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Abstract

AIM: To investigate patient and graft outcomes in iso-
lated small bowel transplant (SBTx) recipients and im-
munosuppressant induction agent impact on outcomes.

METHODS: A retrospective review of the perioperative
data of patients who underwent SBTx transplant dur-
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ing an 8-year period was conducted. The intraoperative
data were: patient demographics, etiology of short gut
syndrome, hemodynamic parameters, coagulation pro-
files, intraoperative fluid and blood products transfused,
and development of post-reperfusion. The postopera-
tive data were: hospital/intensive care unit stays, dura-
tion of mechanical ventilation, postoperative incidence
of acute kidney injury, and 1-year patient and graft
outcomes. The effects of the three immunosuppressant
induction agents (Zenapax, Thymoglobulin, Campath)
on patient and graft outcomes were reviewed.

RESULTS: During the 8-year period there were 77 pa-
tients; 1-year patient and graft survival were 95% and
86% respectively. Sixteen patients received Zenapax,
22 received Thymoglobulin, and 39 received Campath
without effects on patient or graft survival (P = 0.90, P =
0.14, respectively). The use of different immune induction
agents did not affect the incidence of rejection and infec-
tion during the first 90 postoperative days (P = 0.072, P
= 0.29, respectively). The Zenapax group received more
intraoperative fluid and blood products and were coagulo-
pathic at the end of surgery. Zenapax and Thymoglobulin
significantly increased serum creatinine at 48 h (P = 0.023)
and 1 wk (P = 0.001) post-transplant, but none developed
renal failure or required dialysis at the end of the first year.

CONCLUSION: One-year patient and graft survival
were 95% and 86%, respectively. The use of differ-
ent immunosuppressant induction agents may affect
the intraoperative course and short-term postoperative
morbidities, but not 1-year patient and graft outcomes.

© 2013 Baishideng Publishing Group Co., Limited. All rights
reserved.
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Core tip: Small bowel transplant (SBTx) is the treat-
ment of choice for patients with intestinal failure.
However, patient and graft survival can be affected by
multiple factors, such as the choice of immunosuppres-
sant and immune induction agent. Studying the effects
of these agents may help care providers customize the
immunosuppressant protocol to the individual patient.
In this study, we reviewed in great detail how different
immune induction agents can impact the intraopera-
tive and postoperative course, as well as the short term
outcome of these patients. Such information can be of
great value to physicians who treat SBTx recipients.
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INTRODUCTION

Isolated small bowel transplant (SBTx) is a quickly-growing
curative procedure for patients with short gut syndrome
(SGS)!". Improvements in surgical techniques, immuno-
suppressant drugs, and anesthetic rnanzlgementlZJ have
resulted in great improvement of patient outcome. In this
retrospective single-center study, we reviewed the medical
records of 77 consecutive patients who underwent first
time isolated SBTx. Patient and graft outcome, along with
the effects of different immunosuppressant induction
agents, are reported.

MATERIALS AND METHODS

After Institutional Review Board approval, the medical
records of 77 consecutive adult patients who underwent
first time isolated SBTx during an 8-year period (April
2000-June 2007) were reviewed. Preoperative data in-
cluded patient demographics, etiology of SGS, and renal
function status. Intraoperative hemodynamic data were
recorded at six time points during the surgery: I (baseline
before the surgical incision), I +60 (60 min after the
sutgical incision), II (completion of enterectomy/dis-
section), II+5 (5 min post-reperfusion), MM +60 (60 min
post-reperfusion), and IV (at completion of surgery).
These data were: heart rate, mean arterial blood pres-
sure (MABP), central venous pressure, pulmonary artery
wedge pressure, mean pulmonary artery pressure, cardiac
output (CO), systemic and pulmonary vascular resis-
tance (SVR, PVR), end-diastolic volume, right ventricular
ejection fraction, and mixed venous oxygen saturation.
At each of these six time points, a thromboelastogram
(TEG) was performed and the results were recorded and
analyzed.

