk factor affect-
ing morbidity and mortality in SOT recipients. Patients with
liver transplantation (LT) for nonalcoholic fatty liver disease
(NAFLD) have been compared with those with hepatitis C
virus (HCV) [16]. The authors reported that themedian follow-
up after LT was 5.6 years in patients with NAFLD vs. 13.5
years in patients with HCV (p = 0.0009). Five years after LT,
cardiovascular morbidity was more frequent in the NAFLD
group than in the HCV group (12.8% vs. 9.3%) (p = 0.0256).
On the other hand, CRF is a well-known risk factor for CVS
in KTX recipients, while impaired kidney function and albu-
minuria increase the risk of CVS by 2 to 4 times. The most
common cause of death in the first 3 months after SOT and
KTX is infection, and the 2nd is congestive heart failure and
CVS.
In addition, cardiovascular diseases are the most impor-

tant cause of death in KTX patients with diabetes mellitus
(DM), whilst infection and malignancy have a greater share
of the causes of death in patients without DM. Acute coronary
syndromes, including acute myocardial infarction (AMI), are
more common in the elderly and diabetic patients.

3.2 Malignancy
Malignancy is among the most common causes of death after
SOT. A recent meta-analytic study reported that SOT recip-
ients had a 2.06-fold increased cancer mortality risk (stan-
dardized mortality ratio (SMR), 2.06; 95% confidence interval
(CI): [1.56–2.71]) than the population [8]. Risks were higher
in kidney (SMR 1.92; 95% CI: [1.30–2.84]), liver (SMR 3.07;
95% CI: [1.80–5.24]) and lung/heart (SMR 4.87; 95% CI:
[3.33–7.12]) transplants.
A significant correlation was found between a high albu-

min/creatinine ratio and the incidence of malignancy develop-
ment. The risk of developing malignancy after KTX is 3–5
times higher than a patient receiving dialysis. The mortality
rate caused by CVS and infection has decreased with frequent
and detailed patient follow-up and antibiotic prophylaxis in
recent years, while the mortality rate caused by malignancy
is still high.

3.3 Infections after transplantation
Infections occur very commonly in transplanted patients
(25%–80%) and are the most important cause of mortality
[17]. One of the biggest causes of this is immunosuppressive
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agents used against rejection phenomena. Due to the
suppressed immune response in these patients, inflammation
can sometimes also be suppressed and mask the classic signs
and symptoms of infection in the early stages.

3.3.1 Clinical features of infections in the
transplanted patient
Fever and related issues comprise the most common reason
for SOT recipients to present to the ED. Of note, fever can
be masked by various factors, such as immune-suppressing
agents, uremia and hyperglycemia, andmay be absent or subtle
in half of the patients with the infection. In addition, fever may
be due to factors other than infection, such as drug effects, hy-
persensitivity reaction, rejection or malignancy. Lower-than-
expected fever and leukocyte values are detected, especially in
patients treated with mycophenolate mofetil and azathioprine.
Even a low-grade fever in a patient who has undergone SOT
requires an aggressive investigation.
Of note, SOT recipients are at risk for developing infection

with transfusion-associated pathogens. Patients undergoing
transplantation during the winter months are often exposed
nosocomially to viruses such as respiratory syncytial virus
(RSV) and influenza [18].
Immunosuppressive drugs reduce rejection rates but

increase the risk of infection. The signs and symptoms
of infection depend on the type of infection and can be
partly estimated based on the time frame that passes from
TX (Table 1) [18, 19]. For example, in one month after
TX, resistant organisms, surgical and hospitalization-related
complications, and infections related to colonization of the
transplanted organ are common. Pneumocystis jirovecii, viral
infections, latent infections and opportunistic infections occur
more often between one and six months. After six months,
conventional factors and late viral infections come to the fore
[17, 20].

3.3.2 Diagnosis and management
It is of vital importance for emergency physicians to recognize
infections early on, obtain diagnostic workup, initiate empiri-
cal treatment, and consider specialty consultation and inpatient

admission [21]. When evaluating these patients, conditions
that are easily managed in other patients should be carefully
investigated.
The assessment should include workup based on

complaints, history and physical examination. Emergency
physicians should consider the patient’s past and current
treatments, comorbid conditions, the presence of necrotic
tissue and collection, metabolic diseases, infections
with immunomodulatory activity (CMV, EBV, Human
Immunodeficiency Virus (HIV)) in the management.
Leukopenia can indicate acute bacterial infection, and an

