


Metabolic alkalosis

➢The causes of a metabolic alkalosis may be due to:
➢Loss of hydrogen ion in gastric fluid during vomiting. This especially

seen when there is pyloric stenosis preventing parallel loss of
bicarbonate-rich secretions from the duodenum

➢ Ingestion of absorbable alkali: such as sodium bicarbonate. Very
large doses are required to cause a metabolic alkalosis unless there is
renal impairment

➢Potassium deficiency: in severe potassium depletion as a
consequence of diuretic therapy, hydrogen ion is retained inside cells to
replace the missing potassium ions. In the renal tubules more hydrogen
ions rather than potassium, are exchanged for reabsorbed sodium. So
despite there an alkalosis, the patient passes an acid urine.

 ءاعم;اف بيجتسي هدب مسجلا +Hلا علطيو غرفتسي دحاولا ا$ اسه
)intestine (لا علطت ريصتبHCO3- اهيف ةدوجو$ا )loss( كيهو 
 intestionلا pyloric stenosis ةلاح يف سب  alkalosisلا للقت
 -HCO3لاو +Hلا تلق كيهو اهنم -HCO3لا علطت ردقت حرام
ةسوبحم لضتب

 absorbable ذخاو renal function لاب هلكشم هدنع دحاولا اذا
alkali)ةدع$ا هضومحل اود(



Clinical effects of alkalosis

➢The clinical effects of alkalosis include:
➢ Hypoventilation
➢ Confusion and eventually coma
➢ Muscle cramps, tetany and paraesthesia may be a consequence of a decrease

in the unbound plasma calcium concentration. which is a consequence of the
alkalosis.

 potassium هدنع مسجلا اذا
deficincy لخدي  لخدي ريصي حر 

 لداعي ناشع اي_خلل مدلاب ةدوجو$ا +Hلا
 راصو مسجلاب +Hلا تلق كيهو  هنحشلا
  alkalosisلا
 حر ام tubuleلا dec K+ هدنع هنا امب
 رودتبف  excretion هلمعت يشا يق0ت
 =مف هلادب هعلطت يناق cation ىلع
لوبلاب +Hلا علطت حر ؟علطت

 لق كيهو ربكا لكشب protienلاب طبترت حر ca لا  phلا عافترا ببسب
 لمعي حرو conc of free ca(unbouned)لا



Respiratory acidosis

➢Lung disease: in which CO2 is not effectively removed from the
blood. In certain patients with chronic obstructive pulmonary disease
(COPD, where  CO2 is retained in the blood, causing chronic
hypercarbia (elevated pCO2)

 
➢ In bronchopneumonia: gas exchange is impaired because of the

secretions. White blood cells, bacteria and fibrin in the alveoli
 
➢Hypoventilation caused by drugs such barbiturates, morphine, or

alcohol will increase blood pCO2 levels
 

 يداي حر  respiratory acodosis لا
 سكعلا سب metabolic acidosisلل
 حيحص ريغ

 lungلاو lung disease هدنع نوكب
Co3 لا علطت  ةرداق شم

 اوج bacteria لاو WBC;او تازارفا مكارتي حرو)ةيئاوهلا تابصقلاب باهتلا( bronchopneumonia هدنع نوكب
lung لا لخادCo3لا سبحنيوhypoventilation  حر كيهو  قيضتت وا ركست حر كيهو aleveoliلا



Mechanical obstruction or asphyxiation (strangulation or 
aspiration).

� Decreases cardiac output such as in CHF also will result in 
less blood to the lungs for gas exchange
and an elevated pCO2



Respiratory alkalosis

➢The causes include:
➢ Hypoxemia
➢ Chemical stimulation of the respiratory center by drugs, such as salicylate
➢ An increase in environmental temperature, fever, hysteria (hyperventilation),

Pulmonary emboli and pulmonary fibrosis.
 
