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Caused by Abdominal Compartment 
Syndrome: A Case Presentation, Review 
of Literature, and Proposal of Diagnostic 
Approach
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Abstract
Rationale: With increasing number of complex medical patients with renal transplant who get pregnant, clinicians need to 
be aware of abdominal compartment syndrome which may masquerade as acute renal allograft injury in pregnancy.
Presenting concerns of the patient: A 34-year-old nulliparous Caucasian female with end-stage renal disease (ESRD) due 
to type 1 diabetes mellitus who received a simultaneous pancreas-kidney transplant (SPK) in 2006 and then after rejection 
of renal allograft another, kidney-only allograft from a donation after circulatory death became pregnant in May 2013 with 
dichorionic, diamniotic twins without reproductive technology, and during pregnancy, she developed two episodes of acute 
injury to the renal allograft.
Diagnoses: End-stage renal disease secondary to type I diabetes, acute renal allograft injury, tacrolimus toxicity, abdominal 
pain.
Interventions (including prevention and lifestyle): She received intravenous hydration, medications contributing to 
renal failure were held, and pain and nauseas were controlled appropriately. Abdominal compartment syndrome was managed 
by maintaining intravascular pressure and optimizing regional and systemic vascular perfusion by appropriate fluid balance, 
evacuating intraluminal contents by decompressing gastrointestinal system, and improving abdominal wall compliance by 
using appropriate analgesics, sedation, and patient positioning.
Outcomes: With advancing pregnancy, the patient developed progressive abdominal pain, nausea, leg edema, and rising 
creatinine that were not responsive to ongoing therapies and required delivery via Cesarean section at 31 weeks of 
gestational age.
Lessons learned: In the era of increasing number of pregnant renal transplant patients with multiple medical issues, we 
need organized approach to diagnosis of acute renal allograft injury in pregnancy and we need to consider abdominal 
compartment syndrome as one of the causes.

Abrégé 
Justification: Le nombre croissant de grossesses chez les greffées d’un rein aux prises avec des problèmes de santé 
complexes oblige les cliniciens à connaître le syndrome du compartiment abdominal; un trouble qui, pendant la grossesse, 
peut contribuer à une insuffisance rénale aiguë du greffon.
Présentation du cas: Une femme nullipare de 34 ans d’origine caucasienne et atteinte d’insuffisance rénale terminale (IRT) 
consécutive à un diabète de type 1. La patiente avait subi une première greffe simultanée rein-pancréas en 2006 puis, pour 
cause de rejet, une deuxième transplantation d’un rein seulement, lequel provenait d’un donneur décédé d’un problème 
circulatoire. La patiente est tombée enceinte de jumeaux diachroniques et diamniotiques en mai 2013 sans procréation 
assistée. La grossesse a été ponctuée de deux épisodes d’insuffisance rénale aiguë du greffon.
Diagnostic: IRT consécutive à un diabète de type 1, insuffisance rénale aiguë du greffon, toxicité du tacrolimus, douleurs 
abdominales.
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Interventions (prévention et habitudes de vie): La patiente a été réhydratée par intraveineuse, les douleurs abdominales 
et les nausées ont été soulagées, et les médicaments contribuant à l’insuffisance rénale ont été temporairement cessés. Le 
syndrome du compartiment abdominal a été traité en maintenant la pression intravasculaire et en optimisant la perfusion 
vasculaire locale et systémique par un équilibre hydrique approprié, en évacuant le contenu intraluminal par décompression 
du système gastro-intestinal, et en améliorant la compliance de la paroi abdominale par l’administration d’analgésiques, par la 
sédation et par le positionnement de la patiente.
Issue: Avec la progression de la grossesse, les symptômes de douleurs abdominales, nausées, œdème aux membres inférieurs 
et augmentation de la créatinine ayant cessé de répondre aux traitements, la patiente a dû accoucher par césarienne à 31 
semaines.
Enseignements tirés: Le nombre croissant de femmes enceintes greffées d’un rein et atteintes de problèmes de santé 
complexes plaide pour une approche concertée dans le diagnostic de l’insuffisance aiguë du greffon pendant la grossesse. Le 
syndrome du compartiment abdominal doit être envisagé comme l’une des causes de l’insuffisance rénale aiguë en grossesse.
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What was known before