increase in atypical lymphocytes, associated with leukopenia,
is often suggestive of severe viral infections (especially CMV).
Agents commonly isolated in lung infections include Pneu-
mocystis jirovecii, Nocardia, Legionella pneumophila and As-
pergillus spp, which require special staining techniques and
tests for their definitive diagnosis. Treatment recommenda-
tions should be unique for each patient after carefully analyzing
with respect to potential atypical infections that require specific
coverage. Table 2 provides a stepwise approach to infection
management after organ TX.
Rapid and careful evaluation should be performed whenever

sepsis or septic shock is suspected, followed by initiation of
intravenous (IV) fluid replacement and broad-spectrum antibi-
otics [1]. Imaging for the transplanted organ should also be
planned along with examinations for the suspected focus of
infection, while the gold standard is often a biopsy. In patients
with KTX, bacteremia is most oftenmanifested by urinary tract
infection. A recent study pointed out that Enterobacteriaceae
constitute and remain the prevalent etiological agents, multi-
drug resistant (MDR) germs are taking on an increasingly
important role [22]. Table 3 summarizes a comprehensive list
of diagnostic work up according to the type of infection [13].
Empirical antimicrobial therapy for transplant patients must

be managed in a multidisciplinary fashion in cooperation with
the infectious diseases and TX team (Fishman 2007). Empiri-
cal treatments that can be considered are given in Table 4 (Long
2019 [3], Cimino 2016 [23], Jorgenson 2019 [19]).
Viral infections: A systematic review of 25 studies ex-

plored clinical presentations, laboratory findings and outcomes

TABLE 1. Types and sources of infection that can ensue in line with the transplantation period.
Transplantation period Time passed Infection

Early 1 mon

Nosocomial/Surgical site: Aspiration pneumonia, wound site infection,
urinary tract infection, graft tissue superinfection, vascular structure infection,

C. Difficile colitis
Donor organ infection: MRSA, VRE, TBC, Candida,

Toxoplasmosis, Chagas disease

Intermediate 1–6 mon

Mostly opportunistic infections: Pneumocystis Jirovecii, Histoplasma,
Coccidioides, Cryptococcus, Hepatitis B and/or C, Kaposi’s Sarcoma,

Cytomegalovirus (CMV), tuberculosis (TBC), Epstein-Barr Virus (EBV)
Surgical site infection

Reactivation of suppressed infection of the receiver: CMV,
Herpes zoster virus (HZV), Herpes simplex virus (HSV), EBV

Late >6 mon Community-acquired infection: Respiratory viruses, Pneumococcus, Legionella,
Listeria, Influenza, EBV

C. Difficile colitis: Clostridium; MRSA: Methicillin-resistant Staphylococcus Aureus; VRE: Vancomycin-resistant enterococcus.
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TABLE 2. Infection management after organ transplantation.
Order of priority Steps in the management
1. Consider the different etiological agents/microorganisms.
2. Because of impaired inflammatory responses, atypical clinical and radiological findings and unexpectedly

subtle symptoms are common.
3. The results of serological tests performed while the patient is in the ED should not be relied upon.
4. The imaging threshold should be lowered as impaired anatomy can change signs of infection.
5. A thorough and complex antimicrobial management is required due to drug interactions.
6. Health care-related infections and those attributed to increased antimicrobial resistance are common.
7. Surgical consultation may be required to intervene with local infections, such as abscess drainage and

debridement.
ED: emergency department.

TABLE 3. Diagnostic tests in accord with the suspected focus of infection.
Suspected source Diagnostic work up

Unknown source • Urine culture, chest X-ray, blood culture, lactate, complete blood count with differentials, CMV
PCR, Purified Protein Derivative or QuantiFERON test

Sepsis
• If the criteria for sepsis are met, a complete blood count with differentials, kidney functions, lactate
and blood cultures should be taken, and patient-specific drug treatments are initiated
• Imaging may be performed depending on the suspected area

Pulmonary

• Chest X-ray and computed thoracic tomography if pneumonia is suspected
• Complete blood count with differentials
• Blood culture
• Legionella and pneumococcal antigen test in urine
• Purified Protein Derivative
• CMV PCR, Coccidioides serology
• A biopsy may be obtained

Central nervous system

• Computed tomography (CT) of the brain, magnetic resonance (MRI) imaging without contrast if it
is not visualized in the first CT
• Lumbar puncture, cell count, glucose, protein, culture of acid-resistant bacilli, cryptococcal antigen,
viral PCR to analyze cerebrospinal fluid samples
• Biopsy may be requested in focal lesions