➢The kidney compensates by excreting HCO3- in the urine and

reclaiming H+ to the blood
➢The popular treatment for hysterical hyperventilation, breathing into

a paper bag, is self -explanatory

 هدنع ريصب كلذ ةجيتنو  decrease in oxegen هدنع دحاولا نوكب
hyperventilatio لا لخدي ناشعO2لا سب مسجللCo2 اهعضو 0صا 

 لقيو علطت حر CO2لا راص يلا .hyperventilationلا ببسبف يعيبط
 اهاوتسم

 مدلاب oلا ضافخنا



Oxygen and gas exchange
Oxygen and carbon dioxide
➢The role of oxygen in metabolism is crucial to all life. In cell

mitochondria, electron pairs from the oxidation of NADH and FADH2,
are transferred to molecular oxygen

➢ For adequate tissue oxygenation, the following seven conditions are
necessary:

(1) available atmospheric oxygen
(2) adequate ventilation
(3) gas exchange between the lung and arterial blood
(4) Loading of O2 onto hemoglobin
(5) adequate hemoglobin
(6) adequate transport (cardiac output), and
(7) release of O2 to the tissue.

؟ ةقاطلا ياه جتنب =مو ةقاط  اهدب هيلخلا
 تايلمع قيرط نع؟ اهجتنت فيك بيط  mitochondriaلا
 ياه نم جتني حرو FADH2 لاو NADH لل oxidationلا
 انه ام يز ولضي حر eلا لرذه بيط  pair of e تايلمعلا
 اذهف molecular Oلا ىلع ولمحني مز0ف d ديكا؟ةيلخلاب
ةقاط جتنت حر ام اي0خلا oلا نودب هلا يساسdا رودلا

O يف ناكم يف نوكي صخشلا
  oلا لخدي ردقي ناشع سفنتي هنا رداق نوكي مز;
مسجلل  arerial bloodلا يطعت lungلا

 يطعي arterial bloodلاو Oلا
 ليمحت ىلع رداق نوكيhemoglobinلا مز!Co2لا lungلا

hemoglobinلا نم يفاك ددع هدنعو Oلا

 oلا ناشع ةيفاك هيمكب مدلا خضي مز! بلقلا
مسجلا لصوي  hemoglobinلا ىلع لمحHا

مدلا نم هذخات ردقت  Oلا تجاتحا ةيلخلا اذا



Any disturbance in these conditions can result in poor tissue oxygenation



Oxygen and carbon dioxide
➢ Factors that can influence the amount of O2, that moves through the alveoli into the blood and then to the tissue

include:
➢ Destruction of the alveoli: the normal surface area of the alveoli is as big as tennis court. When the surface area

is destroyed to a critical low value by diseases such as emphysema
 
➢ Pulmonary edema: Gas diffuses from the alveoli to the capillary through a small space. With pulmonary

edema, fluid leaks into the space, increasing the distance between the alveoli and capillary walls
 
➢ Airway blockage. Airways can be blocked, as in asthma and bronchitis
 
➢ Inadequate blood supply: As in pulmonary embolism, pulmonary hypertension or a failing heart not enough

blood is being carded away to the tissue where it is needed.
 
➢ Diffusion of CO2 and O2. Because O2 diffuses 20 times slower than CO2, it is more sensitive to problems with

diffusion. This type of hypoxemia is generally treated with supplemental O2. 60% or higher O2 concentrations
must be used with caution because it can be toxic to lungs

لقي Oلا يلخت حر يلا لكاشHا وش

 decrease ىلا يدأي حر اذه لقي اهلا surface areaلا هنا ىلا تدا aleveoliلاب ةلكشم تراص اذا
emphysemaلا لكاشHا ياه ىلع لاثمو gase exchange لاب

 دق اهلا surface areaلا اهتدرفو alveoli تبج ول
سنت بعلم

Hلاب لئاوس يف نومي اlung ا ديزت حرHلا اهعطقي حر يلا ةفاس O بf لا aleveoliبوf لا capillary ا ياهوHلا هيلمع قيعت خر حر تداز يلا ةفاسgas 
exchange

ةئرلاب تازارفا اهيف ريصي حر يلا  bronchitis لاو asthmaلا يز ضارما هدنع نوكي نكممو هريغ وا لك!اب قدرشتي نكمم ببس ي! قنخنا دحاولا اذا

 هلكشم يف كيهو يفاك لكشب ةئرلل لصويب ام bloodلا هنا يلا يدؤي ضرم وا هلكشم يا هدنع دحاولا اذا
هذخات ةرداق شم وهو Oلا جاتحت حر cellsلاو gas exchangeلاب



Oxygen transport

➢Most O2 in arterial blood is transported to the tissue by hemoglobin.
➢Each adult hemoglobin (A1) molecule can combine to four molecules of

O2. reversibly with up to four molecules of O2
➢The actual amount of O2 loaded depends on:

➢ The availability of O2
➢ The concentration and type(s) of hemoglobin present
➢ The presence of interfering substances, such as (CO)
➢ The pH
➢ The temperature of the blood
➢ The levels of PCO2 and 2,3- DPG.

