https://mchandaids.org '.)

INTERNATIONAL JOURNAL of
MATERNAL and CHILD HEALTH

International Journal of Maternal and
Child Health and AIDS

SYSTEMATIC REVIEW ARTICLE UTI AND PULMONARY INJURY

Pulmonary Injury as a Complication of Urinary Tract Infection in

Pregnancy

Wael Hafez, MD", Jalal Al Shareef, SBOMS?, Afraa Alyoussef, SBOMS?®, Mirvat Ghanem,SBOMS?, Reem Rizk Abazid, SBOMS?,
Antesh Yadav, MD?, Asrar Rashid, PhD? Fardeen Mohammad Sayfoo, MBBCh? Sneha Venkataramani, MBBCh?, Pamela
Orozco Restrepo, MBBCh?, Mohamed Maher Elkott, MBBCh?, Vikram Satish Lakshman, MBBCh?, Taahira Arief, MBBCh?,
Alaa Gamal Mohammed, MBBCh?, Fatema Abdulaal, MBBCh?, Yossef Hossam, MBBCh*

'Department of Internal Medicine, Medical Research and Clinical Studies Institute, The National Research Centre, Dokki, Cairo Governorate, Egypt,
*Department of Gynecology, NMC Royal Hospital and *Department of Gynecology, Sheikh Shakhbout Medical City, Abu Dhabi, United Arab Emirates,
*Faculty of Medicine, Mansoura University, Mansoura, Egypt.

*Corresponding author:

Wael Hafez, MD, Department
of Internal Medicine, Medical
Research and Clinical Studies
Institute, The National Research
Centre, Ad Dogj, Dokki, Cairo
Governorate, Egypt.

Tel: +20233371615,

Waeelhafez@yahoo.com

Received: 19 March 2024
Accepted: 15 April 2024
Published: 31 May 2024

DOI10.25259/IJ]MA_15_2024

Quick Response Code

ABSTRACT

Background and Objective: Pulmonary injuries resulting from urinary tract infections (UTIs) during pregnancy
are rare. Prompt detection of pulmonary complications in pregnant patients with UTIs is crucial to prevent adverse
outcomes in both the mother and the fetus. These complications may include respiratory issues, pulmonary edema,
and exacerbation of preexisting conditions, such as asthma. We aimed to detect reported cases of pulmonary
injury after UTIs among pregnancies.

Methods: We retrospectively reviewed the reported cases and articles in the PubMed database up to September
2023 on pulmonary injury after UTIs among pregnancies through a detailed search strategy. The titles and
abstracts of the selected 15 articles were assessed, and ultimately, 7 articles were chosen based on adherence to our
inclusion and exclusion criteria.

Results: Approximately 1-2% of women may develop acute pyelonephritis due to persistent UTIs, which has
been associated with an increased risk of pulmonary edema in certain cases. UTIs can affect pulmonary health.
Uremia, a consequence of UTIs, can lead to alterations in the respiratory drive, mechanics, muscle function, and
gas exchange. Furthermore, urinary infection-induced inflammation activates neutrophils and promotes their
recruitment to the lungs, compromising lung function and damaging the surrounding tissue.

Conclusion and Global Health Implications: Although systematic research on this topic is limited, there may
be a link between UTIs and pulmonary damage. However, it remains unclear whether pregnancy exacerbates this
association. For maternal health, child health, and the whole public health, it is important to raise awareness of
physicians and gynecologists, as well as the different specialties like emergency and intensive care units, with more
information about pulmonary injury after UTI in pregnancyj; it is important to note that UTIs may not directly
cause pulmonary complications, but physiological changes associated with pregnancy can increase this risk, so
more care, observation, early detection, and treatment are critical for treating these complications and achieving
best outcome in pregnant women with UTIs. More research is needed in this area, as the mechanism underlying
the existence of pulmonary damage post-UTI in pregnancy is unclear.

Keywords: Pregnancy, Pulmonary Injury, Respiratory Complications, Review, UTI.