Urinary tract

• Urinalysis and culture
• Kidney function panel and complete blood count
• If sepsis criteria are met, complete blood count, kidney function panel and patient-specific drug
treatments should be taken

Diarrhea • Leukocyte counts, culture, clostridium difficile test, parasite and eggs and CMV PCR in stool samples
CMV: Cytomegalovirus; PCR: Polymerase Chain Reaction.

of severe acute respiratory syndrome coronavirus 2 (SARS-
COV-2) in Iranian liver transplant patients [24]. The rate of
mortality and high levels of C-reactive protein (CRP), Alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and alkaline phosphatase (ALP) are similar to the non-immune
suppressed patients. However, detection of high levels of
serum CRP, ALT/AST, and ALP combined with a clinical
COVID-19 symptom and the finding of CT scan may indicate
the presence and severity of the disease.
CMV is the most common virus type in people who have

received solid organ transplants. CMV is a major cause of
illness and death during the first year after transplantation.
In people who have received an SOT, giving antiviral medi-
cations reduces CMV disease and death from CMV disease,
compared with placebo or no treatment. Longer periods of
prophylaxis were found to be more effective than three months

of therapy in kidney and lung transplant recipients.
Ganciclovir is more effective than acyclovir and as effective

as valganciclovir which is currently the most used antiviral
drug to prevent CMV disease in transplant recipients [25].
Low-dose valganciclovir was found as effective as the standard
dose for preventing CMV in moderate-risk KTX recipients.
Different doses of valganciclovir did not result in a difference
in preventing CMV disease.

4. Delayed graft function and ED
management

It occurs more often in dead donor recipients. In those with
KTX, most kidney grafts that have poor function may have a
delay in graft function. It is necessary to exclude in the case of
unfunctional TX kidney first:
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TABLE 4. Empirical antimicrobial therapy choices in transplanted patients.
Coverage Preferred antimicrobial agents-notes
All patients • All cases should be managed in conjunction with consultations with infectious diseases

and the transplantation team
Neutropenic patients without
an established source of infection • 3rd generation cephalosporins or carbapenems and anti-MRSA agents
Suspected MRSA • Vancomycin, Linezolid
Tuberculosis • Rifampicin
Parasitic infections • Trimethoprim sulfamethoxazole
Viral infections • Often requires reduced doses of immunosuppressants

EBV • -
CMV • Ganciclovir or Valganciclovir
HSV and VZV • Acyclovir (intravenous infusion is preferred in disseminated forms)

Fungal infections • They are managed with consultations with infectious diseases and transplantation teams,
depending on the risk level of Aspergillus, candida albicans and cryptococcus neoformans

EBV: Ebstein-Barr Virus; CMV: Cytomegalovirus; HSV: Herpes simplex virus; MRSA: methicillin-resistant staphylococcus
aureus; VZV: Varicella zoster virus.

√
Arterial and venous occlusion,

√
Congestion and leakage in the urinary system.

To rule out these impairments, renal blood flow is evaluated
with Doppler Ultrasonography (USG). Patients with surgical
indication may require emergency surgery.
Graft thrombosis is one of the leading causes of graft failure.

A Cochrane review has shown that no evidence can be derived
from Randomized controlled trials (RCTs) to be used to guide
anti-thrombotic strategies in liver, heart, lung or other SOTs
[26]. Thrombotic process can act as a contributing factor
to cardiac allograft vasculopathy (CAV) which is recognized
with its hallmarks; endothelial inflammation, platelet activa-
tion, and thrombosis. Antiplatelet therapy may prevent the
development of CAV. The management of CAV encompasses
the use of statins, treatment of cytomegalovirus infection, and
management of rejection [27, 28]. A systematic review and
meta-analysis showed uncertain evidence that acetyl salicylic
acid (ASA) may reduce the development of CAV [29]. Further
studies are required for the comparison of anticoagulants and
antiplatelets to placebo in SOT. Unfractionated heparin may
increase the risk of bleeding following KTX, but this finding
is of low certainty.
Advances in operational and anesthetic techniques and more

effective organ preservation have paved the way to improved
patient and graft survival rates in patients undergoing LT while
addressing emergent issues, such as short-term complications
and early allograft dysfunction [30]. Primary non-function
caused by early allograft dysfunction in patients with LT is
one of the most dangerous complications of LT [31]. Research
reported the incidence of this phenomenon between 5% and
40% following LT [32].
Agostini et al. [33] indicated that duration of ischemia,