There is a scarcity of literature that addresses the epidemiology 
of acute kidney injury (AKI) in pregnancy after renal trans-
plantation. This is made further challenging by the potential for 
multiple gestations in the current era of assistive reproductive 
technology. It is known that in the nontransplant population, 
multiple gestational pregnancies are associated with a higher 
risk of hyperemesis gravidarum, pre-eclampsia, and urinary 
obstruction—all of which increase the risk of AKI.1

What this adds

In the setting of the pregnant renal allograft recipient, 
approaching AKI via gestational age, the proper use of uri-
nalysis, calcineurin inhibitor (CNI) level, presence of donor-
specific antibody (DSA), and pre-eclampsia laboratory 
investigations allows for efficient and accurate narrowing of 
differential diagnoses. Intra-abdominal hypertension should 
be considered in pregnant patients presenting with AKI, 
increasing abdominal pain and severe leg edema. Bladder 
pressure should be measured in a standardized way to rule 
out intra-abdominal hypertension and management based on 
gestational age and maternal and fetal status. Our table 
allows the attending team to make this an efficient approach.

Case Presentation

A 34-year-old nulliparous Caucasian female with end-stage 
renal disease (ESRD) due to type 1 diabetes mellitus received 

a simultaneous pancreas-kidney transplant (SPK) in 2006 
after having been treated with hemodialysis for 2 years. Post-
transplantation, she experienced early severe acute T-cell-
mediated rejection. In 2007, she developed unprovoked deep 
vein thrombosis with pulmonary embolism and progressive 
peripheral vascular disease leading to unilateral below-
knee amputation. The kidney allograft failed in 2008 as a 
late consequence of the aforementioned rejection, at which 
point she resumed hemodialysis. She was re-transplanted in 
2011 with a kidney-only allograft from donation after cir-
culatory death. In 2012, she was treated for osteomyelitis of 
the foot and she underwent an abdominal incisional hernia 
repair and abdominal skin advancement flaps. By year-end 
2012, both her pancreas and kidney grafts remained well 
functioning with serum creatinine of 80 μmol/L (estimated 
glomerular filtration rate [eGFR] 77 mL/min/1.73 m²), no 
proteinuria, no hypertension, and a hemoglobin A1C of 
5.5%. Her maintenance immunosuppression included 
extended release tacrolimus achieving target trough con-
centration between 6 and 8 μg/L, mycophenolate sodium 
540 mg twice daily, and prednisone 5 mg daily.

In early 2013, the patient expressed a desire to become 
pregnant, and after appropriate counseling, she was switched 
from mycophenolate sodium to azathioprine 125 mg daily in 
anticipation of pregnancy. In May of 2013, she became preg-
nant without reproductive assistance with dichorionic diam-
niotic twins. Due to her history of venous thromboembolism 
events, low-molecular-weight heparin, enoxaparin 40 mg, 
subcutaneously per day was initiated. She was also started on 
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aspirin 81 mg by mouth daily to lower the risk of preeclamp-
sia. The pregnancy was initially unremarkable with excellent 
renal allograft function with a creatinine nadir of 67 μmol/L 
(eGFR 94 mL/min/1.73 m²) at 20 weeks gestation. She had 
no proteinuria. Home blood pressure measurements through-
out the first 2 trimesters were 90 to 118/65 to 85 mmHg. Her 
tacrolimus levels were closely monitored and she required 
progressively increasing doses throughout pregnancy to 
maintain trough concentrations between 5 and 7 μg/L. At 28 
weeks gestation, she presented with constant lower abdomi-
nal pain and decreased appetite. She was hospitalized for fur-
ther investigations. There was no history of fever, headache, 
seizure, visual changes, chest pain, or shortness of breath. 
She was mildly nauseated, but reported no vomiting, diar-
rhea, or constipation. She denied decreased urine output, 
graft tenderness, edema, or vaginal bleeding. On presenta-
tion, her blood pressure was 111/72 mmHg with a heart rate 
of 101 beats per minute. She had a normal precordial and 
pulmonary exam. Her abdominal exam was unremarkable 
and specifically she demonstrated no tenderness over the 
kidney allograft or right upper quadrant. Her uterus was pal-
pable with a fundal height appropriate for her gestational age 
with twin pregnancy.