In order to investigate the severity of the post reper-
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fusion syndrome (PRS) in SBTx, patients were divided
into two groups according to PRS severity: patients with
mild PRS and patients with significant PRS". PRS was
defined as mild when the decrease in blood pressure
and/or HR was < 30% baseline, was short-lived (<
5 min), and responded to the administration of small
doses of vasopressors [calcium chloride (1 g IV) and/or
epinephrine (< 100 pg) IV] without requiring continu-
ous infusion of these vasopressors during the remaining
transplantation procedure. PRS was defined as significant
when severe hemodynamic instability occurred, such
as persistent hypotension (> 30% baseline), asystole or
hemodynamically significant arrhythmias requiring intra-
operative infusion of vasopressors, and fibrinolysis that
required treatment with antifibrinolytic agents.

Patients received one of three immunosuppressant
induction agents: Zenapax, Campath, or Thymoglobulin;
the effects of these agents on patient and graft outcomes
were reviewed. As part of the immunosuppressant regi-
men, all patients received 1 g methylprednisolone before
reperfusion of the graft and postoperative tacrolimus.

Postoperative data collected were: hospital/intensive
care unit (ICU) stay, days requiring postoperative mechani-
cal ventilation, postoperative incidence of acute kidney in-
jury (AKI), incidence of infection and rejection within the
first 90 postoperative days, and 1-year patient and graft
outcomes. To document the presence of post-transplant
infection, we utilized the International Sepsis Forum Con-
sensus Conference definition of infection in the ICUY,
AKI was defined by modified RIFLE (risk, injury, failure,
loss, end-stage renal disease) criteria as recommended
by the Kidney Disease Improving Global Outcomes
(KDIGO) AKI guideline, but without urine output data.
According to the KDIGO, AKI was defined as a 50%
increase in SCr from the baseline (preoperative value as in
our study) or a 0.3 mg/dL increase within 48 h"*”,

The statistical analysis was performed using SPSS Sta-
tistics 17.0 software (SSPS Inc., Chicago, IL). Descriptive
statistics were reported as mean * SD. For categorical
data, the ;(2 test or Fisher exact test were used and for
normally distributed continuous variable data, the paired
#-test or ANOVA were used. For analysis of the con-
tinuous variables that were not normally distributed, the
Kruskal Wallis test was used and the median and range
were reported. For patient and graft 1-year survival, Ka-
plan-Meier survival analysis was used.

RESULTS

Seventy-seven patients received an isolated SBTx during
the 8-year study period. Sixteen patients received Zena-
pax, 22 received Thymoglobulin, and 39 received Cam-
path. Patient demographics were: age (range 28-66 years
old, mean of 40), more females than males (26/51) with
P = 0.02. Etiologies of SGS were: volvulus in 11 patients,
vascular in 24, inflammatory in 20, trauma and adhesion
in 10, radiation in four, and miscellaneous in eight. Intra-
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Table 1 Intraoperative data (mean + SD, n = 77)

Zenapax (n = 16) Thymoglobulin (7 = 22) Campath (7 = 39) Pvalue
Surgical time (h) 14.16 +2.59 12.01+1.73 10.59 £1.59 < 0.000
Cold ischemia time (min) 514.0 £ 86.73 480.18 +111.60 441.0 £100.33 0.05
Warm ischemia time (min) 31.18 £5.19 30.95 +4.94 32.18 + 4.62 0.636
Crystalloids (mL) 7214.67 + 2286.39 5622.73 +1707.95 4705.26 +1791.26 0.0002
Colloids (mL) 6383.33 + 2277.34 4428.64 +1611.94 3721.05 +1516.51 < 0.0001
Packed red cell (units) 6.47 +3.44 3.45+1.95 3.66 +2.39 0.0008
Fresh frozen plasma (units) 0.73£1.71 0.36 +£1.05 1+1.61 0.208
Cryoprecipitate (units) 0 0.27 £1.27 1.58 £3.32 0.377
Platelets (units) 1.20 +3.36 4.36 £8.52 3.95+6.58 0.541