 نكمم يشا يا ساسح ريثك Oلل diffusionلاو، O لل diffusionلا نم هرم نيرشعب ىلعاCo2لل diffusionلا
 %60 نوكي هلا conc لاو mask of O(O( هيطعب Oلل Diffusionلاب هلكشم يف اذاف ءيطب uصا هن! هيلع رثأي
toxicity يف نوكي ام ناشع هبتنا مز! سب  رثكا وا



Oxygen transport

➢With adequate atmospheric and alveolar O2 available and with
normal diffusion of O2 to the arterial blood, more than 95% of the
“functional” hemoglobin will bind O2.

 
➢ Increasing the availability of O2 to the blood further saturates the

hemoglobin. However, once the hemoglobin is 100% saturated, an
increase in O2 to the alveoli serves only to increase the concentration
of dissolved O2 (dO2) in the arterial blood. This offers minimal
increase in oxygen delivery.

 
➢ Prolonged administration of high concentration of O2 may cause

 طبترم functional hemoglobinلا نم%95 نوكي يعيبطلا عضولاب
 O2لا عم

Hلا ةيمك هيمك ديزا يدب اO2 مسجلاب )Hيطعا ا O (لا هبسن لصوت حرhemoglibin اHلاب طبتر O ياو %100ل 
)مدلاب بئاذ fجسكا(dissolve Oل لوحتي حر كيه دهب O لاب ةدايز

 )تقو ةدايز ذخاي(هيفOلا ذخاي مز! يلا تقرلاب مزتلا ام وا يلاعconc ذها دحاولا اذا
toxicity هدنع ريصي نكمم



Oxygen transport

➢Normally blood hemoglobin exists in one of four conditions:
➢ Oxyhemoglobin (O2Hb), which is O2 reversibly bound to hemoglobin.
 
➢ deoxyhemoglobin (HHb; reduced hemoglobin), which is hemoglobin not

bound to O2 but capable of forming a bond when O2 is available
 
➢ Carboxyhemoglobin (COHb), Which is hemoglobin bound to CO. Binding of

CO to Hb is reversible but is greater than 200 times as strong as that of O2
 
➢ Methemoglobin (MetHb), which is hemoglobin unable to bind O2, because

iron (Fe) is in an oxidized rather than reduced state. The Fe +3 can be reduced
by the enzyme methemoglobin reductase, which is found in RBC’s

 



Assessing a patient oxygen status

➢ Four parameters used to assess a patient’s oxygen status are:
➢ Oxygen saturation (SO2)
➢ Measured fractional (percent) oxyhemoglobin (FO2Hb);
➢ Transcutaneous pulse oximetry (SpO2) assessments and
➢ The amount of O2 dissolved in plasma (PO2)

 
➢Oxygen saturation (SO2) represents the ratio of O2 that is bound to

the hemoglobin compared with the total amount of hemoglobin
capable of binding O2



Oxygen saturation (SO2)

➢ Software included with the blood gas instruments can calculate SO2
from pO2, pH and temperature of the sample.

 
➢These calculated results can differ from those determined by direct

measurement due to the assumption that only adult hemoglobin is
present and the oxyhemoglobin dissociation curve has a specific shape
and location

 
➢These algorithms for the calculation do not account for the other

hemoglobin species, such as COHb and MetHb
 

 كلعلطب وهو temperture لاو phلاو po2لا هيطعب ثيح، SO2لا علطت كدعاسب  software يف
هايا

 HBلا نم ةيناث عاونا يف هن! قيقد ريغ So2لا هنم بسحن حر يلا نوناقلا
 هلكشم اهيف اذا fبي حر امو



Fractional oxyhemoglobin

➢ Fractional (or percent) oxyhemoglobin (FO2Hb) is the ratio of the
conc. of oxyhemoglobin to the conc. of total hemoglobin (ctHb)

 
 
➢Where the dysHb represents hemoglobin derivatives, such as COHb,

that can’t reversibly bind with O2 but are still part of the “total”
hemoglobin measurement.