Initial laboratory investigations on day 1 revealed a serum 
creatinine of 95 μmol/L, bland urinalysis, and a protein-to-
creatinine ratio of 19.04 mg/mmol. Hemoglobin was 101 
g/L; white blood cells and platelet counts were 6.9 × 109 L−1 
and 209 × 109 L−1, respectively. Her coagulation profile was 
normal. Glucose, lactate dehydrogenase (LDH), haptoglo-
bin, and hepatic transaminases were normal. A peripheral 
blood smear revealed anemia with mild macrocytosis but no 
schistocytes to suggest hemolysis. Fetal ultrasound revealed 
normal biophysical profiles for both fetuses. Her urine cul-
ture was negative.

She was treated with dimenhydrinate for nausea. She 
received regular diet and otherwise her medications remained 
unchanged till day 4 of hospitalization. Abdominal pain did 
not improve. Serum creatinine was remeasured on day 4 of 
hospitalization and was found to have risen up to 215 μmol/L 
(eGFR 24 mL/min/1.73m²). Nephrology was consulted at 
that point. She had a blood pressure of 93/50 mmHg and a 
heart rate of 105 beats per minute. She had no leg edema. 
Repeat cell count, glucose, LDH, transaminases, haptoglo-
bin, and peripheral blood smear remained within normal lim-
its. Urinalysis was negative for microscopic hematuria and a 
protein-to-creatinine ratio was 18.34 mg/mmol and her 
serum calcium concentration was also elevated at 2.76 
mmol/L. An urgent Doppler ultrasound of the renal allograft 
revealed normal transplant renal artery and cortical blood 
flows with no evidence of hydronephrosis. Chest and abdom-
inal X-rays were also normal. Magnetic resonance imaging 
of the abdomen did not reveal any complications with the 
pancreatic allograft, bile ducts, liver, or bowels; the uterus 
and 2 fetuses appeared normal as well.

We were facing medically complex pregnant renal trans-
plant recipient with acute rise in creatinine and broad differ-
ential diagnosis.

Approach to the Differential Diagnosis

Our most likely diagnoses included the following:

•• Prerenal insult secondary to volume depletion, hyper-
calcemia, and high tacrolimus concentrations;

•• Sepsis from chorioamnionitis;
•• Acute tubular necrosis (ATN);
•• Atypical preeclampsia (absence of hypertension);
•• Rejection;
•• Ureteric obstruction from enlarged uterus.

The typical approach to AKI in pregnancy involves traditional 
division of pre-renal, post-renal, and renal aetiologies and 
involves pregnancy-specific complications (Table 1). In a trans-
plant patient, approach needs to include transplant-specific 
complications (Table 2). There is virtually no literature regard-
ing approach to AKI in a pregnant renal transplant patient. 
Moreover, the Risk, Injury, Failure, Loss, and End-Stage Renal 
Disease (RIFLE) criteria and other AKI diagnostic criteria 
derived from RIFLE are not very helpful in this context.

The workup can become quite cumbersome and inefficient 
as the likelihood of particular diagnosis of AKI during gestation 

Table 1. Possible Etiologies of Acute Kidney Injury in a Pregnant 
Patient With a Native Kidney Based on Traditional Pre-Renal, 
Renal, and Post-Renal Approach.