Table 2 Intraoperative changes in the thromboelastogram

tracing (mean + SD)

Zenapax Thymoglobulin Campath P value
(n = 16) (n = 22) (n = 39)
Stage- I (baseline)
R1 9.26+3.6 9.09 +3.88 7.36 +4.35 0.195
K1 2.72+091 2.73+0.97 2.21+2.96 0.630
ANG I 71.64 +5.46 65.9+14.1 66.1+1225  0.291
MA I 6511 £11.1 59.53 +14.56 66.04+13.72  0.223
Stage-1II (organ on the field)
RI 9.12+5.23 7.36 +3.17 7.15+3.54 0.327
K1 4.26+1.53 3.99+21 310+2.12 0.176
ANG I 64.25 £ 8.26 60.82 +11.66 55+15.72  0.109
MA I 53.58+1042  53.71+9.7 54.44+1516 0974
Stage-III (reperfusion)
R 93+£27 7.44 +2.53 7.74+34 0.356
K 1In 6.13 £2.56 47721 3.9+254 0.088
ANG I 56.13 £9.23 58.6 +7.36 492+1557  0.072
MA I 47.56 +12.5 50.7+10.67 48.67 +16.1 0.855
Closing the abdominal incision (final)
Rend 9.26 +2.58 8.77 £3.39 6.38 £2.31 0.011*
Kend 6.21 +2.83 51321 2.79+1.62 <0.0001°
ANGend 56.75+12.8 5747 +7.6 5811113  0.949
MA end 50.56 + 8.51 51.32+11.76  55.46 +9.23 0.339

P < 0.05. R: R-time (min); K: Tangential line in the thromboelastogram
tracing (min); ANG: a-angle (degree); MA: Maximum amplitude (millimeter).

operative data showed that patients who received Zena-
pax had significantly longer surgical times (P = 0.0001),
longer cold ischemia times (P = 0.05), and required more
crystalloid (P = 0.002), more colloid (P = 0.00001), and
packed red cells (P = 0.0008) (Table 1). The intraopera-
tive coagulation profile (Table 2) as monitored by TEG
showed no significant differences between the groups un-
til the completion of surgery. At that point, the Zenapax
group had a longer R-time (P = 0.011) and K-time (P =
0.0001), indicating less coagulability. Significant changes
were found in almost all hemodynamic parameters dur-
ing the reperfusion phase when compared to the baseline
readings (Table 3). These changes were reflected in a drop
in the SVR (P = 0.0001), increase in CO (P = 0.0001), and
decrease in MABP (P = 0.0001); however, these changes
in hemodynamic parameters were considered as mild PRS
according to our definition. There was a trend toward
more hemodynamic instability in the Zenapax group, but
it did not reach statistical significance (P < 0.065).
Changes in postoperative SCr and the effects of the
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Figure 1 Overall patient and graft survival in months.

different immune induction agents showed a significant
increase in SCr in patients who received Zenapax (P =
0.023) and Thymoglobulin (P = 0.001). Overall, 15 pa-
tients developed AKI (19.5%) during the first 72 h post-
transplant, which increased to 31.2% (24 patients) after
completion of the first postoperative week, but none
progressed to renal failure or required dialysis at any time
during the first post-transplant year. Classical outcome
criteria showed a mean ICU stay of 5 d (range 4-62 d),
mean hospital stay of 26 d (range 7-89 d), and mean time
on ventilator of 2 d (range 1-95 d). Infection within the
first 90 postoperative days was reported in 24 patients
with no prevalence among immune induction agent used
(P =0.29).