variables of donors including elevated bodymass index (BMI),
steatosis and cause of death, are among the risk factors for early
graft dysfunction. An elevated serum sodium level in the donor
is also suggested to be linked to higher rates of early allograft
dysfunction (EAD) [34], although conflicting findings on this

assertion exist in the literature [35].
Remote ischemic conditioning (RIC) has been postulated

to show advantages in protecting organs from ischemia-
reperfusion injury. The findings of a meta-analysis showed
that RIC did not reduce mortality in LT patients compared
with controls (risk ratio (RR) 0.9, 95% confidence interval
[0.31–2.66]) [36]. Remote ischemic modulation does not
improve clinical outcomes in patients undergoing organ
transplantation (heart, lung, liver and kidney).
Monitoring biomarkers is an important aid to herald sub-

clinical rejection in patients who have undergone LT in most
clinical settings and affects outcomes favorably. For example,
research data proposed that serumC-X-Cmotif chemokine lig-
and 8 (CXCL8) concentration can be a highly accurate nonin-
vasive marker of subclinical rejection after LT in children [37].
Some other data indicated that monitoring serological markers
is recommended in managing patients who have undergone
LT, aiding in selecting patients in whom immunosuppression
can be safely withdrawn [38]. Likewise, T-cell mediated
rejection has been associated with certain key genes which
reflect mechanisms including chemotactic activity, antigen
processing and T cell differentiation in research [39].

5. Side effects associated with
medications used by transplantation
patients

Transplantation patients including kidney recipients typically
use extensive medications that contain immunosuppressive
agents due to the risk of rejection [13, 19]. Table 5 provides a
summary of immunosuppressive agents [13]. In early post-TX
period, induction agents are used to prevent early acute rejec-
tion. Among the most used induction agents are basiliximab,
antithymocyte globulin, alemtuzumab. Reactions to these
drugs are common and are mostly associated with cytotoxicity.
Patients often present to the ED with fever, tremor, headache,
nausea, weakness, dizziness, general body aches leukopenia
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TABLE 5. An overview of immunosuppressive agents.
Induction Maintenance Treatment of rejection

T cell depleting
agents

ATG Calcineurin
inhibitors

Cyclosporine Mild ACR rejections
Corticosteroids

Prednisone
Thymoglobulin Tacrolimus Methylprednisolone
Alemtuzumab

Antiproliferative
agents

MPA Moderate to severe ACR
rejections

T-cell depleting agents

ATG
IL-2 receptor
antagonist

Basiliximab Azathioprine Thymoglobulin

Sirolimus

AMR

IVIG/PP
Everolimus Rituximab

Corticosteroids
Prednisone Bortezomib

Methylprednisolone Eculizumab
Costimulatory

pathway
blocker

Belatacept

ACR: Acute cellular rejection; AMR: Antibody-mediated rejection; ATG: Anti-thymocyte globulin; IVIG/PP: Intravenous
immunoglobulin/Plasmapheresis; IL: Interleukin; MPA: Mycophenolic acid.

and thrombocytopenia during this period.
Drugs and side effects used for this purpose are given in

Table 6 (Cimino 2016 [23], Vincenti 2003 [40], Long 2016
[1]). In a national cohort of Australia between 1984 and
2006, Na et al. [41] pointed out that induction antibody and
maintenance corticosteroids are used more commonly in heart
and lung compared to liver recipients (p< 0.001), and antibody
therapy for rejection more common in liver recipients (p <

0.001). Liver recipients weremore likely to receive calcineurin
inhibitor monotherapy compared to heart and lung recipients (p
< 0.001). Liver recipients consistently received lower doses of
azathioprine than heart and lung recipients (p < 0.001).

6. Transplantation rejection

The second complication feared after infection comprises the
rejection of the graft, which is one of the immediate causes of
allograft dysfunction. Although its incidence decreased with
newly developed immunosuppressive protocols, they are still
common [2].
CD4+ (Clusters of differentiation 4+) and CD8+ donor ma-

jor histocompatibility complex (MHC)-restricted T cells are
sufficient to reject allografts by a T-cell receptor-mediated
direct (“cognate”) interaction using a defined array of effec-
tor molecules [42]. Conversely, “noncognate” host MHC-
restricted CD4+ T cells must interact with intermediate host-
type antigen-presenting cells and so greatly amplify the re-
sponse by triggering antibody and inflammatory responses.
Rejection is usually detected by routine screening proce-