Causes of AKI in pregnancy

Pre-renal
•• Hyperemesis gravidarum
•• Hemorrhage
•• Heart failure
Intra-renal
•• Acute tubular necrosis
•• Acute cortical necrosis
•• Acute fatty liver of pregnancy
•• Preeclampsia/HELLP
••  Thrombotic thrombocytopenic purpura/atypical hemolytic 

uremic syndrome
•• Pyelonephritis
•• Amniotic fluid embolus
•• Lupus nephritis
•• Acute interstitial nephritis
Post-renal
•• Hydronephrosis due to uterine compression
•• Injury to ureters or bladder during C-section
•• Ureteral obstruction from stones or tumor
•• Obstruction at bladder outlet

Source. Reprinted with permission from Jim and Garovic.2

Note. AKI = acute kidney injury; HELLP = hemolysis, elevated liver 
function tests, low platelet count.
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changes with time. Therefore, we propose a combination of 
traditional approach with trimester-based approach that 
makes diagnostic workup more efficient and could serve as 
a general guide to approach AKI in pregnant kidney trans-
plant recipient (Table 3). We will analyze this approach with 
the current case.

Once the possible etiologies based on Table 3 are gener-
ated, further analysis of clinical history, physical exam, 
blood tests, urinalysis, proteinuria, and diagnostic imaging 
will aid in narrowing the differential diagnosis.

We have to consider physiologic adaptations of pregnancy 
that are well described4,5 and include higher GFR and lower 
creatinine concentrations typically 35 to 70 μmol/L, urinary 
stasis in dilated ureters,6 and lower urea concentrations7 
which also occur in allograft.8,9

Furthermore, it is important to establish a pregestation 
and early pregnancy baseline allograft function including 
urinalysis and proteinuria. There are no current recommen-
dations for frequency of bloodwork monitoring. In our prac-
tice, we obtain blood work weekly to every 2 weeks in a 
stable patient and it includes urinalysis, protein to creatinine 
ratio, electrolytes, creatinine, and CNI drug levels. This may 
change if complications develop. Pregnancy results in lower 
whole blood tacrolimus concentrations, but there is no sig-
nificant change in unbound concentrations if no adjustment 
in dosage is made,10 which makes monitoring and adjusting 
dosages more difficult. Also, many patients may have had 
their immunosuppressive regimen changed recently in antic-
ipation of pregnancy, so monitoring for possible rejection is 
quite important.11

Our patient presented with AKI at 28 weeks gestational 
age, which falls into the third time period in our approach 
(Table 3). Sepsis, pyelonephritis or chorioamnionitis were 
unlikely with blood pressure unchanged from her baseline, 
absence of fever and negative urine and blood cultures. It 
was felt that she was moderately volume contracted based on 
her low oral intake, lower range of her baseline blood pres-
sure, and absence of leg edema.

She did not have signs or symptoms of heart failure or 
pulmonary embolism and chest X-ray was normal. Fetal and 
placental ultrasounds ruled out late pregnancy hemorrhage.12 
Her kidney allograft ultrasound and Doppler did not reveal 
any renal stones, hydronephrosis, vascular compromise, or 
neurogenic bladder.

In our patient, protein-to-creatinine ratio was slightly 
above normal. Investigations for complete blood count, hap-
toglobin, liver enzymes, partial thromboplastin time (PTT), 
and international normalized ratio (INR) were normal and 
peripheral blood smear did not show any schistocytes. This 
made pre-eclampsia; hemolysis, elevated liver function tests, 
low platelet count (HELLP) syndrome; de novo glomerulo-
nephritis; acute fatty liver of pregnancy; disseminated intra-
vascular coagulation; and any form of microangiopathic 
hemolytic anemia unlikely. However, pre-eclampsia may 
present in atypical way, and therefore, patient had daily non-
invasive fetal monitoring and frequent ultrasounds which did 
not show any fetal distress.

Her plasma cytomegalovirus polymerase chain reaction 
(CMV PCR) study and urine for PCR for polyomavirus (BK) 
were negative. The Luminex single-antigen bead study was 
negative for donor-specific antibodies. At that point, we felt 
that her high tacrolimus trough concentration and hypercalce-
mia along with relative hypotension and tachycardia suggested 
that her AKI was likely secondary to vasoconstriction and vol-
ume contraction. While our approach helped to guide us to our 
working diagnosis, it is not possible to definitively differenti-
ate rejection or CNI toxicity without an allograft biopsy.