INTRODUCTION

Pulmonary injury as a complication of urinary tract infection (UTI) during pregnancy is a rare
occurrence.!"' However, it is essential to recognize that any septic condition in pregnant individuals
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can lead to respiratory complications, including acute
respiratory distress syndrome (ARDS).?! Early identification
of ARDS in pregnant patients with UTT is critical to prevent
adverse outcomes in both the mother and fetus.”®! Therefore,
healthcare professionals must be vigilant about the risk of
respiratory issues during pregnancy and educate pregnant
women about these potential complications.™

Hospitalization due to UTI during pregnancy has been
associated with adverse outcomes in infants, such as preterm
delivery and cesarean section.”) However, there is currently
insufficient evidence to establish a significant link between
UTIs and premature membrane rupture, low Apgar scores,
and perinatal mortality. In conclusion, while pulmonary
injury resulting from UTI during pregnancy is infrequent,
close monitoring of pregnant women with UTIs for signs
of respiratory distress is paramount. This narrative review
aimed to highlight the pulmonary complications associated
with UTIs during pregnancy by examining pregnancy-related
UTIs, pulmonary injuries, potential mechanisms, clinical
presentations, management approaches, and prognoses.

METHODS

This study adhered to the guidelines outlined in the Cochrane
Handbook of Systematic Reviews and followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) Statement.®

Eligibility Criteria and Study Selection

Primary research articles investigating the occurrence of
pulmonary injury as a complication of tract infections in
pregnant women were included. Conference abstracts,
editorials, animal studies, and review articles were excluded.

Screening and Data Extraction

We manually screened references within the included
studies and cross-referenced articles for additional citations
using the Al-Rayyan method.”’ Subsequently, two authors
independently conducted a thorough review of the full text
and extracted the following information: (1) study design; (2)
primary and secondary objectives or case presentations; and
(3) results and conclusions.

Literature Search

We performed a literature search of PubMed through
September 2023, inclusive of all studies published before this
date, using the following search terms:

((Pulmonary Injury) OR (Lung Injury) OR (Pulmonary
Injuries) OR (Lung Injuries) OR (EVALI) OR (TRALI) OR
(Pneumoconioses) OR (Pneumoconiosis) OR (Bagassosis)

OR (Anthracoses) OR (Anthracosis) OR (Black Lung)
OR (Coalworker Pneumoconiosis) OR (Coal Miner’s
Lung) OR (Coal Miner Lung) OR (Coal Miners Lung)
OR (Anthracosilicoses) OR  (Anthracosilicoses) OR
(Anthracosilicosis) OR (Asbestoses) OR (Asbestosis) OR
(Beryllioses) OR (Berylliosis) OR (Beryllium Disease)
OR  (Anthracosilicoses) OR  (AnthracosilicosIs) OR
(Silicotuberculoses) OR (Silicotuberculosis) OR (Pulmonary
Fibrosis - from Asbestos Exposure) OR (Idiopathic Interstitial
Pneumonitis - from Asbestos Exposure) OR (Byssinosis)
OR (Byssinoses) OR (Brown Lung) OR (Caplan Syndrome)
OR (Caplans Syndrome) OR (Caplans Syndrome) OR
(Siderosis) OR (Sideroses) OR (Silicoses) OR (Silicosis) OR
(Radiation Pneumonia) OR (Radiation Pneumonitis) OR
(BronchopulmonaryDysplasia) OR (PulmonaryComplication)
OR (Shock Lung) OR (ARDS) OR (Lung Complication)
OR (Respiratory Complication) OR (Respiratory Distress))
AND ((Urinary Tract Infection) OR (UTI) OR (Bacteriuria)
OR (Pyuria) OR (Schistosomiasis hematobium) OR
(Schistosoma hematobia) OR (Urinary Schistosomiases) OR
(Urinary Schistosomiasis) OR (Urogenital Schistosomiasis)
OR (Urogenital Schistosomiases) AND (Gestation) OR
(Pregnancies) OR (Pregnancy) OR (Gravidities) OR
(Nulligravidity) OR (Gravidity) OR (Nulligravidities) OR
(Primigravidity) OR (Primigravidities) OR (Multigravidity)
OR (Multigravidities) OR (Obstetric Labor) OR (Cervical
Ripening) OR (Labor Onset) OR (Fetal Malpresentation)
OR (Fetal Presentation) OR (Labor Malpresentation) OR
(Labor Presentation) OR (Labor Trial) OR (Trial of Labor)
OR (Uterine Contraction) OR (Myometrial Contraction) OR
(Maternal Fetal Exchange) OR (Transplacental Exposure) OR
(Maternal-Fetal Exchange) OR (Primiparity) OR (Parity) OR
(Multiparity) OR (Nulliparity) OR (Parturition) OR (Birth)
OR (Lamaze Technique) OR (Placental Development) OR
(Hemochorial Development) OR (Hemochorial Placental
Development) OR (Placentation) OR (Luteal Function
Maintenance) OR (Luteal Maintenance) OR (Maintenance
of Luteal Function) OR (Corpus Luteum Maintenance) OR
(Abortion) OR (Miscarriage) OR (Litter Size) OR (Twin) OR
(Superfetation) OR (Pseudocyesis) OR (Pseudopregnancies)
OR (Pseudopregnancy) OR (Prenatal Nutritional Physiology)
OR (Prenatal Nutrition Physiology) OR (Pregnant)).