dures or by several special workups (endomyocardial biopsy,
transbronchial biopsy, etc.) [23]. Therefore, it may not always
be possible to perform these examinations in the ED. Clinical
findings must be evaluated with consultations and advanced
laboratory workup for decision-making process.
Acute cellular rejection (ACR) is defined by different de-

grees of interstitial and/or perivascular infiltrate with myocyte
damage [43]. On the other hand, acute antibody-mediated
(humoral) rejection (AMR) has a highly varied incidence for

it needs to be diagnosed either histopathologically or immuno-
logically, with only a weak consensus on clinical recognition.
It is well-reported following ABO-incompatible LT and

mainly recognized with graft dysfunction within two weeks
post-LT and is often associated with graft loss [44]. A study
showed 16% mortality after developing AMR over a 5-year
study period [45]. Another study by Everitt et al. [46] showed
that pediatric recipients with severe AMR (pAMR3) have
worse CV outcomes compared to those without AMR. Adult
recipients with asymptomatic AMR or mixed rejection have
increased CV mortality compared to those with ACR alone
[47].
Rejection is mostly asymptomatic in KTX; thus, the diag-

nosis is established by a marked increase in serum creatinine.
Other causes of serum creatinine elevation including increased
calcineurin inhibitor blood concentrations, volume status, and
surgical factors need to be ruled out. Suspicion of acute kidney
rejection should be confirmed by biopsy. Table 7 depicts
rejection processes divided into three phases in accordance
with their timing [1, 48].

7. Organ specific approach to
transplants

7.1 Kidney TX
KTX is the most common solid organ transplant, being the pre-
ferred treatment modality in end-stage renal disease (ESRD).
The kidneys harvested from deceased, or heart-beating donors
are often placed in the recipient’s pelvis and anastomosed into
the ureters and bladder [49]. The most common complications
that can develop after KTX is infection which can be caused
by the donor kidney or the recipient’s kidneys and/or bladder.
Patients with suspected infection should be investigated in
detail early on with treatment [50]. Patients with rejection can
be asymptomatic, as well as with a decrease in urine, fever, and
resistant hypertension [51].
The level of serum creatinine is the most important marker

used in the evaluation of graft function in the transplanted
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TABLE 6. Side/adverse effects of the medications used in transplant patients.
Agent Mechanism Side/adverse effect
Cyclosporine
(Sandimmun®)

Calcineurin inhibitor, suppresses T lymphocyte
activity and Interleukin-2 (IL-2) functions

Acute/chronic nephrotoxicity, electrolyte disorders,
gout, hemolytic uremic syndrome, gingival hyperplasia,

hirsutism, hypertension, hyperlipidemia

Tacrolimus
(Prograf®)

Calcineurin inhibitor, suppresses T lymphocyte
activity and IL-2 functions

Similar to cyclosporine
Neurotoxicity (headache, shaking chills, paresthesia,

seizures), hair loss
Azathioprine
(Imuran®)

Inhibits purine synthesis Bone marrow suppression, macrocytosis, anemia,
hepatotoxicity, pancreatitis

Mycofenolate
mofetil (Cellcept®),
Mycofenolic acid
(Myfortic®)

Inhibits purine synthesis, cytostatic on B and T
cells

Abdominal pain, poor oral intake, nausea/vomiting,
diarrhea, anemia, leukopenia, thrombocytopenia

Corticosteroids
Inhibits phagocytic functions,

Reduces production of proinflammatory mediators,
Suppresses T lymphocyte activity
Reduces cellular signal conduction

Weight gain, cataracts, acne, thinning of the skin,
bruises, osteoporosis, gastrointestinal hemorrhage,
hyperglycemia, hyperlipidemia, psychological

involvement, cushingoid appearance

Sirolimus
(Rapamune®),
Everolimus
(Afinitor®)

Inhibits mammalian target of rapamycin (mTOR)
receptors and blocks immune cells’ signal conduction

Suppresses B and T lymphocyte activities

Dyslipidemia, hepatic artery thrombosis, bone marrow
suppression, pulmonary fibrosis, rash, skin ulcers