Nonetheless, based on the working diagnosis, her tacroli-
mus and calcitriol were held, and she was given intravenous 

Table 2. Causes of Acute Kidney Injury in Kidney Transplant 
Recipients.

AKI 
susceptibility 
factors

•• Solitary kidney
•• Calcineurin inhibitors
•• Iodine contrast-enhanced studies
•• Nephrotoxic antibiotics

Immunologic •• Acute cellular rejection
•• Acute antibody-mediated rejection
•• Mixed rejection

Recurrence 
of native 
kidney 
disease

•• C3 glomerulonephritis
•• Atypical hemolytic uremic syndrome
•• Primary focal segmental glomerulosclerosis
•• IgA glomerulonephritis
•• Primary hyperoxaluria
••  Other (membranous nephropathy, 

pauci-immune glomerulonephritis, anti-
GBM disease, lupus nephritis, diabetic 
nephropathy)

Medication 
induced

•• Calcineurin inhibitors
•• Intravenous immunoglobulin
•• Nephrotoxic antibiotics

Infections •• BK virus nephropathy
•• Urinary tract infections/pyelonephritis
•• Other (CMV, EBV, histoplasma infections)

Urinary tract 
obstruction

•• Ureteral stricture
•• Bladder outlet obstruction
•• Neurogenic bladder
•• Ureteral stent
•• Lymphocele
•• Seroma
•• Hematoma
•• Urinoma

Hematologic •• Renal artery thrombosis
•• Renal vein thrombosis
•• Kidney allograft thrombosis

Malignancy •• Post-transplant lymphoproliferative disorder
•• Nephrotoxic chemotherapy

Source. Reprinted with permission from AbuJawdeh and Govil.3

Note. AKI = acute kidney injury; IgA = immunoglobulin A; GBM = 
glomerular basement membrane; CMV = cytomegalovirus; EBV = 
Epstein-Barr virus.
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Table 3. Approach to Acute Kidney Injury in a Pregnant Patient With Renal Transplant Based on Traditional Division of Pre-Renal, 
Renal and Post-Renal Etiologies Combined With Gestational Age.

Diagnosis
1-12 weeks 
gestation

13-20 weeks 
gestation

>20 weeks 
gestation

Pre-renal Hyperemesis gravidarum + + −
 Nausea/vomiting/diarrhea/low fluid intake due to any cause + + +
 Septic abortion + + −
 Early pregnancy hemorrhage due to miscarriage, ectopic pregnancy, 

placental abruption
+ + −

 Intra-abdominal sepsis + + +
 Viral infections (influenza, CMV induced diarrhea) or bacterial infections + + +
 Calcineurin inhibitor toxicity + + +
 Vasoconstriction due to medications, cocaine, hypercalcemia + + +
 Late pregnancy hemorrhage due to placental abruption, placenta previa, 

uterine rupture, vasa previa
− − +

 Chorioamnionitis − − +
 Amniotic fluid/pulmonary embolism −/+ −/+ +/+
 Heart failure from peripartum cardiomyopathy − − +
Renal ATN + + +
 Interstitial nephritis + + +
 Recurrent or de novo glomerular disease + + +
 Vasculitis + + +
 Rejection: T-cell mediated or antibody mediated + + +
 Infection: BK virus or pyelonephritis + + +
 Vascular compromise  
  Transplant artery stenosis + + +
  Abdominal compartment syndrome − +/− +
  Uterine compression of allograft vessels − + +
 Pregnancy-specific thrombotic microangiopathy  
  Pre-eclampsia, HELLP syndrome − Very rare +
  Acute fatty liver of pregnancy − − +
  Disseminated intravascular coagulation + + +
  Thrombotic thrombocytopenic purpura (TTP), typical/atypical hemolytic 

uremic syndrome (HUS/aHUS), broad differential should include
+ + +

 •  Systemic lupus erythematosus + + +
 •  Cryoglobulinemia + + +
 •  Antiphospholipid antibody syndrome + + +
 Allograft-specific thrombotic microangiopathy  
  Drug-induced (CNIs), cytomegalovirus infection, antibody-mediated 

rejection
+ + +

Post-renal Obstruction:  
  Nephrolithiasis + + +
  Uterine compression of  allograft ureter − + +
  Allograft ureteric stenosis + + +
  Neurogenic bladder + + +

