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Abstract: End-stage renal disease (ESRD) patients are at much higher risk of cardiac arrest
as compared to the general population. In the event of a cardiac arrest, cardiopulmonary
resuscitation (CPR) is a lifesaving procedure. In fact, the need for CPR among hospitalized
ESRD patients is almost 20 times higher than the general population. Complications of CPR
include thoracic injuries such as flail chest, rib fractures, pneumothorax, and rarely intra-
abdominal complications. Hemoperitoneum is a well-recognized complication among peri-
toneal dialysis patients but as a complication of CPR is rarely described. Inappropriate CPR
technique, hepatic ischemia and venous congestion, platelet dysfunction, and the use of anti-
platelet agents can increase the risk of such injury and bleeding. Hemoperitoneum in this
setting can be serious with significant complications and may require transition from
peritoneal dialysis (PD) to hemodialysis. We report two such PD patients who developed
hemoperitoneum as a complication after CPR and their course.
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Introduction

Hemoperitoneum is a known complication among peritoneal dialysis (PD) patients
with an incidence of 6%, often due to any trauma from PD catheter, bleeding tendencies
due to hematological disorders, obstetric and gynecologic disorders, rupture of hepatic
or splenic or renal cysts, and abdominal trauma.'? Women of childbearing age can
experience such episodes as a result of reflux menstruation, endometriosis, ovulation,
and follicular cysts bleeding.'” Hemoperitoneum as a result of cardiopulmonary
resuscitation (CPR) among PD patients is extremely rare.> We report two PD patients
who developed such complication after CPR (Table 1).

Case |

A 48-year-old African-American female with a history of hypertension, cardiovas-
cular disease, and end-stage renal disease (ESRD) treated with automated PD (APD)
since August 2019 was admitted to the hospital with worsening shortness of breath
which was attributed to community-acquired pneumonia. Her home medications
included dual anti-platelet therapy— aspirin 81 mg once daily and ticagrelor 90 mg
twice a day. Continuous ambulatory peritoneal dialysis (CAPD) using 2.5% dextrose
solution (Dianeal) with a fill volume of 2000 mL and dwell time of 4 h targeting five
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Table | Baseline Demographics and Outcomes of Hemoperitoneum Because of CPR Among PD Patients

Case | Case 2 Case 3°
Age/Gender 48 years/Female 39 years/Female 72 years/Male
Ethnicity/Race African American Hispanic Not available
ESRD Vintage 6 months 2 years Not available

Co-morbidities Hypertension,

cardiovascular disease Mellitus

Hypertension, stroke, Diabetes

Hypertension, CAD, Atrial Fibrillation,
Diabetes Mellitus

Use of Anti-platelets agents or | . Aspirin 81 mg

anti-coagulants 2. Ticagrelor 90 mg

I. Aspirin 8] mg l.

Dual Anti-platelet agents
2. Warfarin

Cause of hospitalization Community acquired

pneumonia

COVID-19 pneumonia

Cardiac Arrest

CPR duration 12 minutes

Il minutes

20 minutes

Source of bleeding Left lobe of the liver

Unknown (probably a visceral injury)

Possibly as catheter related injury to omental

or mesenteric venule

Amount of PRBC transfused 4 units 3 units

None reported

Associated thoracic injury None None

Bilateral non-displaced 5th-7th rib fractures

RRT outcomes Switched to intermittent

CAPD resumed on day 8

Switched to intermittent HD. CAPD
HD. resumed on day 9

Maintained on CAPD

Alive and maintained on
APD

Patients outcomes

Died with anoxic encephalopathy

Died with anoxic encephalopathy

Abbreviations: CPR, cardiopulmonary resuscitation; ESRD, end-stage renal disease; CAD, cardiovascular disease; COVID- 9, coronavirus disease-2019; PRBC, packed red
blood cells; RRT, renal replacement therapy; HD, hemodialysis; CAPD, continuous ambulatory peritoneal dialysis; APD, automated peritoneal dialysis.