Polyclonal
antibodies Antilymphocyte antibodies,

Used for immunosuppression after cessation of the
nephrotoxic agent

Used in the treatment of rejection resistant
to corticosteroids

Fever, serum sickness, anaphylaxis, anemia,
thrombocytopenia

Monoclonal antibod-
ies

Antilymphocyte antibodies,
Used in the prophylaxis against rejection

in the early phase
Used for immunosuppression after cessation of

the nephrotoxic agent
Used in the treatment of rejection resistant

to corticosteroids

Headache, aseptic meningitis, encephalopathy, seizures,
nausea/vomiting, diarrhea pulmonary edema and

nephrotoxicity can be noted within the first three days of
the treatment period. IL-2 receptor antibodies can also

trigger anaphylaxis rarely

TABLE 7. Rejection stages and their pathogenesis.
Stage Pathogenesis Period
Hyperacute Antibodies against antibodies already present in the body, they lead to complement activation

and thrombosis
The first minutes to

hours

Acute Acute cellular rejection due to activated lymphocytes
Humoral rejection due to antidonor antibodies expressed after organ transplantation Six months

Chronic Antibody and cell-mediated rejection Months to years

patient. In healthy patients, 50% increase in creatinine is
interpreted to be in favor of acute renal failure, while in
patients with KTX increases of 20% should be considered
as such [52]. Urinalysis should be requested on suspicion
of infection or rejection. Leukocytes in the urine do not
always confirm urinary tract infection; the source of leukocytes
may also represent the manifestation of organ rejection. The
appearance of erythrocytes or proteinuria may indicate under-

lying glomerulonephritis, drug toxicity or graft nephropathy.
The appearance of bacteria in the urine and/or the presence
of nitrites is often associated with infection. Drug levels
may indicate the effectiveness or patient compliance of the
immunosuppressant used, and cooperation with the transplan-
tation team may be helpful in this respect.

Some anatomical complications may occur due to KTX.
Among them, themost common conditions are vascular throm-
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bosis and stenosis. Patients often present with uncontrolled
hypertension, peripheral edema and decreased urine output.
Although Doppler ultrasound can show a decrease in blood
flow, angiographic methods are the gold standard (Table 8).
The nephrotoxic effect of the contrast media should be con-

sulted and discussed with the transplantation team, whenever
planned to be used for radiological investigations. Magnetic
resonance angiography may be more advantageous as it can be
applied without contrast media or combined with gadolinium,
which is less toxic than other agents. The decision must be
made with the transplant team. After diagnosis, the preferred
treatment modality is stent placement with interventional radi-
ological procedures [1].
Consultation with the transplant specialists should be per-

formed on suspicion of acute TX rejection. The first treatment
for acute rejection is IV methylprednisolone. Methylpred-
nisolone (500 mg IV daily for 3 days) is administered as soon
as the rejection is diagnosed. If the patient responds, oral
prednisone is switched to return to a baseline of 0.3 mg/kg per
day on the fourth day.
Treatment of antibody-mediated rejection usually involves

Therapeutic Plasma Exchange (TPE), IV Immunoglobulin
(IVIG) and rituximab. All suspected acute KTX rejections
should be confirmed by biopsy.

7.1.1 Anemia-leukopenia
Anemia is seen in 20% to 57% of the patients after KTX.
Anemia developed after a well-functioning kidney allograft
usually resolves within 3–6 months after KTX.
Leukopenia occurs commonly after KTX. Patients with

leukocyte <3 × 109/L need to be evaluated further. In
the absence of infection (no signs of systemic infection,
no CMV viral load), medications should be questioned.
Mycophenolate, azathioprine and valganciclovir are the most
common causes of leukopenia. Cotrimoxazole and many
other drugs are also associated with low leukocyte counts.
If leukopenia is severe (absolute number of neutrophils is

below 0.5 × 109/L) infection should be considered, and pro-
tective isolation, broad-spectrum antibiotics and granulocyte-
colony stimulating factor (G-CSF) should be initiated. If
leukopenia is attributed to CMV infection, ganciclovir or val-
ganciclovir is initiated and supplemented with G-CSF.

7.1.2 Hypertension
Hypertension is a common problem after KTX. The first-
choice agents in antihypertensive therapy consist of calcium

channel blockers, beta-blockers or angiotensin-converting en-
zyme (ACE) inhibitors. ACE inhibitors and angiotensin II
receptor blockers (ARBs) should not be used in the early post-
KTX period because they can affect creatinine levels.