Source. Adapted from Jim and Garovic2 and AbuJawdeh and Govil3 with permission from Elsevier.
Note. CMV = cytomegalovirus; ATN = acute tubular necrosis; HELLP = hemolysis, elevated liver function tests, low platelet count; CNI = calcineurin 
inhibitor.

normal saline for volume resuscitation between day 4 and day 
8 of hospitalization. Despite these interventions, her urine out-
put decreased to 115 mL per day and her creatinine peaked at 
380 μmol/L (eGFR 12.6 mL/min/1.73m²) with urea of 17.2 
mmol/L on day 8 of hospitalization. Calcium level normalized 

but tacrolimus trough concentration remained elevated at 13 
μg/L. She was becoming subjectively short of breath on exer-
tion, although her oxygen saturation remained normal on room 
air, and objectively edematous. Intravenous fluid was stopped. 
Repeated fetal monitoring did not reveal any fetal distress.
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How Would You Confirm the Diagnosis 
of Tacrolimus Toxicity?

In summary, we were confronted with acutely deteriorating 
renal allograft function and oliguria in a patient at 29 weeks 
gestation with a twin pregnancy. The lack of response to 
intravenous fluid and the persistently elevated tacrolimus 
level suggested severe AKI from tacrolimus toxicity, in con-
junction with initial hypercalcemia-induced vasoconstriction 
and volume contraction. Her urea level was now 17.2 
mmol/L, which may compromise fetal survival.13 A defini-
tive diagnosis was urgently needed to confirm this clinical 
diagnosis, to rule out allograft rejection, and to prognosticate 
the recovery time which would help us to make decision 
regarding dialysis. Therefore, after discussion among the 
patient, nephrologist, obstetrician, and radiologist, a renal 
allograft biopsy was performed.

The safety of native kidney biopsy has been well estab-
lished. A recent study shows that the rate of complications in 
renal allograft biopsy is also low with only 1.11% cases of 
hematomas, 2.23% of gross hematuria, 0.37% of hydrone-
phrosis, and 0.74% of hemoglobin decline.14 Studies exam-
ining the rates of complications in renal transplant biopsy 
versus kidney biopsies have conflicting results, with some 
studies showing lower rates of complications in renal 
allografts and others showing higher rates of complica-
tions.15 The limited literature regarding renal biopsy in preg-
nancy indicates 7% vs 1% risk of bleeding in pregnancy vs 
postpartum period.16 There is no literature regarding renal 
transplant biopsy risks specifically in pregnancy.

Our patient’s renal biopsy (Figure 1) revealed mild tubu-
lar injury without evidence of tubulitis, glomerulitis, or peri-
tubular capillaritis (Banff Score: G0 CG0 I0 CI0 T0 CT0 V0 
CV0 AH0 MM1 PTC0). Immunofluorescence for c4d was 
negative. The small arteries were within normal limits; how-
ever, the arterioles demonstrated endothelial swelling and 
proliferation to the extent of luminal obliteration. Many arte-
rioles showed hyperplastic changes within their walls, an 
obliterative thrombus was noted within one of the arterioles, 
suggestive of thrombotic microangiopathy. With this histol-
ogy, we were able to confidently rule out rejection.

The main differential diagnosis for the localized throm-
botic microangiopathy17 in this case was narrowed down to 
tacrolimus toxicity (Tables 1 and 2). This helped us to make 
a decision to wait with renal replacement therapy as long as 
there were no acute maternal indications or fetal distress. 
Within 24 hours after renal biopsy, her tacrolimus trough 
concentration decreased to 8.8 μg/L. Her urine output 
improved and her creatinine gradually normalized to her 
baseline of 86 μmol/L (eGFR 75.9 mL/min/1.73 m²) over the 
next 5 days. The improvement of renal allograft function 
with conservative management (holding and then restarting 
tacrolimus at a lower dose) provided further support for the 
diagnosis of tacrolimus-induced localized thrombotic 
microangiopathy.