Data Extraction

In total, 290 articles were retrieved from PubMed using
a predefined search method. Duplicate articles were not
identified after the comprehensive screening. The titles and
abstracts of the initially selected 15 articles were assessed,
and ultimately, 7 articles were chosen based on adherence to
our inclusion and exclusion criteria, as well as the availability
of full-text articles®®!*l. The final selection of these articles
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was achieved through consensus between the authors Wael
Hafez and Youssef Hossam. For a visual representation of the
selection process and article screening, please refer to Figure
1. An overview of the included studies is presented in Table 1.

RESULTS
UTIs in Pregnancy

Prevalence and types of UTIs in pregnancy

UTIs are prevalent among pregnant women and can present
significant risks to the health of both the mother and the
fetus. Expectant mothers often experience asymptomatic
bacteriuria, a type of UTT that lacks noticeable symptoms!>!®!
For instance, in one study, approximately 26.0% of pregnant
women attending two private tertiary medical college
hospitals in Dhaka were found to have asymptomatic
bacteriuria,'”’ whereas another study reported a prevalence
rate of 35% among pregnant women.!""!

UTIs during pregnancy are characterized by the substantial
presence of bacteria anywhere in the urinary tract, with

pyelonephritis representing the most severe bacterial infection
that can lead to perinatal and maternal complications.®12*]
Pregnancy-induced physiological changes create favorable
conditions for bacterial colonization in both the lower and
upper urinary tract.'>'® Consequently, it is advisable for
all pregnant women to undergo urine culture screening
for bacteriuria, and asymptomatic bacteriuria should be
promptly addressed to prevent potential complications.™!
Treatment should be guided by the results of urine culture
and sensitivity tests, and antibiotics should be administered
for seven days.!!

Risk factors of UTIs in pregnancy

Various factors elevate the risk of UTIs during pregnancy,
including lower socioeconomic status,"*?2?! history of UTIs,
sexual activity during pregnancy, anemia, multiparity,** and
factors such as illiteracy and the first trimester of pregnancy.
Screening for UTIs in pregnant women, especially those with
these risk factors, is crucial to prevent complications, such as
severe preeclampsia.

[ Prisma flow diagram for systematic review ]
‘o
§ Records removed before
® Records identified from: screening:
;g Databases (n = 290) E— Duplicate records removed
€ (n =0)
5}
=
—J
v
‘o
Records after duplicate removal
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(n =290) > (n=0)
v
Title and abstract screening )
(n =290) Studies excluded after abstract
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c
@
: |
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]
Full text screening
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Studies excluded after full text
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—
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Studies included in review
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Figure 1: Flow diagram illustrating the article selection process adhering to the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).

n = Number of articles.
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Clinical presentation, diagnosis, and screening of UTIs in
pregnancy