Forty-three rejection episodes occurred during the
first 90 d post-transplant; 21 were considered severe epi-
sodes. The use of different immunosuppressant induction
agents had no impact on the incidence of rejection within
the first 90 d post-transplant. The 1-year patient survival
was 95% and the 1-year graft survival was 86% (Figure 1),
with no impact of immunosuppressant induction agent
type on graft and patient survival (Figure 2, P = 0.09, P =
0.14, respectively).

DISCUSSION

Patients with SGS presenting for isolated SBTx are known
to have multiple problems related to the absence of in-
testinal functions and/or chronic dependency on total
parenteral nutrition (TPN). One of the challenging issues
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Table 3 Intraoperative hemodynamic data at baseline and reperfusion (mean + SD)

Baseline Reperfusion P value
Cardiac output (L/min) 7.32+1.88 9.1+2.62 <0.0001
Ejection fraction (%) 38.14+£7.78 39.75+7.76 0.183
End diastolic volume (mL) 216.24 + 55.82 242.34 + 64.54 <0.0001
Mixed venous oxygen saturation 83.80 +3.99 85.17 +4.37 0.017
Heart rate (beat/min) 89.81 +13.49 101.41 +13.71 <0.0001
Mean arterial blood pressure 77.71 £9.47 7129 +11.64 <0.0001
Systemic vascular resistance 793.76 + 244.67 581.92 £196.8 <0.0001
Mean pulmonary artery pressure 17.52 +£3.82 20.17 +4.8 <0.0001
Pulmonary vascular resistance 58.07 + 26.32 5213 £24.76 0.078
Pulmonary capillary wedge pressure 1242 £3.44 14.82£3.8 <0.0001
Central venous pressure 9.53 £3.63 11.42 +3.46 <0.0001
A 100 ¢ — Zenapax first post-transplant year. The Epstein-Barr virus (EBV)
e Thymoglobulin has been linked to the development of lymphoprolifera-
Campath tive disorders in SBTx recipientsm. The absence of post-
T transplant lymphoproliferative disorders in our series is
% due to the fact that we reviewed 1 year post-transplant
g outcomes; also, all the donors in our series were screened
B for EBV and all recipients were put on EBV prophylaxis
20 | regardless of their preoperative viral status. Historically,
10 L GVHD affects about 5% of SBTx recipients, which is
ol v s s much higher than in other solid organ transplant recipi-
0 12 24 36 48 60 72 84 96 ents'. The absence of GVHD in our series may be re-
Months after transplantation lated to the use of immunosuppressant induction agents.
The diagnosis of GVHD was suspected on the basis of
B — Zenapax clinical symptoms, according to the Consensus Confer-
——————— Thymoglobulin ence on Acute GVHD grading, with its usual attacks on
Campath the skin, liver, and gastrointestinal tract .
3 When compared to liver transplant recipients, SBTx
2 recipients have a theoretical advantage in that the graft
% can be removed in cases of graft-related problems with-
o out serious impact on the recipient’s well-being. Our
results showed improved patient 1-year survival (95%)
when compared to the series from England and Wales!',
ol v s s which was reported to be 57% for cases performed dut-
0 12 24 36 48 60 72 84 96 ing the late nineties to eatly 2000s. Our results are bettet,

Months after transplantation

Figure 2 Patient survival (A) and graft survival (B) in months by immuno-
suppresant induction agent. A: P=0.14; B: P=0.09.

in caring for this group of patients is vanishing vein syn-
drome due to the use of TPN and utilization of most if
not of all of the patient’s central venous access™”.