How Would You Further Diagnose Her 
Abdominal Pain?

However, we still were uncertain why, in the first place, she 
had abdominal pain and low oral intake which led to fluid 
depletion and subsequently elevated tacrolimus and calcium 
levels. She required now opioids for pain management.

Over the next 2 weeks, her abdominal pain continued to 
worsen and she developed severe lower limb edema, and a 
second episode of AKI with a creatinine increasing again to 
175 μmol/L (eGFR 32 mL/min/1.73 m²) associated with 
decreased urine output. A repeat analysis of AKI was done 
using Table 3. Repeat urinalysis, laboratory investigations, 
and a renal allograft ultrasound, including fetal ultrasonogra-
phy, were within normal limits. The tacrolimus trough con-
centrations were maintained between 4 and 6 μg/L.

In summary, we had a patient with increasing abdominal 
pain, increasing leg edema which was not responding to 
diuretics, decreasing urine output, and worsening creatinine 
with otherwise nonrevealing blood work. This was pointing 
toward increased intra-abdominal pressure. After review of 
literature, we performed bladder pressure measurement in a 
standardized way.18,19 It was 29 mmHg (normal 10-15 mmHg 
at physiological, near-term pregnancy), indicating increased 
intra-abdominal pressure, and with rising creatinine sugges-
tive of abdominal compartment syndrome.

Management of Abdominal 
Compartment Syndrome in Pregnancy

On the same day, the patient underwent emergent Caesarian 
section at 32 weeks gestational age. After delivery, her renal 
function normalized within 48 hours and the abdominal pain 
resolved immediately. The twin newborns required brief 
neonatal intensive care monitoring, though sustained no 
overt complications.

Discussion

Since the completion of the first successful kidney transplant 
in 1950, surgical techniques, immunosuppression, and out-
comes have improved significantly. More women of child-
bearing age are undergoing kidney transplantation and there 
are an increasing number of pregnancies among kidney 
transplant recipients.20-24 This creates a new subset of preg-
nant patients who require unique considerations if confronted 
with renal failure.25-29

There is a scarcity of literature that addresses the epidemi-
ology of AKI in pregnancy after renal transplantation. This is 
made further challenging by the potential for multiple gesta-
tions in the current era of assistive reproductive technology. 
It is known that in the nontransplant population, multiple 
gestational pregnancies are associated with a higher risk of 
hyperemesis gravidarum, pre-eclampsia and urinary obstruc-
tion—all of which increase the risk of AKI.1
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Several sources have presented a differential diagnosis of 
AKI in pregnancy as well as AKI of the kidney allograft,12,1-3 
but there is no widely accepted approach to AKI specific to 
pregnant renal transplant recipients. When approaching AKI 
in this select population, it is helpful to be aware of preg-
nancy-specific complications as well as those that are unique 
to the renal allograft (Table 3).

As illustrated by the presented case, where 2 separate 
episodes of AKI occurred, the approach allowed for very 
efficient and appropriate investigations to be carried out. 
We present this approach as a general guidance to investi-
gate AKI in pregnant kidney transplant recipients. It is not 
meant to be comprehensive nor does it offer management 
options.

There is a handful of cases of multiple gestational preg-
nancies after renal allograft transplantation,20-24 and there is 
a growing number of singleton pregnancies in patients who 
have had an SPK transplant.30,31 To our knowledge, this is 
the first documented case of successful twin pregnancy 
after SPK transplantation, and this case was particularly 
complicated in that the patient had 2 apparently unrelated 
episodes of AKI: thrombotic microangiopathy associated 
with tacrolimus toxicity, followed by abdominal compart-
ment syndrome.

After further consideration of the case, it became more 
obvious that increasing intra-abdominal pressure was the 
cause of abdominal pain and low fluid intake which in turn 
led to hypovolemia, increased calcium and tacrolimus lev-
els, and the initial episode of AKI. While we addressed the 
latter, her gestation was advancing and intra-abdominal 
pressure continued to rise leading to organ dysfunction 
manifesting as the second episode of AKI, this time caused 
by organ hypoperfusion.