UTIs in pregnant women can manifest with different
symptoms, depending on several factors. Some women may
experience increased incontinence, while others may report
heightened nocturia.”® Women with recurrent UTIs may
exhibit less dysuria but more severe symptoms, significantly
affecting their daily lives.?® Premenopausal women suspected
of having UTIs may present with higher symptom severity
and discomfort scores, including symptoms such as feeling
unwell, painful urination, and dysuria.*

The most effective method for diagnosing UTIs in pregnant
women involves urine culture and antimicrobial susceptibility
testing.””) This entails collecting a clean voided midstream
urine sample from pregnant women and sending it to the
laboratory for analysis. Urine samples were examined and
cultured to detect the presence of bacteria and other infection-
causing pathogens. The isolated pathogens were then tested
for susceptibility to various antibiotics to determine the most
appropriate treatment.®*! Regular screening for significant
bacteriuria in all pregnant women is crucial to mitigate
adverse effects on both maternal and fetal health.?® In
addition, it is essential to consider the gestational age of the
pregnant woman, as UTI occurrence tends to increase as the
pregnancy progresses.

DISCUSSION

Pulmonary Complications in UTIs During Pregnancy
Types of pulmonary complications

Pulmonary complications can arise in pregnant women with
UTIs due to various factors. These complications may include
respiratory issues, pulmonary edema, and exacerbation of
preexisting conditions, such as asthma. It is important to
note that UTTs themselves may not directly cause pulmonary
complications, but physiological changes associated with
pregnancy can increase this risk.**! In addition, respiratory
conditions such as pneumonia and tuberculosis can also pose
risks during pregnancy, potentially leading to maternal and
fetal morbidity.*” Early diagnosis and prompt treatment
are crucial for managing these complications and ensuring
positive outcomes in pregnant women with UTIs.

Frequency of pulmonary complications due to UTIs

In the available literature, a few cases of ARDS resulting from
UTI pyelonephritis during pregnancy have been reported.©'=!
Approximately 1-2% of women develop acute pyelonephritis
asa consequence of persistent UTTs, which has been associated
with an increased risk of pulmonary edema under certain
circumstances. In contrast, ARDS is infrequently associated

with acute pyelonephritis in nonpregnant women. Therefore,
a theoretical connection between UTIs and pulmonary
injuries in pregnant women has been proposed. Pregnant
women with UTI symptoms and signs of hypoxia during their
third trimester should be monitored for ARDS."" Notably, no
data in the literature explicitly addresses the co-occurrence
of UTIs and pulmonary injuries, underscoring the need
for systematic reviews to provide precise statistics on their
frequency and prevalence.

Special attention to pulmonary health in pregnant women
with UTIs

Pregnant women undergo significant physiological
and immunological changes, which can increase their
susceptibility to, or severity of, certain pulmonary
infections. These alterations also affect drug metabolism and
treatment decisions. Effective management of conditions
such as tuberculosis, influenza, and varicella pneumonia in
pregnant women can lead to improved outcomes for both
the mother and the child.® Given that pregnancy brings
about profound changes in the cardiovascular, respiratory,
immune, and hematologic systems, which can affect the
clinical presentation of respiratory disorders, it is crucial
to be vigilant about pulmonary complications during
pregnancy to ensure adequate oxygenation for both the
pregnant woman and fetus. Conditions such as asthma,
tuberculosis, cystic fibrosis, and pneumonia should be
addressed during prenatal visits to promote favorable
maternal and fetal outcomes.® Building on the information
provided in the previous section, it is advisable to manage
pregnant women with established UTIs by closely
monitoring their pulmonary systems through frequent
examinations and investigations.

Mechanisms and Etiologies
Connection between the urinary and respiratory systems

A close and intricate connection exists between kidney
and lung function in both healthy and ill states. Renal and
pulmonary functions play essential roles in maintaining
acid-base balance, regulating the levels of carbon dioxide
and bicarbonate, controlling blood pressure, and managing
fluid balance. These interactions commence during fetal
development and frequently contribute to the onset and
progression of various diseases. In pregnancy, urine plays
a critical role as a component of the amniotic fluid and
influences pulmonary development and growth.*® In
addition, during the first trimester of pregnancy, the kidney
serves as the primary source of proline, which plays a crucial
role in the maturation of the lung parenchyma and collagen
synthesis.”)
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How UTIs can lead to pulmonary injury?