Other challenges are attributed to the fact that intes-
tinal grafts are very susceptible to rejection due to high
concentration of lymphoid tissue, which may contribute
to high incidence of graft versus host disease (GVHD)""',
A high level of immunosuppression is required to pre-
vent rejection, which can lead to setious and life threat-
ening sepsis[m. Selective bowel decontamination and
low-dose radiation were implemented in the donor to
ameliorate or prevent the occurrence of GVHD reaction.
However, in our group of SBTx recipients, we did not
see GVHD or lymphoproliferative diseases within the
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as they reflect the experience of the sutgical team and/or
improvement in the immunosuppression protocol and
patient selection. The England and Wales study reported
a 1-year graft survival of at best, 40%; in our series it was
85%. In our study, the SBTx patients and grafts showed
much improvement, even when compared to the first
report from our center in 1997"" which documented
patient and graft survival as 73% and 60%, respectively.
In most SBTxs that were performed during the nineties,
the main immunosuppressants used were tacrolimus and
steroids. Tacrolimus is still the main immunosuppressant
agent used for SBTx recipients, but new immunoinduc-
tion agents have been added while steroids and/or OKT3
have been reserved to treat rejection episodes.

The use of three different immunoinduction agents
for this group of patients reflects three periods in the
8-year timeline in which the immunosuppressant protocol
at our institution was modified. The overall improvement
in SBTx outcome after the introduction of the immu-
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noinduction agent Zenapax was documented in children
in an early report by the University of Miami'". In our
report, the use of different induction agents did not af-
fect short-term patient or graft outcomes. However, in
the University of Miami report, patient and graft out-
comes were better for isolated SBTx than for transplant
of combined liver-small bowel or multivisceral grafts.
Although this contradicted our report that was published
in 2001", the difference in the results may be due to the
difference in the recipients’ age (pediatric #5 adult). The
indications for SBTx at our center are not different from
what are used in other transplant centers due to the fact
that morbidity and mortality for patients with SGS on
TPN are low, especially with advances in technology and
pharmacological applications of TPN"?. SBTx is re-
served for patients with SGS who develop TPN-related
complications, such as loss of venous access, repeated
line infection, dehydration, and hepatobilliary complica-
tions (cholestasis, fatty liver)™'”,

Rejection remains the most serious challenge in post-
transplant patients. The fact that no single laboratory test
can predict or detect rejection makes the diagnosis of
rejection even more difficult and an almost impossible
task. The diagnosis of rejection depends on adapting a
high suspicious index in interpretation of clinical presen-
tation and performing an early endoscopic examination
with biopsy. The SBTx service at our center has adopted
a standardized protocol for detection and follow up of
rejection in SBTx recipients, which includes regular endo-
scopic examination and biopsy. Treatment of rejection is
usually accomplished with OKT3 and supplemental dose
of tacrolimus with or without high dose of steroids” .

Intestinal transplantation can be a quite lengthy proce-
dure due to the fact that SBTx recipients typically under-
go multiple abdominal surgeries that make the dissection
phase very prolonged and complicated. Although the
SBTx procedure is longer than the orthotopic liver trans-
plant (OLT) procedure”, it is associated with less blood
loss than OLT (as compared to results from our center);
this may be related to the fact that SBTx recipients are
hypercoagulable and less likely to lose excessive blood™".

The presentation of PRS in SBTx recipients was de-
termined and compared to the incidence of PRS in liver
transplant recipients, which is a well-documented phe-
nomenon. In this study, criteria established by Hilmi e# al’
to define PRS and its severity were used. In the Hilmi
study, PRS was found to occur in all liver transplant re-
cipients, with 50% developing mild PRS and the other
50% developing more severe PRS, while in this study,
most SBTx recipients suffered mild PRS and almost
none suffered severe PRS. Although PRS was common
in SBTx recipients, it was not as dramatic as in liver trans-
plant recipients. Residual hypotension, which usually fol-
lows initial hypotension in PRS,; typically dissipates during
the first hour after reperfusion in SBTx.