Pregnancy is typically associated with chronically ele-
vated intra-abdominal pressure (IAP) in the range of 10 to 15 
mmHg. Physiologic adaptation usually prevents decompen-
sation, even with pressures consistent with intra-abdominal 
hypertension (IAH).32-35

Our suspicion of evolving abdominal compartment syn-
drome was ultimately a diagnosis of exclusion, having ruled 
out all other etiologies of AKI, and with clear evidence of 
elevated IAP and end organ injury. This patient had multiple 
risk factors including twin pregnancy and previous intra-
abdominal surgeries (ie, SPK transplantation, hernia repair 
with mesh, abdominal skin advancement flaps). The ability 
of the abdominal wall and skin to stretch through pregnancy 
was restricted in this patient. The severe abdominal pain 
without obvious cause and relatively normal fetal and 

Figure 1. Pictures showing findings on the renal biopsy. (A) arteriolar intimal swelling (short arrow) accompanied by segmental 
endocapillary hypercellularity and endothelial swelling (long arrows). (B) Hyperplastic arteriolar thickening consistent with injury. (C) 
glomerular arteriole containing an organizing thrombus (arrow). All hematoxylin-eosin, original magnification (200×).
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uterine physiology also pointed toward abdominal compart-
ment syndrome.

Literature on IAH and abdominal compartment syndrome 
is limited in the setting of pregnancy.18 Normal IAP varies 
between sub-atmospheric up to 6.5 mmHg in uncomplicated 
hospitalized patients.36 IAH is defined as IAP > 12 mmHg 
and can culminate as abdominal compartment syndrome if 
the pressure exceeds 20 mmHg with evidence of organ fail-
ure, such as AKI or bowel ischemia.32,37 Additional risk fac-
tors include twin pregnancy and previous intra-abdominal 
surgeries.

The treatment of intra-abdominal hypertension-abdomi-
nal compartment syndrome should balance the risk to the 
mother and fetus depending on gestational age and with the 
desire to achieve more advanced gestational age in prema-
ture pregnancy.

The uterus is the ideal environment that enables the fetus 
to grow and develop the complex body systems essential 
for extrauterine survival. Prematurely delivered neonates 
have mortality rates largely determined by gestational age 
at birth: 100% at 22 weeks, 43% at 28 weeks, 5% to 10% at 
28 to 31 weeks, and 1% to 2% at 32 to 34 weeks.38,39 
Neonates born between 28 and 34 weeks of gestational age 
are at high risk of complications including acute respiratory 
distress syndrome, requirement for assisted ventilation, 
bronchodysplasia, and intraventricular hemorrhage.40 
Usually, the longer one can prolong intrauterine gestation, 
the better the neonatal outcome. A multidisciplinary team 
of nephrology, obstetrics, and maternal-fetal medicine, 
along with the patient, should come to consensus for AKI 
management on a case-by-case basis.

In case of intra-abdominal hypertension and premature 
pregnancy, expectant management if possible consist of 
maintaining intravascular pressure and optimizing regional 
and systemic vascular perfusion by appropriate fluid bal-
ance, evacuating intraluminal contents by decompressing 
gastrointestinal system, and improving abdominal wall com-
pliance by using appropriate analgesics, sedation and patient 
positioning.41,42 However, worsening renal function, liver 
dysfunction, bowel ischemia, maternal instability or signs of 
fetal discomfort are indications for delivery.

In conclusion, in the setting of the pregnant renal allograft 
recipient, approaching AKI via gestational age, the proper 
use of urinalysis, CNI level, the presence of DSA, and pre-
eclampsia laboratory investigations allows for efficient and 
accurate narrowing of differential diagnoses. Decisions such 
as renal allograft biopsy or need for renal replacement ther-
apy should be carefully weighed against the gestational age 
and the likely outcome of the fetus.

Intra-abdominal hypertension should be considered in 
pregnant patients presenting with AKI, increasing abdominal 
pain and severe leg edema. Bladder pressure should be mea-
sured in a standardized way and management based on ges-
tational age and maternal and fetal status.
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