UTIs can indeed have implications for pulmonary health.
Uremia, which is a consequence of UTIs, can lead to
alterations in various aspects of respiratory function,
including respiratory drive, mechanics, muscle function, and
gas exchange.® Furthermore, UTIs can result in a range of
systemic effects including volume overload, anemia, immune
suppression, extraosseous calcification, malnutrition,
electrolyte imbalances, and acid-base disturbances. These
systemic effects can indirectly affect the pulmonary system.*”’

In patients undergoing chronic peritoneal dialysis, adaptations
may occur that help mitigate the typical reductions in lung
volumes, oxygen levels, and respiratory muscle strength
observed during acute peritoneal dialysis.!"

The role of infection, inflammation, and immune response on
pulmonary injury

The UTIs canlead to bacterial colonization of urine, potentially
resulting in fulminant sepsis and subsequent respiratory
failure."” Inflammation triggers lung injury by activating
neutrophils and promoting their recruitment to the lungs,
leading to impaired lung function and tissue damage.*!! The
release of microbicidal substances by activated neutrophils
into the extracellular space can paradoxically harm host
tissues.*!! Early pulmonary inflammation in acute lung injury
(ALI) involves the accumulation of activated neutrophils
in the lungs.""! Platelets have also been found to stimulate
the development of neutrophil extracellular traps (NETs)
in transfusion-related acute lung injury (TRALI), further
exacerbating lung endothelial injury.*! Proinflammatory
cytokines, which play critical roles in ALI pathogenesis,
are associated with inflammation-induced lung injury.
Inflammation is a key factor in the initiation and progression
of various diseases.

Clinical Presentation and Diagnosis

Symptoms and signs of pulmonary injury in pregnant women
with UTIs

Severe pyelonephritis during pregnancy canlead to pulmonary
injury due to a systemic inflammatory response, affecting
approximately 2% of women.*! Pyelonephritis is associated
with significant maternal and fetal morbidities, including
conditions such as ARDS, sepsis, pulmonary embolism, and
maternal or fetal death.*® Symptoms of pulmonary injury
include shortness of breath, coughing (potentially with
bloody sputum), dizziness, chest pain, and leg swelling. Other
signs indicative of pulmonary injury may include acute onset
of dyspnea, tachypnea, tachycardia, pleuritic chest pain, and
severe dyspnea. /7!

Challenges in diagnosis and differentiation from other
conditions

Diagnosing pulmonary injury in pregnant women can be
challenging, primarily because the physiological changes that
occur during pregnancy can mimic the symptoms of other
conditions. In addition, UTIs may mask the inflammatory
symptoms of pulmonary injuries. For example, instead of
an immediately suspected respiratory system pathology,
symptoms such as fever, dyspnea, cough, leukocytosis, and
tachycardia might be considered signs of septicemia or
Systemic Inflammatory Response Syndrome (SIRS) resulting
from an underlying UTL

As a result, diagnosing pulmonary complications in pregnant
women with UTTs can be clinically challenging. Nevertheless,
specific tests and imaging techniques can aid in diagnosing
particular conditions. Pulmonary embolism in pregnant
women can be diagnosed using ventilation-perfusion (V/Q)
scanning or CT pulmonary angiography, while the diagnosis
of ARDS relies on the identification of bilateral pulmonary
infiltrates on chest X-ray or CT scan, along with the PaO2/
FiO2 ratio.

Treatment and Prevention
Treatment

Managing pulmonary complications during pregnancy can
be challenging because of the anatomical and physiological
changes. Treatment strategies often focus on symptom
management and ensuring adequate oxygenation. The
following are specific treatment approaches for pulmonary
complications during pregnancy:™“”

1. Bacterial Pneumonia: The primary treatment for bacterial
pneumonia during pregnancy involves supportive care
with oxygen, proper antibiotics, bronchodilators, and, if
necessary, ventilator support.©!

2. Pulmonary Hypertension and Pulmonary Edema:
These complications can arise in benign hydatidiform
pregnancies due to trophoblastic pulmonary embolism
(PE). Management may include supportive care such as
oxygen and diuretics to reduce fluid overload.