The duration of ICU and hospital stay can be pro-
longed; in our series the mean was 3 and 26 d respectively,
which is comparable to what is published and known
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about this procedure. The occurrence of complications,
especially infection and rejection, and AKI can further
prolong hospital and ICU stay”. Tacrolimus-based main-
tenance therapy is used in most if not all transplant cen-
ters wotld-wide, while steroid and OKT?3 are reserved for
treatment of rejection episodes. During the last 10 years,
application of immune induction agents in SBTx recipi-
ents increased such medications include anti-lymphocyte
globulin (Thymoglobulin), anti-interleukin receptor globu-
lin (Zenapax), and the latest therapy, alemtuzumab (Cam-
path). The introduction of these agents in clinical practice
has significantly reduced the incidence of eatly rejection
and almost eliminated early graft loss as we demonstrated
in this study. However, the uses of the immune induction
agents are not without toxicity and unwanted side effects.
Recently Campath was reported to cause serious compli-
cations that prompted care providers to re-consider the
use of Thymoglobulin, especially in renal transplant re-
cipients[%’zg].

Although short-term patient and graft outcomes have
greatly improved, 5-year survival remains to be improved.
In our series, 5-year survival was 40% for grafts and
60% for patients. While still better than the survival rates
reported for recipients in the 2009 Transplant Registry
report, there is still a long way to go to improve overall
survival.

In summary, the overall short-term outcome for SBTx
recipients has greatly improved since our first report.
Changes in immunosuppressant protocol with introduc-
tion of induction agents and refinement of surgical tech-
niques may play a role in this improvement. However, this
improvement has yet to be reflected in long-term patient
and graft outcomes and scientists and clinicians have
many challenges to overcome.

COMMENTS

Background

Intestinal transplantation was made possible by the advancement in immu-
nosuppressant medications (tacrolimus) and it soon became the treatment of
choice for patients with irreversible intestinal failure. However, long-term patient
and graft health and survival are challenged by the high incidence of rejection
and sepsis. As a result, new methods of controlling the immune response in
small bowel transplant (SBTx) recipients continue to emerge, such as the use of
irradiated grafts to control the intestinal lymphatic tissues and the application of
immune induction agent to control the immune system. None of these methods
are without risks or side-effects; some of these complications are documented
in this study.

Research frontiers

Although SBTx is a well-established procedure for patients with short gut syn-
drome, it is only in its infancy; researchers and clinicians are still looking for
answers and solutions to the problems associated with this procedure. Report-
ing the outcomes from a well-known transplant center and documentation of the
impact of the immune induction agents on the perioperative course constitutes
valuable information for care providers.

Innovations and breakthroughs

The use of different immune modulation agents may impact short-term patient
and graft outcomes, but not long-term outcomes. Zenapax proved to be the
most notorious agent in causing more unwanted side effects and can signifi-
cantly impact the intraoperative and hospital course. Campath became the
most commonly used agent due to lower incidence of complications when
compared to Zenapex. Recently, the use of Thymoglobulin has been rising after
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reports of serious complications related to Campath, especially in renal trans-
plant recipients. Tailoring an immunosuppressant regimen that is appropriate for
a particular patient will be the optimal way to control and modulate the immune
response without added risk of sepsis.

Applications

This study showed that SBTx recipients have better short-term outcomes with a
theoretical advantage in that the graft can be removed in cases of graft-related
problems without serious impact on the recipient’s well-being. The results
showed an improved patient 1-year survival (95%) when compared to series
from other centers, which reflects the experience of the surgical team and/or
improvement in the immunosuppression protocol and patient selection.
Terminology

This study defined post reperfusion syndrome according to the standard that is
accepted by the anesthesiology team at our institution, which is not widely used
outside our practice. The authors defined acute kidney injury (AKI) using the
definition of the modified RIFLE (risk, injury, failure, loss, end-stage renal dis-
ease) criteria, as recommended by the Kidney Disease Improving Global Out-
comes AKI guideline but without urine output data. This definition uses a 50%
increase in SCr from the baseline (pre-operative value) or a 0.3 mg/dL increase
within 48 h.

Peer review

The nature of a retrospective study may lead to important limitations on the
identification and analysis of different confounding factors. However, the data
we used in this study were carefully collected, maintained, and tabulated for
each SBTx recipient as a part of our institutional policy, which gives credibility
to the authors’ study findings.
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