 
➢These two terms SO2 and FO2Hb, can be confused because as the

numeric values for SO2 are close to those of FO2Hb (differ in smokers
and if dyshemoglobins are present)



Partial pressure of oxygen dissolved in plasma

➢ Partial pressure of oxygen dissolved in plasma (pO2) accounts for
little of the body’s O2 stores.

 
➢Noninvasive measurement are attained with pulse oximetry (SpO2).

These devices pass light of two or more wavelength through the
tissues of the toe, finger or ear.

 
➢The pulse oximeter differentiate between the absorption of light as a

result of O2Hb and dysHb in the capillary bed and calculates O2Hb
saturation. Because SpO2 does not measure COHb or any other
dysHb, it overestimates oxygenation when one or more are present.

 لكشب مهاسبو )dissolved in plasma( يشاب طبترم ريغلا Oل!ا وه freeOلا
مسجلاب Oلا نزاخمب طيسب

 قرتختبف عبص!ا ىلع HHbلاو O2Hb لل wavelengthلا قلطي
 يف مهتبسن سيقتو capillaryلا
 So2لا سيقب هنا زاهجلا اذه هلكشمنامك نذ!ا مدختسا نكممو

قوف هتلكشم وش انيكح انحاو



 

➢The maximum amount of O2 that can be carried by hemoglobin in a
➢  given quantity of blood is the hemoglobin oxygen (binding) capacity.

The molecular weight of tetramer hemoglobin is 64,458 g/mol.
➢One mole of a perfect gas occupies 22,414 mL. Therefore, each gram

of hemoglobin carries 1.39 mL of O2
 
 
➢When the total hemoglobin (tHb) is 15 g/dL and the hemoglobin is

100% saturated with O2, the O2 capacity is:

�The accuracy of pulse oximetry can be compromised by many factors, including
diminished pulse as a result of poor perfusion and severe anemia.



Oxygen content

➢Oxygen content is the total O2 in blood and is the sum of the O2
bound to hemoglobin (O2Hb) and the amount dissolved in the plasma
(pO2)

 
➢Because pO2 and pCO2 are only indices of gas-exchange efficiency

in the lungs, they do not reveal the content of either gas in the blood.
 
➢ If the pO2 is 100 mmHg, 0.3 ml of O2 will be dissolved in every 100

ml of blood plasma.
 
➢The amount of dissolved O2 is usually not clinically significant.



The amount of dissolved O2 is usually not clinically significant. 
However, with low tHb or
at hyperbolic conditions, it may become a significant source of O2 
to the tissue. Normally
98-99% of the available hemoglobin is saturated with O2.
�Assuming a tHb of 15 g/dL, the O2 content for every 100 mL of 
blood plasma becomes



Hemoglobin-oxygen dissociation

➢ 2,3-DPG levels increase in
patients with extremely low
hemoglobin values and as an
adaptation to high altitude.



�The actual determination of oxyhemoglobin (O2HB) can be determined
spectrophotometrically using co-oximeter designed to directly measure the
various hemoglobin species.



Measurement
Spectrophotometric (Co-oximeter)
Determination of oxygen saturation➢ The actual determination of oxyhemoglobin (O2HB) can be determined

spectrophotometrically using co-oximeter designed to directly measure the various
hemoglobin species.

➢ The number of hemoglobin species measured will depend on the number and
specific wavelength incorporated into the instrumentation.  For example, two
wavelength instrument systems can measure only two hemoglobin species (O2Hb
and HHb), which are expressed as a fraction or percentage of the total
hemoglobin.



Spectrophotometric (Co-oximeters)
Determination of oxygen saturation
➢As with any spectrophotometric measurement, potential sources of errors

exist, including:
➢ Faulty calibration of the instrument
➢ Spectral-interfering substances

➢The patient’s ventilation status should be stabilized before blood sample
collection

 
➢An appropriate waiting period before the sample is redrawn should follow

changes in supplemental O2 or mechanical ventilation
 
➢All blood samples should be collected under anaerobic conditions and



 and mixed immediately with heparin
or other appropriate anticoagulant.