3. Aspiration Pneumonia: Treatment for
pneumonia is primarily supportive and includes oxygen,
bronchodilators, antibiotics, and ventilatory support if
needed.

aspiration

4. Asthma: A multidisciplinary care team can help pregnant
women manage their asthma symptoms and prevent
exacerbations that may lead to hospitalization.

5. Thromboembolic Disease: Pregnancy increases the
risk of thromboembolic events. Treatment may involve
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anticoagulation therapy, such as low-molecular-weight
heparin, to prevent and manage these complications."

6. Amniotic Fluid Embolism: This rare but life-threatening
condition during pregnancy requires supportive treatment
that focuses on maintaining adequate oxygenation and
managing hemodynamic stability.

Prevention

Preventive measures are essential to maintain respiratory
health during pregnancy. The following are some
recommendations:©**!

¢ Asthma Management: Pregnant women with asthma
should continue their medication as usual, as pregnancy
does not significantly affect the peak expiratory flow rate
(PEFR) and forced expiratory volume in one second
(FEV1). Safe treatments include inhaled and nebulized b2-
agonists, inhaled and oral steroids, oral and intravenous
theophyllines, and intravenous magnesium sulfate.

e Respiratory Infections: Aggressive treatment of
respiratory infections before delivery is crucial to prevent
complications.

* Preventing Blood Clots: All pregnant women can take
steps to prevent blood clots. These measures include
wearing compression stockings, maintaining physical
activity, and staying well-hydrated.

Ideally, women with chronic pulmonary conditions
should be evaluated before pregnancy to establish baseline
pulmonary function, assess disease chronicity, evaluate
inflammatory activity, determine disease staging, and assess
treatment responses. These steps can contribute to improved
management and outcomes during pregnancy.

Outcomes and Prognosis

The outcome and prognosis of pulmonary injury in pregnant
women depend on the severity of the injury and its underlying
cause. For instance, pulmonary hypertension among pregnant
women poses a high mortality risk for both the mother and
fetus.* A multicenter retrospective study revealed a high
incidence of major adverse cardiovascular events in critically
ill pregnant patients with pulmonary hypertension.”
Pregnant patients experiencing acute respiratory failure
during pregnancy or the peripartum period typically present
with respiratory distress, and outcomes are contingent on the
underlying cause of respiratory failure.*”! In summary, the
outcomes and prognosis of pulmonary injury in pregnant
women are closely linked to the severity of the injury and
its root cause, emphasizing the need for individualized
management.

Limitations

One limitation with our review was the scarcity of systematic
reviews and metaanalyses that specifically address this
subject. This limitation may have affected the depth and
quality of the results and conclusions. Our study utilized
PubMed as the sole database for conducting the literature
search. While PubMed is a widely recognized and extensively
used repository of biomedical literature, this approach
introduces a limitation in the scope of our findings.

CONCLUSION AND GLOBAL HEALTH
IMPLICATIONS

Throughout this review, we explored the intricate interplay
between the respiratory and urinary systems, recognizing
that imbalances caused by pathology in either system can
potentially affect the others. The primary objective of this
review was to determine whether specific UTIs affect the
respiratory system and cause lung damage, particularly in
pregnant women. Although case reports have addressed
this correlation,' it is important to note that systematic
research on this topic is limited.

Although the studies we found did not exclusively focus
on pregnant women, many have discussed the etiology
and potential for respiratory complications arising from
UTIs. Thus, it is reasonable to consider UTIs as a potential
risk factor for pulmonary injury in a broader context. The
clinical presentation, diagnosis, treatment, and outcomes of
pulmonary complications stemming from UTIs do not differ
significantly from those of primary pulmonary pathologies.

Key Messages

» It is important to note that UTIs may not directly cause
pulmonary complications, but physiological changes
associated with pregnancy can increase this risk.

» Early diagnosis and prompt treatment are crucial for
managing these complications and ensuring positive
outcomes in pregnant women with UTIs.

*  More studies are needed in this regard, as the mechanism
of the presence of pulmonary injury post-UTI among
pregnancies is not clear.
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