7.2 Liver transplantation
The most common reasons for liver transplant patients
to present to EDs are fever and abdominal pain.
Hepatosplenomegaly, ascites, malaise and weakness may
also be seen after the rejection [51, 53]. Complications of
transplantation include bleeding, rejection, and infection,
as well as biliary, vascular, and operation site-related
complications. When evaluating differential diagnoses in
these patients, blood biochemistry including amylase and
lipase, coagulation parameters, acute phase reactants, cultures
from blood, urine and ascites fluids, and complete blood count
are helpful [54]. Doppler USG can detect fluid collections,
thrombosis in the hepatic artery or portal vein, and dilation
of the biliary tract. Contrast-enhanced CT may be required
for the diagnosis of vascular complications or gallbladder
stenosis. Cholangiography is useful for detailed hepatobiliary
evaluation. All these examinations may not be easy to apply
in ED environments, in case of doubt, the patient should be
evaluated with the transplantation team.
Overall in-hospital mortality in adult living donor liver

transplantation (LDLT) performed between 1994 and 2007,
576 consecutive adult patients who underwent LDLT at a
single medical center was 18.9% [55]. The most frequent
cause of death was infection (62.5%), which was followed
by rejection (15.7%) and nonseptic multiple-organ failure
(8.9%). Factors associated with 1-year mortality include
the requirement of a high volume of packed red blood cells,
hyperlactatemia, and consistently elevated bilirubin [5, 56].
Ioannou et al. [57] indicated that infective endocarditis
resulted in a mortality rate of 43.5% in patients with LT.

7.3 Lung transplantation
In a large series from France, the most common indications
of lung transplantation included cystic fibrosis, chronic ob-
structive pulmonary disease/emphysema and infiltrative lung
disease [58]. One to two-year mortality figures varied between
81% and 72.9% in accord with the patients’ emergency or non-
emergency status for transplantation.
Fever, cough and attacks of dyspnea are common causes

of lung transplanted patients’ admission to the EDs [59]. Im-

TABLE 8. Organ transplant rejection characteristics and management after KTX.
Organ Signs and symptoms Diagnosis and management issues

Kidney

Mostly no symptoms.
Fever, malaise, oliguria, graft pain,

tenderness in the area.
Hypertension.

Progressive impairment in kidney functions
(high creatinine, low glomerular filtration rate).

Acute elevation in serum creatinine with
electrolyte imbalances.

Growth in size of graft on USG, erasure of
corticomedullary distinction, and the appearance of pronounced

hypoechoic pyramids.
Renal Doppler studies may show a

high resistance index.
Usually, a biopsy is needed during follow-up in the

hospital.
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portant clinical features include respiratory rate, pulse oxime-
try, cyanosis, perspirations, the excessive use of accessory
muscles, signs of congestive heart failure and adequacy of
peripheral perfusion. Decreased breath sounds and/or rales can
be remarkable during pulmonary examinations. Chest X-rays
and/or CT, and arterial blood gas analysis should be obtained
whenever there is a suspicion of the inadequacy of ventilation.
Signs and symptoms of infection can often be confused with
those of rejection, although their treatment modalities are very
different from each other. Detailed examination of these
patients includes histopathological examinations, culture tests,
respiratory function tests and bronchoscopy, if necessary [60].
Treatment of both infection and rejection should be initiated
simultaneously in case of clinical suspicion because it may take
a long time before obtaining the results of these examinations.
Patients should bemanaged following consultations with the

transplantation team in the early period. Corticosteroids are
often preferred in cases of rejection. Infections can be caused
by bacteria, fungi or viruses, as well as by colonized microor-
ganisms linked to the patient’s underlying disease (bronchiec-
tasis, cystic fibrosis, etc.). The appropriate treatment in these
patients should be planned with the TX team and consultation
with infectious diseases.

7.4 Heart transplantation (HTX)
Heart transplants are performed for patients with end-stage
heart failure who cannot be relieved with standard medical or
surgical treatment. It is performed in a wide spectrum of pa-
tients, from newborns to the elderly [61]. The sympathetic and
parasympathetic nerves are not connected to the transplanted
heart. Therefore, the transplanted heart has no vagal tonus
[62]. The denervated heart has a normal sinus rhythm with
a heart rate between 90 and 100 bpm.
Denervation results in the absence of centrally mediated

tachycardia initially in response to stress or exercise, but the
heart continues to respond to circulating catecholamines. With
proper conditioning, patients can return to normal activity
levels, including intense exercise after a transplant [3].
The donor’s sinus node is implanted to maintain normal

atrioventricular conduction while the donor’s heart is being
transplanted. If the patient’s sinoatrial node is not removed,
the two sinus nodes are electrically isolated and remain active.
For this reason, two different P waves are often seen in elec-
trocardiograms (ECGs).
Two surgical techniques have been used for orthotopic HTX,