exchanges per 24 h was initiated. On day one, the patient
went into cardiac arrest and received CPR for 12 min before
return of spontaneous circulation (ROSC). Peritoneal dia-
lysis was held during this time and resumed on day two. At
that time, effluent was noted to be grossly hemorrhagic and
hematocrit abruptly decreased from 41% to 28%. Analysis
of PD fluid revealed 664,149 red blood cells (RBC)/mm®.
A total of four-unit packed RBCs were transfused on
that day to manage the anemia secondary to acute blood
loss. Contrast-enhanced computed tomographic (CECT)
imaging showed a large left hepatic subcapsular hematoma
(11 x 5 x 8 cm) without active extravasation which was
managed conservatively as per the surgery team recommen-
dations (Figure 1). Her anti-platelet agents were discontin-
ued. She was switched to intermittent hemodialysis on day
two due to the severity of hemoperitoneum. Once the
patient was clinically stable and anemia stabilized, CAPD
was resumed on day 8 which she tolerated well with ade-
quate ultrafiltration. The patient was discharged on day 19
and continued to be managed successfully with APD in the
ambulatory setting.

Case 2

A 39-year-old Hispanic female with a past medical history
of diabetes mellitus, hypertension, cerebrovascular disease,
and ESRD on APD since 2018 was admitted to the hospital
in July of 2020 with COVID-19 pneumonia. Her home

Figure | Contrast-enhanced CT scan showing left hepatic subcapsular hematoma
(I'15 x 50 x 80 mm).
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medications included aspirin 81 mg once daily. She was
managed with CAPD using 2.5% dextrose solution
(Dianeal) with a fill volume of 2000 mL and dwell time of
4 h targeting 5 exchanges per 24 h. The patient was trans-
ferred to the intensive care unit on day three due to severe
hypoxemia and acute respiratory failure. Peritoneal dialysis
was continued during this time which she tolerated with
adequate ultrafiltration and clearance. Dialysate effluent
remained clear until she suffered cardiac arrest on day
five. CPR was performed for 11 min with ROSC. PD was
reinitiated on next day with the first exchange showing
frank bloody output. The patient was noted to be hemody-
namically unstable and required vasopressor support. Her
hematocrit decreased from 30% to 19.7% which required
transfusion of three units of packed RBCs. She was diag-
nosed with hemoperitoneum and temporarily switched to
intermittent hemodialysis considering the severity of bleed-
ing. Her aspirin was discontinued at that time. Her CECT
imaging on day six did not show any evidence of active
bleeding. Analysis of PD fluid revealed 705,556 RBC/mm?’
(Figure 2). Later, hematocrit stabilized at ~29%. She was
transitioned back to CAPD, on day nine of hospital

T

Figure 2 Dialysate effluent bag showing grossly hemorrhagic fluid (Day 9).

admission, which was tolerated well with an adequate ultra-
filtration volume of 100-500 mL per exchange. The
patient’s course was complicated by anoxic encephalopathy
and she expired on day 16.

Discussion

The need for CPR among hospitalized ESRD patients
(6.3%) is almost 20 times higher than the general popula-
tion (0.3%).* CPR is an emergent lifesaving procedure
which can greatly improve the chances of survival after
cardiac arrest. During CPR, hands should be positioned in
the center of the chest and provide compression to a depth
of at-least 2 inches but not more than 2.6 inches due to the
risk of injury.” In a report of 10 PD patients who received
CPR, thoracic injuries such as flail chest (5 patients) and
multiple rib fractures (4 patients) were common.® In
a nationwide sample of hospitalized ESRD patients who
received CPR (N=56,069), incidences of rib fracture,
pneumothorax, and cardiac tamponade were 0.5%, 1.4%,
and 0.4%, respectively. In this review, data on intra-
abdominal injuries were not reported.’