� If the blood gas analysis is not being done on the same 
sample, EDTA can be used as an anticoagulant

� All samples should be analyzed promptly to avoid 
changes in saturation resulting from the use of oxygen
by metabolizing cells’



Blood gas analyzers (pH, pCO2 and pO2)

➢Blood gas analyzers (macroelectrochemical or microelectrochemical
sensors) as sensing devices

 
➢The pO2 measurement is amperometric (current flow) related to the

amount of O2 being reduced at the cathode
 
➢The PCO2 and pH measurement are potentiometric (change in

voltage)
 
➢The blood gas analyzer can calculate several additional parameters,

bicarbonate, total CO2, base excess and SO2.



Measurement of pO2

➢The primary source of error for pO2 measurement is associated with
the buildup of protein material on the surface of the membrane (retards
diffusion of O2)

 
➢Bacterial contamination within the measuring chamber, although

uncommon, will consume O2 and cause low and drifting values
 
➢ It is important not to expose the sample to the room air when

collecting, transporting and making O2 measurement.
 
➢Contamination of the sample with room air (pO2, 150 mmHg) can

result in
significant error



Measurement of pO2

➢Cutaneous measurement for pO2 also are possible using
transcutaneous (TC) electrodes placed directly on the skin.

 
➢Measurement depends on oxygen diffusing from the capillary bed

through the tissue to the electrode. Although most commonly used
with neonates and infants

 
➢ Skin thickness and tissue perfusion with arterial blood can

significantly affect the results.
 
➢Heating the electrode placed on the skin can enhance diffusion of the

�Even after the sample is drawn, sample should by analyzed immediately as
leukocytes continue to metabolize O2 leading to low PO2 value



Measurement of pH and pCO2

➢Two electrodes (the measuring electrode responsive to the ion of
interest and the reference electrode) are needed and voltmeter, which
measures the potential difference between the two electrodes.

 
➢The potential difference is related to the concentration of the ion of

interest.
 
➢To measure pH, a glass membrane sensitive to H+ is placed around

an internal Ag-AgCl electrode to form a measuring electrode
 
➢The potential that develops at the glass membrane as a result of H+

to the electrode, however, burns can result unless the electrodes are
moved regularly



pCO2

➢An outer semipermeable membrane that allows CO2 to diffuse into a
layer of electrolyte, usually bicarbonate buffer, covers the glass pH
electrode. The CO2 that diffuses across the membrane reacts with the
buffer, forming carbonic acid, which then dissociates into bicarbonate
plus H+

 
➢The change in the activity of the H+ is measured by the pH electrode

and related to pCO2
 
➢As with the other electrodes, the buildup of protein material on the

membrane will affect diffusion and cause errors, pCO2 electrodes are

unknown solution diffusing into the membrane’s surface is
proportional to the difference in [H+] between the unknown sample and
the buffer solution inside the electrode



Specimen

➢Arterial blood specimen is an excellent reference
 
➢ Peripheral venous samples can be used if pulmonary function or O2

transport is not being assessed (the source of the specimen must be
clearly identified)

 
➢Depending on the patient, capillary blood may need to be used to

measure pH and pCO2
 
➢Although the correlation with arterial blood is good for pH and

pCO2, capillary pO2 values even with warming of the skin before

slowest to respond because of the chemical reaction that must be
completed. Other error sources include erroneous calibration caused by
incorrect or contaminated calibration materials



�Although the correlation with arterial blood is good for pH and pCO2, capillary pO2
values even with warming of the skin before drawing the sample, do not correlate well
with the arterial pO2 values as result of sample exposure to room air

�Sources of error in the collection and handling of blood gas specimens include the
collection device, form and concentration of heparin, speed of syringe filling,
maintenance of the anaerobic environment, mixing of the sample to ensure dissolution
and distribution of the heparin anticoagulant, and transport and storage time before



Interpretation of results

➢Laboratory professionals need certain knowledge, attitude and skills
for obtaining and analyzing specimens for pH and blood gases.

 
➢ Simple evaluation of the data may reveal an instrument problem

(possible bubble in the sample chamber or fibrin plug)
 
➢A possible sample handling problem (PO2 out of line with previous

results and current inspired FiO2 levels)
 
➢The application of knowledge saves time. The ability to correlate data

quickly reduces turnaround time and prevents mistakes.