biatrial and bicaval approach. During biatrial TX, recipients
retain the right and left atrial cuffs which facilitate the trans-
plantation of the donor graft. After HTX the recipients have
two sinoatrial (SA) nodes which are electrically isolated and
active. For this reason, two different P waves are often seen in
the ECG. The sinus node of the donor heart is easily identified
due to the constant 1:1 relationship with the QRS complex,
while the patient’s P wave can be seen in the ECG irrespective
of donor heart rhythm. This P wave can cause confusion; it can
masquerade atrial flutter, early atrial complexes or sinoatrial
blocks [3]. Currently in adults, HTX is typically performed
using bicaval technique in which only posterior part of the left
atrium with pulmonary veins is left in situ, and subsequently,

there is one sinoatrial node only (from donor graft) with one P
wave in the ECG.
A systematic review of around 7200 pediatric HTXs per-

formed until 2019 showed that biatrial anastomosis was used
in 62.2% (95% CI: 52.8–70.6) of the patients [63]. The bicaval
technique was performed in the remaining 37.8% (95% CI:
29.4–47.1). Sinus node dysfunction was the most frequent
indication for pacemaker implantation (54.4%; 95% CI: 42.6–
65.7) followed by atrioventricular block (45.6%; 95% CI:
34.3–57.3). In a meta-analytic study, authors indicated that
bicaval orthotopic HTX results in more favorable early and late
outcomes for patients who underwent a bicaval HTX compared
with a biatrial orthotopic HTX [64].
Clinical evaluation is based on the main reason for the ED

visit. Patients may present with various symptoms such as
shortness of breath, orthopnea, syncope and edema in the case
of rejection, but chest pain due to denervation is not typically
present [65]. Chest X-ray, ECG, and further evaluation are
based on probable cardiac complications. Cardiac biomarkers
are elevated in case of rejection, and findings indicative of
cardiac failure may be seen in chest X-ray.
Echocardiography plays a crucial role in evaluating the

extent and severity of acute cellular rejection (ACR) in patients
with HTX. Recently, strain echocardiography has been sug-
gested to be used with reasonable sensitivity to detect HTX
rejection [66]. Resting and stress echocardiography can be
combined with modern techniques such as myocardial con-
trast echocardiography to diagnose and prognosticate cardiac
allograft vasculopathy. Recent studies also showed that the
myocardial strain measured by speckle tracking echocardio-
graphy is affected in ACR and could be used to identify early
rejection as a rule-out strategy [67]. The authors concluded that
left and right ventricular global longitudinal strain can be used
as a marker for ACR and reduce the need for endomyocardial
biopsy.
Examination methods using point-of-care ultrasound

(POCUS) and/or echocardiography employ specific protocols
like Focus‑assessed transthoracic echocardiography (FATE)
in emergency situations and expedite patient evaluation
and decision-making. FATE represents an abbreviated
transthoracic echocardiography (TTE) protocol, which is an
effective supplementary tool [68]. In critically ill patients, it is
an easily learned systematic approach to the echocardiographic
examination [69]. The fundamentals scanned are the chamber
dimensions, wall thickness, ventricular function, pleura and
obvious pathology [70]. The information is used analogously
to the clinical context to improve patient management.

7.5 Corneal transplantation (CTX)
CTX is the most common and successful allogeneic trans-
plant worldwide. Considering that the deterioration caused
by corneal damage is very serious, it represents an effective
method of restoring visual functions [71].
In corneal graft rejection, sudden onset edema accompanied

by anterior chamber inflammatorymanifestations of the graft is
observed. The inflammatory process begins at the edge of the
graft, which is closest to the most proximal blood vessels, and
then proceeds to the center, finally covering the entire graft.
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Patients present with eye pain, photophobia, corneal or scleral
stinging, and decreased visual acuity. Treatment is often oral
administration of 1 mg/kg prednisone [72]. Patients with
CTX should be consulted with the ophthalmology department
emergently when they experience a decrease in visual acuity or
present to the ED with any ocular symptoms and/or findings.

8. Conclusions

For most failing organs and systems including kidneys, lungs,
liver and heart, TX represents a superb mode of treatment for
the patient regarding both survival rate and life quality. Ia-
trogenic immunosuppression and T-cell dysfunction put trans-
plant recipients at increased risk for both common infections
and opportunistic infections. On the other hand, the risk of
graft rejection is a significant concern despite the widespread
and regular use of immunosuppressive agents in vulnerable
patients. It is of vital importance to recognize infections early
on, obtain diagnostic workup, initiate empirical treatment, and
consider specialty consultation and inpatient admission.
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