Intra-abdominal complications of CPR are rare. When
they occur, they usually include injury to liver, spleen, and
intestines.®” Both of our patients developed hemoperito-
neum soon after CPR. Koutserimpas et al reported two
cases of hemoperitoneum following CPR.'® The first
included a 29-year-old female who had a massive pulmon-
ary embolism and developed left hepatic lobe laceration
(5 cm) because of CPR. The second patient was a 62-year-
old female that developed cardiac arrest after drowning.
CPR was complicated by hemoperitoneum and gastric
vessel injury was noted to be the source of bleeding. In
a retrospective review of 2558 cardiac arrest patients,
authors found only 15 cases (0.6%) of major liver injury.
Left lobe of liver was the site of injury in most of the
(N=11) patients.'" The left lobe of liver is in close proxi-
mity to the xiphoid process which may predispose it to
injury especially if the technique of CPR is not
appropriate.” In an autopsy series of 203 patients who
underwent CPR, 87 patients (42.8%) had an evidence of
CPR-related injury. Of these, most had thoracic injuries
and only two patients had intra-abdominal injuries.'”
Myocardial infarction and lung cancer were reported as
the causes of death in these two patients with intra-
abdominal injury. On the autopsy, the first case had
a right hepatic lobe laceration (3 x 3 cm) with 600 mL
of blood in the peritoneum. The second case also had
a right hepatic lobe laceration (2 x 1 cm) with 500 mL
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of blood in the peritoneum. These findings suggest that
intra-abdominal injury is uncommon among patients who
receives CPR but can lead to significant blood loss when it
happens.

Our first patient had left hepatic lobe subcapsular
hematoma and an obvious source of hemoperitoneum.
We suspect our second patient had some type of visceral
injury that was likely no longer actively bleeding when the
CT scan was performed on the following day. Alternative
sources of bleeding could have been an omental injury
from the PD catheter. However, this was not considered
to be as likely considering the extent of blood loss.
Hepatic ischemia and liver distension due to venous con-
gestion secondary to cardiac arrest increase the risk of
injury and subsequent bleeding as a result of CPR.’
Moreover, ESRD patients are already at an increased risk
of bleeding due to platelet dysfunction.'® Both reported
PD patients were on anti-platelet agents which likely
enhanced their susceptibility to bleeding (Table 1).

Focused assessment with sonography in trauma (FAST)
is a rapid screening test often utilized to diagnose hemoper-
itoneum as a result of trauma.® In a prospective study of 50
blunt trauma patients, authors compared findings of FAST
with CECT, laparotomy, and autopsy. Overall, sensitivity,
specificity, and accuracy of FAST were reported to be 80%,
75%, and 80%, respectively.'* CT scan is the gold standard
test for diagnosing intra-abdominal injuries. In a review of
113 adult patients with trauma, sensitivity and specificity of
CT scan and angiogram in diagnosing active ongoing bleed-
ing was similar as 75% and 100%, respectively. Importantly,
bleeding among 25% of patients would have been missed
with the use of CT scan alone without the use of angiogram.'”
Diagnosis of hemoperitoneum is relatively easy among PD
patients due to frequent visualization of effluent. The Eastern
Association for the Surgery of Trauma Practice Management
Guidelines recommends conservative non-operative among
hemodynamically stable patients with blunt liver injuries.'®
Angiography with embolization can be a treatment option
among patients with evidence of active extravasation, which
can be seen on CT scan as contrast blush.'® Both of our
patients were managed conservatively, as they did not show
any active extravasation on the imaging tests.

Hemoperitoneum can have serious implications for PD
patients depending upon the etiology. The management of
hemoperitoneum in PD depends on the severity and cause
of the bleeding. Several rapid exchanges can help distin-
guish between persistent versus acute events. Coagulopathy
among patients with hemoperitoneum should be corrected.

An addition of 500 U/L of heparin to the PD fluid is

recommended to prevent catheter malfunction.'’
Hemoperitoneum was associated with severe anemia of
acute blood loss requiring multiple transfusion among
both patients. In addition, they both required transition
from PD to intermittent hemodialysis. Despite the hemo-
peritoneum, peritoneal membrane function appeared to be
preserved in both patients as they both tolerated PD with
adequate ultrafiltration and solute control. In fact, in
aretrospective review of CAPD patients (N=21) with recur-
rent hemoperitoneum (number of episodes=91), authors
observed it as a benign complication without any lasting

impact on PD technique or patient survival.'®

Conclusions

The need for CPR among ESRD patients can be quite high. It
is a lifesaving procedure however it can be associated with
thoracic and visceral injuries. Hemoperitoneum among PD
patients after CPR is rare but can be a serious complication. It
can lead to significant blood loss and may require transition
from PD to hemodialysis. These transitions can expect to be
temporary. Hence, appropriate technique of CPR is crucial to
minimize the complications among ESRD patients.

Consent for Publication
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published.
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